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ABSTRACT 

The Hardin and Brussels quadrangles lie in west-central 
Illinois on the northeast flank of the Ozark uplift and near the 
juncture of Mississippi and Illinois Rivers. Their area includes 
part of one of the sharpest zones of rock deformation in Illinois­
the Cap au Gres faulted flexure, which separates the broad asym­
metric Lincoln anticline and the Troy-Brussels syncline. The 
anticlinal uplift brings to the surface many early, middle, and 
late Paleozoic formations ; two Pleistocene ice sheets advanced 
into but not across the area; and the two large rivers are 
bordered by a series of persistent terraces. The geology of this 
small area is thus in many respects a key to the interpretation 
of the stratigraphy, structure, physiography, and economic geol­
ogy of a much larget· region. 

Rock formationls.-The formations exposed are listed in the 
stratigraphic table on page 12. Faunal lists of Ordovician, Silu­
rian, Devonian, Mississippian, Pennsylvanian, and Pleistocene 
fossils identified by sr1ecialists are given in separate tables. 

Most of the Ordovician formations are exposed in only a 
small part of the area, but the Maquo)s:eta shale is exposed more 
widely and thickens northeastward. 

The Silurian rocks thicken northward, eastward, and south­
ward from a central area. North of this central area they are 
chiefly very pure limestone; south of it they are all one uniform 
type of dolomite that is thought to be the result of subsequent 

-alte:ratimh --
The Devonian rocks overlap the Silurian formations north­

ward and southward from a central area of maximum thick­
ness. At their southern margin the Devonian rocks are repre­
sented by a thin fossiliferous sandstone that shows an excep­
tionally perfect enlargement of all quartz grains. 

The two lowermost Mississippian formations are restricted 
to the northeastern part of the area and are overlapped south­
westward by the higher formations. All the formations of the 
Kinderhook group exceiJt the Chouteau limestone thicken north­
eastward down the flanks of the present Lincoln anticline, thereby 
recording-with the confirmation afforded by faunal differences 
on the two sides-the early growth of this fold. The Hannibal 
shale grades laterally southward as well as stratigraphically 
upward into the Chouteau limestone. This gradation, together 
with the excellent preservation of thin laminations in the Han­
nibal and the irregular bedding in the Chouteau, seems to incli­
cate that the Chouteau limestone was deposited on a shallow 
bank formed by the rising anticline. 

A short distance from the eastern margin of the area and 
along the line of the Cap au Gres flexure, the lower part of the 
Osage group of Mississippian t·ocks appears to grade laterally 
into the Fern Glen formation. Early movements along the 
flexure at·e shown by a slight angular unconformity at the base 
of the Osage group. A feature of special interest is the occur­
rence of two distinct types of chert in the Burlington lime­
stone: common sharply outlined nodules and thick beds of 
irregularly silicified limestone. 

The Meramec group of Mississippian formations thickens 
eastward down the trough of the Troy-Brussels syncline. Espe­
cially noteworthy features of the rocks of this group are the 
characteristic mammillary geodes which show evidence of pro­
gressive silicification upon weathering; the beds of clastic, some­
what cross-bedded limestone and the peculiar limestone 
conglomerates in the St. Louis limestone; and the appearance 
in these beds for the first time of sand grains of igneous and 

metamorphic origin, indicating some unknown but probably sig­
nificant paleogeographic changes at that time. 

The Pennsylvanian strata thicken southwestward and lie with 
marked unconformity upon different Mississippian formatior~. 
In the Troy-Brussels syncline they rest on a very in·egular st"r­
face trenched in the youngest Mississippian rocks, but scatter,~d 
remnants show that they once overlapped extensively onto old<:>r 
Mississippian formations on the Lincoln anticline. This un­
conformity and the overlap show that the anticline was uplifted 
and stripped of at least 400 feet of beds before the Pennsyl­
vanian was deposited. Features of special interest are the oc­
cm·rence, in the syncline in the southern part of the area, of 
continuous beds of fire clay composed of coarsely crystalline 
beidellite with a few large sand grains of quartz and fresh 
feldspar, and, on the anticline to the north, scattered remnauts 
of flint clay composed of fine-grained kaolin and halloysite. 

No Mesozoic rocks are known in the region. 
The Tertiary is represented by thin and scattered remnarts 

of gravel, sand, and clay that lie in a long north-south zo'le 
upon the flat upland surface along Mississippi River. Th€se 
beds, formerly known as the ••Lafayette," are here renamed the 
Grover gravel. The deposits appear to become coarser-grain?d 
southward toward the Ozarks, but where they are best exposed, 
the direction of cross bedding indicates deposition by a south­
ward-flowing stream. The gravel consists entirely of quartzcse 
materials-chiefly chert but also some large boulders of quartz:'te 
and a few pebbles of silicified metamorphic rocks. The dis­
tinetly foreign materials may have been reworked from nearby 
outcrops of Pennsylvanian rocks instead of having been traP~­
ported direetly from more distant regions. The assoeiated sand 
differs markedly from the gravel in that it shows no evideuce 
of silicification and contains grains of fresher feldspar. T'·e 
formation seems not to have been deposited by glaciers or the 
sea or as residual aceumulations, but by streams. Yet, analo?:y 
with present rivers indicates that streams sloping gently enon'r-h 
to fa::;hion the peneplained surface on which the gravel rests 
would be unable to transport such large boulders. This diffi­
culty, together with the probability that the gravel was preserv~d 
by uplift soon after being deposited, suggests deposition by re­
juvenated streams. Such rejuvenation seems best explained by 
a gentle uplift of the Ozarks. 

Accumulations of residual chert and clay, locally as much as 
40 feet thick and chiefly early Pleistocene and Tertiary in age, 
are widely distributed outside the glaciated areas. 

The Pleistocene deposits of the area, some of which are 
highly fossilifet·ous, are varied and widespread. No evidence 
of Nebraskan till was recognized in or near the area of the two 
quadrangles, but it is known to occur only a short distance 
to the northeast. Deeply weathered stream gravels near Batch­
town evidently were deposited in an old strike valley who.n 
Mississippi River was forced eastward out of its channel by a 
tongue of the Kansan ice sheet. 

Till left by the Illinoian ice sheet covers an irregular bedrcck 
surface east of Illinois River. Streams draining off a smllll 
unglaciated area east of Illinois River were ponded by the 
edge of the ice, and varves in the pond sediments record E'OO 
or more years of deposition. The Brussels formation mal·,~s 

the conspicuous Brussels terrace and fills old valleys along the 
Mississippi and lower part of Illinois River to heights of about 
100 feet above the present river level. At St. Louis, Mo., this 
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formation and the terrace formed by it end sharply against a 
till dam formed where the Illinoian iee sheet crowded west­
ward across the riYer. Local details in the two quadrangles 
seem to show, howen•r, tnat thiH formation is the result of slow 
alluyial aggradation rather than sudden ponding. Loe-ss is 
the most widely exposed deposit in the area, for it mantles to 
a de11th of many feet the uplands, the slopes, and all but the 
most rPcently formed Yalleyi'J. It apparently was formed as 
glacial rock fioor, carrit>d southward and spread in wide mud 
flats hy major riyers, and then blown to the uplamls by wind. 

Scattered pebhles on an intermefliate, the Metz Creek, ter­
race near the mouth of Illinois River may possibly be deposits 
left by a riYer ftoml of 'Visconsin age. The still younger Deer 
Plain formation makes the conspicuous Dee.r Plain terrace, 
whieh stands about 40 feet above the normal level of Mississippi 
River. This formation slopes northward up the Illinois Yalley. 
the terrace surface slopes northward up the Illinois Valley. 
The eyident depooition of the Deer Plain formation under con­
ditions of a fiooded Mississippi anrl a partially dammed Illinois 
P.iYer suggest a very late Wisconsin age, for it seems clear 
that this formation must be younger than any large late Wis­
consin fiood that may haYe been spilled southward through 
the Chiea~o Outlet and the Illinois YaiiP.> 

Comparison of the eonstituent roek materials and the heaYy 
minerals in samples of the De·er Plain and Brn:-lsels formations 
shows only a few differences between the two that are signifi­
eant. The apparent differences of eomposition seem mueh more 
elosely related to the average grain size of the different samples 
than to their ages. the heavier rocks and minerals being most 
nbunclant in the predominantly finer grained samples. This 
relation:-lhip might be eaused entirely hy })rocesses of trans­
portation antl ~edimentation. 

Calcareous tufa was found in several plaees, huilt up hy 
present-day and ancient ~prings into e011es a few feet to several 
hundred feet in diameter. The peculiar coneentrie and radial 
struchu·e of this tufa is aserilled by David 'Vllite to algal 
growths. 

The Reeent alluvium of the major rivers averages several 
miles in width and probably 50 to 75 feet in thiekness. It 
attains fairly uniform maximum thieknesses of about 100 feet 
along Illinois RiYer but a}Jpears to thieken very graflunlly 
upstream along the Mississippi. Aetual exposures, soils, bottom 
samples, and drill reeords all indieate that silt and fine sand 
are the dominant eonstituents of this alluvium. Coarse gravel 
is very rare and its searcity suggests that the pebbles and 
boulders being dumped into the riYers hy stee11 tributaries and 
from undercut ba11¥s of Pleistoeene graYel are undergoing rapid 
abrasion by passing sand and silt. 

Pl!lf8iograplty.-On the physiographie maps, the fairly large, 
deeply dissected, and driftless area whieh centers in Calhoun 
County, Ill., and Lineoln County, Mo .. lies within the Till Plains 
and Disseeted Till Plains sections of the Central Lowland prov­
ince and just north of the margin of the Ozark Plateaus prov­
inee. It is here proposed to designate this area as the Lincoln 
Hills section of the Ozark Plateaus provinee. 

The ur,lands of the Hardin and Brussels quadrangles are 
remnants of a very flat and widespread surface that bevels 
across rock strueture and carries old stream gravels and weath­
ered residuum. This upland surfaee is here ealled the Calhoun 
peneplain and is belieYed to have been formed in Mioeene or 
early Plioeene time. In a very broad way, but not in detail, this 
peneplain follows the basal eontaet of the Pennsylvania roeks. 
thereby suggesting that differenees in rnek hardness may have 
partially contt·olled the regional base level when the peneplain 
was being formed. 

The distribution of the GroYer graYel and an empirical elassi­
fieation of the dip, strike, and oblique Yalleys of the region 
suggest that the drainage pattern on the peneplain may have 

eomprised the aneestral Mississippi and Illinois, tv<ro south­
ward-flowing streams, joined by the ancestral l\Iis.,.ouri, an 
eastward-tlowing tributary, and eontinuing southward along the 
east flank of the Ozarks toward the head of the Mississippi 
embayment. Sueh a drainage pattern probably devel·)ped long 
after the supposed original radial drainage consequent to the 
post-Pennsylvanian uplift of the Ozarks. It may posdbly have 
developed by heachYard erosion from the Mississippi er,bayment 
along strike valleys lateral to the earlier radial drrinage off 
the Ozarks. A post peneplain diversion of the aneestral l\lis­
sissivpi by late Tertiary warping is postulated to aecount for the 
present river eourse }last Alton, Ill., and St. Louis, Mo. 

Two periods of rejtwenation an·d dissection followed the de­
velopment of the Calhoun peneplain and preeed2d the first 
invasion of Pleistocene ice. The first period followed a renewed 
uplift and warping of the Lineoln anticline and gave rise to 
hroad postmature ntlleys one to three hundred feet below the 
peneplain. The seeond followed either a ''ertieal uplift with­
out tilting or a climatic ehange and resulted in sharp trenehing 
of the major valleys to at least their present depths. 

This preglacial trenehing eYidently formed deep narrow val­
leys, but lateral planation by the rivers soon began to cut baek 
the bluff walls. EYiclt"nee indicates that within these two 
quadrangles Illinois River has encroached ehiefly on its 
western bank hut that eastern walls of both the Mississippi 
and Illinois troughs haYe also receded c01miderable distanees. 
·The deepest seouring by the two majot· riYers probably occurred 
before the Illinoian glaciation and possibly nt the tine of this 
pre-Nebraskan trenching. During the dissection of the pene­
I1lain many tributary valleys developed headward along lines of 
weakness. following joint planes and outerops of sl ~le beds, 
exhuming pre-Pennsylvanian valleys, and making charaeteristic 
"stratum benehes" at the outcrops of different fiatl;\~ing:-resis-tant­
roeks. 

The land surface was repeatedly modified during the numerous 
Pleistoeene changes. and the major trenehing of the area was 
followed by four or more periods of allu{'ial aggradation, each 
of a different type: three in the Pleistoeene and one in Recent 
times. 

The Kansan iee sheet left a monotonouslr flat tilll)lain on the 
uplamls of northern Missouri. .Just west of the Hrrdin and 
Brussels quadrangles the margin of the ice was exeeedingly 
lobate, even leaving nunataks near its edge. Apparently a 
tongue of this Kansan iee sheet extended aeross the Mississippi. 
trough, damming the river and temporarily tliYerting it eastward 
through a strike valley here called the Batchtown Channel. The 
Illinoian till plain on the uplands east of Illinois River is less 
dissected than the Kansan till plain and, here and there on its 
surface, carries large drumloidal mounds. Both the Kansan 
and Illinoian till plains are almost solely the result of glacial 
fleposition ; there is little flireet evidence of iee erosion in the 
area. Terminal moraines are absent nt the former margins of 
hoth ice sheets. 

The Brussels ten·aee. an aggradational or eonstruetionalland 
form composed of the Brussels formation, is widespread and 
conspieuous. It was built near the margin of the Illinoian ice 
sheet. yet it shows no eviflence of any "peripheral bulge'' caused 
by loading of the earth's crust with ice. The l\1etz Creek terrace 
is a relatiYely ineonspicuous eut surface that stands somewhat 
lower. Along the margins of the two rivet· fiood plains are many 
alluvial fans that head at elevations approximately accordant 
with the Brussels or the 1\fetz Creek levels. The D-:-er Plain 
terrace, another aggradational land form, is widespread along 
Mississippi River. Near the mouth of l\Iaeoupin Creel< there is 
evidence of drainage modifications and many of the terraee leyels 
there are not matched on opposite sides of the creek. The com­
plex ten·ace system at this locality seems to be due largely tr, 
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slow degradation as the creek swung from side to side in its 
valley. 

Minor modifications of the topography since the Pleistocene 
have, on the uplands, consisted largely of exhuming small pre­
Illinoian vallers and of sharp gullying of steep slopes within 
historic time. On the flood plains, both rivers have cut verti­
cally and shifted laterally since the Deer Plain formation was 
deposited. l\Iississippi River still continues to shift its channel, 
leaving bars and swales on its flood plain, but the Illinois has 
maintained a rPmarkal,ly stable course throughout historic time 
ancl built up well-defined natural levees. 

Mississippi and Illinois Rivers in this area are not truly 
meandering streams; their iuegularitif's of channel are largely 
the result of braiding. Alluvial islands are a conspieuous ele­
ment in both rivers and in adjacent parts of Missouri River. 
These islands are most abundant and largest near the mouths of 
tributary streams, a fact whieh together with other evidenee 
seems to show that the islands have grown from deposits brought 
in by side streams. This process of island growth is believed to 
account for the fact that Mississippi Ri\'er erowch; closely against 
the inside of its curved trough as it sweeps around the southern 
end of Calhoun County. The effect of this island growth upon a 
stream's regimen is an interesting problem both in theoretical 
!Jhysiography and in practical river engineering. Apparently 
the subdivii'don into two channels and the adoption of a more 
roundabout course does not decrease but actually somewhat in­
creases the river's cutting and transporting power. l\Iea~mre­

ments of the channel dimensions above, opposite, and below the 
very .stable islands in Illinois River suggest that this increase(l 
cutting power may result from the relative deepening of each 
of the two branches and from the increased area of erodible 
ehannel ·walls exposed to running water. 

A table comparing the mean discharge, velocity, width, clepth, 
suspended load, and slope of acljacent portions of Illinois, 
l\lississippi, and Missouri Rivers shows that the Illinois and 
Missouri have very different i·egimens. The Illinois is char­
acterized by a very' flat slope, a low veloeity, and a proportion­
ately deep and narrow channel and the Missouri by exaetly the 
opposite eonditions. The channel of the Illinois is remarkably 
stable and the line of rleepest water crowds not the outside hut 
the inside of the hends. 

An attempt to interpret the peculiar features of Illinois River 
leads to a general cliscus~·don of dynamic equilibrium in streams. 
The eoncept of graded stream slo}1es has long been familiar jn 

geology and geography, but the analogous concept of adjusted­
channel cross-sections is no less important. Because of frietion 
with the channel walls, streams tend to establish the most nearly 
semicircular eross-seetions possible. But, since natural streams 
flow in erooked channels between erodible banks, the eross-sec­
tions they can maintain are very much flatter than semieircles. 
The concepts of graded slopes and adjusted eross-sections may be 
combined in the generaliz:1tion that cutting hy a stream, either 
at its bottom or its sides, tends to reduce the ''eloeity of flow and 
thn t deposition at either plaee tends to inerease the veloeity. 
This means that, for a given set of conditions of total load, 
grain size, and stream discharge imposed upon a stream, there 
is an inverse relation between slope and the depth-width ratio 
and that these two variables are determined not separately but 
jointly. In other words, the profile of a perfeetly graded stream 
may vary irregularly fl'Om plaee to plaee, devending upon the 
shape of the channel cross-section. This interpretation of cro<ss 
sedion adjustment seems to be confirmed hy the published results 
of experimental work and by measurements of artifieial canals 
and natural streams. 

The concept of adjusted cross-sections thus offers a possible 
explanation of the deepening of ePrtain rivers as they approach 
base level and of the sometimes obvious effect upon present 
stream profiles of the preexistent land surfaees. It also affords 
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a basis for the interpretation of the peculiar features of Illinois 
River. The exceptionally flat gradient of the bedrock floor, 
which presumably was cut by some much larger glacial or 
preglaeial river, together with the later condition of backwater 
from the Mississippi, has favored a maintenanee of equilibr'um 
in the present Illinois, not by building up a st~eper slope but by 
establishing a deep and narrow channel. 

;''Nructure.-The Hardin and Brussels quadrangles include 
part of the Lincoln anticline, a broad asymmetrical fold that 
lies far down on the northeast flank of the Ozark dome. The 
:-:outhern limb of this anticline is marked by a narrow belt of 
steep clips and essentially vertical faults that here is ealled the 
Cap au Gres faulted flexure. South of this narrow flexure the 
beds again rise gently toward the Ozarks, thereby forming the 
broad asymmetrical Troy-Brussels syncline. The gentle dip:{ on 
the north limb of the Lineoln anticline are interrupted by a 
more or less systematic pattern of minor folds, but no evidence 
of such minor folds was found south of the Cap au Gres flexure. 
Along most of the flexure the structural relief averages al ·mt 
1,000 feet anti the maximum dip is about 700, but locally the 
uplift is greater and the beds are overturned. Although rhi:-: 
narrow bPlt of disturbed rocks was interpreted by early grolo­
gists as one fault throughout its entire length, detailed mapping 
now shows that faulting is discontinuous aml distinctly subor­
dinate to flexing. In m·my places the faults in the Cap au 
Gef•s flexure are normal, but at some places they seem to be 
steep reverse faults. The evidence suggests that a fairly uni­
form monoclinal flexure was latee broken by loeal strike faults 
that increased the structural relief of the deformed zone. Small 
tram~verse faults, along whieh the movement appears to lave 
heen ehiefly horizontal, cut aeross the flexure. 

Two of the prineipal eonclusions of the revort are that the 
deformation of the region eontinued intermittently throug:h a 
long part of geologie time and that thiR long eontinued deforma­
tion followed a rather definite sequence of events. Preliminary 
movements in middle Paleozoic times eulmina ted in a m:tjor 
deformation before the Pennsylvanian and waned with seveml 
later uplifts that may possibly be continuing at the present time. 
More specifically, stratigraphic evidence shows the repeatf'd 
warping of the region i.n Silurian aucl Devonian times and the 
integration of smaller units into the Lineoln anticline and the 
Troy-Brussels syneliue in the early Mississippian. The m>l}Jr 
folding, which occurred sometime between St. Louis and Potts­
Yille deposition, took plaee under surprisingly shallow ccver. 
Physiographic evidence shows that later recurrent movem"'nts 
took place not only before the Tertiary peneplain was eompl<>ted 
but again before the Pleistocene ice sheets advanced into the 
region and that the displacements then were dominantly vertieal. 
Earthquakes in historic time may possibly record a eontinua­
tion of these movements. 

Interpretation of the struetural features is considered under 
three headings. First, the evidenee clearly eontradicts the b"'lief 
that folding along the Cap au Gres flexure might have been the 
result of "drag" along normal faults and it seems instead to p·~ove 
folding by horizontal eompression. 

Secondly, it is pointed out that the structural features of the 
area might possibly be aceounted for by movements along a cJeep­
seated reverse fault which dicl not reach the surface beds. 

Thirdly. the probable significance of normal faults associ.,ted 
with compression folds involves a general eonsideration of the 
surface-volume relationships in a deformed block. The hypothe· 
sis is offered that tensional faults do not necessarily mean relaxa­
tion from earlier compression and a change to crustal extension, 
but that eventual stretching of surficial beds squeezed upward by 
continued eompression is a meehanically simpler explanation and 
one that better fits the progressive struetural history of the nea. 

Economic geology.-The development of mineral resourc('S in 
the Hardin and Brussels quadrangles has been hindered by poor 
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transportation facilities. A great variety and quantity of eal'dly 
quarried limestones are available, and certain of the less conuuon 
t;\'Pf'S not now being utilized might be of conunercial \'alue eYen 
under present conditions. Chemical analyses of typical lime­
stones and dolomites from twelve formations and physical tests 
of seven of these samples are given. 

'I'he abundant supplies of cement materials in the area ma~{ 
some da;y prove valuable. Large quantities of shale are available, 
fire clay occm·s widely in southern Calhoun County. and small 
but workable bodies of flint clay have been found on the uplands. 
Chemical analyses of three samples of shale and ceramic tests 
of three samvles of fire play, two samples of shale, and one sample 
of flint clay are given. 

One bed of workable coal occurs in the area. This bed attains 
a maximum thickness of 2% feet and has been mined at many 
places for local use. An anal~'sis is given of the coal from this bed. 

Sand and gravel are widespread in the Hardin and Brussels 
quadrangles but, at the present time, the deposits of these ma-

terials are not being utilized. The St. Peter sandstone, quarried 
elsewhere in the Middle West, crops out at Cap au Gr?:~s. Sieve 
analyses and physical and molding sand tests are giv~n of t\vo 
gravel and three sand samples. 

Soil is doubtless the most valuable mineral resource o:l' the area, 
for the many orchards there depend largely for their f'Hccess on 
the presence of thick deposits of wind-blown loess on th~ uvlands. 
Ground-water supplies are little utilized at present, but they are 
}Jrobably adequate for all future needs. 

Despite favorable structure, prospects seem very poo'' for com­
mercial production of oil and gas because no indicatior of petro­
leum has been found in the entire section of rocks exposed in 
the area. However, thin beds of oil shale-the Deccrah lime­
stone-crop out in part of the area. 

Very thin discontinuous beds of impure phosphate come to the 
surfaee loeally, and very small quantities of metallic sulfides are 
found in some of the formations, but the presence of both phos­
phate and metals is of scientific rather than commercial interest. 



GEOLOGY AND ~liNERAL RESOURCES OF THE HARDIN AND BRUSSELS QUADRANGLES 

(IN ILLINOIS) 

By WILLIAM w. Rl_IBEY 

INTRODUCTION 

The geology of the Hardin and Brussels quadrangles 
is of special interest for several reasons : ( 1) These 
quadrangles constitute one of the few places ·within the 
State of Illinois where many different kinds and con­
siderable thicknesses of Paleozoic rocks come to the sur­
face~ so that the area is exceptionally favorable for their 
study. ( 2) One of the most intensely deformed zones 
of rock structure within the entire State lies in the 
Brussels quadrangle. ( 3) Two of the Pleistocene ice 

, sheets advanced into but not across this area, thus 
affording excellent opportunities for studying marginal 
features of the ice and for comparing the effects in 
glaciated and unglaciatecl regions. ( 4) T\vo large 
rivers, the Mississippi and the Illinois, eross the quad­
rangles, and these have left there a record of their 
long and complex histories. 

Exact knmYleclge of the geology of any region has 
two principal uses: It serves to place on record descrip­
tions of those mineral resources having past, present, 
or potential commercial value, and it affords a guide 
to the successful exploitation of nearby areas. Not 
less important is its function of elucidating the 1nany 
events that have taken place during the geologic history 
of the region, for by this means it advances the science 
of geology and stimulates and broadens the interests 
of all the people in the nature and history of the earth 
on which they live. 

The investigation upon which this report is based 
was undertaken upon the intiative of the State Geologi­
cal Survey of Illinois and under a cooperative arrange­
nlent with the United States Geological Survey. The 
investigation had a dual purpose: (1) To study the 
exposed rocks so that potentially valuable mineral re­
sources within the area 1night be utilized effectively and 
so that the different rock layers drilled through in wells 
elsewhere in the State 1night more readily be reeognized 
and ( 2) to reeord the interesting geologic history and 
make it more readily available for educational purposes. 

NOTE.-This report was transmitted by the author in 1931, and after 
critical reading and suggestions b:r others it was revised and retrans­
mitted to the State of Illinois for publication in 1936. Unfortunately 
publication was not possible, and circumstances do not now permit the 
revision nece~<sary to bring the report up-to-date. To avoid further 
delay it is published in its present form. 

The field work in the area was carried on by the 
writer during 8 n1onths in the summer and fall of 1928 
and the spring and summer of 1929, with the valuable 
assistance of J. R. Ball for 2 months in 1928. The 
mapping was clone upon eopies of the then unpublisho.d 
topographic sheets of the Hardin and Brussels quad­
rangles, enlarged to a seale of 2 inches to the 1nile. 
Although roc.k exposure are more numerous in these 
two quadrangles than in most parts of Illinois, lateral 
tracing of the different roc.k units, in the strict sense 
of the term, is impossible for more than very short 
distances because of the thic.k 1nantle of Pleistoeene 
loess. 

This ·widespread n1.ant.le of Pleistocene loess rais~d 
thorny questions about the best method of eartographic 
representation for the geologic 1nap. A 1nap of actual 
rock outcrops in the Hardin and Brussels quadrangles, 
on the published scale of 1: 62,500, would show only 
narrow bands of bare-rock exposure along the n1ost 
precipitous bluffs and in the beds of the 1nost steeply 
falling creeks, with sn1all isolated patches scattered here 
and there on hillsides. Such an actual outcrop map 
would be exeeedingly difficult to read and, in fact, it 
would grossly Hnderestimate the a1nount of definite jn­
forination that is readily available on distribution of 
bedrock for1nations that lie a few feet underground 
over large areas in the two quadrangles. Soils and loose 
fragments of rock disclose the nature of the underlying 
rock in many places and a thin mantle of loess merely 
blankets and does not obscure the topographic forns 
characteristic of different rock fol'lnations. ConQe­
quently, the areal distribution of rock formations can 
be shown with considerable accuracy where the rocks 
lie at or only a few feet below the surface of the 
ground. 

But where the 1nantle of Pleistocene loess is n1any 
tens of feet thick, these clues as to the nature of the 
underlying bedrock are missing. In such placeF­
usually on hilltops, ridges, and flat benchlands-the 
presence of certain rock formations inunediately he­
neath the loess cannot safely be inferred from bedrcck 
elevations at distant or even at nearby exposures. Reck 
formations younger than the highest ones exposed any-
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where on a hillside may underlie the loess that caps 
the hill. Furthermore, even if it "'ere certainly known 
that a particular rock formation underlies a cover of 
flO to 80 feet of loess. it would be very n1isleading to 
indicate that rock formation on the geologic map. For 
to do so would 1nean, by any normal map interpreta­
tion, either that the formation there is tiO to 80 feet 
thicker than the evidence indicates or that the thickness 
is nonnal but that the rocks have been so deformed at 
that place as to raise them 60 to 80 feet above their 
normal position. 

Between these hvo objectionable extremes of an 
almost uninterpretable outcrop map on the one hand 
and an unduly theoretical and misleading bedrock map 
on the other. some intermediate compromise had to be 
chosen. The compromise adopted for the geologie map 
of these quadrangles (pl. 1) is to shmv the pattern of 
underlying rock formations where surficial loess and 
soil are relatively thin and the loess pattern where 
s41rficial depos1ts eompletely obseure all topographic. 
evidence of the underlying bedrock The maximum 
thickness of loess omitted from the map by this eon­
vention is not certainly known~ but fron1 n1nnerous lo­
cal exposures it appears to be distinetlv less than 20 
feet. the contour interval of the topogra.phic nutp, and 
probably is about 10 feet. 
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GEOGRAPHY 

LOCATION 

The Illinois part of the Hardin quadrangle is 
bounded on the north by Lat. 39°15', on the east by 
Long. 90°30', on the south by Lat. 39°00', and on the 
\vest by the 1\fissonri State line, which here follm\'s the 
main channel of the ~fississippi River. The Illinois 
part of the Brussels quadrangle is bounded on the north 
by the Hardin quadrangle, on the east by Long. 90°:30', 
and on the south and west by the State line or the chan­
nel of the Mississippi River. They are both partial 
quadrangles in that they include only those parts of the 
two 15-minute maps that lie within the limits of the 
State of Illinois. The two quadrangles lie along the 
west-central boundary of Illinois and cover approxi­
mately the southern two-thirds of Calhoun County, 
the western sixth of Jersey County, and the very south­
western corner of Greene County, Ill. (See index map, 
fig. 1.) The southeastern extremity of the area lies 
about 2.) miles nortlnvest of St. Louis, ~fo., and 20 
miles west of Alton, Ill., and the northeastern corner of 
the Hardin quadrangle lies about 55 miles southwest of 
Springfield, Ill. 

The Brussels quadrangle is included in and makes up 
the northeastern part of the O'Fallon, Mo.-Ill., 30-min­
ute quadrangle, a topographic 1nap of which was pub­
lished in 1903. Topographic maps are available of the 
N ebo, Pearl, Roodhouse, and St. Charles-originally 
called Bonfils-15-lninute. quadrangles, which lie inune­
diately no'rthwest, north, northeast, and southeast, 
respectively, of the Hardin and Brussels quadrangles. 

In the two quadrangles are several towns, of which 
Hardin, the county seat of Calhoun County, with a popu­
lation of 838 in 1940. is the largest. Hamburg, Batch­
town, Brussels, and Fieldon follow in order of size, with 
populations of 300,297,275. and 217, respectively. Nut­
wood, Rosedale, Deer Plain, Meppen, and Michael are 
smaller villages that have not been i11corporated. 

T\vo systems of land nets or surveying districts are 
used in the Illinois part of the two quadrangles and a 
third system is used in the Missouri part. The townships 
and ranges east of Illinois River, in Jersey and Greene 
Counties, are. referred to the third principal meridian 
and its base line and are numbered northward and west­
ward. In Calhoun County, bebveen Illinois and Mis­
sissippi Rivers, the land net is referred to the fourth 
principal meridian and its base line, and the townships 
and ranges are numbered southward and westward. 
West of the Mississippi River, in eastern Pike and Lin­
coln Counties and all of St. Charles County, :Mo., the 
townships and ranges are referred to the fifth principal 
meridian and its base line and are numbered northward 
and eastward. 

PHYSIOGRAPHIC SETTING 

The area of the two quadrangles is shown on the map 
of the physical divisions of the United States 1 as lying 
along the western margin of the Till Plains section of the 
Central Lmvland province of the Interior Plains divi­
sion. The area is immediately adjoined on the west ly 
the. Dissected Till Plains section of the Central Lowland 
and it lies only a few mile.s north o·f the northeastern 
margin of the Springfie1d-Sa1em plateaus section of the 
Ozark Plate.ans province of the Interior Highlands 
division. In the table accompanying this map the char­
acteristics of the Till Plains section are give.n as "'young 
till plans; morainic topography rare; no lakes;' of the 
Dissected Till Plains section as "'submaturely to ma­
turely dissected till plains.'' and of the Springfield­
Salem plateaus section as ""submature to mature 
plateaus.'' 

Much more extensive description and discussion of 
these physiographic provinces are given in a separate 
paper.2 Under the heading, Till Plains Sections of the 
Central Lowland, it is stated 3 that '"north of the Ozark 
Plateaus the western boundary is at the contact of the 
Illinoian and l{ansan drift sheets'' and that "'the Dis­
seete.cl Till Plains, separated from the Ozark Province 
by Missouri River. are coextensive with the drift of the 
Kansan ':' * * " Under the. heading, Ozark Pla­
teaus, it is sta~ed 4 that "a strip a few miles wide on the 
north side of Missouri River has a purely erosion topo6-
raphy no longer influenced by the wasted drift, although 
the position of Missouri River \Yas essentially deter­
mined by the edge of the drift. In detailed work this 
may be considered as part of the Ozark Province, sin~e 
its topography has 1nore in common with the. country 
to the south than to the north.'' 

Judged by the criteria that have been cited for deter­
mining the boundaries between these three sections, it 
seems incorrect to include the unglaciated areas of Pil~e, 
Calhoun, and .Jersey Counties. Ill., and Pike, Lincoln, 
St. Charles, and St. Louis Counties, ~fo. (fig. 4), within 
the limits of either the eastern Till Plains section or the 
western Dissected Till Plains section. Moreover, in 
their geologic history and rock composition, in the gEn­
eral character and ruggedness of their topography, and 
in their effect upon human culture, the uplands of parts 
of Lincoln County, l\Io., and Calhoun and Jersey Coun­
ties, Ill., are very similar to large parts of the Ozark 
region of southern Missouri. 

The distinctive features of this region led one writer 5 

in a description of the topographic districts of Missouri, 
1 Fenneman, N. l\I., Physical Divisions of the United States (rrap, 

with table of characteristics by N. l\1. Fenneman and D. ,V . .Johnso'l) : 
Assoc. Amer. Geographers, Annals, vol. 18, no. 4, pp 261-353, Map, 1028. 

!! Fenneman, N. l\1., Physiographic divisions of the United States: 
Annals Assoc. Amer. Geographers, vol. 18, pp. 261-353, 1928. 

3 Fenneman, N. 1\L, op cit., pp. 316, 317. 
4 Fenneman. N. l\f., op cit., p. 326. 
5 Shepard, E. l\1., Underground waters of 1\Iissouri, their geology and 

utilization: U. S. Geol. Survey Water-Supply Paper 195, pp. 8, 10-11, 
1907. 
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FIGURE 1.-Index map of parts of western Illinois and eastern Missouri showing location of Hardin aud Brussels quadrangles in Illinois. 
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to recognize a zone along l\fississippi River as a sep­
arate topographic unit, which he designated as the 
Lincoln Ridge district. Because of the longitudinal 
division of this area by Mississippi River, the local 
na1ne Lincoln Hills seems a more appropriate designa­
tion than Shepard's name Lincoln Ridge; it seems use­
ful to take cognizance of the distinctive features and 
geographic relationships of the region, and it is ac­
cordingly proposed that the name Lincoln Hills section 
of the Ozark Plateaus Province be applied to it. 

Under this proposed systen1 of nomenclature the area 
of the Hardin and Brussels quadrangles would lie chiefly 
within the Lincoln Hills section, and only the north­
eastern part of the I-Iardin quadrangle would lie ·within 
the Till Plains section. 

RELIEF AND DRAINAGE 

The maximum relief within the area of the two quad­
rangles is approxin1ately 475 feet~ two hill tops in sec. 
2, T. Ei N., R. 13 W., rise to an elevation between 880 
and 900 feet above sea level, and only llh 1niles to the 
south in the SE~:J, sec. 14, T. 6 N., R. 13 W., the mean 
elevation of Illinois River is between 400 and 420 feet. 
If the bed of the river instead of the water surface is 
considered, the maximum relief is approximately 500 
feet, for at two places within the area-opposite Gilbert 
Lake in the SE~~:J, sec. 15, T. 6 N., R. 18 W., and in D·ark 
Chute in the SE:!;! sec. 2, T. 10 S., R. 2 ,V.-there are 
permanent deeps in the Illinois River with bed eleva­
tions of somewhat less than 400 feet above sea level. 
The maximum local relief within the area of the two 
quadrangles is at the bluff in the NE14 sec. 9, T. 6 
N., R. 13 W., where, ·within a horizontal distance of 
approxi1nately 800 feet, the surface rises frmn about ±30 
feet on the Illinois flood plain to about 880 feet on the 
bluffs overlooking the river. Along n10st of the bluffs 
throughout the quadrangles, however, the local relief 
is only 200 or 300 feet, and the average difference in 
elevation between the river flood plains and the upland 
divides is about 300 or 350 feet. 

The area lies near the month of Illinois River and in­
cludes parts of l\fississippi and Illinois Rivers. Nearly 
all the land surface slopes directly into one or the other 
of the two rivers or into small streams tributary to them. 
East of Illinois River, however, a part of the surface 
drains into Macoupin and Otter Creeks, two large tribu­
taries of the Illinois that rise far east of the area. 

The topography of the two quadrangles falls natu­
rally into two niain components-the uplands and the 
river flood plains. (See airplane photographs, pl. 15.) 
The flood plain of the Mississippi averages about 5 
miles in 'width, that of the Illinois about 8 miles. Both 
flood plains are relatively flat. The valleys of many 
of the tributary streams are flat-bottomed and extend 
back into the general uplands as embayments of the 
flood plains. The upland of Calhoun County forms a 

long narrow ''peninsula,, between the Mississippi and 
Illinois flood plains. The uplands of Jersey and Greene 
Counties merge eastward into an extensive upland till 
plain ·which continues essentially unbroken over a large 
part of the State of Illinois. The uplands may be fur­
ther subdivided into ( 1) undissected remnants of pla­
teau or upland proper and (2) slopes fro1n these plate~u 
remnants clown to the flood plains. In Calhoun County 
and the southwest corner of Jersey County the remnants 
of upland plateau are very small-nearly aU the surf::we 
has been reduced to slopes-but in the northeast part of 
the Hardin quadrangle, wide areas of the Illinoian till 
plain still remain undissected. (See pl. 15 A, C.) 

Throughout most of the area the uplands and the 
flood plains are separated by a line of abrupt bluffs 
or cliffs, but in parts of the region there are renn1ants 
of inte.rmediate upland surfaces or terraces and at 
these places the bluffs are less conspicuous. 

CLIMATE 

The climate in the Hardin and Brussels quadrangles 
does not differ essentially from that which prevails 
throughout most of the eentral Mississippi valley re­
gion-cold winters and hot summers and a rainfall 
adequate for most agricultural purposes, although 
droughts are frequent late in summer. There are no 
'Veather Bureau stations within the area, but records 
kept over a period of many ye~rs at the nearby stations 
of Louisiana, 6 vV arrenton, St. Charles, and St. Louis, 
Mo.,7 show that the mean annual temperature in this 
region is about 55° F. and the mean annual rainfall 
between :35 and ±1 inches. Records covering a period 
of more than 30 years at Louisiana, Mo., show extre'ne 
temperature ranges from 105° above to 27° below zero 
and variations in the annual rainfall from 21.55 to 
50.61 inches. 

HISTORY OF HUMAN SETTLEMENT 

The earliest records of human occupaney in this 
region have not yet been carefully studied. Less than 
50 miles to the southeast, on the flood plain of the Mis­
sissippi opposite St. Louis, Mo., stands the group of 
Cahokia Mouncls,8 believed to mark the site of an 
ancient Mound Builder village. The group includes 
the famous Monk's Mound, said to be one of the largjst 
artificial 1nounds in the world. It is not im.probable, 
therefore, that Mound Builders 1nay once have occu­
pied parts of the area of the Hardin and Bruss~ls 
quadrangles. In fact, some of the human skulls and 
other bones picked up by the writer from fresl'ly 

6 SwE-et, A. 'l'., HawkN, H. W., KnobE-l, E. W., and FE>hsenfE>lt, .J. B., 
Soil sun·er of Lincoln Countr. Missouri: FiE-ld Operations Bur. Soils, 
1917, pp. 1486-1487. 

7 Fippin, E. 0., and Drake, .J. A., Soil survey of the O'Fallon area, 
Missouri-Illinois : Field Operations Bur. Soils, 1904, p. 817. 

8 Moorehead, W. K., and Leighton, l\L l\I., 'l'he Cahokia Mounds: Uri\·. 
Illinois Bull., Yol. 21, Hl:!3. 
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plowed fields, recently opened Indian nwm1els, and 
steep hillsides were determined by Curator F. C. Baker 
of the lTniversity of Illinois l\Iuseum as the bones of 
Mound Builders. 

Old burial or perhaps signal mounds are abundant 
\Yithin the area. Nearly every hill or bluff that over­
looks the river valleys has from 1 to 8 or 10 of these 
Indian mounds upon its highest point or points. Most 
of them are conical, less than 50 feet in diameter, and 
only 5 to 10 feet high, but a few are much larger a·nd 
built in curved irregular patterns. Fragments of 
burned limestone are found ne.ar many of those artifi­
cial piles. The most conspicuous group of mounds seen 
near the area are upon the Illinois flood plain at the foot 
of the bluffs in the NE1_4 sec. 27, T. 8 S .• R. 2 "\V., 5 
1niles north of the Hardin quadrangle. Very few of 
the hundreds of mounds in this region have been left 
unmolested. Nearly all have been partially opened by 
local residents to obtain the bones, stone axes, pipes, 
aiTo·wheads, beads, or pottery that they may contain. 

It has been reported 9 that sculptured pictographs 
could be seen in a limestone cave in the river bluffs of 
Greene County. 25 or :30 miles above the mouth of Il­
linois River, and also that "'some 25 or :30 miles above 
the mouth of the Illinois River, on the west bank of 
that stream, high up on the smooth face of an over­
hanging cliff, is another interesting pictograph sculp­
tllred deeply in the hard rock:' Neither of these picto­
graphs "\Yere seen by the writer. 

It seems fairly certain that the region must long have 
been a favorite haunt of An1erican Indians, for chipped 
flints, polished stone implements, and piles of elam 
shells are still common in many places. The early 
French explorers found the region inhabited chiefly by 
the Illinois tribe although, because of the convergence 
of three principal waterways, it 'vas at times oecupied 
by more western tribes. 

Marquette and .Joliet, on their voyage of discovery 
down Mississippi River in 167':3, are the first white men 
known to haYe passe.d through the area. Thereafter 
the French dominated the region for about a century 
and eolonies were established at Ste. Genevieve, St. 
Louis, St. Charles, and many other places along the 
l\Iississippi, Illinois, and Missouri Rivers.10 

In 1762 and 17();3, France ceded its lands west of the 
l\Iississippi River to Spain and those east of the river 
to England, and within the following 25 years many of 
the early French families withdrew to the west side of 
the river. In the 1790's, pioneers from I{entueky, Ten­
nessee, Virginia, and frmn other of the more southern 
of the new American States and Territories, began to 
settle upon both the American and the Spanish sides 

9 1\IcAdams, ·william, Records of ancient races in the Mississippi Val­
ley, C. R. Barns Pub. Co., St. Louis, pp. 12-13, 27-29, 1887. 

1° For an account of early French activities in the region see Park­
man, Francis, France and England in North America, Part 3, La Salle 
and the discover,\· of the Great West, 1907. 

of the river. "'Louisiana" was returned to France in 
1801, and 2 years later it came into the possessio11 of the 
United States. In 1797, the famous Daniel Boone lo­
cated his colony near the Missouri River about 15 miles 
southwest of the Brussels quadrangle. The invasions by 
the white people caused some hostilities with the Indian 
tribes native to the region, but colonization continued, 
Illinois and Missouri were admitted to stateho')d, and 
by 18:30 the frontier had passed on westward.U 

The early southern pioneers were hunters who chose 
to settle in the more heavily wooded lands along the 
rivers and smaller watercourses. However, the de­
velopment of steam navigation upon the wester:'l Great 
Lakes in the early thirties opened up northern routes 
of immigration and then, within the next two decades, 
a great many farmers from the Northeastern States 
nwved into the region and settled upon the. agricul­
turally superior prairie lands passed up by the earlier 
frontiersmen. During the same period large. nlnnbe.rs 
of German and some. Belgian and Swiss inunigrants 
came. into the region, settling mainly in compact col­
onies along the bluffs and flood plains. The thrifty 
people brought in on these two later waves of immigra­
tion soon dominated large parts of the region, both in 
numbers and in prosperity. l\Iany of the earlier woods­
men sold out their homesteads to the newcomers and 
moved on westward to the new frontier~ others remained 
in more isolated areas and adapted themselvs to agri­
cultural pursuits. 

For a while. most of the shipping of the region was 
upon the rivers. The first ste~unboat ascended the 
l\Iississippi River above. St. Louis in 1817, and hy 18:30 
there was regular boat service on the upper Mississippi, 
the lower Missouri, and the Illinois. "\Vith the growth 
of population the steamboat business prospered, towns 
sprang up along the rivers, and St. Louis and New Or­
leans became the great 1narkets of the region. But with 
increasing den1and for greater transportation facilities, 
railroads began to be laid down parallel to 1nany of 
the major rivers, and with their completion in the early 
fifties, the stea1nboat conunerce 12 declined abruptly. 
The niain thoroughfares quickly shifted from the rivers, 
many new towns were built along the railroads upon 
the agricultural uplands, Chicago became one of the 
leading markets of the region, and the present economic 
era was established. 

n For Rtmunaries of the early settlement of the rPgion see c:1ittenden, 
H. :M., The Amet·ican fur trade of the Far "\Vest, vol. 1, pp. 71-82, 97-
112, 1902. Fippin, E. 0., and Drake, J. A., Soil survey of the O'Fallon 
area, l\Iissouri-Illinois: Field Operations Bur. Soils, 1H04, pp. 816-817. 
Barrows, H. H., Geography of the middle Illinois Valley: Illhois Geol. 
Survey Bull. 15, pp. 64-125, 1910. Sauer, C. 0., Geography of the upper 
Illinois Valley and history of development: Illinois Geol. Survey Bull. 
27, pp. 144-203, 1916. Sauer, C. 0., The geography of the Ozark High­
land of Missouri: Geog. Soc. Chicago Bull. 7, pp. 73-174, 1920. 

12 For a very readable account of conditions during the hey{lay of the 
steamboat period see, Life on the Mississippi, by l\Iark Twain ( S. L. 
Clemens), one of the early steamboat pilots. 
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Many of the early stages in the development of the 
region have left their imprint in the geography and 
culture of the Hardin and Brussels quadrangles. This 
area, lying as it does along two large rivers, includes 
very little of the upper prairie land~ thus, it retains 
far nwre than most areas of similar size the features 
that are reminiscent of the early history. A few fam­
ilies of French descent still live along Illinois River. 
Southern customs and traditions are widespread and 
many of the present inhabitants are descendants of 
the early German settlers. Hardin and Hamburg, the 
two largest towns in the area, are old river tmvns, built 
during the steamboat days and still handicapped by 
the change in mode of transportation. 

Only small portions of the area-the upland till 
plain, the flat terrace surfaces, and parts of the flood 
plains-are suitable for grain fanning. However, 
orchard husbandry has been highly developed on the 
bluffs and rugged uplands, and "Calhoun County 
apples'' are ·well kno\vn in many parts of the l\ficlclle 
'Vest. These orchards have been eminently success­
ful, and the region has prospered not only because of 
the steep slopes, which afford excellent drainage, but 
also because of the thick nmntle of rich loess soil with 
which the slopes are covered. 

l\1arketing facilities are still inadequate. The only 
railroad within the two quadrangles is a spur line of 
the Chicago and Alton which extends clown the east side 
of Illin6is River to East Hardin; Calhoun County 
remains the one county in Illinois that does not have a 
railroad. Inasmuch as there \Yere no bridges ove.r 
either Illinois or Mississippi River when field work for 
this report was clone in 1928 and 1929, nearly all produce 
was then transferred to market by boat, barge, or ferry. 
The only hard-surfaced road within the area was State 
Route 88 which, with the ferry at Hardin, connectetl 
1\:ampsville and Hardin with Fieldo11, Jerseyville, 
Alton, East St. Louis, and St. Louis. Motor truckin~ 
to nearby railroad shipping points and directly to the 
larger markets was also clone by way of ferries at 
Kampsville, Deer Plain, Golden Eagle, West Point, and 
Hamburg. However, a large part of the crops still went 

to market by river. During harvests, boats pic.ked up 
Rhipments consigned to St. Louis, Hannibal, and Pe')ria 
at many landings along the two rivers.13 

Large areas of the S\Yampy lowlands along both rivers 
are held in their primitive state by gun clubs which are 
controlled largely by residents of St. Louis and Alton. 
These clubs are used generally throughout the year for 
recreation, but the principal sport is shooting waterfowl 
in fall and \Yinter. 

ROCK FORMATIONS 

The rocks exposed in the Hardin and Brussels quad­
rangles are limestone, dolomite~ shale, sandstone, and 
coal and consolidated silt, sand, gravel, and till. All 
were deposited as sediments frmn water, wind, or gla­
ciers and are called sedimentary rocks in contras<:, to 
the crystalline rocks, which were fonned by great hmd or 
by intense pressure. Beneath these rocks that crop out 
at the surface are others that can be reached by deep 
drilling. Some of the deeper-lying rocks are sandstones, 
dolomites, and shales much like those exposed at the 
surface, but at still greater depths lie crystalline rocks 
of a sort now exposed o·nly in distant regions. 

The accompanying ehart shows the rock formations 
of the area arranged in order of age, from oldest at the 
bott6m to youngest at the top. The sedimentary rocks 
up to and including those of l\fississippian age were laid 
clown during many successive advances of the sea across 
the region. The Pennsylvanian strata were formed 
partly in sea water and partly upon the land. The much 
later Tertiary and Quaternary unconsolidated rocks 
were all formed upon land as stream, "\vind, ot· glaeial 
deposits. 

The rock formations of the two quadrangles are de­
scribed in the following pages in the order of their age, 
the oldest first and the youngest last. The very oldest 
reeks-those not exposed in or near the area-are known 
only from incomplete records of deep drilling and I''Olll 

distant exposures. In the following descriptions of the 
rocks of the area, it seems advisable to separate sharply 
these rocks not exposed to study from those that can be 
examined in detail. 

13 Lloyd, .J. W., and NewPll, H. M .. 1\Iarketing Calhoun County ap~)les: 
Univ. Ill. Agric. Exper'. Sta., Bull. 312, pp. 563-612, 1928. 
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Chart of rock formations exposed in Hardin and Brussels quadrangles, Illinois 

Letter 
Era System Series Stage or group Formation and member Thickness symbol on 

(feet) geologic 
map 

-

Recent River alluvium I 0 to 125 Qr 
-----------

Recent and Pleis- Calcareous tufa l 
tocene? 

0 to 35 Qct 

Recent and Pleis- Undifferentiated stream deposits, slope wash, and talus 0 to 25 

I 

Qu 
tocene 2 

Wisconsin stage Deer Plain formation 1 0 to 50 Qd 

Wisconsin(?) stage Scattered pebbles 1 0 to 1~ 
Quaternary Wisconsin (?), Peorian, Loess 5 to 80 Ql 

Cenozoic 
and Sangamon stages 

Sangamon (?) and Illi- Brussels formation 1 0 to 100 Qb 
Pleistocene noian stages 

Illinoian stage 
Pond deposits marginal to the Illinoian ice 1 0 to 70 Qp 

Till and stratified drift 0 to 100 Qt 

Yarmouth (?l stage Hard pitted clay 1 0 to 10 i Qec 

Kansan stage Gravel and till (?) near Batchtown l 0 to 45 I Qk 
------ -----· 

Tertiary and Qua- Residual chert and clay 1 0 to 40 
ternary 3 

Tertiary Miocene(?) Grover gravel 0 to 30 Tg 
---------Unconformity 

I 

McLeansboro formation 0 to 28 Pm 
-----

Pennsylvanian Carbondale formation 65 to 90 Pc . ----
Pottsville formation 0 to 85 Pp 

-------- Unconformity 
St. Louis limestone 75 to 185 Ms 

Unconformity ("/) ----
Meramec group Spcrgen limestone 70 

Warsaw formation 50 to 65 Mws 

Carboniferous Keokuk limestone 65± Mk 

Osage group Burlington limestone 140 to 200 
Mississippian 

Sedalia limPstone Msb 
Unconformity ------

Chouteau limestone 22 to 60 Me 

Hannibal shale 130 to 100 Mh 
Kinderhook group 

Glen Park formation 0 to 25 
Unconformity 

j 0 to fi 
Mig 

Louisiana limestone 
Unconformity 

Devonian Upper Cedar Valley limestone I 0 to 40 De 
Paleozoic Unconformity 

I 0 to 16 Niagaran 4 (mid- Joliet limestone 
dle) 

Unconformity (?l 
I 0 to 40 

Silurian 
Brassfield limestone Sebj 

Unconformity 
Alexandrian 1 E~gewood I Bowling Green(?) limestone member (lower) 

limestone N oix oolite member 
10 to 50 

Unconformity 
llpper Maquoketa shale 100 to 200 Om 

Unconformity 
Kimmswick limestone 70± Ok 

Middle Decorah limestone 5-10 

Unconformity ("?)-------~ 
Opd 

Plattin limestone HQ-150± 
Ordovician 

Joachim dolomite I so± Oj 
-----

St. Peter sandstone ll50± --- Os 
Lower Unconformity (?) -----

Cotter (?) dolomite 8± Oc 

Not exposed in Hardin and Brussels quadrangles 

Cambrian 

Pre-Cambrian 

1 Many of the Tertiary and Quaternary formations do not occur in actual contact 
with one another yet their relative ages are determined from physiographic relation­
ships. 

3 The residual chert and clay are believed to include materials which range in the 
date of their formation from Tertiary to Recent but they are probably for the most 
part early Pleistocene in age. 

4 According to the classification used by the Illinois Geological Survey. 2 The undifferentiated stream deposits, slope wash, and talus include some de­
po,;its as old as Illinoian and possibly even Kansan but they are thought to be chiefly 
of Recent age. 
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ROCKS NOT EXPOSED 

PRE-CAMBRIAN 

The oldest rocks known in the J\:Iississippi Valley 
come to the surface in only a few places. In the St. 
Francois }\fountains in the eastern part of the Ozark 
uplift, 70 1niles or more south of the Hardin and Brus­
sels quadrangles, gi·anites and rhyolites, with subordi­
nate amounts of diabase, tuff, and 1netamorphic rocks, 
occupy a surface area of about 1,200 square 1niles.14 

J\iuch farther north, in Minnesota and 'Visconsin, these 
and many other rock types of the same relative age crop 
out over large areas. Here and there in the intervening 
region, a few wells have penetrated deep enough to 
prove the presence of these rocks as the fundamental 
basement upon "\Yhich all the later rocks have been 
built. 

Within the Hardin and Brussels quadrangles no wells 
have been drilled to a sufficient depth to reach the pre­
Cambrian rocks. However, a deep well in St. Louis, 
l\:Io., is reported to have struck these rocks at a depth 
of 1nore than 3,800 feet.15 The Little Silver well near 
St. Peters, in St. Charles County, l\fo., ± or 5 1niles 
southwest of Golden Eagle, Calhoun County, Ill., failed 
to reach these rocks at a depth of more than 2,700 feet. 

EARLY PALEOZOIC 

Lying upon the pre-Cambrian rocks throughout the 
l\fississippi Valley are many hundreds of feet of 
Cambrian and Ordovician sandstones, dolomites, and 
shales. None of the Cambrian and only the upper part 
of the Ordovician strata come to the surface in the 
Hardin and Brussels quadrangles, but their presence 
underground is demonstrated by deep wells drilled 
nearby. Of the formations that crop out "\vithin the 
two quadrangles, the oldest one that can readily be 
identified in well records is the St. Peter sandstone. In 
the Little Silver well near St. Peters, Mo., nwre than 
1,700 feet of Cambrian and early Ordovician dolomites, 
sandstones, and shales that lie below the St. Peter sand­
stone were penetrated without reaching the underlying 
pre-Cambrian rocks. The deep well at St. Louis, J\Io., 
showed n1ore than 2,200 feet of these beds between the 
St. Peter sandstone and the basement of pre-Cambrian 
rocks.16 

ROCKS EXPOSED 

PALEOZOIC 

The Paleozoic rocks exposed in the Hardin and Brus­
sels quadrangles include representatives of the Ordovi­
cian, Silurian, Devonian, Mississippian, and Pennsyl­
vanian systems. In general, these rocks make up a great 

14 'Vilson, 1\f. E .. The occmTence of oil and gas in Missouri. Mo. Bur. 
Geol. and l\Iines, vol. 16, 2d ser., pp. 34-35, 1922. 

15 Fenneman, N. l\1., Geology and mineral resources of the St. Louis 
quadmngle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, p. 17, Hlll. 

10 Fenneman, N. l\L, op. cit., pp. 16-17. 

unit, which consists dominantly of limestone in the 
upper and dolomite in the lmver part and is broke~1 at 
irregular intervals by four thick beds of shale and a. 
few thick and thin beds of sandstone. Before ero:~ion 
the total thickness of these rocks ranged from 1,101 to 
1,750 feet and probably averaged about 1,±00 feet. Of 
this thickness the Ordovician and Mississippian sys­
tems make up all but a small part. 

The Paleozoic rocks of the area record a histor:-r of 
many gentle movements of the earth and repeated in­
eursions of the sea. During the early part of the Pa1eo­
zoic the region seems to have laid at times on the north­
east flank of a low broad land area that probably cor­
responds with the present Ozark Highlands. ':':'his 
Ozark land area probably persisted during middle 
Paleozoic time, but there was gentle irregular warping 
within the Hardin and Brussels quadrangles. The ir­
regular warping seems to have been integrated grrclu­
ally into a local uplift, which was separated frmn the 
Ozark Highland by a local basin of deposition. During 
late Paleozoic these gradual nwvements culminated in 
sharp folding and since Paleozoic time the local uplift 
has grown slightly. 

ORDOVICIAN 

The Ordovician rocks that crop out within the area 
include the Cotter ( '?) dolomite, the St. Peter srnd­
stone, the J oachin1 dolomite, the Plattin limestone, the 
Decorah limestone, the I{inunswick limestone, and the 
l\faquoketa shale. Only a few feet of the Cotter ( ~) 
clolmnite is exposed and its total thickness is not kncwn. 
The aggregate thickness of the exposed Ordovician for­
Illations ranges from 550 to 700 feet. 

Most of these formations are exposed in only a s1nall 
part of the Hardin and Brussels quadrangles, and it is 
impossible to observe regional variations in their thick­
nesses. However, the Maquoketa shale, which is n1ore 
widely exposed and more easily recognized in well rec­
ords, clearly thins southwestward across the area toward 
the Ozark Highlands of Missouri. 

During the field work on which this report is based, 
fossils were eollected from the Plattin, Decorah, Kimms­
wick, and Maquoketa formations. Dr. E. 0. Ulricl', of 
the United States Geological Survey, made several pre­
liininary reports upon the stratisgraphic significanee 
of these collections and Dr. Edwin !{irk, of the Survey, 
furnished the list of identifications. (See pp.167-169.) 

COTTER { ?) DOLOMITE 

The oldest rocks that come to the surface within the 
limits of the Hardin and Brussels quadrangles ]'ave 
been seen by only a few geologists. Keyes 17 1nentions 
''a foot or two" of ''magnesian limestone'' exposed. at 
the base of Cap au Gres bluff ''in times of very low 

11 Keyes, C. R., Some geological formations of the Cap-au-Gres uplift: 
Iowa Acad. Sci. Proc., vol. 5, p. 60, 1898. 

• 
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water.'' "r eller 18 reports '"three or four feet'' of ''a 
gray or brownish buff, earthy magnesian liine­
stone * * * exposed for only a few rods * * * 
along [the] base of the bluff about one-fourth mile 
above the mouth of Dogtown Creek.'' The following 
section was measured "about ~ mile north of Dogtown 
Landing'' by C. McMackin of the Illinois Geological 
Survey in the spring of 193± at a time when "hiississippi 
River was very low: 

Top. Feet 
-!. Sandstone, St. Peter, basal layer conglomeratic ______ _ 
Unconformity. 
3. Dolomite, Cotter ( ?) , thin-bedded, nonfossiliferous. 

Top bed, 1 foot thick, stands out as ledge____________ 5~~ 

Unconformity. 
2. Sandstone, fine-grained, thin-bedded, white__________ 3 
1~ Covered___________________________________________ 8 
·water level. 

This locality, in the SE14 of sec. 30, T. 12 S., R. 2 W., 
is the highest part of the Lincoln anticline 19 in Calhoun 
County. 

During the field seasons of 1928 and 1929, Missis­
sippi River seen1s not to have fallen to a stage suffi­
ciently low to expose these rocks. However, beds that 
very probably represent this for1nation crop out along 
the same. fold ± miles to the west-nortlnvest, about 1 
mile north of Winfield in Lincoln County, :Mo. Here, 
at the n1outh of Lick Spring Hollow, is an exposure of 
28 feet of alternately massive and thin-bedded, pale 
huffy gray, fine-grained, argillaceous and sandy dolo­
mite. The bedding is somewhat irregular and suggests 
conte1nporaneous brecciation. Several other outcrops 
of this formation within 2 or 3 miles of the one just 
1nentioned have been described by other geologists.20 

I\:rey gives a detailed section of 47 feet of alternating 
dolomite. sandy and cherty li1nestone, and sandstone; 
he reports that the 1naximum thickness of the strata 
exposed in this area is about 130 feet. 

In these, the oldest rocks exposed along the Lincoln 
anticline, no fossils have thus far been found. Rocks 
that. occupy a similar stratigraphic position below the 
St. Peter sandstone have been called the Prairie du 
Chien group in northern Illinois, the Shakopee dolo­
mite in Iowa and elsewhere, and the "Jefferson City 
group'' in l\1:issouri.21 Keyes 22 applied a local name, 
"Winfield limestone," to these beds in Lincoln County, 
Mo., but Krey 23 adopted the tenn "Jefferson City 
group" for the exposures on both sides of Mississippi 

18 Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 221, 1907. 

19 Krey, Frank, Structural reconnaisRance of the l\:lississippi Valley 
area from Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
vey Bull. 45, pp. 46-48, pl. 1. 1924. 

~Potter, W. B., Geology of Lincoln County. Preliminary Report on 
the Iron Ores and Coal fields: l\fo. Geol. Survey, pp. 223-224, 1873. Krey, 
Frank, op. cit., pp. 16-17, 1924. 

21 Dake, C. L., The problem of the St. Peter sandstone: Missouri School 
of Mines and Metallurgy Bull., vol. 6, no. 1, pp. 12, 65, 84, 1921. 

22 Keyes, C. R., op cit., p. 60. 
23 Krey, Frank, op. cit., p. 16. 

River along the Lincoln anticline. ",Jefferson City 
group," as used by Dake and by I\:rey, includes the 
Jefferson City, the Cotter, and the Powell fonnations. 

Inasmuch as nearly all the outcrops of these rocks 
along the Lincoln anticline lie in Lincoln County, Mo., 
it seems desirable to follow the terminology Ufed by 
the Missouri Bureau of Ge.ology and "h:fines. Accord­
ingly, samples collected frmn the Lick Spring IIollow 
locality were sent to H. S. McQueen, Assistant State 
Geologist of Missouri, for study and identification by 
the 1nethocl of insoluble residues.u Mr. McQueen 
kindly made the following report upon these samples: 

Lick Sprill{t Hollon\ .50 feet nortll H~e:st of Tiller'.<~ farnhou:se, 
NlPA :sec. J;~, 7'. 49 S., R. 2 E., Lincoln County, Mo. 

I-~IH-a. MassiYe 11hase. Dolomite, light buff with fine gray 
bands, very fine grained. Insoluble residue consists 
of (a) extremely fine. subangular, frosted grains of 
sand and (b) considerable buff-colored silt wit'1 flakes 
Of lllUSCOYite. 

I-D!I-b. Thin-bedded phase. Dolomite, buff and gray in color, 
fine-grained, eYen more so than I-nH-a. Irsolnble 
residue shows : (a ) fine, subangular frosted grains of 
saml; also light buff colored flakes of clay, (b) silt 
fraction very large as compared with I-99-a; sand, 
very fine grained but more argillaceous; somewhat 
plastic muscoYite pt·esent in this fraction. 

These small fragments of dolomite yield insoluble resi•lues of 
yarying amount, but of essentially the same characteristics, the 
broaf1er features being considered. The heaYy silt or argillace­
ous fraetions, and the sand described are commonly found in the 
Cotter, antl the specimens are from that formation. A study of 
sections of the pre-St. Peter rocks as presE>nted in drill samples 
\YOUld indicate that the Cotter dolomite underlies the s~. Peter 
sandstone throughout east-central M'issouri. 

As a result of this examination, the reported 0 1lterop 
of these beds in Calhoun County is here tentr,tively 
referred to the Cotter dolomite. This fonnatio1l, first 
described in Arkansas,24a has been definitely reco:s-nized 
as far north as Ste. Genevieve County, J\{o.25 

ST. PETER SANDSTONE 

The oldest formation ·well exposed within the IIardin 
and Brussels quadrangles is the St. Peter sandstone. 
Its outcrop is a narrow band, barely more than 1 mile 
long, that makes the Cap au Gr,es or "'sandstone. head­
land'' overlooking Mississippi River. At this outcrop 
the fonnation consists of approximately 150 feet o'£ 
clean well-sorted quartz sandstone. However, well logs 
indieate that it thickens to 200 and 250 feet within 
less than 15 miles to the. south and southeast. 

Lithologic chw·acter.-At close range the sandstone 
seems massi Ye and almost structureless, but from a 

24 l\fcQueen, H. S., Insoluble residueR as a guide in stratigmpllic 
studies: Missouri Bureau Geology and Mines, 56th Bienn. Rept, Appen­
dix I, pp. 3-32, 1931. 

24a Purdue, A. H., and l\Iiser, H. D., Description of the Eureka Springs 
and Harrison quadrangles, Arkansas-Missouri : U. S. Geol. Survey Geol. 
Atlas, Eureka Springs-Harrison folio (no. 202), up. -l-5, Hl16. 

2s Weller, Stuart, and St. Clair, Stuart, Geology of Ste. Genevieve 
County, Missouri: l\Iissouri Bur. Geology allfl :'Hines. 2d ser., vol. 22, 
pp. 81-84, 1928. 
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distance of a few score feet or n1ore it is seen to be 
regularly and rather thinly bedded. (See pl. 3.) Here 
and there through the formation are cross-bedded layers 
and ripple-marked surfaces. The cross-bedded layers 
are rarely more than 1 foot thick and the oblique lami­
nations generally but not invariably dip southward or 
westward. The ripple marks seem to be of the sym­
metrical or oscillation type. 26 The largest ones seen by 
the writer are in the lower part of the formation and 
trend about N. 80° ,V. They measure fro'tn :3 to 3 inches 
from crest to crest and are from 14 to ~~8 inch deep. 

'Vhere weathered, the sandstone is generally 
brownish gray. though in some places it is yellow or 
even distinctly reel. On fresh fracture, however, it is 
eommonly light tan and in some beds pure white. 
~Inch of the sandstone is fairly hard ·where exposed 

to weathering but relatively friable and loose back a 
few inches from the outcrop. The harder portions semn 
to be cemented ·with iron oxides, silica, or calcite. In 
the northern part of the outcrop, where there are nmner­
ous sma1l folds and minor faults, qnartzitie seams eut 
across the sandstone in various directions. Here and 
there the sandstone is perceptibly calcareous, but 110 

beds of limestone or dolomite, such as ,yere reported 27 

in the outcrops in Lincoln County, l\fo., were seen iu 
the entire exposure. Lamar 28 noted ''nodules and bands 
of calcareous sandstone, particularly in the upper part 
of the exposure" at Cap an Gres, but he thought that 
this calcareous material was probably introduced by 
downward-pereolating waters. 

The sand grains themselves are small and exception­
ally well sorted. In all parts of the formation exam­
ined, nearly all grains have diameters greater than Yt 0 

millimeter and less than 'l'2 millimeter, with 1;4 milli­
meter the commonest diameter. Mechanical analyses 
of samples frmn this exposure 2n likewise show that 
this sandstone consists almost entirely of particles of 
the sizes conunonly known as fine sand and 1nedium 
sand.30 These mechanical analyses also show that the 
samples of sandstone from this exposure are somewhat 
finer grained than most of the samples of St. Peter sand­
stone that lutve been studied.31 

The sandstone consists 32 almost entirely of colorless 
quartz grains, the shapes of which range from nearly 

26 Kindle. E. l\I., Recent and fossil ripple mark; Canada Geol. SurYey 
l\Ius. Bull. 25, pp. 23-2H, 1917. 

27 Dake, C. L., op. cit. p. 17. Krey, Frank, op. cit .. p. 18. 
28 Lamat·, J. E .. Geology and economic resources of the 8t. Peter sanoi­

stone of Illinois: Illinois State GPol. Survey Bull. 53. p. 50, 1928. 
20 Lamar, J. E., Preliminary report on the economic mineral rnsonrces 

of Calhoun Count~·. Illinois State Geol. Sun·ey Rept. of Inv., 8 p. 20, 
1!l26: Geology and economic resources of the St. Peter ~mudstone of 
Illinois, Illinois Geol. Survey Bull. 53, pp. 44-4;), table facing l'· 149, 
1928. 

30 Wentworth, C. K., A scale of grade and class terms for Plastic :;:eui­
nwnts: Jour. Geolog~·. vol. 30, p. 384, 1922. 

31 Dake, op. cit., ul. 8, facing p. 162. 
32 For chemical analJ·ses of the St. Peter sandstone of Lincoln County. 

l\Io., see Dake, C. L., The sand and gmvel resvm·cps of l\Iissonri: :!\1is­
souri Bur. Geolog~: and l\Iines, 2d ser., vol. 15, pp. lGS-169, 1U18. 

perfect spheres to apparently unabraded doubly-termi­
nated quartz crystals. Many of the grains show fome 
rounding and a large number are marked with broad 
shallow pits or impressions left by adjacent sand 
grains.33 The more perfectly rounded grains have a 
••frosted'' or "ground glass"' surface, but the quartz 
crystals are clear and sparkling. Casual inspec.tion 
indicates that the quartz crystals are more abundant 
and more perfectly formed on the hardened weathared 
surface than in the relatively friable fresh rock. 

As has been pointed out previously 34 a large propor­
tion of the unabraded quartz crystals in the sancls<:one 
at this locality are simply secondarily enlarged quartz 
grains. Although f"ome of this enlargement clearly 
occurred before the final deposition of the sand grains, 
the freedom from abrasion o£ most of the crystals and 
the greater abundance of secondarily enlarged grains 
on weathered surfaces make it seem probable that most 
of the enlargement took place long after deposition. 

Stratigraphic relations.-The contact of the St. Peter 
sandstone with the underlying Cotter ( '?) dolomite was 
not seen. However, available information suggests that 
here as in Missouri 35 the lower eontact of the St. Peter 
may be an unconfor1nable one. In a deep well drilled 
at 1'\:ampsville, Calhoun County, Ill., 7 feet of blue shale 
was reported below the St. Peter sandstone and in an­
other well, 14 1niles southeast of Cap au G1~es, in see. 
2G, T. 48 N., R. 5 E., St. Charles County, 1\fo., 19 feet of 
''blue mud'' underlay the sandstone. As has been pointed 
out,36 these beds below the sandstone n1ay have origi­
nated as residuum from the solution of underlying dolo­
Inite and therefore indicate a period of weathering 
immediately before the deposition of the sandstone. 
In the lower part of the formation at the Cap au Gres 
exposure several unusual circular faults or joints were 
noted. The largest recognized is about 9 feet in dianl­
eter ~ it incloses two smaJler, concentrically arranged 
circular faults. The fault or joint surfaces are nearly 
vertiea.l, but they seen1 to dip slightly inward, prob1,bly 
(•on verging to fonn a steep cone. In the 1niddle and up­
per part of the formation, in the northern part of the 
Cap au Gres exposure, the regular northeastern dip of 
the beds is interrupted by a few minor faults and tnany 
small folds, in which the bedding clips from 5° to 10° 
in nearly every direction. Though both the conical 
faults in the lower part of the formation and the irr}gu­
lar clips in the upper part are susceptible to many dif­
ferent interpretations, it seems worth while to 1nention 
that both might have been caused by the eollaps~ in 
the lower part and slumping in the upper part of par­
tially consolidated sand into caverns previously devel-

33 Lamar, J. E., Geology and economic resour.~es of the St. Peter sand­
stone of Illinois: Illinois Geol. Survey Bull. 53. pp. 47-49, 1928. 

34 Lamar, J. E., op. cit., p. 49. 
35 Dake, C. L., The sand and gravel resources of l\lis'louri: ~Iil"souri 

Bur. Geology and Mines, 2d ser., vol. 15, pp. 109 -111, 1918. 
>a Lamar, J. E., op. cit., p. 20. 
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oped in the underlying dolomite, as was reported in the 
St. Peter sandstone of the Eureka Springs and HaiTi­
son quadrangles, 37 Arkansas and Missouri. 

The St. Peter sandstone apparently grades U}Yward 
into the overlying fToachim dolomite. 

Name.-No fossils, such as those found sparingly else­
where 38 in the St. Peter sandstone, have been reported 
from the exposures in Calhoun County, Ill., or Lincoln 
County, Mo. 

The name '"St. Peter sandstone,,' first used for rocks 
in :Minnesota,39 was applied to the sandstone at Cap an 
Gres by vVorthen.40 Ii.eyes 41 later proposed the loc.al 
term '"Cap-au-Gres" sandstone. lVeller 42 and Shep­
ard 43 adopted the name St. Peter for the Calhoun 
County, Ill., and the Lincoln County, Mo .• outcrops, 
respectively. This usage has been followed by later 
writers, but Dake 44 and Ii.rey 45 have called attention 
to the possibility that the St. Peter sandstone of this 
area may include in its lower part beds that are equiva­
lent to the Everton limestone of Arkansas 46 and south­
ern l\Iissouri. 47 Inasmuch as no limestone or dolomite 
'vas found interbedded with the sandstone at Cap au 
Gr,es, the name St. Peter sandstone is retained in this 
report~ although the possibility that the formation 1nay 
include beds equivalent to the Everton is recognized. 

JOACHIM DOLOMITE 

Above the St. Peter sandstone lies the Joachim dolo­
mite, a :formation about 80 feet thick that is made up 
chiefly o:f brown dolomite. Its area of outcrop is less 
than 2 miles long and borders that o:f the St. Peter sand­
stone on the east and to the north. 

Lithologic character.-Although massive beds several 
:feet thick are conspicuous in this :formation, thin­
bedded layers only a :few inches thick are common, 
especially in the lower and middle parts. 'l_;he rock is 
commonly buff or brown on :fresh :fracture and weathers 
to a lighter brown mottled with small spots of yellowish 
gray. This dominant brown phase o:f the rock is 

3' Purdue and Miser, op. eit., p. 7. 
38 Dake, C. L., The problem of the St. Peter RanJRt')ne: Univ. 1\Iissouri 

Sehool of l\Iines and l\Ietallurgy, vol. 6, no. 1, pp. 194-1!J7, 1921. Lamar. 
.T. E., Geology and eeonomie resources of the St. Peter sandstone of 
Illinois: Illinois Geol. Surve~· Bull. 53, p. 36, 1928. Weller and St. 
Clair, op. eit., p. 98. 

39 Owen. D. D., Preliminary report of the Geological Suney of Wis­
consin and Iowa, U. S. Gen. Land Offiee Rept. : 30th Cong., 1st sess., 
Sen. Ex. Doe. 2, p. 16!:1, 1847. 

40 Worthen, A. H., Geology of Calhoun Count~·: Illinois Geol. Stuve;v 
vol. 4, pp. 3-4, 1870. 

• 1 Keyes, C. R., Some geological formations of the Cap-au-Gres uplift: 
Iowa Aead. Sei. Proe., vol. 5, p. 60, 1898. 

42 Weller, Stuart, Notes on the geolog~v of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, pp. 221-222, 1907. 

43 Shepard, E. M., Underground waters of Missouri, their geology and 
utilization: U. S. Geol. Survey Water-Supply Paper 195, pp. 16-17, 1907. 

44 Dake, C. L., The problem of the St. Peter sandstone, Univ. Missouri 
Sehool of Mines and Metallurgy Bull., vol. 6, no. 1, pp. 15-26, 1921. 

45 Krey, Frank, Structural reconnaissance of the Mississippi Valley 
area from Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
vey Bull. 45, p. 17, 1924. 

46 Purdue and Miser, op. eit., pp. 5-7. 
47 Weller and St. Clair, op. eit., pp. 91-95. 

minutely crystalline and notably porous. However, in 
the lower part of the formation are dark bluisll gray 
fine-grained beds, the color of which seems to be caused 
by finely disseminated pyrite. 

Here and there .throughout the :formation ar~. thin 
argillaceous strata and beds o:f smnewhat sandy dolo­
mite. In its lowest :few feet, the Joachim is dis<-inetly 
sandy and some layers might be called dolomitic sand­
stone rather than sandy dolmnite. Locally the top o:f 
the formation is 1narked by a heel of soft pale-buff dolo­
mite or powder, nearly a :foot thick, which nuty he 
partially decomposed dolomite. A thin section o:f this 
soft rock showed only very finely divided carbonates. 

Two striking characteristics of the formation in this 
region are the pronounced bituminous odor given off by 
much of the porous brown dolmnite when it is :freshly 
broken and a distinctiYe nodular surface that tl'e rock 
develops upon weathering. 

A chemical analysis o:f a representative sample o:f 
Joachim clolmnite, taken :from the 50-foot :face of the 
abandoned quarry in the NE 14SE14 see. 19, T. 12 S., 
R. 2 vV., near the West Point Ferry landing, shows 
that dolomite, with an average molecular ratio, cal­
cium to magnesium, o:f 6 to 4, makes up about 94.8 
percent o:f the rock. The impurities are largely silica, 
which probably is present chiefly as scattered quartz 
grains. ( 8ee che1nical analysis, p. 156.) 

The 15 chemical analyses published in ( pp. 15()-158) 
this report have each been interpreted by the writer in 
terms of their probable 1nineral composition. A brief 
explanation o:f the method by which these interpreta­
tions were made seems worth while. 

The factors, 1.785 and 2.091, :frmn which the c"Icium 
and magnesium carbonate contents might the.orrtieally 
be calculated, give esti1nates that are somewhat too 
high. In most o:f the group, the C02 calculated by 
this method exceeds the loss on ignition. by 1.3 pe.r­
cent in one analysis; the calculated total of all constit­
uents commonly exceeds 100 percent, by 1.7 per'?ent in 
one analysis; and these discrepancies within the differ­
ent analyses are roughly proportional to the ~nnount 
o:f carbonates present. This error, which. :frmn inspec­
tion o:f the analyses and examinations o:f the rocks thenl­
selves, seems to be clue largely to incmnple.te 
combustion, is to a certain extent compensated by the 
conventions that were followed in reporting tl'o, per­
centages o:f iron and sulfur. Nevertheless, it semned 
desirable in esti1nating the probable mineral composi­
tions from these analyses to reduce all excessive totals 
to 100 percent. 

A nwre serious error is introduced by uncertainty 
about the chmnical cmnposition of the complex clay 
minerals which make up a large part o:f the more highly 
argillaceous samples. The proportions of the lime, 
magnesia, and silica that should be calculated as clay 
instead o:f as carbonates or quartz is very difficult to 
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estimate. However, only three of the samples analyzed 
for this report contain sufficient quantities of day to 
cause ~erious errors here and the interpretations of their 
mineral compositions are stated only in such general 
terms as "'this percent or nWI'e of clay and that percent 
or le8s of carbonates or of quartz.'' 

The most nearly cmnplete single exposure of the 
.Joachim dolomite in these quadrangles \Yas found about 
l!t, mile south of the northern end of the Cap au Gr1es 
bluff. The upper 4:) feet of the formation is particu­
larly well exposed in the old quarry face just north 
of the mouth of vV est Point Creek. 

Stratigraphie relations.-In Calhoun County, HI., as 
in l\Iissouri,48 the .Joachin1 dolomite seems to be eon­
formable with the underlying St. Peter sandstone. At 
the one place where the contact was found well exposed, 
in the center E~i:!NE1J1 sec. 30, T. 12 S., R. 2 ,V., there 
is at least 1 foot of beds that show a cmnplete grada­
tion between the two formations. 

The stratigraphic relations with the overlying Plattin 
limestone are uncertain. The contact probably is an 
unconformable one, but no definite evidence of this 
relationship was found. 

Name and identifiration.-No fossils were found in 
the Joachin1 dolomite by the writer. Weller,48 a how­
ever, found a few ostracods and trilobites in this area, 
but here, as in Missonri,49 fossils are very scarce in the 
formation. 

I\:eyes 50 in 1897 proposed the local name "Folley''­
correctly spelled "Foley''- limestone for these beds that 
crop out nearby in Lincoln County. Mo. Weller 51 and 
Shepard 52 in 1907 adopted for these rocks in Calhoun 
County, Ill., and Lincoln County, Mo., the name 
"Joachim,'' 53 first proposed for beds in eastern Missouri, 
and later writers have followed their usage. 

PLATTIN AND DECORAH LIMESTONES 

The Joachim dolomite is overlain by about 140 or 150 
feet of dominantly thin-bedded, dense, gray, more or 
less dolomitic Plattin limestone which in turn is over­
lain by 5 or 10 feet of thin-bedded brown Decorah linle­
stone. These formations crop out in the bluffs and 
strea1n valleys along the west side of Calhoun County 
frmn Dogtown Hollow northward for 5 1niles to the 
mouth of Dixon Hollow. The dip of these rocks to the 
east-northeast carries the1n below the stream valleys 

48 Dake, C. L., The sand and gravel resources of Missouri : ~Iissouri 
Bur. Geology and ~lines, vol. 15, 2d> ser., p. 109, 1918: The problem of 
the St. Peter sandstone : Missouri School of Mines and Metallurgy, Bull. 
vol. 6, no. 1, p. 26, 1921. Weller and St. Clair, op. cit., pp. 103-104. 

~6a \Yeller, Stuart. op. cit., p. 222. 
49 Dake, C. L., The problem of the St. Peter sandstone: Missouri 

School of llines and Metallurgy, Bull., vol. 6, no. 1, pp. 27-28, 1921. 
Weller, Stuart and St. Clair, Stuart, op. cit., p. 104. 

5o Keyes, C'. R., op. cit., p. 61. 
51 Weller, Stuart, op. cit., p. 222. 
62 Shepard, E. :M., op. cit., p. 17. 
ro Winslow, Arthur, Lead and zinc in ~fissouri : l\Iissouri Geol. Sun-ey, 

1st ser., vol. 6, pp. 331, 352, 1894. 

within less than 1 mile from the bluffs, and they do not 
reappear on the eastern side of Calhoun County or in 
southwestern Jersey County. 

Lithologic character.-The Plattin limestone is char­
acteristically thin-bedded in layers only a few inches 
thick, but here and there throughout the formation are 
some relatively massive beds more than 1 foot thi~k. 
Locally the beds of dolomitic limestone are separated 
by thi~1 argillaceous layers, and a few of the bedding 
planes are distinctly ripple-marked. 

The texture is commonly fine-grained to dense or al­
most lithographic, and the rock breaks with a splintery 
conchoidal fracture. However, some of the highly fos­
siliferous beds are coarsely granular and the more 
argillaceous layers are soft and earthy. The limestone 
is generally hard and compact. Most of the rock is light 
buffy gray upon fresh structure and weathers gray or 
nearly white. The thin argillaceous layers are dis­
tinctly brownish. 

In composition the rock ranges from limestone to 
dolomite, although nwst of it seems to be only slightly 
dolomitic limestone. Chemical analysis of a sample 
(see p. 156) , taken from the basal half of the Plattin 
limestone near the abandoned quarry in the NEllt,SE%, 
sec. 19, T. 12 S., R. 2 W., Calhoun County, indieztes 
that about 96.4 pereent of the roek consists of mag­
nesian calcite with an average molecular ratio, caleiun1 
to magnesium, of 13 to 2, or approximately 31t, calcite 
and 14 dolomite. The remaining impurities, chiefly 
silica and alumina, are probably emnbinecl as some one 
of the clay minerals. ( Se.e p. 16.) Physical tests 54 of 
this sample ( p. 156) indicate, by the rather high "specific 
gravity" of the roek, the moderate amount of water 
that it absorbs, and the "wear'' that it undergoes, that 
the rock is fairly dense and •cmnpaet. Briefly, in ex­
planation, "specifie gravity'' is the bulk density of the 
rock, absorption measures roughly the porosity, and 
wear might be called loss by abrasion. In a rock emu­
posed solely of one 1nineral species, say ealeite, increas­
ing porosity lowers the density and, in general, in­
creases the loss by abrasion. But in rocks of varying 
composition, the relationships are mueh 1nore emnplex. 

A distinctive feature of the fonnation is the occur­
rence, in beds of the dense li1nestone, of irregular 
ramifying rods, about 3/s or lf2 ineh in dia1neter, of 
crystalline clolmnitic lhnestone. On weathered Fur­
faces, these rods suggest organic, perhaps fucoidr1,55 

structures but on fresh fractures and especially on pol­
ished faces, they seem to be, at least in part, of secondary 
development. (See pl. 4B.) These "fucoidal" b~ds 

54 For an explanation of the significance of these physical tests see 
Krey, Frank, and Lamar, J. E., Limestone resources of Illinois: Illinois 
Geol. Survey Bull. 46, p. 31, 1925. 

55 Worthen, op. cit., p. 5. Weller, Stuart, and St. Clair, Stuart, Geol­
ogy of Ste. Genevieve County, Missouri: Missouri Bur. Geology and 
Mines, 2d ser., vol. 22, p. 106, 1928. 
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occur at hvo or more horizons-one near the base and 
the other just ahm'e the middle of the formation. 

Associated with both these horizons of '"fucoiclal'' 
beds are local layers of limestone conglomerate a few 
inches thick. The elastic grains in these conglmnerates 
are rounded fragments of limestone and of shells. 
These grains. from 0.1 to lt• 1nillimeters in diameter, 
are set in a matrix of elear huffy calcite. (See pl. 4A..) 

Another distinctive feature of the Plattin limestone 
is a peculiarly honey-comberl or pitted \Yeathering sur­
face that deYelops on many of the b~ds. These pits 
range from less than 1 inch to several inches in diameter. 

A few small chert nodules \Yere noted in the lmver 
and middle parts of the formation. 

At the base of the formation is a fairly persistent 
argillaceous bed rarely more than 1 foot thick. This 
bed commonl.v consists of thinly laminated and ripple­
marked brown limestone. Yerv similar to that in the 
oYerlying limestone. interhedcled \Yith chocolate-brown 
shale and bluish-gray sandy clay. This thin argillace­
ous layer occupies approximately the same strate­
graphic position as the GleinYoocl shale 53 of Imva State 
reports. but no further eYiclence to support this cor­
relation was found. 

The most complete exposure of the P1attin limestone 
\Yas found in the bluff. in the SEl,,_J~El!J_ sec. 1!). T. 1~ 
S .. R. 2 W., about 1.000 feet north of the old quarry 
near the month of 'Vest Point Creek 

Th: thin Decorah limestone Ylas found oyerlying the. 
Platt1n at all outcrops in Calhoun CountY. It is from 
5 to 10 feet thick and consists chiefly of Yer~y thin, ripple­
marked nodular beds of dense chocolate-brown lime­
stone. which alternate 'Yith thin layers of rich brown 
calcareous shale. ( See pl. 5A. B.) The thin lime­
stone beds weather to a Yery pale gray or nearly to 
white. A few layers are highly fossiliferous. Both 
the thin limestone and the shale 1nay be called a fairly 
rich ''oil shale:' "\Vhen heated with a match they give 
off a strong odor of petroleum and it is reported that 
thin slivers of the shale 'vill burn when ignited.5

' 

QualitatiYe distillation tests by E. T. Erickson, of the 
United States Geological Survey indicate that a sample 
collected by the ,n·iter in the SElJi,NE~it, sec. 6, T. 12 S .• 
R. 2 ,Y., carries from 15 to 25 gallons of crude oil to the 
ton. 

Locally the brown limestone of the Decorah is much 
thicker bedded and at a few places thin sanely beds, 
green sandy clay. and coarsely granular limestone were 
noted. Small nodules of dark gray chert, similar to 
those in the Plattinlimestone, occur sparingly. 

StJ~atigNtphic re7atio·n.'!.-Ko positive evidence of un­
confol'lnable relations between the basal beds of the 
Plattin and the underlying .J onchin1 were observed in 

5u Calvin, Samuel, Geology of 'Vinneshiek County: Iowa Geol. Suryey, 
vel. 16, pp. 74-75, 1906. 

51 Krey. Frank. op. cit., p. :!0. 

the Calhoun County exposures. Weller, in his report 
on the geology of southern Calhoun County, did not 
record an unconformity at this contact. In fact, he 
wrote that "the lmver beds of the formation indicate 
a gradual change in character of the sediments from 
that now forming the subjacent formation. 'I'1e com­
plete transition occupieR a thickness of ab')ut five 
feet." 58 However, "r eller is quoted by Bevan 59 as say­
ing in an oral communication that "'the Glenwood and 
the overlying Platt in (or Platteville) limestone rest on 
the eroded surface of the Joachim limestone in Calhoun 
County." 

A widespread unconfonnity behveen the Joachim and 
Plattin is reported in ~iissouri 60 but the only sugges­
tion of such a relationship in Calhoun County is tlw 
rather sharp lithologic ehange and the fairly p:-rsistent 
argillaceous beds at the contaet of the. two formations. 

These thin argillaceous beds at the base of the Pla.ttin 
limestone. whieh may possibly be equivalent to the 
Glenwood shale of Imva State reports. seem to grade 
upward into the typical Plattin limestone with no sug­
gestion whatever of an unconformity. The Glenwood 
shale is said to be eonformable 'vith the overlying 
Platteville limestone, and it carries Platteville fossils.tn 

The Decorah limestone is apparently conformable 
'Yith the underlying Plattin limestone. for. although the 
eontact between the two formations is generally recog­
nizable. it is not marked by an abrupt lithologie change. 
In Ste. Genevieve County. ~io .• u2 the Decorah seen1s to 
be eompletely conformable with the. Plattin limestone. 
Similarly at its type loeality in Iowa, the Deem·ah is 
reported 63 to be conformable ·with the underlying 
Platteville. 

The Decorah limestone seems to lie conformably, but 
with a very sharp lithologie change, below the K_inuns­
wick limestone. 

_N ame8.-0rganic remains, useful for correl2-ting and 
establishing the appropriate names, are relatively abun­
dant in these formations, espeeially in the lowf''' 10 feet 
of the Plattin and throughout the Decorah limestone. 
Collections 1nade. during the field work on which this 
report is based are listed on pp. 167-168. 

In northweste-rn Illinois rocks of approximately the 
same age as the Plattin limestone have been c:rllecl the 
Platteville 64 limestone. J(eyes 65 proposed the local 
name "'Bryant limestone" for beds in Lincoln County, 

58 Weller, Stuart, op. cit., p. 222. 
59 'Yeller, Stuart, in BeYan, Arthur, The GlPnwoorl beds as a horizon 

marker at the base of tlw Platteville formation. Illinois Geol. Survey 
Rept Inv.n~ 9, p. 12, 1n2~ 

60 Dake, C. L., The prohlem of the St. Peter sandstone: Missouri School 
of l\lines and Metallurgy Bull. YOL 6, no. 1, p. 44, 1921. Weller and St. 
Clair, op. cit., pp. 107-108. 

61 WPller, Stuart, in Bevan, Arthur, op. cit., pp. 6, 12. 
02 Weller and St. Clair, op. cit .. pp. 110-111. 
63 KaJ·, G. 1\f., Stratigraphy of the Decm·ah formation. Jo•Jr. Geology, 

YOl. 37. pp. 644-645, 1929. 
64 Bain, H. F., Zinc and leall deposits of northwestern Illinois: U. S. 

Geol. SurveJ· Bull. 246, pp. 18-20, 1D05. 
us Keyes, C. R., op. cit., p. 61. 
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A. EXPOSURE OF ST. l'ETER SANDSTONE ALONG MISSISSIPPI RIVER IN CAP AU GRES. 

View northward from near Dogtown Landing in SW~ sec. 29, T . 12 S. , R . 2 W. 

B. REGULARLY BEDDED LAYERS OF ST. PETER SANDSTONE AT SOUTHE RN END OF CAl' AU GRES. 

SW),i sec. 29, T. 12 S., R. 2 W. 

C. REGULARLY BEDDED LAYERS OF ST. PETER SANDSTONE AT NORTHERN END OF CAP AU GRES. 

NE),i •ec. 30, T . 12 S., R. 2 W. 



GEOLOGICAL SURVEY PROFESSIONAL PAPER 218 PLATE 4 

A. LIMESTONE CONGLOMERATE IN UPPER PART OF PLATTIN LIMESTONE. • 
NE)4SW )4 sec. 20, '1'. 12 S., R. 2 W. Enlarged 2 times. 

B. FROM " .FUCOIDAL" BED FROM LOWER PART OF PLATTIN LIMESTONE. 

Irregular tubes of crystalline dolomite in dense limestone that contains many teste of Tetradium .1yringoporoides. N. center NWU sec. 29, T. 12 S., R. 2 W . Enlarged 2 times. 



GEOLOGICAL SURVEY PROFESSIONAL PAPER 218 PLATE 5 

A. DECORAH LIMESTONE, THIN RIPPLE-MARKED BEDS OF LIMESTONE AI.TERNATING WITH THIN 
LAYERS OF CALCAREOUS SHALE. 

NEJ4 sec. 6, T. 12 S., R. 2 W. 

B. DECORAH LIMESTONE, OVERLAIN BY MASSIVE (OVERHANGING) KIMMSWICK LIMESTONE. 

NE)4 sec. 6, T. 12 S., R. 2 W. 

C. BLUFF OF MASSIVE KIMMSWICK LIMESTONE OVERLYING DECORAH LIMESTONE. 

NE)4 sec. 6, T. 12 S., R. 2 W. 
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.1\fo., that are approximately, if not exactly, the same 
age as those in Calhoun County, Ill. In 1907, however, "r eller 66 adopted the name Plattin, previously applied 
by Ulrich 67 to the roeks lying between the Joaehim and 
IGmmswick fonnations in Jefferson County, .1\{o., and 
this usage was followed by 1\:rey. In 1911, however, 
Ulrich 68 redefined the Plattin so as to include only the 
beds between the J oachiin and the Deeorah, and this 
restriction of the Plattinlimestone has been adopted by 
nwst other writers. 

The thin argillaceous layer at the base of the Plattin 
1nay possibly be the equivalent of the Glenwood shale 69 

of Iowa State reports, but no definite faunal or litho­
logic evidenee to support this correlation was found. 

Rowley 70 suggested the name Auburn chert for 
weathered chert beds in the upper part of the Plattin 
limestone in Lincoln and Pike Counties, Mo. The 
fauna of these beds has been studied by Branson 71 and 
their equivalence with the thin-bedded chocolate-brmvn 
limestones at the top of the Plattin was established by 
J(rey. 72 The application of the name Decorah,73 first 
used for roeks exposed near the city of Decorah, Iowa, 
to the rocks that crop out in Calhoun County was sug­
gested by E. 0. lTlrich, ·who studied the fossils collected 
by the writer. In accordance ·with the original defi­
nition of the Plattin limestone, these rocks have some­
times been classified as the Decorah member of that 
formation, and in the Hardin and Brussels quadrangles 
they might very appropriately be so treated, because 
of their thinness, their apparently conformable rela­
tions, and the presence of lithologically similar beds 
·within the Platt in limestone. Nevertheless, in the in­
terest of uniformity of usage in different areas, these 
beds are here described as a separate formation over­
lying the Plattin limestone. Still, it would be luis­
leading to apply the name Deeorah shale in the Hardin 
and Brussels quadrangles, and the more appropriate 
lithologic term ••Decorah limestone" is therefore used. 

KIMMSWICK LIMESTONE 

Above the Decorah limestone lies the IGmmswick 
limestone, a formation about 70 feet thick that is made 
up dominantly of rather coarse grained, massive, and 
exceptionally pnre limestone. It crops out in the bluffs 
and stream valleys for nearly 7 miles along the western 

H6 "'eller, Rtuart, op. eit., p. :?:!2. 
M Ulrieh. E. 0 .. in Buekley. E. R.. anfl Buehler, H. A., The quarrying 

imlustr~' of ::\Iissouri: l\Iissouri Bur. Geolog:v and l\Iines, 2d ser .. YOL 2, 
p. 111, 190-!. 

"~ Ulrieh, E. 0., Reyislon of the Paleozoic systems: Geol. Soe. Ameriea 
Bull., YOl. 22, I•L 27. Hill. 

09 Calyin, Samuel, f-l-eology of "'inneshiek County: lo"'a G-Pol. Surypy, 
\'ul. 16, PV· 7-l-75, l!)fH). 

7° RowlPy, R. R., Geolog~' of Pike County: ~Iissouri Bur. GeologJ' anfl 
.Mines, 2d ser .. vol. 8, p. 14, Hl08. 

71 Branson, E. B., The fauna of the residuary Auburn ehart of Lincoln 
County, l\Iissouri : Ae~Hl. Sci. St. I~ouis Trans., YOl. 18, pp. 39-52, 1H09. 

72 Krey, Frank. op. cit., pp. 20-21. 
73 Calyin, Samuel, Geology of Winneshi!'k CountJ': Iowa Geol. Survey, 

vol. 16, p. 61, 1907. 

side of Calhoun County, and it was found at a depth 
of only 14 feet below the surfaee in a well 4V2 miles 
farther north in the NE1;JSE1,4 sec. 6, T. 11 S., R. 2 W. 
It comes to the surface also in three small areas in 
southwestern Jersey County. 

TopO[Jl'aph.ic ewpre8sion.-The J{immswick is the 
uppermost unit in the thick series of hard limestones 
and dolomites that lie below the soft Maquoketa sha1e. 
As these hard beds are much mo·re resistant to erosion 
than the soft shale, they tend to stand in bluffs and 
hills whereas the shale forms broad valleys. Because 
it is the uppermost unit of these hard rocks, the Kinuns­
wick limestone, even though it is a relatively thin for­
mation, crops out as the bedrock over a fairly large ar~.a 
under the long gentle dip slopes on one side of the shale 
ntlleys. Although the area "\Vhere the IGmmswick lime­
stone forms the underlying bedrock is fairly large, the 
area of actual exposure at the surface is much smaller, 
for on the uplands and gentle hill slopes the limestone 
has been heavily mantled with much later deposits of 
loess. (See pp. 5-6.) 

The exceptional purity of the limestone makes it 
especially susceptible to solution by percolating ground 
waters and, consequently, to the development of under­
ground drainage. Where the I\:inunswick limestone 
forms the bedrock under gently sloping loess-eoverecl 
uplands, as in the SV2 sec. 8 and NWlJ± sec. 20, T. 12 S., 
R. 2 W., the topography is marked by an exceptional 
development of sinkholes. (See airplane photograph, 
pl. 15B.) 

Litlwlogic clwra.cter.-In its lower half the Kinnns­
wick limestone eonsists almost entirely of very massi-,-re, 
coarsely crystalline beds (see pl. 50) but higher in the 
formation thin-bedded fine-grained layers become pro­
gressively more abundant until in the upper 20 feet 
there are only a fe'Y massive, coarse-grained beds. 

The lower, massive, coarsely crystalline limestone is 
commonly light yellowish or brownish gray on fre?h 
fractures, but it 'veathers to various shades of dull 
brownish gray or very pale gray. The coarse granular 
texture of this rock seems to be clue at least in part to 
the abundance of erystalline fragments of erinoid stems. 
Upon weathering, this coarse massive phase of the 
IGmmswick develops a characteristically rough surfaee 
marked by large rounded pits or small caverns from 
several inches to a few feet in diameter similar to lY1t 
much larger than those in the Plattin limestone. These 
lmYer beds of the IGnunswiek are excellently expos~d 
in the bluff just south of Dixon Hollow, in the NEl;J 
see. 6, T. 12 S., R. 2 W. (See pl. 5C.) 

The upper thin-bedded phase is variable in its char­
acteristics. Though normally fine-grained, it rangos 
frmn dense to medium-grained, and some of the more 
highly fossiliferous layers are even coarsely erystallir~. 
Its color also is variable though it 1nay be said broadly 
to include two main types-a distinctly brown and a 
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very light purplish gray limestone-and many inter­
mediate shades. This fine-grained limestone lacks the 
pitted weathering surface of the coarse phase~ but it is 
characterized by a faint petroliferous odor when freshly 
broken. These upper layers of the Kimmswick are well 
exposed in many stream beds frmn the SW"lh see. 29, 
T. 11 S., R. 2 W.~ south to the NWl!t sec. 28, T. 12 S., 
R. 2 W. The best individual exposure is probably that 
in the creek bed in Dixon Hollow in the SEl4 sec. 5, 
T. 12 S.~ R. 2 W. 

The Kimmswick limestone is exceptionally pure cal­
cimn carbonate. Chemical analysis of a sample ( p. 156) 
taken from 37 feet in the middle part of the formation 
in the NW1,4SE14 sec. 17~ T. 12 S., R. 2 W., Calhoun 
County, indicates that the rock consists of about 98.3 
percent calcite. (See pp. 16-17.) The physical tests on 
this sample (p. 156) show, by the low bulk density and 
the high absorption and loss by abrasion, that the rock is 
softer, more porous~ and less resistant than 1nost lime­
stones.74 Small nodules of chert occur sparingly here 
and there throughout the formation but not in sufficient 
quantities to mar the exceptional purity of the rock. 

8f'ratigJ•a.ph.ic 1•elation.~.-The exact stratigraphic 
relations between the Kimmswick and the underlying 
limestones in Calhoun County are uncertain. Weller 75 

repo'rted that ''the line of contaet is often sharp, though 
at times the transition frmn the lower formation to the 
upper occupies a foot or two in thickness.·~ Krey n; 

concluded that~ although "the break between the 
Kimmswick and Plattin [used by hin1 to include 
Decorah] is in most cases distinct, and the change fro·m 
the dense lithographic limestones of the Plattin to the 
granular li1nestone of the Kimmswick is accomplished 
within 2 feet or less, * * * the presence through­
out the region of outcrop o·f the thin, lithographic phase 
at the top of the Plattin precludes any erosional surface 
separating the two in this area and the two fonnations 
appear confol'lnable. '' Dake 77 had seen no physical 
evidence o'f a break at this horizon in Missouri, but 
Weller and St. Clair 78 record an unconfor1nity in Ste. 
Genevieve County, Mo. The writer recognized no evi­
dence of an unconformity between the Decorah and the 
IGnnnswick formations in Calhoun County, Ill., but he 
also failed to' see the transitional beds referred to by 
Weller and by l{rey. In fact, wherever the contact was 
found well exposed, as in the NWl!tSWl/t sec. 8, T. 1~ 

74 Krey, Frank, and Lamar, J". E., Limestone resources of Illinois: 
Illinois Geol. Survey Bull. 46, p. 31, 1925. For comparison with tests 
on other samples of Kimmswick and other limestones from Illinois, see 
Krey and Lamar, op. cit., pp. 47, 311. 

75 Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 223, 1007. 

76 Krey, Frank, Structural reconnaissance of the Mississippi Valley 
area ft·om Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
vey Bull. 45, p. 22, 1924. 

77 Dake, C. L., The problem of the St. Peter sandstone. Missouri 
School of :\lines and MetallurgJ' Bull., vol. 6, no. 1, p. 33, 1921. 

78 Weller, Stuart. and St. Clair, Stuart, Geology of Ste. Geneyieve 
County, Missouri: Missouri Bur. Geology and Mines, 2d ser., vol. 22. 
p. 113, 1928. 

S., R. 2 W., the lithologic change between the Decorah 
and Kimmswick limestones was very sharp. 

Within the formation the beds appear to be eon­
formable. There is a complete gradation, through 25 
feet or more, between the lower, massive, coarse-grained 
phase and the upper thin-bedded fine-grained 1= hase of 
the limestone. 

The l{immswick limestone lies unconformably be­
neath the Maquoketa shale throughout the area, except 
at one locality where some evidence was found that 
there may be a very thin remnant of the Fernvale lime­
stone between the two formatio·ns. 

Fo8sils (Kimmswick and possible Fernvale fmnw8) .­
The Kinunswick limestone is highly fossiliferous 
throughout. Strophomenoid brachiopods occur abun­
dantly in nearly every bed. The index fossil, Recep­
taculites, the sunflower coral, is abundant only in the 
brown, thin-bedded, fine-grained limestone in the upper 
third of the formation. This fossil may be fC''Incl up 
to ·within a few feet or even a few inches of the top of 
the fonnation. 

Colleetions were made from all fossilifero'IS beds 
that were found above the highest occurrence of Rece p­
taculites to determine whether or not the Fernvale or 
other later formations are present in the area. With 
one possible exception these collections do not contain 
any Fernvale faunas and Dr. Ulrich reported on them 
as follows: 

As now detenninerl all these lots [from the uptwr part of the 
formation] should provisionally be referred to as upper Kimms­
wick. The fauna is in some respects markedly different from 
that of the main mass of the formation. In Missouri south of 
St. Louis it is usually absent-probably eroded away before 
Fernvale time. Evidently these beds correspond to those ob­
sened by me in the Mississippi Valley exposures south of 
Goetz's quarry and between that place and Riverside, Mo., 
which I described in the "Revision" as lapping out beneath the 
Ferm·ale in following the bluff outcrops northward from River­
side. * * * The 30 or mot·e species comprised in the col­
lections under consideration are strongly indicative of the 
Trenton age of the beds in which you found them. 

As I see it now the typical Kimmswick is very old Trenton, 
and these locally deposited or unremoved beds may represent 
younger beds of the same group. The fauna of both is of 
northern origin and must have im·aded from the gene"al direc­
tion by paths that varied from time to time. 

However. at one locality in the creek bed in the 
SE1,4NEl!tSEl!t sec. 17, T. 12 S., R. 2 W., fos8ils were 
collected (Coils. 170 k and f, table on pp. 167-1613) from 
the upper 8 inches of the IGmmswick li1nestone and 
from the upper surface of this 8-inch bed. which include 
not only fonns characteristic of the Kimmswick but oth­
ers which, according to Dr. Kirk, "suggest an Upper Or­
dovician age earlier than Maquoketa and may be of 
Fernvale age." Furthermore, at this very loerlity the 
IGmmswick limestone is overlain unconformably by a 
thin layer of weathered chert fragments at the base of 
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the Maquoketa shale that contain fossils (Colis 171 f 
and In, table on pp. 167-168) eharaeteristic·'Of the Ma­
quoketa and also other forms that ''are probably post­
Kin1n1swiek in age and Inay be Fernvale residuals.'' 
(Seep. 23.) 

N mne .-The name Kiminswick litnestone, first used 
for rocks in eastern Missouri, 79 was applied to these 
beds in Calhoun County by W eller.80 Bradley 81 later 
confirmed this correlation by a comparison of the fauna 
at the type locality of the l(imtnswick with that col­
lected from the formation near Batchtown in Calhoun 
County. 

Keyes 82 in 1897 proposed the name McCune limestone 
for the "25 or 30 feet'' of fossiliferous, "nmssive, buff, 
dolomitic litnestone" that succeeds the 125 or 150 feet 
of light-blue or gray, rather thinly bedded, cmnpact, 
somewhat fossiliferous "Bryant'' [ = ( '?) Plattin] lime­
stone in Pike and Lincoln Counties, Mo. In a later 
paper 83 he assigned a thiekness of 50 feet to his McCune 
limestone in this area. Whether or not Keyes' name, 
McCune limestone, as thus proposed, was originally in­
tended to include all the beds now referred to the 
J{immswick is not certainly known,84 but the term has 
since been used by some writers in a restricted sense, to 
include only beds younger than or in the upper part of 
the l{immswick.85 

In northern Illinois, rocks that overlie the Platteville 
limestone are known as the Galena dolomite. Some 
geologists have correlated the Galena dolomite with the 
I\:immswiek litnestone. Ulrich,86 however, reported 
beds of lower to 1nidclle Galena age resting on upper 
Kimmswick limestone in Pike and Lincoln Countnes, 
Mo. 

No representatives of either the McCune limestone 
of Keyes (in its restricted sense) or the Galena dolomite 
were recognized in Calhoun County. 

, MAQUOKETA SHALE 

The Maquoketa shale is of Rielunoncl age. The Illi­
nois Geological Survey and the Federal Geological Sur-

79 Ulrich, E. 0., in Buckll'y, E. R., and Buehler, H. A., The quarrying 
industr~· of Missouri : Missouri Bur. Geology and 1\Iines, 2d ser., vol. 2, 
p. 111. 1904. 

8° Weller, Stuart, op. cit., pp. 222-223. 
81 Bradley, J. H., Jr., Stratigraphy of the Kimmswick limestone of 

Missouri and Illinois: Jour. Geol., vol. 33, pp. 60-61, 1925; Fauna of 
the Kimmswick limestone of Missouri and Illinois : Contr. from Walker 
l\Iuseum, vol. 2, no. 6, 1930. 

8Z Keyes, C. R., Some geological formations of the Cap-au-Gres up­
lift: Iowa Acad. Sci. Proc., vol. 5, p. 61, 1898. 

83 Keyes, C. R., Scheme of the stratigraphic succession in Missouri, 
p. 3, Des Moines, 1914. 

84 Dake, C. L., The problem of the St. Peter sandstone: Missouri 
School of Mines and Metallurgy, Bull. vol. 6, no. 1, p. 38, 1921. 

85 Ulrich, E. 0., Revision of the Paleozoic systems : Geol. Soc. America 
Bull. vol. 22, pl. 27, 1911. Foerste, A. F., The Kimnu;wick and Plattin 
limestones of northeastern Missouri : Denison Univ., Sci. Lab. Bull. vol. 
19. pp. 182-183, 1920. Bradley, J. H., op. cit., p. 62. 

86 Ulrich, E. 0., op. cit., pp. 524-525. 

vey classify the Richmond as Ordovician; E. 0. Ulrieh 87 

considered the Richmond Silurian. 
The Maquoketa, 'vhich succeeds the Kimmswick lime­

stone, crops out over a n1uch larger area than any of 
the older formations. Along the west side of Calhcnn 
County its outcrop is continuous and extends northwr,rd 
in the bluffs and small tributaries of Mississippi River 
to 'vithin llh miles of Hamburg. On the east side of 
Calhoun C<_mnty and the west side of Jersey County 
it crops out almost continuously along the bluffs and 
tributary valleys for 5 or 6 miles north of the Cap au 
Gres faulted monocline. It comes to the surface again 
in three inliers or isolated exposures in Lincoln Valley 
and Lead Hollow, 1 and 3 miles, respectively, south 
of Hardin in Calhoun County, and at the base of the 
bluffs :1;2 mile northward of Nutwood in Jersey County. 
The Maquoketa crops out in ahnost every valley alcng 
the Cap au Gres faulted flexure eastward frmn Tv..,in 
Springs in the southwest corner of Jersey County to 
near Grafton, more than :3 miles east of the Brusfels 
quadrangle. 

Thic"h·ne8s.-The exposures of the Maquoketa shale 
are not such that very precise measurements of its thick­
ness can be made, but it seems to thicken northeastwr,rcl 
fro1n slightly less than 100 feet in its southwesternm0st 
exposures to more than 150 feet in southweste1~1 Jersey 
County and to 200 or n1ore near Star City in sec. 6, 
T. 11 S., R. 2 W., Calhoun County. A few widely scat­
tered well records suggest that from Star City the 
formation thickens gradually northwestward. Records 
of wells drilled south and east of southern Calhcnn 
County indicate rather definitely that, where bur~ecl 
under younger rocks, the Maquoketa shale continues to 
thin southwestward toward the Ozarks. In the Little 
Silver well, only a few miles south of Calhoun County, 
the formation seems to be less than 40 feet thiek. 

Topograpldc e.r-pression.-The Maquoketa shale is a 
thick unit of soft relatively unresistant roeks lying be­
tween two units of much harder and more resistant liine­
stones and dolomites. The streams have been able to cut 
clown and carry away the shale n1uch more rapidly than 
the li1nestone and dolomite, and they have thereby de­
veloped broad valleys along the outcrop of the Maquo­
keta and left the harder rocks standing as highlands. 

The 1nost striking develop1nent of these shale valleys 
within the area is the continuous topographic depress~0n 
or valley from near Mount Victory School southwr,rcl 
through Batchtown for T miles to the head of Dogtown 
Hollow. This valley is formed by the coalescenee of 
the upper or middle courses of five separate westward­
flowing streams. It probably was carved out by th~se 

87 Ulrich, E. 0., Relative values of criteria used in drawing the o~·do­
dcian-Silurian boundary : Geol. Soc. America Bull., vol. 37, pp. 279-.348, 
1926; Ordovician trilobites of the familr Telephidae and concerned 
stratigraphic correlations: U. S. :Xat. l\11:~. Proc., vol. 76, pp. 61-69, 
1929. 
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t:eparate streams, but it seems to have been used for a 
short time and perhaps modified some,what by a single 
south,vard-flmving stream or river, which in Pleistocene 
time \Yas crowded eastward by the Kansan ice sheet. 
(See pp. 7n-76, 117.) 

The Maquoketa shale is relatively i1npervious to per­
colating ground water and in its upper part it contains 
beds that are a very plastic, sticky clay once they be­
rome soaked 'vith vmter. \Vater seeping downward 
through the overlying limestones and dolomites encoun­
ters these impervious clays and flows along their upper 
surface until it reaches the outcrop, where it escapes 
in seeps and springs. There it runs over and softens 
the clayey beds b2neath. Inasmuch as hills capped by 
the more. resistant limestones and dolomites are cmn­
monly steep-sided, this softening of the supporting 
elay at seeps and springs permits heavy ledges of lime­
stone. and dolomite to break loose from the bed, some­
times in large masses, and creep or slide downhill. This 
creeping and sliding is a common feature of the upper 
contact of the :Maquoketa shale in the Hardin and Brus­
sels quadrangles. \Ve.t boggy ground, strmvn with 
large blocks of the overlying beds, and in places marked 
by leaning trees, is a characteristic feature of this 
contact. 

Litho1ogir elwracter.-The rocks that make up the 
Th1aquoketa shale change progressively and fairly uni­
formly in their lithologic character from bottom to top. 

In the lower part, especially in the lmver 25 feet or 
so, the rocks consist dominantly of thin-bedded or 
flaggy, argillaceous dolomite and calcareous mudstone 
in beds from 1 to 6 inches thick. These beds are com­
monly buff, tan, or dark bluish gray, though some 
layers weather to a dark reddish brown. A few thin 
layers are gritty or granular and seem sanely, but upon 
inspection they are seen to contain small phosphatic 
grains and microscopic fossils and very fe\v grains of 
sand. Thin layers less than 1 inch thick cf very pale 
gray clay separate some of the layers of argillaceous 
do 1 omite. 

The lmver b:.>ds grade imperceptibly upward into the 
softer and less calcareous rocks that make up the re­
mainder of the formation. These softer rocks consist 
chiefly of massive mudstone. and platy to :6ssile clay 
shale. On fresh surfaces these rocks are commonly 
huffy gray in the lower part and greenish gray in the 
upper part; where weathered they become pale huffy 
or yPllcnvish gray. In the upper part of the formation, 
especially in the upper 25 feet or so, the shales become 
more variegated, and thin beds may be seen that are 
reddish, ~nnroon, bright tan, green, blue, purple, laven­
der, or white. 

In this report the tenns "fissile shale,'' ''platy shale," 
and "massive siltstone,'' ''claystone," and "mudstone" 
are applied to rocks that are smnetimes grouped to-

gether loosely under the single name shale.88 In litho­
logic descriptions the ter1n "shale,, is here nEed in a 
purely descriptive sense and applied only to tho~e rocks 
that have the so-called ''shaly structure,'' and the ques­
tion of whether this structure is caused by bedding 
laminations or by incipient load metamorphism is not 
discussed. Rocks that in weathering tend to break up 
into very thin flakes are called ''fissile shales," and those 
that make thicker fragments-lj8 to -;~ in:eh thick-are 
called ''platy shales." Rocks of similar composition, 
which, hmvever, are more massive in their structure, 
are called ''massive siltstones,'' or ''massive claystones," 
depending upon the size of the constituent grains, or 
~'massive mudstones'' if both silt- and day-sized grains 
are about equally abundant. 

The proportion of carbonate in the shale docreases 
upward, although smne beds e.ven in the lmYer part of 
the formation seem to be totally free from it. Fresh 
samples, presumably from the middle part of the Ma­
quoketa shale, that had been core-drilled in the NE~lt 
NE~-:J see. 18, T. 6 N., R. 13 \V., Jersey County, 1mile 
east of the Brussels quadrangle, at the proposed bridge 
site on Illinois River, were found to co·ntain from 30 
to 50 pereent of material that is soluble in hydro­
chloric acid. These core samples, although they g1:eatly 
resemble limestone, contain a large amount of clay, for 
they disintegrate in water more rapidly than in the 
acicl. 

Chemical analysis of a sample taken to represent the 
upper third of the formation in the NElj.,tSW~~~ sec. 
17, T. 11 S., R. 2 W., Calhoun County (p. 15f'), indi­
cates that the rock consists dominantly, probably more 
than 80 percent, of clay minerals. The. remainder of 
this sample seems to consist of 15 percent or lef·s, prob­
ably about 8 percent, of quartz and 9.1 percent or less 
of dolomite and magnesite. (See pp. 16-17.) Other 
samples that have been collected nearby 80 cont2 in more 
magnesia. Preliminary burning tests by the Depart­
ment of Ceramic Engineering of the University of Illi­
nois indicate that, except for the 1nanufacture of brick 
and tile, the shale represented by this sample has no 
economic value. 

Interlaminated with the calcareous shales in th~ 

lower and middle parts of the fonnation are occasional 
persistent but nodular sideritie beds a few inches thick. 
These beds commonly \veather reddish brown r.nd co·n­
tain numerous rounded and irregularly shapE.d phos­
phatic grains from 1 to 10 millimeters in diameter. 
They also contain a small amount of iron sulfide, 
present as irregular masses and as spherules and small 

88 Lewis, J. Y., Fissility of shale and its relations to petroleum : Geol. 
Soc. America Bull., vol. 35, pp. 570-589, 1!:124. Rubey, W. W., Litho­
logic studies of fine-grained Upper Cretaceous sedimentary rocks of the 
Black Hills region: U. S. Geol. Survey Prof. Paper 165-A, pp. 38-40, 
1930. 

89 Lamar, J. E., Preliminary report on the economic mineral resources 
of Calhoun County : Illinois Geol. Survey Rept. Inv. no. 8, p. 14, 1926. 
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cubes. Associated with these sideritic beds are very 
finely sandy layers a few inches thick. 

Except for these thin sandy layers, the shale in the 
middle and upper parts of the formation is exception-· 
ally free from grit. However, minute crystals of pyrite 
and small phosphatic grajns are not uncommon in fresh 
samples of the shale and mudstone, and sn1allnubbins 
or concretionary nodules of dense buff and gray lime­
stone ·were found in a few exposures of the upper part 
of the formation. At many outcrops the shale is cut 
by veinlets of crystalline gypsmn and here and there 
selenite crystals are strewn over the weathered slopes. 
At one locality, in the S'V1,4SE1,4 sec. 4-, T. () N., R. 
13 W., veins of calcite cut through the shale. 

On Cave Spring or l\fadison Creek, in the SE~NEY1 
SEn sec. 17, T. 12 S .. R. 2 W., the basal few inches oi 
the Maquoketa shale consists of deeply 'veathered, rieh 
reddish-brown fossiliferous chert and a few phosphatic 
grains. This thin layer of chert fragtnents contains 
some fossils (CoiL 171 f, pp. 167-169) that may possibly 
be residual frmn the Fern vale limestone~ it overlies the 
l{immswick limestone with apparent unconformity and 
it is in turn separated fron1 the overlying shale by a 
sharp contact. At other outcrops nearby this cherty 
bed is absent. 

At no place in the area was the entire thickness of the 
Maquoketa shale found well exposed. Two of the most 
nearly complete exposures were seen ( 1) in the bluff in 
the SW~ sec. 20, T. 11 S., R. 2 vV., where 80 feet of the 
lower and middle beds are well exposed but the lower­
Inost layers and the upper ±2 feet of the formation are 
covered, and ( 2) in the north slope of the hill in the 
N'V~ sec. 4, T. 12 S., R. 2 W., where the upper 85 feet 
of the formation is fairly well exposed. The basal beds 
of the Maquoketa are well exposed in 1nany stream beds 
from the SvV~ sec. 29, T. 11 S., R. 2 ,V., south to the 
NW~ sec. 28, T. 12 S., R. 2 W.-the same localities 
where uppermost IGnuuswick can best be seen. 

Fos8il8.-The. Maquoketa shale contains relatively 
few fossils in this area. Some layers in the basal flaggy 
beds and several of the higher phosphatic and sideritic 
zones are very fossiliferous and contain the typical 
depauperate fauna-all individuals exceedingly small­
of the lower Maquoketa. The writer found no organic 
remains in the upper third of the formation but 
Weller 90 recorded graptolites in the higher green shales. 

One of the nwst interesting occurrences of fossils in 
the formation is an abundance of well-preserved tri­
lobites of the genus AmpyiJJina in thin beds of argilla­
ceous dolomite about 3 feet above the base of the forma­
tion in the ditch along the roadside and in a small valley 
300 feet east of the road in the SW14S'V~ sec. 29, T. 
11 S., R. 2 W., Calhoun County (Coli. 38, p. 168). 

90 'Yeller, Stuart, Notes on the geology of southern Calhoun County: 
Ill. Geol. Survey Bull. 4, p. 224, 1907. 
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The weathered fossiliferous chert at the base of tl~ 
formation on Madison Creek in the SE~NE1JtSE~ se~. 
17, T. 12 S., R. 2 W., contains a mixed fauna (Colis. 171£ 
ancl1n, pp. 167-H19), which includes species character­
istic not only of the Maquoketa hut also of some older 
yet probably post-I\:imn1swick formation (see pp. 20-
21). The upper few inches of the imm.ediately under­
lying limestone here eontains both l{immswick and 
post-l{inunswick fossils (Colis. 170k and f, pp. 167-
Hi9), and Dr. Ulrich inferred that the chert 

may therefore represent a thin, perhaps local early Richmord 
and probably pre-Fernvale siliceous deposit that was erod€'d 
befort- tht- advent of the normal .Maquoketa shale deposition ard 
its chert residual mixed with the phosphatic conglomerate that 
usually alone marks the base of the typical Maquokt-ta shale. 
Still, it is quite possible that that chert was derived from son'~ 
post-Kimmswick Trenton formation. 91 

Stratigraphic 'rela.tionr;.-The cmttact between tl~ 
Maquoketa shale and the l{immswick limestone in this 
area is almost certainly unconformable. The discon­
tinuous layer of weathered chert at the base of tl'"' 
1\tfaquoketa on Madison Creek indicates rather definitely 
that the underlying limestone was exposed to weather­
ing before the overlying shale was deposited. The 
probable significance of this thin but interesting chert 
bed has been discussed by W elier 92 and by Ladd.93 Tl'~ 

presence of the fauna (Colis. 171f and m, pp. 167-16!') 
and the absence of rounding in the soft chert fragments 
seem to show that the material was not derived by er,.-)­
sion and transportation from pre-Kimmswick rocks ex­
posed some distance away at the ti1ne of deposition but 
is instead a residuum of post-l{immswick lin1eston~, 
weathered in place, and redeposited with the very ear­
liest Maquoketa sediments. 

Other physical evidence also points to an unconforn1-
ity at this contact. In places the upper surface of 
the J{imnlswiek li1uestone is smnewhat irregular, and 
in a few exposures, as in the NW1AN\V14 see. 32, T. 11 
S., R. 2 ,V., small sinkholes, about 10 feet in clia1neter, 
seem to have been formed before the deposition of the 
Maquoketa shale. Somewhat indirect evidence of un­
conformity has been found 94 in other areas in the Mis­
sissippi Valley. but the Calhoun County exan1ple of 
physical unconformity between rocks of Trenton nn<:l 
Richmond age apparently is one of the clearest eases 
known in the region. 

91 Personal communication, July 1, 1929. 
92 Weller, Stuart, op. cit., pp. 223-224; The pre-Richmond unconform­

ity in the Mississippi Valley: Jour. Geology, vol. 15, pp. 521-523, 1907. 
93 Ladd, H. S .. The stratigraphy and paleontology of the Maquoke~a 

shale of Iowa, Part I: Iowa Geol. Survey, vol. 34, pp. 349, 382 [1929 'i]. 
9~ Weller, Stuart, The pre-Richmond un<"onformity in the Mississippi 

Valley : Jour. Geology, vol. 15, pp. 523-524, 1907. Shaw, E. W., and 
Trowbridge, A. C., U. S. Geol. Survey Geol. Atlas, Galena-Elizabeth folio 
(no. 200), p. 6, 1916. Dake, C. L., The problem of the St. Pet:-r 
sandstone. Missouri School of Mines and Metallurgy, vol. 6, no. 1, Jip. 
83, 94, 1921. Weller, Stuart, and St. Clair, Stuart, op. cit., p. 1.23 
Ladcl, H. S., op. cit., pp. 346-349. 
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J(rey 95 noted an unconformity within the Maquoketa 
in Pike County, Mo., at a sandy phosphatic layer above 
the basal flaggy beds and below the overlying shale. It 
has been pointed out 96 that phosphates and iron sul­
fides con1monly are present at basal contacts. The 
writer saw no evidence of an unconfonnity at any of 
the phosphatic, pyritic, or sideritie layers within the 
Maquoketa shale, but, if eoncentrations of these min­
erals do record breaks in sedi1nentation, the formation 
1nay contain many such obscure unconformities. 

The contact with the overlying Silurian rocks also 
seems to be an unconformable one. 

N mne.-l{eyes 97 proposed the local name Buffalo 
shales for the beds in Pike and Lineoln Counties, Mo., 
whieh, he said, had "been generally considered as rep­
resentatives of the Maquoketa shales of northeastern 
Iowa." The name Maquoketa shale, first used in 
Iowa,98 was adopted for the Calhoun County beds by 
"\Veller.99 Savage, in an early report/ thought that 
the upper part of the Maquoketa shale in this region 
was equivalent to his Orchard Creek shale of southern 
Illinois, but he later 2 abandoned this interpretation. 

Savage 3 reported the presence of thin layers of 
Thebes 4 sandstone lying unconformably UJ;on the 
IGmmswiek limestone along Madison ( = Cave Spring) 
Creek in the SE14 see. 8, T. 11 [12 ~] S., R. 2 W., Cal­
houn County. These beds are probably the ones de­
scribed in this report as the granular, phosphatic., 
slightly sanely layers in the lower part of the Maquo­
keta. As the Maquoketa shale and Thebes sandstone 
are gen~.rally considered to be time eqnivale.nts 5 or as 
"two distinct facies of contemporaneous sedimenta­
tion," 6 and as the formation eontains very little sand 
in the Hardin and Brussels quadrangles, the name. 
Maquoketa is used in this report. 

In certain other areas the Maquoketa has been sub­
divided into subordinate 1nembers of limestone and of 
shale, eaeh of whieh has been given a separate name. 7 

Where these subordinate units are distinet, eontinuous, 

06 Krey, Frank, op. cit., p. 23. 
96 Goldman, M. I., Lithologic subsurface correlation in the "Bend 

series" of north-central Texas. U. S. Geol. Survey Prof. Paper 129, 
pp. 4-5. 1921; Basal glauconite and phosphate beds. Science, new ser., 
pp. 171-173, 1922; l\Iississippian formations of San Saba County, Texas; 
U. S. Geol. Survey Prof. Paper 146, p. 56, 1926. 

97 Keyes, C. R., op. cit., pp. 61-62. 
98 White, C. A., Geology of Iowa. vol. 1, p. 181, 1870. 
99 Weller, Stuart. op. cit., pp. 223-224. 
1 Savage, T. E .. Alexandrian series in Missouri and Illinois. Geol. 

Soc. Amer. Bull., vol. 24, pp. 356-357. 1913. 
2 Savage, T. E., Silurian rocks of Illinois : Geol. Soc. America Bull. 

vol. 37, pp. 514, 516, 1926; also by personal communication. 
3 Savage, T. E., The Thebes sandstone and Orchard Creek shale and 

their faunas in Illinois: Illinois Acad. Sci. Trans., vol. 10, p. 261, 1917. 
'Worthen, A. H., Geology of Illinois: Devonian and Silurian systems, 

Illinois Geol. Survey vol. 1, p. 139, 1866. 
5 Ulrich, E. 0., in Bassler, R. S., Bibliographic index of American 

Ordovician and Silurian fossils: U. S. Nat. Museum Bull. 92, pls. 3 and 4, 
1915. 

6 Weller, Stuart, and St. Clair, Stuart, Geology of Ste. Genevieve 
County, Missouri: p. 120. Missouri Bur. Geology and Mines, 2d ser., 
vol. 22, p. 113, 1928. ' 

'Ladd, H. S., op. cit., p. 329. 

and thick enough to be 1napped separately, it has been 
considered appropriate to classify the1n as formations 
instead of as members; and when thus subdiYided into 
several formations, the Maquoketa there beemnes a 
group instead of a formation. However, therr~ seems to 
be no reason to change the classifieation of 1\faquoketa 
previously followed in the Hardin and Brusrsels quad­
rangles. The shale unit has not yet been S'1bdivided 
here and it is thus appropriate to consider it rs a single 
formation, the Maquoketa shale. 

SILURIAN 

The Silurian rocks that eome to the surface in the 
Hardin and Brussels quadrangles inelude th~ Alexan­
drian of Savage (Edgewood and Brassfield limestones) 
and the Niagaran Joliet li1nestone. The strr,tigraphic 
relations of these formations are n1ore difficult to de­
eipher than those of any other rocks expos·xl within 
the area. This difficulty comes partly from the greater 
eomplexity of the stratigraphic relations of th~ Silurian 
rocks, beeause the different formations and members in­
elude several unconfonnities and the beds thieken and 
thin abruptly within short distances. This natural cmn­
plexity is aggravated, however~ by lateral var~ ation and 
vertical similarity in the lithologie character of the 
rocks and by the seareity of fossils where they are n1ost 
needed. In the northern part of the area the dolon1itic 
Eclge"\Yood limestone is readily differentiated frmn the 
Brassfield limestone but the Brassfield and the Joliet 
limestones can be separated from one anothf.r only by 
the fossils they contain. In the southern part of the 
area all three formations consist of dolomites, and they 
are nearly .if not quite indistinguishable frmn one an­
other. The fossils, which are essential to a proper un­
derstanding of the Silurian stratigraphy o{tl,is region, 
are not only scarce but even where found ~.re poorly 
preserved and fragile. Because of these difficulties, the 
stratigraphie interpretations of these rocks in this re­
port, while eonsistent with all observations, are neces­
sarily smnewhat less certain than those of otl,~r forma­
tions in the two quadrangles. 

The gross thiekness of all Silurian roc.ks within the 
region ranges from less than 10 feet in the southwestern 
part of T. 11 S., R 2 W., to approximately roo feet in 
the exposures at Grafton, 3 miles east of the' Brussels 
quadrangle, and in a well drilled near J{alnpsville, 2 
miles north of the Hardin quadrangle. However, in 
most of the outcrops the Silurian roeks are between 20 
and 60 feet thiek. 

This series of limestones and dolomites, r.ugmented 
in plaees by the overlying Devonian roeks, expresses 
itself topographically as a more or less definite unit. 
Lying between the soft Maquoketa and Hannibal shales 
below and above it, the unit com1nonly forms steep 
bluffs or distinct stratmn benches (p. 113) on the sides 
of hills, the summits of which are made by still higher 
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formations. In the southern part of the area the 
Silurian rocks are dolmnitic and very resistant to 
weathering and in the southwestern corner of Jersey 
County, where very thick, they not uncom1nonly form_ 
vertical cliffs. In the northern part of the area the 
Brassfield and Joliet are relatively pure limestones in 
which caves, like the "Cave Spring" in MeN abb Hollow 
in sec. 19, T. 10 S., R. 2 W., and sinkholes are locally 
developed. 

Although fossils are relatively unconnnon within the 
Silurian formations, they can usually be found by care­
ful search. ThQse collected during the field work on 
whieh this report is based were studied by Prof. T. E. 
Savage, whose identifications are given in tabular 
form. (See pp. 170'-171.) 

EDGEWOOD LIMESTONE 

At all exposures within the area the Maquoketa shale 
seems to be overlain by the Edgewood limestone. This 
formation consists of a variable series of brown dolo­
mitic. limestones with local oolitic. beds at its base. 
Within the Hardin and Brussels quadrangles its area 
of outerop extends northward from the Cap au Gres 
flexure nearly to Hamburg on the western and to Har­
din on the eastern side of Calhoun County and n1ore 
than a mile north of Nutwood in Jersey County. 

Thich.~ness.-The Edgewood limestone ranges from 
less than 10 to about 50 feet thick In a broad area that 
includes the southern part of T. 10 S., R. 2 W. and all 
but the southeastern eorner of T. 11 S., R. 2 W., it is 
less than 10 feet thiek, and it may be absent loeally. 
To the north, east, and south it beeomes thieker. 

Northward from this broad area the formation thick­
ens gradually until in the NWl!tSW% sec. 18, T. 10 S., 
R. 2 W., about 35 feet of beds are present. Still farther 
north, the thiekness averages only 15 or 20 feet, but it 
is variable beeause of a 1narked erosional uneonformity 
at the upper limit of the formation (fig. 2A). Locally, 
as in sec. 12, T. 10 S., R. 3 W., this unconformity seems 
to reduce the thiekness of the Edgewood to less than 
10 feet. 

Eastward from the broad area in T. 11 S., R. 2_ W. the 
formation seems to thicken very gradually to about 20 
feet at the northernmost exposures in Jersey County. 
Here, as to the north, the upper limit of the formation 
is distinctly uneonfonnable. 

Southward from this broad area the Edgewood lime­
stone thiekens abruptly to 30 or -±0 feet within less than 
1 n1ile along a line that extends east-west through the 
northern part ofT. 12 S., R. 2 W., and the middle ofT. 
7 N., R. 13 W. This southward thickening continues 
more gradually until a thickness of about 50 feet is 
reached along an east-west line or zone that extends 
through the middle ofT. 12 S., R. 2 W., and the southel'n 
part ofT. 7 N., R. 13 W. From this zone of maximum 
thickness, the formation again thins gradually south­
ward to about 25 or 30 feet at the southernmost exposure. 

The outcrops of Edgewood limestone within thes~·~ 
quadrangles thus fall naturally into three fairly distinc+. 
zones or areas: ( 1) a eentral area where the forma­
tion is very thin, ( 2) a northern and northeastern area 
where the thiekness is nonnally greater but, beeause of 
an unconformity, variable, and ( 3) a southern area 
where the fo·rmation is rather uniformly thicker and 
where it attains its 1naximum thickness. It so happens 
that these three areas or zones of differing thicknesse2 
of the fonnat.ion likewise constitute convenient clivi­
sions for discussing the differing lithologic character­
istics and stratigraphic relations of the formation. 

Lithologic character.-The Edgewood limestone in­
cludes several distinct lithologic types. In the northern 
area all but the lower few feet of the formation consist2 
o:f a rather soft fine-grained powdery or earthy dolo­
Initic limestone. This rock (presumably the Bowling 
Green limestone member of the Edgewood) is every~ 
where brown, although the eolor ranges frmn a bright 
tan to a dull brownish gray. The layers are massive 
to thin-bedded-some of them a few feet thick~ other2 
only. a few inehes. In the more massive layers, thl3 
rock not uneommonly spalls off in thin slabs parallel 
to the faee of the exposure. Weathered surfaces of 
this brown dolomitic. limestot1e commonly show 1nany 
very small black or purplish spots, which may be Inan­
ganese dioxide. A few small masses of pyrite and 
nodules of chert were noted, but very few fossils wer~~ 
found in this 1nember. Savage 8 reports that in thi3 
region the Bowling Green 1nember of the Edgewo·od 
limestone contains from 15 to 25 percent of very fine 
sand. A readily aeeessible exposure of these beds ma~r 
be seen near the north % corner see. 13, T. 10 S., R. 
3 W., in t.he south bank of Indian Creek. 

Northward from see. 9, T. 11 S., R. 2 W. to see. 12, T. 
10 S., R. 3 W., the lower few feet of the formation is 
a hard, massive, gray oolite or oolitic. limestone. This 
rock, the Noix oolite 1nen1ber of the Edgewood, is light 
huffy gray where fresh and a darker grayish brown on 
weathered surfaces. The 1nember connnonly range2 
from1lj2 to 31h feet thick but in the SW% see. 34, T. 10 
S., R. 2 W., it appears to be 1nore than 10 :feet thick. 

The oolite grains or spherules in the N oix oolite ar~~ 
uniformly between 1f2 and 1 1nillimeter in diameter. 
Apparently 1nost of the spherules have nuelei of crystal­
line ealc.ite though a few contain pale green fragment2 
of fossil shells (probably glaueonitizecl echinoderm 
spines) and some have no reeognizable eenters (pl. 6A). 
These spherules are very light gray and set in a dens~~ 
darker-gray limestone matrix. The roek is commonl:-r 
very oolitic, but the spherules are not everywhere uni­
formly distributed. Although in some places the~r 

n1ake up nearly all the rock, elsewhere they are scat­
tered sparingly through the dense gray limestone. 

8 Savage, T. R, Alexandrian series in .Missouri and Illinois: Geol. Soe. 
America Bull., vol. 24, p. 364, 1913. 
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Associated ·with the most highly oolitic layers of the 
limestone are many angular to well-rounded phosphatic 
pebbles or grains from 1 to 6 millimeter in diameter. 
In some places rounded quartz pebbles from 2 to 8 mil­
limeters in diameter and large crystals of calcite occur 
sparingly at the bottmn and at the top of the member. 
At the 1nouth of Indian Creek, near the north :!;! corner 
sec. 13, T. 10 S., R. 3 W., the basal layers of the oolite 
carry many large 1nasses of pyrite and, according to 
local reports, sphalerite and galena. Some layers of the 
N oix oolite are highly fossiliferous. 

In the southern area the Edgewood limestone is a 
much harder and more dolomitic rock. (See fig. 2A.) 
In most exposures in that area it is a hard, 1nassive, por­
ous, brown dolotnite or very dolomitic lin1estone., the 
outcrop of which forms a prmninent ledge. It ranges 
from light gray to pale tan on fresh fractures and from 
dull grayish brown to rich tan where weathered. 
Locally it is mottled with pinkish stains. The rock is 
dominantly 1nassive in beds frmn 1 to ± feet thick al­
though a few thin-bedded layers occur, chiefly in the 
lower part of the formation. It is fine-grained to dense 
and characteristically pitted with minute pores that 
suggest its dolomitic composition. Small chert nodules, 
though not abundant, may be found in nearly every ex­
posure and small pyritic 1nasses and dark (manganese 
dioxide?) spots like those in the northern exposures may 
be seen in some layers. In a few places, pyritohedrons 
of iron oxide, presumably secondary after pyrite, line 
joint surfaces in the upper part of the formation. In 
the SW:!;!NE:!;! see. 16, T. 12 S., R. 2 W., where the for­
mation is well exposed. thin-bedded bluish-gray dolo­
lnite at the base contains pyritic nodules and phosphatic 
pebbles and may be a southern representative of the 
N oix oolite. Fossils, poorly preserved as easts, are 
either somewhat commoner or else are more readily seen 
in this hard dolomite than in the soft dolomitic lime­
stone farther north. 

In the central area, where the formation is thin, the 
lithologie charaeter is varied. In the main it is inter­
mediate between that of the soft dolomitic limestone of 
the northern area and the hard dolomite of the southern 
area, but this gradation is also 1narked by interlamina­
tion of soft limestone and hard dolomite. At one local­
ity, near the south 1)1 corner of see. 10, T. 11 S., R. 2 W., 
thin masses of pale buff limestone grade into deep brown 
dolomite. The central area also includes a lithologic 
phase of the formation not found in the other areas. 
This is a hard bluish to brownish-gray, nwderately 
crystalline, dolmnitic limestone a few feet thick. At a 
few localities, as in theN. center see. 16, T. 11 S., R. 2 W., 
this grayer, more definitely crystalline phase of the for­
mation is distinctly granular in its lower part. 

The change in character of the Edgewood between 
the northern and the southern areas is not an abrupt 
one. Some evidences of the gradation may be recog-

nized through a distance of 5 miles or more. However, 
the sharpest modificatio·n comes near the 1niddle o£ the 
area. where the £or1nation is thinnest, and extends 
approximately east- west across the norther1 part of 
T. 11 S., R. 2 W. It is not certain whether this change 
in lithologic character is a subsequent one caused by 
dolomitization of the rocks in the sot1thern area long 
after they were deposited or whether the difference is 
an essentially original one caused by differences in the 
type of sediments deposited. The restriction o£ the 
N oix oolite 1nember to· the northern area and the occur­
rence o£ the grayer, more crystalline phase in the central 
area suggests that the differenees may have been largely 
depositional. On the other hand, the apparently re­
sidual n1asses o£ lim_estone in the dolomite indieate that 
at least some o£ the change is of secondary o·rigin. 
Analogous differences in the lithologic character of the 
Brassfield limestone (see pp. 2R-29) also seer- to favor 
subsequent dolomitization. 

Che.mieal analysis o£ a sa1nple (p. 156), collected by 
T. B. Root and assistant, fron1 the abandon~d quarry 
just north o£ Meppen, SE:!;! see. 23, T. 12 S., R. 2 W., 
Calhoun Co., represents 12 feet of the Edgewood and 
7 feet o£ the overlying Brassfield £onnation, whieh at 
this locality is lithologieally indistinguishable frmn the 
Edgewood. The analysis shows that the rock consists 
of about 92 percent of dolomite in which tlle average 
moleeular ratio of calcium to magnesium is as 12 to 11. 
The remainder o'£ the rock consists chiefly of silica, of 
which probably more than half is combined with 
alumina as clay and the rest is free silica in email sand 
grains or as disse1ninated chert. (See pp.16-17.) The 
sample also contains more iron and somewhat less sul­
fur than n1ost other samples of dolomite and limestone 
from this region. As 1night be expected from its porous 
texture, physical tests ( p. 156) show that the rock has 
a lower bulk density and absorbs more water than most 
other limestones and dolomites o£ this region. How­
ever, from the wear ot· attrition test one might conclude 
that the dolomite o£ the Edgewood is softer than the 
rocks of most of the other formations of the area,9 a 
conclusion that seems ineonsistent with tho. obvious 
hardness and superior resistance to weathering of 
natural outcrops o£ the rock.10 

Stra.tig·raph.ic ·relations.-Everywhere within the 
Hardin and Brussels quadrangles the Edgevrood lime­
stone seems to overlie the Maquoketa shale uneon£orm.­
ably, for ~he lithologie change between the two forma­
tions is very abrupt and the actual contact is usually 

9 Kr{'y, Frank, ancl Lamar, J. E., Limestone resonrcef' of Illinois: 
Illinois Geol. Survey Bull. 46, p. 31, 1925. 

1o For a comparison with chemical analyses and physical tests of other 
limestones ancl dolomites of Illinois, see Krey, Frank, and Lamar, J. E., 
op. cit., pp. 51, 311, 318-319, and for an analysis of Niagaran dolomite 
from Pike County, Mo., see Buehler, H. A., The lime and celi'ent resources 
of Missouri: Missouri Bur. Geology and Mines, 2dl ser., T'Ol. 6, p. 237, 
1907. 
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smnewhat wavy. Savage 11 reports that throughout 
Illinois and Missouri t!1e Alexandrian rocks lie uncon­
formably upon beds of Riclunond age. 

Within the Edgewoodlim_estone the stratigraphic re­
lations are con1plex. (See fig. 2A.) In the northern 
part of the Hardin quadrangle the N oix oolite m.ember 
is everywhere sharply separated fron1 the overlying 
Bow ling Green li1nestone 1nember and near the north 
~ corner of sec. 13, T. 10 S., R. 3 W., the contact is un­
dulatory and suggests an unconformity. In the south­
ern area there are at least two slight erosional uncon­
formities within the series of beds here called the Edge­
wood formation. Two small but unmistakable uncon­
forinities, 18 and 25 feet below the top of the formation, 
and two other higher somewhat irregular bedding 
planes are well exposed in the south central part of sec. 
28, T. 7 N., R. 13 W. Near Monterey schoolhouse, in 
the center of sec. 11, T. 12 S., R. 2 W., an unconformity 
and an irregular bedding plane may be seen, 47 and 
22 feet, respectively, below the top of the formation. 
Savage 12 has stated that in this general region there 
are no stratigraphic breaks within the Edgewood and 
these small unconformities may be very local in their 
occurrence and have no stratigraphic significance. 

The upper limit of the _Edgewood limestone every­
where within the area is Inarked by an unconformity. 

Fo88il8.-The for1nation contains relatively few fos­
sils. Those found by the ·writer were almost all in the 
N oix oolite member of the fonnation in the northern 
area or in the hard brown dolomite in the southern 
area. (See table pp. 170-171.) 

Fm·1nation and mernbe1· nm1u's.-The Silurian rocks 
along the Lincoln anticline were all referred to the 
Niagaran by earlier geologists.H Later, Savage 14 rec­
ognized his Alexandrian series as an older subdivision 
of the Silurian and referred nwst of the Silurian rocks 
of Pike and Lincoln Counties, Missouri, and Calhoun, 
Pike, and Jersey Counties, Illinois 15 to the Edgewood 16 

and Sexton Creek 17 formations of this series. 
He proposecl 18 that three members be recognized 

within the Edgewood limestone-a lower Inmnber, 

n Savage, T. E., Alexandrian series in Mis:;wuri and Illinois: Geol. Soc. 
America Bull., vol. 24, p. 356, 1913 : Silurian rocks of Illinois : Geol. 
Soc. America Bull., vol. 37, p. 513, 1926. 

12 Savage, T. E., Alexandrian series in Missouri and Illinois: Geol. 
Soc. America Bull., vol. 24, p. 360, 1913. 

1a 'Vorthen, A. H., Geology of Illinois: Jersey County: Illinois Geol. 
Sun·e~·. vol. 3, pp. 116-117, 1868: Geology of Illinois: Calhoun County: 
Illinois Geol. Suney, vol. 4, pp. 6-8, 1870. Keyes, C. R., Some geologi­
cal formations of the Cap-au-Gres uplift: Iowa Acad. Sci. Proc .. vol. 5. 
p. 62, 1898. 'Veller, Stuart, Notes on the geology of southern Calhoun 
County: Illinois Geol. Surwy, Bull. 4, p. 225, 1907. 

H Savage, T. E., On the Lower Paleozoic stratigraphy of southwestern 
Illinois : Amer. Jour. Sci., vol. 25. pp. 433-434, 1908: Alexandrian series 
in ~Iit'souri and Illinois : Geol. .-.oc. America Bull., vol. 24, pp. 351-353, 
1H13. 

1s Savage, T. E.. Alexandrian series in Missouri and Illinois : Geol. 
Soc. Am~rica Bull .. vol. 24, pp. 360-361, 367, 371, 375-376, 1913. 

16 Savage, T. E., The Ordovician and Silurian formations in Alexandet· 
County, Illinois: Amer . .Jour. Sci.. vol. 28, p. 517, 1909. 

17 Savage, T. E., op. cit .. pp. 518-519. 
18 Savage, T. E., Alexapdrian series in Missouri and Illinois: Geol. 

Soc. America Bull., vol. 24, p. 361. 1913. 

which he called Cyrene, a local Noix 19 oolite Inember, 
said to be equivalent to the upper part of his Cyrene, 
and an upper Ineinber called Bowling Green.20 Savage 2 ' 

believed that these Inmnbers are conformable through­
out. He stated 22 that fron1 its type locality in Missour~ 
the N oix oolite thins eastward and that its lower part 
is absent jn Calhoun County. 

The N oix oolite n1ember is readily recognizable at 
the base of the Edgewood in the northern part of the 
Hardin quadrangle and the overlying soft brown dol­
omitic lilnestone is presumably the Bowling Greenlime­
stone,.member. No representative of Savage~s Cyrene 
Inetnber was recognized within the area, unless the 
grayer, more crystalline facies in the central area should 
be referred to it. The hard brown dolmnite in the 
southern area probably corresponds to the Bowling 
Green limestone member,23 although some of the basal 
beds in southern Calhoun County n1ay represent equiv­
alents of the Noix or of Savage's Cyrene. 

BRASSFIELD LIMESTONE 

The Edgewood limestone is overlain at 1nost places in 
the Hardin and Brussels quadrangles by the Brassfield 
limestone and the outcrops of the two formations are 
essentially coextensive. The Brassfield limestone con­
sists dominantly of finely crystalline gray limestone in 
the northern part of the area and porous brown dolomite 
in the southern part. 

T hickJw8s.-At only one exposure within the two 
quadrangles, in the NEY4SWY4 sec. 35, T. 11 S.~ R. 2 V\1 .... , 
was the Brassfield found to be absent, but it is less than 
10 feet thick at almost all exposures in Calhoun County 
south of the Iniddle of T. 11 S., R. 2 W., and in the 
exposures near Nutwood in Jersey County. Within 
this area the formation nmy be absent at other plaeeE, 
but over much of the region it persists with thicknesses 
of only 6 or 8 feet. Northward from this area the forma­
tion thickens gradually and, because of an unconfonnity 
at its base, very irregularly until in sees. 1 and 2, T. 10 S., 
R. 3 1V., it is nearly 30 feet thick. Frmn there north­
ward it again beemnes thinner. (See fig. 2A.) South­
eastward from the area where the fonnation is thin, it 
thickens gradually and apparently much nwre uni­
formly to about 20 feet in sec. 9, T. 6 N., R. 13 vV., and to 
nearly 30 feet near Grafton, about 3 miles east of the 
Brussels quadrangle. 

Lithologic ~hmracter.-In the northern part of the 
Hardin quadrangle, the Brassfield limestone is a ver~r 
hard, massive to thin-bedded, finely crystalline to dens~~ 
lin1estone. On fresh surfaces the rock is commonly a 
light, faintly huffy gray, mottled with irregular green-

10 Keyes, C. R .• op. cit., p. 62. 
20 Keyes, C. R., op. cit., p. 62. 
21 Savage, T. E., op. cit., p. 360. 
22 Savage, T. E., op. cit., p. 367. 
2a Savage, T. E .. Silurian rocks of Illinois: Geol. Soc. America Bull., 

vol. 37, p. 516, 1926. 
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ish stains. Locally, ho,ve.ver, these. stains are pinkish 
rather than greenish, and in a few places the 1·ock is very 
dark gray. W e.athered surfaces of the limestone are 
very light gray to dull huffy gray and are in n1any places 
overgrown with n1oss. Irregular or current-marked 
bedding surfaces are common, and a peculiar weathering 
surface 1narke.d by pits a few inches in diameter is 
characteristic. of the formation. Snmll ehert nodules 
are fairly abundant in some of the limestone beds. This 
northern development of the formation is typically 
exposed in the 8\V%SW% sec. 1, T. 10 S., R. :1 "\V ., where. 
the Brassfield is 2() feet thick and the underlying and 
overlying formations also are well exposed. 

In the southern part of the two quadrangles the Brass­
field is almost, if not entirely, indistinguishable in 
lithologic character frmn the underlying Edge.,vood 
formation. (See fig. 2A.) That is to say, it is a hard, 
massive, porous, grayish-brown clolmnite. or dolomitic. 
lin1estone. This rock seems to be a slightly paler gray­
ish bro,vn and somewhat nwre cherty than the si1nilar 
dolmnite of the Edgewood and, locally, the greenish 
stains, the irregular bedding planes, and the pitted 
weathering surface characteristic of the northern Brass­
field limestone can be recognized in the dolomite. How­
ever, in this southern area, the two formations are so 
nearly identic.al in lithologic character that faunal evi­
dence is required to distinguish them with certainty. 
Fossils are uncomn1on in these beds of dolomite and 
when found they are difficult to extract. Fortunately, 
however, a thin faunal zone, marked by casts of shells of 
the brachiopod P7atymere1la, immediately below a 
cherty horizon near the base of the formation, seems to 
be persistent throughout the. area. This dolomitic 
~acie.s of the Brassfield is well exposed in the bluff 
immediately north of l\1onterey School in the center 
sec. 11, T. 12, S., R. 2 "\V. Here Platymel'e1la. casts 'vere 
found10 feet below the top of the Silurian dolomite and 
3 feet above a wavy bedding surface that may 1nark the 
base of the Brassfield. 

In the intervening region there is but little actual 
gradation between the northern gray limestone and 
the southern brown dolomite. Frmn north to south, 
the gray limestone passes rather abruptly and largely 
by inter lamination into brown dolomite, first at the base 
of the formation and then at successively higher hori­
zons farther southward. In Calhoun County this entire 
change takes place within a short distance in the north­
ern part ofT. 11 S., R. 2 W., along very nearly the same 
line that marks the analogous change in lithologie 
character of the underlying Edgewood limestone. But 
in Jersey County, where the Brassfield is somewhat 
thicker, the transition extends through a distanee of 6 
miles or more, and the two types of rock 1nay be seen in 
most exposures of the Brassfield frotn Nutwood south 
.to Twin Springs. 

In the southernmost exposure at whieh any gray lime­
stone was recognized, in the SWYt,NE1,4 see. 9, T. 6 N., 
R 13 W.~ a mass of gray limestone 2 feet thick in the 
lmcver part of the Brassfield may be seen to grade up­
ward. downward, and laterally into the brown dolmnite. 

In the NE1,4SE1,4 sec. 17. T. 7 N., R 18 W., the Brass­
field consists of 18 feet of brown dolomite behw and 5 
feet of gray lin1estone above~ and the contact of the two 
rock types is marked by a bed or elongate lenF of sand­
stone about 8 inel1es thick. As sandstone waf seen no­
where else within the Brassfield formation, fossils were 
carefully collected from the adjacent rocks to determine 
its stratigraphic significanee at this locality. Collections 
1±7a and b, 1±8, and 1±9, from the underlying dolomite, 
and Collection 151 from the overlying limestone were 
determined as Brassfield by Professor Savage. (See pp. 
170-171.) A few shells of pelecypods within the sand­
stone itself were very fragile and too poorly preserved 
for identification. 

This thin sandstone is rather friable and ranges from 
white to pale brown. It seems to be made up el1tirely of 
exceedingly angular sparkling quartz grains, nearly 
all of which are between ~-{~ and 2j3 millimeter in 
diameter. with 11,3 millimeter the commonest diameter. 
lTnder the binocular 1nicroscope each sand grain is seen 
to be bounded by many perfect crystal faees, none of 
which show the l~ast evidence of anv abrasion, though a 
very few are marred by broad rough pits that look like 
the impressions of rounded sand grains. ( Se~ pl. 60.) 

Under the petrographic microscope and immersed 
in an oil with the same index of refraction rs quart1, 
the sandstone is seen to be a remarkable example of 
secondary enlargement. The. original sand grains are 
composed of somewhat murky quartz that eontains 
small inclusions and rutile needles. These original 
grains are all well rounded, and their surfaces are 
frosted and somewhat diseolored by impurities. The 
quartz that has been added later to make the sharp 
crystal faces is clear and colorless and almost invariably 
in optical continuity with the original grain. The orig­
inal grains seem never to be in contact with one another 
but to be separated by the thin layers of added quartz. 

This sandstone resembles the sandstone in the over­
lying Cedar Valley li1nestone in its purity, grain size, 
and the extent of secondary enlargement. ( E' ~e. p. :31.) 
The Cedar Valley limestone overlaps the Silurian rocks 
and in the southern part of the. area Devonian sand­
stone is found filling joints in the Silurian rod-s. These 
facts, together with the absence of sandstone elsewhere 
within the Brassfield, suggest the possibility that this 
thin sandstone may not be a truly interlaminated bed 
in the Brassfield limestone but a later filling. The cor­
rect interpretation of this sandstone is not k1own, but 
its thinness and apparent lateral persisten':e in the 
single exposure where it was seen and the presence in it 
of pelecypod shells suggest strongly that it was laid 
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clown on the sea floor before the deposition of the over­
lying gray limestone. 

In a fe'v places, notably in the SE%NE% sec. 2D, 
T. 8 N., R. 1:-~ W., the change from the northern gray 
lim.estone to the southern brown dolomite is 1narked by 
a very different type of rock. This is a hard, dense or 
lithographic, massive limestone, dove-colored where 
fresh and pale gray where weathered, which is spotted 
with abundant crystals or tubes of calcite from v~ to 8 
1nillimeters in diameter. These calcite crystals seem 
to fill continuous branching pores or tubes that may 
represent fucoidal structures. 

Chemical analysis of a sample of this spotted dove­
colored limestone at this locality ( p. 156) shmvs that the 
rock contains about D7 percent of relatively pure calcite. 
The chief impurity of this sample is silica, more than 
half of which very probably occurs free as scattered 
sand grains or as disseminated chert, and the rest is 
combined with alumina as clay (see pp. 16-17). Partial 
chemical analysis of a sample of Brassfield ]ime.stone 
from three-quarters mile south of Hamburg indicates an 
even greater purity of the calcite. See Lamar, J. E. 
Preli1ninary report on the economic mineral resources of 
Calhoun County: Ill. State Geol. Survey Rept. Investi­
gations No. 8, p. 14, 192G. 

The nature and the place of the lithologic change in 
the Brassfield limestone coincides so elosely with that 
in the underlying Edgewood limestone that it seems 
almost certain that the difference in lithologic character 
must be caused by subsequent dolomitization in the 
southern area. It is true that the occurrence of the 
spotted dove-colored limestone and the apparently inter­
laminated sandstone in the transition zone suggest. some 
initial differences within the formation there. How­
ever, the apparently residual masses of gray Brassfield 
li1nestone in the brown dolomite, the fairly uniform 
northward descending limit of the hard dolomite in both 
the Edgewood and Brassfield formations, and the fac.t 
that there are similar differences in the lithologic char­
acter of the overlying Joliet limestone are all n1uch nwre 
si1nply explained by secondary dolomitization. 

Stratigraphic relatio-n8.-In the northern part of the 
Hardin quadrangle the Brassfield limestone lies with 
pronounced erosional unconformity upon the Edgewood 
limestone. (See pl. 6B ~ fig. 2A.) At many exposures 
the. hard gray Brassfield limestone cuts down sharply 5 
feet or more into the underlying soft brmvn dolomitic 
Edgewood limestone, and the total relief at the contact 
in this area nn1st be at least 25 feet. In the central and 
southern areas the unconformity at the base of the Brass­
field is much less conspicuous, and at most exposures 
it is represented by an irregular bedding plane a foot 
or tvi'o belmv the cherty Platymerella-bearing horizon. 

Within the Brassfield limestone no evidence of strati­
graphic breaks was noted anywhere except the indirect 
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evidence afforded by the thin sandstone in sec.l7, T. 7lT., 
R. 13 W. (Seep. 28.) 

The upper contact of the formation is unconformable. 
In the northwestern and the southeastern parts of the 
area, the Brassfield limestone is overlain by the J oli~t 
limestone and, although no evidence of a break in sedi­
mentation between the t'vo formations could be detected, 
the faunas indicate that many feet of strata present 
between rocks o:f these ages in other regions are missing 
here. Throughout most of its area o:f outcrop in the 
Hardin and Brussels quadrangles, the Brassfield is 
overlain by the Devonian Cedar Valley limestone. T~- e 
contact, though fairly snwoth, is unquestionably unco~l­
:formable because, both southward and westward frmn 
the outcrops of Joliet limestone, successively lower 
faunal zones within the Brassfield limestone are ovo·­
lapped by the Devonian. 

Fmasihs.-Organic remains are not common in the 
Brassfield and even where they are present the :fossils 
are difficult to break out of the hard brittle rock. How­
ever, a persistent faunal zone was pointed out to the 
writer by Pro:fessor Savage. It is marked by cross S£'~­
tions of brachiopod shells and can be located with care­
ful search near the base of the :formation in most ex­
posures. In the northwestern and southeastern parts 
of the area, where the Brassfield is thicker, a few fossils 
representative of higher :faunal zones may be :found. 
( See table, pp. 170-171.) 

Name.-Savage u was the first to recognize Silurian 
rocks older than the Niagaran in Calhoun and Jers~y 
Counties, and at that time he applied the name Sexton 
Creek 25 limestone to the beds here called Brassfield. 
A few years later, however, he proposed to restrict the 
na1ne Sexton Creek limestone to the rocks "'equivalent in 
age to the Brassfield strata o:£ Ohio and l{entucky ,. 26 

that were laid down in a basin o:£ deposition in southern 
Illinois; whereas ''the strata of corresponding age that 
accumulated in the northern basin, including western 
Illinois and eastern Missouri north of Saint Louis and 
northeastern Illinois * * * will hereafter be referr~d 
to by the name 'Kankakee' limestone.'' 27 The northern 
basin thus included the Hardin and Brussels quad­
rangles, and in later papers Savage specifically appli~d 
the name "Kankakee (Brassfield) limestone" 28 in tl:is 
area. Krey 29 and Lmnar,30 however, used the term 
Sexton Creek limestone in the area. To avoid the con-

24 Savage, T. E., Alexandrian series in Missouri and Illinois: Geol. 
Soc. America Bull., vol. 24, pp. 360-376, 1913. 

25 Savage, T. E., 'l'he Ordovician and Silurian formations in Alexanier 
County, Illinois: Amer. Jour. Sci.. 4th ser., vol. 28, pp. 518-519, 1909. 

211 Savage, T. E., Alexandrian rocks of northeastern Illinois and east­
ern Wisconsin; Geol. Soc. America Bull., vol. 27, p. 315, 1916. 

21 Savage, T. E., op. cit., pp. 315-316. 
2s Savage, T. E., Silurian rocks of Illinois: Geol. Soc. America Brll., 

vol. 37, pp. 515, 516, 517, 530, 1926. 
20 Krey, Frank, Structural reconnaissance of the Mississippi Valley 

area from Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
vey Bull. 45, pp. 27-28, 1924. 

,au Lamar, J. E., Preliminary report on the economic mineral resources 
of Calhoun County : Illinois Geol. Survey Rept. Inv., no. 8. p. 9, 1.92t6. 
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fusion that may arise frmn several different names for 
beds faunally and lithologically very similar and be­
lieved to represent the same time interval, Professor 
Savage later recommended 31 that Brassfield 32 lime­
stone, a na1ne widely used in 1nany of the Middle West­
ern States, be applied to these beds in the Hardin and 
Brussel_s quadrangles. 

JOLIET LIMESTONE 

In· two small areas, one near Hmnburg in Calhoun 
County and the other along the Cap au Gres flexure in 
Jersey County, the Brassfield limestone is overlain by 
the Joliet limestone. Possibly a few feet of beds that 
belong to the Joliet limesto·ne may be present above the 
Brassfield in the exposures north of Hardin and north of 
N utwood, but no definite evidence of their presence 
there could be found. 

The fonnation is abo·ut 16 feet thick at Hamburg, at 
the northernmost exposure of Silurian rocks within the 
Hardin quadrangle. From Ha1nburg it thins south­
ward and southeastward, and it is absent in sec. 13, T. 
10 S., R. 3 W. (See fig. 2A.) In the southeast~rn area 
the Joliet limestone is reported 33 to reach a thickness of 
45 feet at Grafto·n, 4: miles east of the Brussels quad­
I·angle. From Grafton it thins westward and north­
westward; near Twin Springs it seems to be about 15 
feet thick, and it is absent in sec. 28, T. 7 N., R. 13 W. 

Lithologic cha.racteP.-Both in the northwestern and 
the southeastern areas of its outcrops, the Joliet lime­
stone is essentially indistinguishable in litholo·gic char­
acter from the underlying Brassfield, and it ean only be 
recognized with certainty by the fossils that it contains. 
At Hamburg it is a hard, n1assive to thin-bedded, finely 
crystalline lin1estone. Its color is somewhat darker and 
more pinkish or brownish gray than that o·f the under­
lying Brassfieldli1nestone. It also tends to have more 
irregular bedding surfaces and a slightly coarser tex­
ture than the underlying formation. Along Cap au 
Gre.s flexure, the Joliet is a hard, massive to thin-bedded, 
brown to huffy-gray ddlomite or- dolomitic limestone. 
It seems to be somewhat more Inassive and less cherty 
than the underlying dolmnite beds of the Brassfield 
formation. 

Che1nical analysis of a sample collected from the lf) 
feet of Joliet li111estdne and 6 feet of the i1nmediately 
underlying Brassfield lin1e.stone in the creek bed in the 
southern part of Hamburg, in the NW1.4SE1.4 sec. 35, 
T. 9 S., R. 3 W ., Calhoun Co. (see p. 156), indicates that 
about 96 percent of the rock is relatively pure calcite. 
'fhe impurities are largely silica, nearly all of which 
must occur as scattered sand grains or as disseminated 
chert, for there is very little. alumina or clay. (See 

31 Personal communication, Feb. 1932, to the Chairman of the Com­
mittee on Geologic Names, U.S. Geological Survey. 

32 Foerste, A. F., Silurian cla~-s: Ky. Geol. Sun-e:;- Bull. 6, p. 145, 1905. 
33 Savage, T. E., Silurian rocl;:s of Illinois : Geol. Soc. America Bull., 

vol. 37, p. 515, 1926. 

pp. 16-17.) Physieal tests (p. 156) show that the liine­
stone is relatively dense and compact as compared with 
most other rocks from this region. 34 

St)'(lfigraph.ic J'·elation-'3.-In good exposures the con­
tact of the Joliet limestone and the underlying Brass­
field limestone appears to he perfectly conformable yet 
the faunas of the two formations indicate that all beds 
of lower Niagaran or Clinton age are missing. 3 '' In the 
exposure at Hamburg, a prominent but very smooth 
bedding .plane that comes between the beds yielding 
the lowest Joliet and the highest Brassfield fossils may 
be chosen as the contact. 

At its upper limit the Joliet limestone is overlain 
unconformably by the Devonian Cedar Valley lime­
stone. 

Name.-The name Joliet marble, first used in 1865 
by Shufeldt,36 was revived in 1925 by Savage 37 as the 
Joliet limestone, and apparently restricted to the lower 
part of the original unit. At that time SaYage also 
applied the nan1e Joliet limestone to rocks crorping out 
at Grafton.38 The extension of the name west'""'ard and 
northward from Grafton into the Hardin and Brussels 
quadrangles was made on the advice of Professor Sav­
age who, several years before visiting the writer in the 
field, had determined the presence of Joliet Jimestone 
at Hamburg. 

DEVONIAN 

The Silurian rocks of the Hardin and Bruss~ls quad­
rangles are overlain by a series of brown Pnd gray 
fossiliferous limestones and sandstones that ar~ treated 
here as one fonnational unit, the Cedar Valley 
limestone. 

CEDAR VALLEY LDiESTONE 

This fonnation crops out more or less continuously 
on both sides of the Calhoun County upland frmn Ham­
burg and frmn north' of Hardin southward to near 
Batchtown and to the head of Greenbay Hollow south 
of Meppen. In the southernmost few 1niles of these 
Calhoun County outcrops the Cedar Valley is a thin 
discontinuous sandstone; farther south the formation 
is entirely absent. In Jersey County the area of outcrop 
extends from near Lone Star School north of Nut­
wood southward to Twin Springs and, except where 
cut out by faulting, frmn there east,vard to an-:l beyond 
Grafton. 

Thick~ne8s.-The Cedar Valley limestono, varies 
greatly but rather unifor1nly in thickness. In its north­
ernmost exposures at Hamburg the formatin•1 is only 

34 Krey, Frank, and Lamar, J. E., Limestone resources of Illinois : 
Illinois Geol. Survey Bull. 46, p. 31. 1925. 

35 Savage, T .. E., Silurian rocks of Illinois: Geol. Soe. Anerica Bull., 
vol. 37, (l. 533, 1926. 

3a Shufeldt. G. A., Jr., On an oil-well boring at Chicago: Amer. Jour. 
Sci., 2d ser., vol. 40, p. 389, 1865. 

37 Savage, T. E., Silurian rocks of Illinois: Geol. Soc. America Bull., 
vol. 37, p. 522, 1926. 

38 Idem, pp. 515, 530. 
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31f2 feet thick, but from there southward and south­
eastward it thickens gradually to about 15 feet in the 
southern part of T. 10 S., R. 2 W. and then rather 
abruptly to ±0 feet in the ·western part of a narrow zone 
that trends east-northeastward through the middle of 
T. 11 S., R. 2 W. Southward and southeastward from 
this narrow zone th€ formation thins rather abruptly 
to about 15 feet in the southern part ofT. 11 S., R. 2 ,V., 
and the middle of T. 7 N., R. 13 W., and then thins 
more gradually southwestward until it is absent in 
the southwestern half ofT. 12 S., R. 2 W. In the south­
ernmost exposures in Jersey County the Cedar Valley 
is everywhere less than 10 feet thick. 

It is noteworthy that the narrow zone of 1naxinnun 
thickness of this formation eoincides ahnost exactly 
in position with the eenter of the broad area where the 
underlying Silurian, especially the Edgewood linle­
stone, is thinnest. (See fig. 2B.) Although this ten­
dency for the Devonian roeks to be thickest where the 
Silurian roeks are thinnest does not result in even an 
approximately uniform gross thiekness for the two 
syste1ns, yet the tencleney towards eompensating thick­
nesses suggests that the Devonian 1nay be thieker where 
the Silurian is thinner because it was laid down in a 
valley previously cut in the underlying roeks. This 
interpretation that the unconfor1nity is an erosional 
one 1nay be partially correet, and it eould neither be 
proved or disproved without a mueh n1ore detailed 
tracing of the individual beds within the Devonian 
than was attempted by the writer. Nevertheless, the 
thinning of the Edgewood limestone below the Brass­
field limestone shows that n1ost of the Silurian thinning 
was due to some earlier eause. Furthermore, such field 
evidence as was gathered indicates that the Cedar Val­
ley thickens very largely by interlamination and by 
thiekening of individual beds rather than by the local 
presenee of older strata where the form.ation reaches 
its maxinuun thickness. (See fig. 2B.) This thicken­
ing by interla1nination suggests that the zone where the 
Cedar Valley is thiekest was do,vnwarped while the 
beds were being deposited. With present data it seems 
more probable that the thickness relations within both 
the Silurian and the Devonian formations were. due 
largely to gentle crustal warping and truncation by 
erosion rather than to erosion alone. 

Lithologic chm·acteJ'.-In 1nost exposures in the 
Hardin and Brussels quadrangles the Cedar Valley 
limestone is 1nade up of a gradational series, the lower 
part of which is a deep-brown, thin-bedded, fine-grained 
lin1estone, which is rather soft, somewhat fossiliferous, 
eherty, argillaeeous, and sandy. These lower beds grade 
almost imperceptibly upward into a grayer brmvn, n1ore 
massive, purer, harder, highly fossiliferous and more 
c.rystalline limestone. This gradational series emn­
monly 1nakes up nearly all of the formation, but in the 
middle and northern part of the area the formation 

· ineludes a few feet of buff to gray, denser limestone 
at its base, and in the southern and middle part the 
uppern1ost layers pass into a thin and somewhat dis­
continuous sandstone. The formation is 20 feet thiek 
and is typically exposed in the NW1;4SW~ sec. 3, 
T. 11 S., R. 2 W. 

The soft thin-bedded sanely layers in the lower part 
of the formation beeon1e very sandy loeally, and else­
where they are interla1ninatecl with thin layers of sandy 
ea.leareous elay. Some of the bedding surfaees separat­
ing these thin layers are very irregular, and it is possible 
that some of the more irregular ones 1nay represent 
small uneonfor1nities. The chert oecurs as abundant 
small light-brown nodules. 

The hard crystalline limestone in the upper part c f 
the formation commonly forn1s a prmninent ledge a.t 
its outcrop. Loeally these upper beds eontain large 
nodules of chert, and in some plaees the limestone is 
eross-bedded, and the bedding surfaees are very irregu­
lar. Here and there both the upper and the lower beds 
contain large scattered crystals of ealcite, and in the 
SW1;4. see. 35, T. 7 N., R. 13 W., they eontain s1nall 
crystals of sphalerite. Some of the lim.estone layers 
weather to a pitted surfaee that rese1nbles the weatherwl 
surface eonunonly developed on the Kin1mswick lime­
stone. 

In most exposures south and east frmn see. 9, T. 11 
S., R. 2 W., the nppennost beds of the formation are 
either very sanely limestone or pure sparkling non­
calcareous sandstone. These sandy beds, though no­
where 1nore than 21f2 feet thick andloeally absent, con­
tinue southward, overlapping the lower beds of the 
formation until they emne to lie upon the underlying 
Silurian dolomite. The sandstone is pale buff to white 
and very friable where fresh but it case-hardens and 
discolors to a grayish or reddish brown quartzite on 
weathered surfaces. In its n1ore northern outcrops, ~-\s 

in the N. center see. 16, T. 11 S .. R. 2 W., and tb~ 
NW~SW~ sec. 28, T. 8 N., R. 13 W. (Coils. 28 and137, 
p. 171), this sandstone is highly fossiliferous but farther 
south it contains few organic remains. Loeally, as in 
the abandoned quarry north of J\;feppen, it contains a 
few angular pebbles of ehert, some of ·which are as n1uch 
as 1% inel1es in diameter. At a number of loealitie:;·, 
as in the NW1;4NE1;4 sec. 26, T. 12 S., R. 2 W., and in 
the NW1;4 sec. 11, T. 6 N., R. 13 "\;V., the sandstone fills 
joint cracks 11!2 feet wide to a depth of 20 feet below 
the top of the underlying Silurian dolmnite. 

The sand grains are emnposed of elear angular quartz 
crystals frmn one-quarter to three-quarters of a 1nilli-
1neter in diameter. Like the sandstone in the Brassfield 
limestone (see pp. 28-29) nearly every partiele is 
bounded by fresh crystal faces, showing that since the 
grains were deposited they have been enlarged by the 
growth of silica on their surfaees. 
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Chemical analysis of a sample of the upper 1:3 feet of 
the Cedar Valley limestone that is exposed along the 
highway in the NE:14NE1,4 sec. 2D, T. 8 N .. R. 18 ,V., 
~Tersey County (see p. 157), indicates that about 8D 
percent of the rock is relatively pure calcite. The chief 
impurity is silica, nearly all of ·which ahnost certainly 
oecurs as scattered grains of quartz in the sanely layers 
at the top of the fonnation. (See pp. 16-17.) 

Partial analysis of a san1ple collected 39 from expo­
sures near Hardin indicates a higher percentage of even 
purer calcite. Hmvever, the formation is variable in 
its composition and a sample collected 40 near Grafton 
was found to he distinctly dolomitic limestone and to 
contain only 75 percent of carbonates. It is possible 
that the Devonian limestone ne.ar Grafton has been 
somewhat dolomitizecl since deposition, as the Silurian 
limestones in that region se.mn to have been (see p. 2H). 
but the large percentage of insoluble impurities in the 
Grafton sample indicates that the rock was originally 
nwre sandy or more argillaceous tll:ln the limestone 
farther north. 

8tratig1'aph.ic 'l'elation.s-.-The Devonian lin1estone 
rests unconform.ably on the Silurian rocks but at most 
exposures the contact is relatively snwoth. In the 
southern part of the area the Devonian sandstone fills 
joint cracks deep in the underlying Silurian dolomite. 
thus showing that a period of exposure to weathering 
preceded the Devonian deposition. Yet it is only by a 
comparison of the beds immediately underlying the 
Cedar Valley at different places that the importance of 
the unconformity becomes evident. In the northwestern 
and southeastern areas the Devonian overlies the Joliet 
limestone, and southward and westward it overlaps 
successively lower horizons within the Brassfield liine­
stone.. The total stratigraphic interval thus cut out at 
the basal contact of the Devonian in this region is at 
least -±0 and probably 70 feet. (See fig. 2B, p. 42.) 

"\Vi thin the beds here referred to the Cedar Valley 
limestone there seem to be no important stratigraphic 
breaks. Some of the irregular bedding surfaces in the 
thin-bedded lower part of the fonnation 1nay represent 
unconformities, but the similarity in lithologic char­
acter and faunal content of the rocks above and below 
these possible unconformities makes it semn unlikely 
that they represent important breaks. As has been 
stated in another place ( p. 31), the variations in thick­
ness of the Devonian lim.estone appear to be caused 
largely by interlamination and by thickening of the 
individual beds. (See fig. 2B.) The thin sandstone at 
the top, which in the southern part of the area overlaps 
the lower beds of the formation. is conformable with and 
in many exposures clearly gradational into the typical 
Cedar Valley. 

39 Lamar, J". E., Preliminary report on the economic mineral resources 
of Calhoun County: Illinois Geol. Survey Rept. Inv. no. 8, p. 14, 1926. 

40 \Vorthen, A. H., Geology and paleontology: Illinois Geol. Survey, 
v-ol. 3, p. 574, 1868. 

The upper, like the lower, contact of the Cedar Valley 
limestone is distinctly unconformable but re'uarkably 
smooth. In the northeastern part of the area the Devon­
ian is overlain by the Louisiana limestone, but to the 
south this is overlapped by the Hannibal shale. 

Fos.sRs.-The Cedar Valley limestone is perhaps the 
nwst highly fossiliferous formation in the Hf,rdin and 
Brussels quadrangles. The upper hard crystalline lay­
ers, in particular, are thickly crowded with the shells 
of brachiopods, erinoids, bryozoans, and eorals. Some 
layers may appropriately be called crinoidallimestones, 
and others are made up largely of corals. T''a, collee­
tions made by the writer and Doctor Ball can he consid­
ered as barely more than indicative of the fauna of sueh 
a highly fossiliferous formation. These eolleetions were 
studied by Prof. T. E. Savage whose identifiertions are 
given on page 171. 

Name.-The early writers 41 applied the New York 
name •·Hamilton .. to the Devonian limestone~ of Cal­
houn and Jersey Counties and correlated them with the 
Devonian of Iowa.4

::! !{eyes 43 tentatively c01T1~lated the 
Devonian limestones of Lincoln and Pike Counties, Mo., 
with the Callaway limestone H of central Misfnuri. In 
1920, Savage 45 referred the Devonian rocks of Imva and 
northern Illinois to the Upper Devonian, using the Iowa 
names "\Vapsipinieon 46 and Cedar Valley 47 for both 
States. 

In 1D22, Branson 48 applied the names "Mina.ola" and 
"Callaway'' to the Devonian limestones in Lincoln 
County, Mo. 

Branson 49 and Savage 50 have correlated the Callaway 
limestone with at least part of the Cedar Valley lime­
stone, but there is a difference of opinion about the age 
of the underlying limestone that has been eallecl 
Mineola. 

In this report all the Devonian roeks in thl'> Hardin 
and Brussels quadrangles are referred to the Cedar 

a Worthen, A. H., Geology of Illinois: J"ersey County: Illinois Geol. 
Survey, vol. 3, p. 116, 1869; Geology of Illinois: Calho•m County: 
Illinois Geol. Survey, vol. 4, pp. 8-9, 1870. Savage, T. E .. o~ the Lower 
Paleozoic stratigraph~· of southwestern Illinois: Amer. J"orr. Sci., vol. 
:!5, p. 438, 1908; Alexandrian series in l\Iissoul'i and IllinoiE· : Geol. Soc . 
.America Bull., vol, :!4, 357, 1913. 

42 Savage, T. E., On the Lower Paleozoic stratigraphy of southwest­
ern Illinois: Am. J"our. Sci., vol. 25, p. 438, 1908; Alexan~lrian seriPs 
in Missouri and Illinois : Geol. Soc. American Bull., vol. 24, p. 357, 1913. 
\Yeller, Stuart, Notes on the geoloj:{y of southern Calhoun County: Illi­
nois Geol. Survey Bull. 4, p. 225, 1907. 

43 Keyes, C. R., Some geological formations of the Cap-au-IJres uplift: 
Iowa· Acad. Sci. Proc., vol. 5, pp. 62-63, 1898. 

44 Ke~·es, C. R., Paleontology of Missouri, Part 1 : Missouri Geol. Sur­
ve;v. vol. 4, p. 43,, 1894. 

45 Savage, T. E., The Devonian formations of Illinois: Arr. J"our. Sci., 
vol. 49, pp. 179-180, 1920. 

w Norton, W. H., Notes on the lower strata of the Devonian series 
in Iowa : Iowa Acad. Sci. Proc., vol. 1, pt. 4, pp. 22-24, 1894. 

47 Owen, D. D., Report of a geological survey of ·wisconsir .. Iowa, and 
Minnesota and incidentally of a portion of Nebraska Terr:'tory, p. 81, 
Philadelphia, 1852. 

48 Bmnson, E. B., The Devonian of Missouri : Missouri Bur. Geology 
and Miues, 2d ser., vol. 17, pp. 17, 20, 31-33, pl. C. 1922. 

40 Branson, E. B., op. cit., pp. 2, 36. 
50 Savage, T. E., Comparison of the Devonian rocks of Illinois and 

Missouri: J"our. Geology, vol. 33, pp. 551, 555, 558, 1925. 
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Valley limestone. This name was adopted because. of 
Professor Savage's report that all fossils collected in the 
area were those typical of the Cedar Valley limestone 
and because of the writer's inability to recognize any 
lithologie or stratigraphic basis for subdiYiding the 
unit. 

CARBONIFEROUS (:MISSISSIPPIAN SERIES) 

The Mississippian rocks in the Hardin and Brussels 
quadrangles comprise rnany formations, which can 
conveniently be lmnped together into the Kinderhook, 
Osage, and Meramee groups. No represeutatives of the 
Chester group, present about 35 miles southeast of the 
Brussels quadrangle, 51 were recognized in the area. The 
Mississippian rocks in the two quadrangles are domi­
nantly limestone, but they also contain thick beds of 
shale and thin layers of sandy and of dolomitic lime­
stone. 

The present aggregate thickness of the Mississippian 
strata ranges from slightly less than 500 to smnewhat 
more than 700 feet. It is not known that the Ste. 
Genevieve li1nestone or any of the overlying Chester 
formations were ever deposited in this a~cea; "2 if so, they 
may possibly have had a combined thickness of an addi­
tional 500 or 600 feet. The distribution of the forma­
tions is such that in general the lower units can be seen to 
thicken northeastward clown the flanks of the Lincoln 
anticline and the upper units to thicken eastward down 
the trough of the Troy-Brussels syncline.. These Mis­
sissippian rocks appear to record successive stages in the 
preliminary warping whjeh culminated in sharp fold­
ing of the Lincoln anticline near the end of the epoch. 

The fossils collected from Mississippian Rtrata were 
studied by Dr. J. M. Weller whose identifications are 
given on pp. 172-173. 

KINIJERHOOK GROUP 

The lower Mississippian rocks, those which make up 
the Kinderhook group,53 in the Hardin and Brussels 
quadrangles consist of nearly equal parts of limestone 
and shale. The lower formations of the group-the 
Louisiana limestone and the Glen Park formation-are 
thin units that are restricted by overlap of the higher 
beds to the northeastern half of the area. The higher 
formations-Hannibal shale and Chouteau limestone­
are thicker and much nwre widespread. 

Except for the Chouteau limestone, which thins 
northeashvard, each of the I\.inderhook formations 
thickens northeastward down the flanks of the Lincoln 

51 Weller, Stuart, The Chester series in Illinois: .Jour. Geology, vol. 28, 
pp. 407, 413-414, 1920. 

62 Weller, Stuart, The Mississippian brachiopoda of the Mississippi 
Valley Basin : Illinois Geol. Survey Mon. 1, pp. 22-23, 1914 ; The Chester 
series in Illinois: .Jour. Geology, vol. 28, pp. 283, 407, 408, 412--413, 1920. 

53 Meek, F. B., and Worthen, A. H., Remarks on the age of the Goniatite 
limestone at Rockford, Ind.: Amer . .Jour. Sci., 2d ser., vol. 12, p. 288, 
1861. Worthen, A. H., Geology of Illinois: Illinois Geol. Survey, vol. 1, 
pp. 108-109, 1866. 

anticline. The gross thickness of the group ranges fror1 
less than 90 feet at the southwesternmost exposures to 
more than 150 feet near Hardin, where the beds begin 
to disappear below higher formations. 

The l{inderhook rocks record a history of gentle but 
repeated movements, which were either a northeastward 
tilting of the entire area or an uplift of the Lincoln 
anticline. Inasmuch as the l{inderhook fonnations are 
not exposed for many miles south of the anticline, it is 
not certain that the local fold was in existence during 
Kinderhook time. In fact, the absence of the Louisiana 
limestone and the continued thinning of the Hannib8l 
shale southward frmn the Cap au Gres flexure suggeft 
that at least part of the l{inderhook movement may 
have been a regional tilting unrelated to any local anti­
cline. On the other hand, the presence of Glen Par1

.-: 

beds north and south of the Lincoln anticline, the thick­
ness rElations of the Chouteau li1nestone, and the dit<­
tribution of the early l{inderhook faunal provineEs 
indicate that this anticline or a closely related fold was 
in existence at that ti1ne. (See fig. 20.) 

LOUISIANA LIMESTONE 

In the northeastern half of the Hardin and Brussels 
quadra'ngles, the Devonian rocks are overlain by a few 
feet of Louisiana limestone. These li1nestone beds, and 
some included shale beds, reach their 1naximun1 thielr­
ness of 5:1f2 or 6 feet in this area at the northeastern­
most exposures of the underlying rocks in see. 35, T. 9 S., 
R. 3 W., sec. 23, T. 10 S., R. 2 W., and see 28, T. 8 N., 
R. 13 W., and from these exposures they thin gradually 
and uniformly until they are absent southwest of sec. 
32, T. 10 S., R. 2 W., sec. 23, T. 11 S., R 2 W., and sec. 
21, T. 7 N., R. 13. W. 

Lithologic character.-The lower part of the unit 
here treated as the Louisiana limestone is a soft platy 
shale or a thin but massive mudstone. The lower bed is 
nowhere nwre than 12 inches thick and, like the entire 
unit, it thins very gradually and uniformly south­
westward. In its basal part the bed is clayey and dar1

·'" 

bluish gray to black; in its upper few inches it is sandy 
and is somewhat calcareous and greenish gray on fresh 
surfaces but brownish gray where weathered. Tho. 
sandy layers contain a few well-rounded coarse grains 
of quartz. 

The upper part of the Louisiana limestone unit is 
perhaps the most easily recognized formation in tho, 
region. It is a hard, exceedingly dense, thin-bedder·l 
limestone, the layers of which are commonly 2 to 6 
inches thick. On fresh surfaces the rock is a light 
somewhat huffy gray; where weathered it ranges fron 
brownish gray to nearly white. It is very brittle and 
breaks with a conchoidal fracture. The bedding sur­
faces are very irregular and they are crossed by vertical 
fractures or joints. As a result, the natural exposure~ 
of the rock have a characteristic haekly surface and a 
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blocky appearance that has been likened very appro­
priately to that presented by a wall of masonry. Scat­
tered vugs in the limestone and a few of the irregular 
fractures are filled with crystalline calcite. 

The Louisiana limestone unit is 51j2 feet thiek (lower 
part, shale, 1 foot, upper part, limestone, 41j2 feet), and 
its relations to underlying and overlying for1nations 
are well shown in the creek bank, in the NW1,4SE~.~ 
sec. 35, T. 9 S., R. 3 W., upstream from the main road 
which enters Ha1nburg fron1 the south. 

Stratigraphic relations.-The lower part of the unit, 
the shale bed, appears to rest unconformably upon the 
Devonian Cedar Valley li1nestone. Viewed regionally, 
the contact is very smooth, and it does not seem to cut 
across any Devonian beds (fig. 20) ; but in any one 
exposure it is an irregular surface, and there was at 
least a sharp break in sedimentation after the deposition 
of the Devonian li1nestone. In the SE1,4NW1,4 sec. 12, 
T. 10 S., R. 3 W., the shale contains reworked Devonian 
fossils showing that the underlying rocks were eroded 
slightly before the deposition of the shale. 

The uniforn1 thinness of the lower shale and the 
upper limestone suggests that the two parts of the unit 
are conformable. However, the contact between them 
is everywhere sharp and in the SW1,4NW1,4 sec. 20, 
T. 10 S., R. 2 W., it is "\Vavy and suggests large ripple 
marks. 

The Louisiana limestone is overlain unconformably 
by the Glen Park fonnation. (See p. 36.) 

Fossils.-Both the li1nestone and the shale. at its base 
contain fossils. Those in the shale are well preserved 
and easily collected but those in the limestone, although 
more numerous, are much more difficult to extract from 
the rock. The eollections 1nade by the writer and 
Doctor Ball were studied by Dr. J. Marvin Weller, 
whose identifications are given on page 172. Collections 
have been 1nade frmn the Louisiana limestone at Hanl­
burg and 3 miles south of Hardin by R. C. Moore.54 

N ame.-The lin1estone of this unit was called the 
"Lithographic" limestone in early reports. 55 !{eyes 56 

in 1892 defined the Louisiana limestone frmn exposures 
of the fonnation at Louisiana, Mo., and Weller 57 

adopted this na1ne for the rocks in Calhoun County. 
It is difficult to decide what nan1e should be applied 

to the thin bed of shale beneath or in the lower part of 
the Louisiana limestone. In northern Illinois, beds 
that uneonformably overlie the Cedar Valley limestone 

54 Moore, R. C., Early Mississippian formations in Missouri: Missouri 
Bur. Geology and Mines, 2d ser., vol. 21, pp. 46-47, 1928. 

55 Worthen, A. H., Geology of Illinois; Calhoun County: Illinois Geol. 
Suryey, vol. 4, p. 10, 1870. 

511 Keyes, C. R., The principal Mississippian section: Geol. Soc. America 
Bull., vol. 3, p. 289, 1892. 

sr 'Yeller, Stuart. Kinderhook faunal studies, IV, Th£> fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, pp. 466, 468, 
HI06; Notes on the geology of southern Calhoun County: Illinois Geol. 
Survey Bull. 4, p. 226, 1907. 

have been referred 58 to the Sweetland Creel~ shale.59 

Krey 60 adopted this na1ne for beds in northern Calhoun 
and south eentral Jersey eounties, but he stated that the 
formation does not extend into the area covere-:1 by this 
report. D. M. Collingwood, in an unpublished report 
of the State Geo]ogieal Survey of Illinois, identified 
the Sweetland Creek in Mason Hollow, in the SE1,4 
SE1_4 see. 4, T. 6 N., R. 12 W., about 3 1niles e:Jst of the 
Brussels quadrangle, by the presenee of Spcrangites. 
However, stratigraphic relations near Masor Hollow 
indieate that the beds fron1 which he collected these 
fossils may be the 1nuch younger Hannibal shale, a pos­
sibility that semus to be strengthened by the presence of 
SpoPangites in shale above the Glen Park lim~stone in 
southeastern ~Iissouri.61 

In and near Pike County, Mo., beds between the 
Louisiana limestone and the Devonian limestone, and 
presumably equivalent 62 to the Sweetland Creek of 
Iowa. have been called Grassy Creek shale 63 and Saver­
ton shale.64 Branson 65 recognized the Gras'y Creek 
shale of !{eyes in northern Lineoln Co., Mo. Moore,66 

however, reports that in Illinois this shale does not ex­
tend south of northern Calhoun County~ but he recog­
nizes the Saverton shale farther south. 

The terminology is complicated still further by the 
fact that the Louisiana limestone itself has been inter­
preted 67 to inelude some shaly beds in its lower part. 
The fossils in the shale give little assistance in the solu­
tion of this problem of nomenelature, because the fauna 
of the Saverton shale ~s very similar to that of the 
Louisiana limestone.68 They 1nerely show that the thin 
shale in the Hardin and Brussels quadrangles is of 
IGnderhook and not Devonian age. In this report the 
beds are questionably referred to as Louisiana limestone, 
but it seems probable that they 1nay represent part of 
the Saverton shale. On the geologie map (pl. 1), the 
Louisiana limestone (with this ineluded shale) and the 
overlying Glen Park forn1ation are 1nappecl ae ·one unit. 

GLEN PARK FORMATION 

The series of thin beds of argillaceous and sanely lime­
stone, oolite, and shale here referred to the Glen Park 

58 Savage, T. E., The DeYonian formations of Illinois: Amer. Jour. 
Sci., vol. 49, p. 182, 1920. 

5~ Udden, J. A., The Sweetland Creek beds: Jour. Geolog;:". vol. 7, pp. 
65-78, 180H. 

60 Krey, Frank, op. eit.. pp. 33-34. 
61 Weller, Stuart, and St. Clair, Stuart, op. eit., pp. 158, 160. l\Ioore, 

R. C., op. cit., pp. 50, 138-1.40. 
62 Moore, Idem, p. 36. 
'13 Keyes, C. R., Soine geological formations of the Cap-ar-Gres uplift. 

Iowa Acad. Sci., Proc., vol. 5, pp. 59, 63, 1898. 
64 Keyes, C. R., Marked unconformity between the Carbo~iferous and 

Devonian strata in the upper Mississippi Valley: Am. Jour. Sci., 4th 
ser., vol. 36, p. 160, 1913. 

05 Branson, E. B., The Devonian of Missouri: Missouri Bur. Geology 
and Mines, 2d ser., vol. 17. pp. 5, 7, 31-33, 1922. 

66 Moore, R. C .• op. cit .. pp. 34, 37, 38, and fig. 2. 
67 Rowley, R. R., Geolog~' of Pike County : Missouri Bur. Geology and 

l\fines, 2d ser., vol. 8, pp. 25, 29-30, 1908. Krey, Frank, o-;-. cit., p. 35. 
l\Ioore, R. C .• op. eit .• pp. 38, 40. 

69 Moore, R. C., op. cit., pp. 39-40, 48. 
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formation coincides very closely in its distribution with 
the underlying Louisiana limestone. Like this under­
lying formation, it is thickest at its northeasternmost 
exposures and thins uniformly southwestward. The 
maximum thickness found exposed in the area is about 
25 feet in Poor Farm Hollow. in the N\\r14 sec. 10, T. 
10 S., R. 2 W. From there the formation thins south­
westward and disapi>ears alo'ng a line almost identical 
with that which marks the southwestern 1nargin of 
the Louisiana limestone. It may extend a short distance 
farther south on the western side of Calhoun County, 
and it seems not to extend quite so far south in western 
Jersey County as the Lo't1isiana limestone. However, 
exposures are such that the exact limits of the tw~ 
formations could not be determined with sufficient 
accuracy to detect any differences in their distribution. 

Lithologic characte;·.-The rocks that make up the 
Glen Park formation may conveniently be divided into 
three units or lithologic types: ( 1) a basal unit of slab by 
argillaceous limestone which, where the formation is 
thickest, grades into ( 2) an upper unit of calcaredus 
shale, and ( 3) discontinuous lenses of sanely fossilifer­
ous oolitic limestone at the top of the fonnation. 

The basal unit is compo·secl of hard, silty, n1ore or less 
sandy limestone in layers from 1 to 4 inel1es thick, inter­
laminated with thinner beds of soft argillaceous fine­
grained sandstone. The thin beds of impure limeston~ 
are light to dark bluish gray on fresh surfaces, but 
where weathered they- becmne brownish gray. The 
limestone is dense td fine-grained and contains a fe·w 
scattered vugs filled with crystalline calcite and oeca­
sional sphalerite. It also contains some small pyritie 
and phosphatic nodules. The layers of fine-grained 
sandstone are commonly yellowish brown and consist 
o'f very poorly sorted quartz grains and clay particles. 
The quartz grains are mostly subangular, although 
smne are well-rounded; they range from about y2 milli­
meter in diameter down to the limit of visibility with 
the unaided eye. 

The bedding surfaces between and withi_n the thin 
layers of li1nestone and sandstone are strikiugly irregu­
lar and wavy in large ripples that are commvnly frmn G 
to 12 inches from crest to crest and from ¥2 to 1~ inches 
deep. These rippled surfaces trend in nearly every 
direction, but 1nost of then1 seem to be elongated in a 
west-11.orthwesterly direction. Smne of the bedding 
planes are minutely cross-bedded and clip northeast­
ward. 

This basal unit is between 5 and 10 feet thick and it 
grades almost imperceptibly upward and laterally into 
the upper shale unit. (See fig. 20.) 

The upper unit consists of soft calcareous platy shale 
or massive mudstone and thin discontinuous layers of 
ripple-bedded silty or sanely li1nestone. The shale is 
somewhat sandy but plastic when wet. On fresh sur­
faces it is light blue gray, but where weathered it be-

comes a pale tan or yellowish gray. A few very thin 
layers of soft bright-yellow calcareous clay are inte'·­
bedded with the shale. A thin section of a san1ple of 
this clay from the SE14SE14 sec. 12, T. 10 S., R. 3 Vr., 
sho·ws a yellow clay mineral of low birefringence, calcite, 
and a few small quartz grains. As the shale is soft ard 
underlies other soft shale beds, it is rarely well exposerl, 
and its relations to overlying and underlying beds cr.n 
be seen in only a few places. The greatest thickne;;os 
found vi'ell exposed was 15 feet in the NW%NW% s£c. 
1±, T. 10 S., R. 2 W., but at this locality the base is not 
exposed. 

At three places in the Hardin quadrangle the upper­
most part of the Glen Park formation is 1narked by a 
hard, sandy fossiliferous oolitic limestone. This be-:1; 
·which is obviously discontinuous in each of the three 
localities, varies widely in lithologic character and 
thickness. 

Along the river front just north of Ilamburg the bed 
consists partly of calcareous oolite and partly of highly 
fossiliferous, slightly oolitic li1nestone. Both the oolite 
and the fossiliferous li1nestone c.ontain many rounded 
pe.bbles and s1nall particles of a fine-grained limestone. 
The oolite grains or spherules are set in a matrjx of cle.-~r 
calcite, and they are unifonnly about lj2 or % 1nillimeter 
in dian1eter. Each spherule semns to be built up of 
concentric layers of calcite about a small center that 
seems to be a fragment of fine-grained limestone. ( ~ee 
pl. 7A.) This bed. called the '"Hamburg'' oolite by 
"\Veller,69 is interla1ninated with thin layers of hard silty 
limestone and soft argillaceous sandstone. At the time 
of the ·writer's field work in the area, the exposures did 
not pennit exact 1neasuren1ents of thickness or detailed 
tracing of the bed, but Bassler 70 reports that it thins 
frmn 15 feet at the river front to only a few inches alo'lg 
the creek, several thousand feet to the southenst, where 
most of it is replaced by soft shale. 

The other two occurrences of the bed are in Poor 
Farm Hollow in the NElfl see. 21 and the NWlh, s~~c. 

2~ and at the mouth of French Hollow in the NWlh, 
sec. 1±, T. 10 S., R. 2 W. At these places the li1nestone 
is less oolitic, less fossiliferous, and more sanely than 
the roek at Hamburg, but it can be recognized as a 
representative of the same bed by its general lithologic 
charaeter, its fossils, and its stratigraphic position. 
Here the bed is a hard, sandy, crystalline limestone, 
massive and dark brownish gray to black where fresh, 
and thin-bedded and brownish gray where weathered. 
It is commonly from 2 to 3% fe.et thick and rests with 
sharp contact on the underlying calcareous shale and 
thin-bedded silty li1nestone. The lower part of the bed 

69 Weller. Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, pp. 465, .;t70, 
1906: The Mississippian Brachiopoda of the Mississippi Valley Ba~·in: 
Illinois Geol. Survey Mono. 1, p. 14, 1914. 

7° Bassler, R. S., quotNl in Weller, Stuart, Kinderhook faunal studies 
IV, The fauna of the Glen Park limestone: St. Louis Acad. Sci. Trans.: 
vol. 16, pp. 464-465, 1906. 
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is fine-grained, thin-bedded, very dark gray, and in 
places highly fossiliferous~ the upper part is 1nore 
granular, massivt.·, brmvnish gray, and oolitic. The 
bedding within the limestone is wavy and in places 
minutely cross-bedded like that in the lower part of the 
Glen Park for1nation. The oolite grains or spherules 
are about ~~ to 1f2 milli1neter in diameter and the sand 
grains are well-rounded to subangular and commonly 
14 millimeter ur less in diameter. The limestone con­
tains 1nany small pellets or pebbles that seem to be 
phosphatic, son1e pyrite nodules, a few large calcite 
crystals, and some sphalerite in a small veinlet of 
calcite. 

Stratigra1pkic :relation.s-.-The contact between the 
Glen Park for1nation and the underlying Louisiana 
limestone is everywhere sharp and smi1ewhat irregular 
and in at least one exposure, along the northwest bank 
of the creek in the NWl;.!SEJA sec. 35, T. 9 S., R. 3 W., 
it is a slight but definite erosional unconforn1ity that 
cuts dmvn somewhat more than one foot into the 
Louisiana. 

It is difficult to tell whether or not there were breaks 
in secli1nentation within the Glen Park for1nation, for 
the irregular bedding of the lo,ver slabby limestones 
might conceal many minor unconformities. However, 
the gradual change of these hard limestone beds both 
upward and laterally into calcareous shale indicate.s 
that the formation may properly be considered as a 
depositional unit. At Hamburg the lenticular oolitic 
bed at the top is clearly interlaminated with the lower 
part of the formation, but in French and Poor Farm 
Hollow it is sharply separated from the underlying 
beds. In fact, in the SEJANEJA sec. 21, T. 10 S., R. 2 W., 
it semns to rest unconformably on these lower beds. 

The precise stratigraphic relations of the upper limit 
of the Glen Park for1nation are not known. The con­
tact with the soft overlying Hannibal shale is rarely 
exposed, and it w:ts observed only in French and Poor 
Farm Hollows. There the hard oolitic limestone which 
marks the top of the formation is discontinuous (fig. 
20), but it is not certain that this discontinuity is caused 
by an unconformity at the top of the· formation. It 
is possible that, where the oolitic limestone is absent, 
the calcareous shale of the Glen Park for1nation grades 
upward into the. noncalcareous Hannibal shale. 

Fmssils.-The oolitic lin1estone at the top of the Glen 
Park is fossiliferous (see table on p. 172), but no organic 
remains were observed by the writer in the lower beds 
of the formation. The fauna of the oolite at Ha1nburg 
has been described by the Weller.71 

Name.-The beds here referred to the Glen Park 
formation have been included with the overlying shale 

71 Weller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, pp. 465-466, 
1906. 

by most writers. Worthen 72 noted the occurrence of the 
oolitic. limestone in the l{inderhook group at Hamburg 
and in northeastern Calhoun County and in Pike 
County. Potter 73 recorded oolitic limestone in the 
''Vermicular shales and sandstones'' in Lincoln County, 
Mo. Weller 74 included the oolitic. limestone in his 
l{inderhook shale, but in other reports 75 separated it 
from the overlying Hannibal shale as the "H~unburg" 
oolite. l{rey 76 recognized the oolitic beds in Illinois at 
Hamburg, in northeastern Calhoun County, in Pike 
County, and at Grafton, and in Missouri in St. Charles 
County and included them in the Hannibal shale. How­
ever, his desc.riptions and one of his illustrations 77 seem 
to sho'v that he included the lower slabby argillac.eous 
limestone beds "With the Louisiana limestone. IIis plate 
DA clearly shows the lower part of the slabby argil­
laceous limestone beds of the Glen Park formation, the 
Louisiana limestone, including the shale beds at its base, 
and the upper part of the Cedar Valley limestone. 

The Glen Park limestone was defined by Ulrich 78 as 
the middle or Glen Park (oolitic) limestone m€1nber of 
the Sulphur Springs formation of east-centrall\iissouri. 
Weller 79 concluded that the fauna of the "Hamburg 
oolite'' and the Glen Park li1nestone at its type locality 
"Were •'synchronous within comparatively narrow 
limits.'~ After later studies he correlated the beds in 
the two areas, stating that they must be considered as 
"essentially contemporaneous in origin." 80 Mn')re 81 be­
lieves that the "fauna at Hamburg * * * must be 
regarded as contmnporaneous 'vith that of the Glen Park 
limestone" and he applied the name Glen Park lime­
stone to the beds overlying the Louisiana limestone and 
underlying the Hannibal shale in Calhoun County.82 

It is possible that only the uppennost of the three 
units here treated together as parts of one for1nation is 
equivalent to the original Glen Park limestone. How­
ever, it is significant that at Hamburg the kntic.ular 
fossiliferous oolite is interlaminated not only with the 
upper but also with the 1nidclle and lower parts of the 
for1nation. 

In this report Moore's usage of the name Glen Park 
for the entire unit is followed, partly becaus~ of the 

12 Worthen, A. H., Geology of Illinois, Calhoun County: Illinois Geol. 
Survey, vol. 3, pp. 10-11, 1870. 

73 Potter, W. B., Geology of Lincoln County in Preliminary report on 
the iron ores and coal fields : Missouri Geol. Survey, pp. 245-246, 1873. 

74 Weller, Stuart, ~otes on the geology of southern Calhorn County: 
Illinois Geol. Survey, Bull. 4, p. 226, 1907. 

75 Weller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, pr. 465, 466, 
470, 1906. The Mississippian Brachiopoda of the Mississippi Valley 
Basin : Illinois Geol. Survey, Mon. 1, p. 14, 1914. 

76 Krey, Frank, op. cit., p. 36. 
77 Idem, p. 35 and pl. 9A. 
78 Ull"ich, E. 0., in Buckley, E. R., and Buehler, H. A., Thl' quarrying 

industry of Missouri: Missouri Bur. Geology and Mines, 2d ser., vol. 2, 
p. 110, 1904. 

70 Weller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, p. 466, 1906. 

80 Weller, Stuart, and St. Clair, Stuart, op. cit., p. 160. 
s1 Moore, R. C .. op. cit., p. 138. 
82 1\foore, R. C., op. cit., pp. 45, 50, 52, 60, 76, 140 ; fig. 2. 
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correlation on faunal grounds and partly beeause of the 
apparent similarity in lithologie character of the rocks 
in the Hardin quadrangle to the Glen Park limestone 
in Ste. Genevieve Co., ~fo.83 However, the te.nn "Glen 
Park formation', instead of "Glen Park limestone., is 
used here beeause. of the impurity of the limestone beds 
and the thickness of the included shale. On account of 
their thinness and nearly identieal distribution, the 
Glen Park formation and the Louisiana limestone are 
mapped together on the geologie map (pl. 1). 

HANNIBAL SHALE 

In the Hardin and Brussels quadrangles the Hannibal 
shale overlaps successively older beds southwestward. 
In the northeastern part of the area it overlies the Glen 
Park formation; farther south-west, where this forma­
t.ion and the underlying Louisia1ia limestone are absent, 
it overlies the Devonian Cedar Valley limestone; a1ul 
in the. southwestern part of the area, where the Cedar 
Valley and the Silurian Joliet limestone are absent, it 
lies upon the lo·wer part of the Brassfield limestone. 
In Calhoun County the area of outcrop of the Hannibal 
shale extends northward from the Cap an Gres flexure 
to and beyond the. northern lin1its of the Hardin quad­
rangle. In Jersey County the formation crops out 
along the flexure and for about 12 miles northward 
before the dip of the rocks carries it below the base 
of the bluffs. 

Thickness.-The Hannibal shale thins southwestward 
frmn 90 or 100 feet to :30 or 40 feet. (See fig. 20.) 
The maximum thiekness exposed within the area is iu 
French Hollow at the northeasternmost exposure of the 
underlying Glen Park formation, and presumably the 
formation eontinues to thicken to the northeast. The 
minimum undisturbed thieknesses of the Hannibal are 
at its southwesternmost exposures in Calhoun County~ 
but for a short distance in Jersey County the formation 
is cut out by faulting or is squeezed abnormally thin 
by overturning. 

As stated n1ore fully elsewhere ( p. 39), the thickness 
of the Hannibal shale and that of the overlying Chou­
teau limestone are approximately complementary, the 
Chouteau thiekening as the Hannibal thins so that theit· 
gross thickness remains about constant. 

Topographic e.x·pression.-The Hannibal shale, like 
the Maquoketa, is a unit of relatively soft unresistant 
rock that lies between two units of nnwh harder and 
more resistant limestone or linwstone and dolomite. 
Consequently, its topographic expression is similar to 
that of the Maquoketa. But the Hannibal shale is much 
thinner than the Maquoketa, and it lies below a thick 
series of lin1estones instead of a relatively thin series. 
Hence it is commonly expressed as a gentle slope or 
bench on hillsides and bluffs between the steeper slopes 
made by the adjacent formations. 

83 Weller, Stuart, and St. Clair, Stuart, op. cit., p. 157. 

Like the Maquoketa, the Hannibal shale is relatively 
impervious to ground water, and in many places the 
upper contact of the formation is marked by springs 
and seeps. Ho·wever, the Hannibal does not soften to 
clay quite so readily when wet, the overlying limestone 
creeps and slides less, and the exposures are somewhat 
better than in the Maquoketa shale. 

Lithologic character.-The formation is 1nade up of 
very slightly sandy, essentially noncalcareous, g~·ay 

massive siltstone and fissile shale. (See p. 22.) Al­
though exposures are poor, the rocks in the northern 
part of the area, where the formation is thickest, are 
soft and lighter eolored below and hard and darker g"ay 
above. Approximately the 10\ver and upper third:: of 
the formation consist of slightly sandy, massive to plrJy, 
jointed siltstone and the middle third of fissile clay shale. 
In the lo·wer part the rock is pale greenish gray on fresh 
surfaces but dirty huffy gray to pale tan where weath­
ered; in the 1nidclle and upper parts the color is dark 
bluish gray to black where fresh and bluish gray where 
'Yeathered. Because of the overlap at the base of the 
formation and the thickening of the Chouteau at the 
top, the lmver and upper beds of the formation are 
absent in the southern part of the area. (See fig. 20.) 
No slabs of sandstone sueh as reported by Bassler 84 no,ar 
Hamburg were found by the writer. One of the best 
exposures of the Hannibal shale in the area is in the 
bluff in the NW1,4SW1,4 see. 2:3, T. 11 S., R. 2 W. 

In many plaees the dark-gray to blaek platy shale in 
the middle and upper parts of the Hannibal shale has 
been mistaken by the local residents for the "black shLte" 
frequently found assoeiated with coal beds, and n1ueh 
fruitless work has been clone in efforts to locate coal in 
this formation. 

Loeally, the very base of the Hannibal shale is 1nar1red 
by yellow-brown ferruginous eoncretions. The upper 
and especially the middle parts of the formation in 
many places eontain abundant small elongate nodules 
of pyrite, shaped like eoprolites, in which there arl3 a 
few small veinlets of sphalerite. The upper few inches 
of the fonnation is commonly somewhat ealcareous and 
lighter in color than the dark shale below it. 

At least some of the massive, very dark gray siltstone 
in the Hannibal is minutely laminated. Mierosccpic 
examination by the writer of thin sections of samples 
from the middle of the fotmation in the NEYt,NEYt, 
sec. 1, T. 10 S., R. 3 W., (pl. 7B) show that these lami­
nations are 1narked by alternations of n1uch and little 
organic. matter and by alternations of clay and quartz. 
These samples and thin sections were studied also by 
,V. H. Bradley, of the Federal Geologieal Survey, in a 
comparison 8~ of 1ninutely laminated roeks of differl3nt 

s4 In '~Teller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone : St. Louis Acad. Sci. Trans .. vol. 16, p. 465, :1.906. 

ss Bradley, w. H .. Nonglacial marine varves: Amer. Jour. Sci., 5th 
ser., vol. 22, pp. 318-330, 1931. 
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ages :frmn 1nany areas. Bradley :found that the lami­
nations in the Hannibal siltstones range :frmu 0.049 to 
0.7 4 and average about 0.14 1nillimeter in thickness, and 
his comparison o:f different samples led him to suggest 
that these lan1inations perhaps 1nay be, like those o:f 
other rocks 86 studied by him and by the writer, the 
record o:f successive annual deposits. 

A definitely crystalline 1nieaceous clay 1nineral, prob­
ably beidellite, is the dominant constituent of the rock. 
Most o:f the crystals o:f day lie approxin1ately parallel 
to one another and to the bedding and, as the in eli vi dna l 
crystals show parallel extinction under crossed nieols 
and as the slow ray vibrates in the plane o:f elongation, 
thin sections o:f the shale cut perpendicular to the bed­
cling exhibit an aggregate positive elongation yery n1uch 
as they would i:f they were cut :fr01n single crystals. 
This rather st.J:iking optical property of the rock has 
been noted in shales :frmn other regions.87 The day 
crystals are pale brownish gray and predmninantly 
platy or micaceous in habit. They occur chiefly in uni­
formly oriented aggregates that are common]y about 
0.08 millimeter or 80 microns long and about half that 
thick. The individual crystals that are recognizable as 
such are flat or slightly curved plates or discs, cmn­
monly 11h to 2 microns thick and 10 to 13 1nicrons wide. 
Many of the layers of clay contain much organic matter, 
which is present as dark brown to black opaque struc­
tnreless :fragments and flat lenses that lie parallel to the 
bedding and are :from less than 1 micron to n1ore than 
100 microns long. 

Quartz grains are the second most abundant constit­
uent o:f the rock. They occur as thin continuous layers 
about 0.11nilli1neter or 100 1nierons thick that are, made 
up o:f well-sorted subangular silt grains :from_ 12 to 25 
microns in diameter. A few grains o:f zircon, apatite, 
and hornblende were noted. These thin layers o:f quartz 
silt contain no organic matter, but a :few scattered 
1nasses o:f carbonate fill the 1ninute pores in s01ne of the 
layers. 

Chmnical analysis ( p. 158) o:f a sa1nple collected :from 
the upper 40 :feet of the Hannibal shale in the 
SW%NWJA sec. 31, T. 9 S., R. 2 ,V., and the SW%NElft 
see. 36, T. 9 S., R. 3 W., indicates that :from one-half to 
three-quarters (probably about 55 percent) of the rock 
is clay and from one-:fourth to one-half (probably about 
38 percent) is quartz. ·The analysis also indicates, 
rathe,r surprisingly, that tf1e rock 1nay contain about 

80 Rubey, W. '\V .. Possible >arves in marine Cretaceous shale in '\'\'yo­
ming (abstract) : Washington Acad. Sci. .Tour .• vol. 18, pp. 260-262. 
1928. Bradley, W. H .• Vanes and fluration of the Eocene epoch 
(abstract) : Geol. Soc. America Bull., vol. 40, p. 133, 19~9: The >arves 
and climate of the Green Riv-er epoch : P. S. Geol. Surve;v Prof. Paper 
158, pp. 95-107, 1929. Rubey, W. W., Lithologic studies of fire-grained 
Upper Cretaceous sedimentan: rocks of the Black Hil~s region: U. S. 
Geol. Survey Prof. Paper 165, pp. -10-53. 1930. 

87 Rubey, W. w .. Origin of the siliceous Mowry shale of the Black Hills 
region: U. S. Geol. Survey Prof. Paper 154, p. 161, 1929: Lithologic 
studies of fine-grained Upper Cretaceous sedimentary rocks of the Black 
Hills region : U. S. Geol. Survey Prof_ Paper 165, pp. 5-6, 1930. 

7.6 percent dolomite or dolomite and magnesite (see 
pp. 16-17), an amount much greater than 1night he esti­
mated frmn crude tests with concentrated hydrochloric 
acid and nearly as great as that in the sample of eal­
careous Maquoketa shale ( pp. 22, 158). 

Samples of the Hannibal shale collected by Lamar 88 

contain 1nore magnesia than this sa1nple. 
Because o:f the large proportion o:f very finely divided 

quartz grains in the Hannibal shale, this sample con­
tains a 1nueh larger percentage o:f silica than th~ sam­
ples o:f Maquoketa (p. 22) and Carbondale (p. 58) 
sliale from this area or than average shales :from other 
regions.89 

Ceramic tests by the Departn1ent o:f Ceramic Engi­
neering of the University o:f Illinois indicate tl~.t the 
Hannibal shale represented by this san1ple might be 
used :for the manufacture o:f brick and tile (p. 160). 

S tratigra,ph-ic -relations.-The contaet of the Hrnnibal 
shale with the underlying Glen Park :formation was 
found exposed in so :few places that the precise strati­
graphic relations are unknown. Where the bed of hard 
oolitic limestone :forms the top o:f the Glen Park, the 
contact is sharp. The lateral discontinuity o:f this 
oolitic bed perhaps suggests the presence o:f an un­
conformity above it, but where it is absent the exp'lsures, 
though incomplete, suggest that the calcareous shale 
unit o:f the Glen Park may grade upward into the non­
calcareous shale o:f the Hannibal. 

The contact between the Hannibal shale and the over­
lying Chouteau limestone seen1s to be truly gradrtional, 
both vertically and laterally, in all except the southern­
most exposures. (Seep. 40 and fig. 2 0.) 

Fossils.-Very :few recognizable fossils were :found in 
the Hannibal shale. In a :few plac-es the black shale and 
the pyritic coneretions in the upper part o:f the forma­
tion contain s1nall carbonaceous bladelike fragments 
that 1nay be plant renmins, and some o:f the pyritic con­
cretions may be coprolites. Weller 90 reported specimens 
o:f a s1nall Lh~gula :from near the base of the Kinderhook 
shale and Worthen 91 some :fucoidal markings :frmn this 
unit of the IGnderhook group. The only identifiable 
:fossils :found by the writer were in the uppermost beds 
of the formation ( Coll. 181). 

Name.-In his Jersey County reports 92 Worthen ex­
cluded the outcrops o:f this :fori)#l_ation in the southwest­
ern part of the county :from the Kinderhook group and 
referred to thmn as the "Black Slate," but in his Calhoun 

ss Lamar . .T. E., Preliminary report on the economic mineral resources 
of Calhoun County: Illinois Geol. Survey Rept. Inv_ no. 8, p. 14, 1926. 

89 Clarke, F. W., The data of geochemistry, 5th ed.: U. S. Geol. SurvE"Y 
Bull. 770. p. 631, 1924. 

110 Weller, Stuart. Notes on the geolop-y of southern Calhour County: 
.Illinois Geol. Survey Bull. 4, p. 226, 1907. 

st Worthen, A. H., Geology of Illinois; Calhoun County: Illinois Geol. 
Survey, vol. 4, p. 11, 1870. 

s~ Worthen, A. H., Geology of Illinois; .Jersey County: Illinois Geol. 
Survey, vol. 3, pp. 115-116, 1868. 
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County report 9
:
1 the beds here called the Hannibal shale 

were treated as p~~rt of the Kinderhook group. Weller 
in 1906 94 ancl1914 95 applied the name Hannibal 96 shale 
to the beds overlying the '"Hamburg" oolite, but in his 
1907 report 97 he included the oolite and the overlying 
beds in what he called the Kinderhook shale. Krey 98 

used the na1ne Hannibal shale not only :for these over­
lying beds but also :for Inost of the beds here referred 
to the Glen Park for1nation. He noted that, to the 
north and west, where the name '"Ver1nicular Sand­
stone" was at one time applied to it, the upper part o:f 
the Hannibal shale is predominantly sandy. He also 
traced the Hannibal southward and :found that in south­
ern St. Charles Co., Mo., about 15 n1iles south o:f the 
Brussels quadrangle, "6 :feet o:f pure, Inedimn-grained, 
massive sandstone" lies between an oolite and the 
Chouteau li1nestone. This oolite and the overlying 
sandstone probably correspond to the Glen Park lime­
stone and Bushberg sandstone, for R. B. Cozzens o:f 
Washington University has identified both o:f these 
formations belmv- the Chouteau limestone in adjaeent 
portions o:f western St. Louis County, Mo. Moore 1 

also used the name Hannibal :for the rocks in Calhoun 
and Jersey counties, but he restricted it to the beds above 
the Glen Park. 

CHOUTEAU LIMESTONE 

Throughout the Hardin and Brussels quadrangles. 
the Hannibal shale is overlain by beds o:f gray li1nestone 
known as the Chouteau limestone. This formation 
erops out along the bluffs, hillsides, and sn1all valleys 
:frmn the Cap au Gres flexure northward to and beyond 
the limits o:f the Hardin quadrangle in Calhoun County 
and along the west side o:f Jersey County north into 
the southwest eorner of Greene County. 

Thickness.-Over a fairly ·wide area-north to the 
southern part of 'T. 11 S., R. 2 W., and to the center of 
T. 7 N., R. 1:3 W., and east to the eastern edge ofT. 6 N., 
R. 1:3 W.-the Chouteau limestone is between 55 and 
60 :feet thiek. Northward and eastward :from this area 
the :fonnation thins gradually to 40 :feet in the northern 
part o:f T. 10 S., R.. 2 W., and the center o:f T. 8 N., R. 1:3 
W., and then n10re abruptly to 22 feet at the northern 
limit o:f the quadrangle in SWl4NEl4 see. 29, T. 9 S., 
R. 2 ,V. and to :31;4_ feet in the NW1,4SW1,4SW1,4 see. :3, 
T. 9 N., R. 2 W., 3Iniles north of the Hardin quadrangle. 

93 Worthen, A. H., Geology of Illinois; Calhoun County: Illinois Geol. 
Surny, vol. 4, pp. 9-11, 1870. 

9" Weller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, p. 466, 1906. 

95 Weller, Stuart, The Mississippian Bmchiopoda of the Mississippi 
Yalley Basin: Illinois Geol. Survey Mono. 1, p. 14, 1914. 

96 Keyes, C. R., The principal Mississippian section : Geol. Soc. Amer-
ica Bull., vol. 3, p. 289, 1892. ~ 

97 Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 226, 1907. 

98 Krey, Frank, Structural reconnaissance of the Mississippi Yalle~· 

area from Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
ver Bull. 45, 35-36, 1924. 
~:Moore, R. C., op. cit., p. 52, fig. 2. 

"' ... ell records south o:f the southernmost exposun,q in 
this area and outcrops 2 in western St. Louis County, 
:Mo., indicate that :frmn the area of 1naxilnum thickness 
along the Lincoln fold the Chouteau lin1estone thins 
also rather abruptly southward. 

The northeastward thinning of the formation is 
almost exaetly eomplementary to th~ thiekening of the 
underlying Hannibal shale and~ northeast o:f the sduth­
ern limit o:f tl-ie Glen Park fonuation, the comb)ned 
thickness of the Chouteau limestone and the Hanribal 
shale seems to be approximately 115 feet at all exposures, 
although it may aetually thicken slightly northeast­
ward. Southwest o:f the area in which the Glen Park 
fdr1nation is present, the Hannibal thins 1nore rapidly 
than the Chouteau thickens, and the combined thielrness 
of the two :formations cleereases to less than 90 fe~t at 
the southwestermnost exposures. (See fig. 2 0.) 

This approximately constant interval from the base 
of the Hannibal shale to the top o·f the Chouteau lime­
stone was noted by Krey.3 The relative eonstancy of 
this interval, together with the gradational eharacter of 
the contaet between the two formations (see p. 40), 
probably indicates that the upper beds o:f the Hannibal 
shale in the no1·thern part of the area were depo~ited 
at the same time as the lower beds of the Chouteau 
limestone in the southern part o:f the area. 

Topog·raphic ewp1'ession.-The Chouteau limestone is 
much more resistant to weathering and erosion than the 
underlying Hannibal shale but smnewhat less resistant 
than the Burlingto'n limestone, which lies above it. 
Consequently, exeept where the Chouteau is exposed 
in a vertieal eliff below the higher limestones, it tends 
to :form a steep slope covered with talus and float below 
outcrops o:f the overlying limestone and abo've a go.ntle 
grassy slope 1nade by the Hannibal. 

Lithologic character.-The :formation is made up of 
rather hard, dense to fine-grained, eherty, somewhat 
argillaceous and sandy li1nestone in beds :frmn ~, few 
inches to· a few feet thick. On :fresh surfaees the lime­
stone is huffy gray but where weathered it is light gray. 
The bedding surfaces are somewhat irregular, and on 
weathered outcrops the rock develops a characteristie 
nodular surface. (See pl. 7 0.) 

Typical exposures o:f the Chouteau limestone mlly be 
seen along the creek in the SW1,4NE1;4 see. 29, T. 9 S., 
R. :3 W., near the north edge of the Hardin quadrr.ngle, 
where the :formatio11 is 22 feet thick; in the bluff jn the 
NE14SW;i sec. :35, T. 11 S., R. 2 W., where 58 feet of 
Chouteau is exposed; and along the road up Gr~,ham 
Hollow in the north center NWY± see. 1, T. 6 N., R. 13 
W., a quarter o:f a mile east of the northeast corner of 
the Brussels quadrangle, where 57 :feet o:f the formation 
is exposed. 

2 Cozzens, R. B., Personal communication. 
3 Krey, Frank, op. cit., p. 37. 
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The most distinctive feature of the Chouteau lime­
stone is an abundance of calcite crystals, which on 
freshly fractured surfaces may be seen scattered through 
the dense limestone. These calcite crystals are usually 
from lj2 to 2 millimeters in diameter, and 1nany of them 
are obviously fragments of crinoid stems. 

Calcite geodes about 1 inch in diameter are common 
in n1any beds of the for1nation. The outer margins of 
a few of these geodes are some·what silicified so that they 
resemble the 1nuch larger, partially silicified calcite 
geodes of the. l{eokuk and Warsaw fonnations (pp. 46, 
47). Flat lenses and continuous concretionary beds of 
chert a few inches thick are relatively abundant in the 
formation. The centers of these chert nodules are clark 
gray, but where partially weathered the rim of sur­
rounding chert is light gray. Locally the lower heels 
co'ntain a few concretionary masses of iron sulfide. 

Thin brown argillaceous layers occur here and there 
in the lo·wer and upper parts of the Chouteau. In the 
northern part of the area where the fonnation is thin, 
the li1nestone seems to be more argillaceous; there it 
weathers readily to a soft tan chalky limestone. 

In the NWYt, sec 1, T. 6 N., R. 13 W., a heel of yellow­
ish-brown clay 1 inch thick lies between beds of lime­
stone about 10 feet above the base of the fonnation. 
A sample of this clay, collected in the belief that it 
might be bentonite or altered volcanic ash/ was exam­
ined under the 1nicroscope and found to consist domi­
nantly of well-crystallized yellow clay and calcite and 
subordinately of sniall fragments of chert and plant 
remains, a few rounded quartz grains, some dendrites 
of 1nanganese oxide, and the 1nineral titanite. Although 
no evidence of volcanic origin was recognized, . the 
occurrence of titanite is interesting, because the mineral 
is present as flat unabraded crystals several1nillimeters 
in diameter. 

Chemical analysis of a sample ( p. 157) collected from 
the upper 15 feet of the Chouteau li1nestone in an aban­
doned quarry in the town of Hardin, center E1;2 sec. 27, 
T. 10 S., R. 2 "\IV., Calhoun County, indicates that about 
82 percent of the rock consists of slightly 1nagnesian 
calcite, 10 or 11 percent of silica-probably present both 
as chert and as quartz sand-and 6 to 9 percent of clay. 
(See pp. 16-17.) Partial analysis of a sample collected 
nearby by Lamar 5 shows a n1uch larger percentage of 
1nagnes1a. 

Physical tests (p. 157) indicate that this impure lime­
stone is smnewhat n1ore porous but about as resistant 
to abrasion as most of the other li1nestones from this 
area.6 

'Hewett, D. F., The origin of bentonite: Washington Acad. Sci. Jour., 
vol. 7, pp. 197-198, 1917. Ross, C. S., and Shannon, E. V., The min­
erals of bentonite and related clays and their physical properties: 
Amer. Cemmic Soc. Jour., vol. 9, pp. 77-96, 1926. Ross, C. S., Altered 
Paleozoic volcanic materials and their recognition: Amer. Assoc. Petro­
leum Geologists Bull., vol. 12, pp. 143-164, 1928. 

5 Lamar, J. E., op. cit., p. 14. 
a Krey, Frank, and Lamar, J. E., Limestone resources of Illinois : 

Illinois Geol. Survey Bull. 46, p. 31, 1925. 

Stratigraphic 'relatio:ns.-Throughout most of the 
area the lower contact of the Chouteau appears to be 
gradational, the li1nestone grading i1nperceptibly 
through several inches into the underlying noncr1eare­
ous Hannibal shale. (See pl. 7D.) But in the southern 
part of the area where the Chouteau is thickest this con­
tact, though apparently conformable, is a much slarper 
lithologic change (fig. 20). The gradational contact 
of the Chouteau and Hannibal, together with the ap­
proximately constant interval occupied by the two 
formations ( p. 39), is believed to indicate that the 
upper part of the shale in the north was laid ckwn at 
the same time as the lower part of the limestone in the 
south, a conclusion that seems to be consistent with the 
evidence afforded by the faunas of the two formations. 7 

The upper contact of the Chouteau limestone is sharp, 
and locally it is an angular unconformity. ( s~e pp. 
44-45.) 

The stratigraphie relations and the geographic vari­
ations in thickness of the Chouteau limestone are of 
especial interest in any effort to interpret the gf.ologic 
and structural history of the area embraced in the Har­
din and Brussels quadrangles. The stratigraphic re.ia­
tions of the underlying Kinderhook formations - the 
southwestward thinning of the Louisiana and the Glen 
Park and the southwestward overlap of the Hannibal­
all seem to indicate gentle but repeated uplift of the 
Lincoln anticline during early Mississippian time. Also 
a study of the faunas is said to show '"that in early 
Kinderhook time there were two distinct faunal prov­
inces within the present Mississippi valley region, a 
northern provinee and a southern provinee, separated by 
an east and west line at a point near the 1nouth of the 
present Illinois River." 8 Other evidence also indicates 
repeated uplift of this area again in 1niddle Mis';'issip­
pian time. (See pp. 45, 144-145 ~ fig. BA.) 

The question naturally arises whether the thickening 
of the Chouteau t.owarcl the crest of the Lincoln anti­
cline probably indicates another upwarp of the r,rea at 
that ti1ne or a complete reversal of the n1ove1nent and 
temporary downwarp there. Limestone, even impure 
limestone like the Chouteau, presumably was formed in 
cleare.r water than that in which argillaceous beds like 
the Hannibal were laid clown. Furthermore, outside 
the limits of the Hardin and Brussels quadrangle~ son1e 
beds of the Hannibal shale pass northwestward and very 
probably southward into sandier rocks that must have 
been laid down in shallower water or nearer shore. 
These relations semn to indieate that, while the Chouteau 
was accumulating, the site of the Lincoln anticline was 
relatively far from the land areas that were the source of 
the sand and shale. 

However, it does not neeessarily follow, because the 
Chouteau limestone was deposited farther frorr land, 

7 Moore, R. C., op. cit., pp. 56, 57, 59, 60, 76. 
8 Weller, Stuart, Kinderhook faunal studies, IV, The fauna of the 

Glen Park limestone : St. Louis Acad. Sci. Trans., vol. 16, p. 4~8, 1906. 
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that it was laid dmvn in deeper water than the Hannibal 
shale. In fact, warm shallow banks 9 separated from the 
land areas by deeper troughs in 'vhich the land-derived 
muds may all settle out are probably one of the 1nost 
favorable environments for the deposition of limestone. 
In a case of lateral gradation of Greenhorll limestone 
into Belle Fourche shale in southeastern Montana, very 
similar to that of the Chouteau and the Hannibal, the 
writer 10 found evidence indicating that the limeston~ 
probably accumulated in shallower water than the shale. 
The thin laminations ( pp. ;37 --.38; pl. 7 B) in at least some 
of the layers of Hannibal shale semn to show that this 
shale. was deposite-d in water dee.p enough to be beyond 
the e-ffects of disturbance by waves, and ths irregular 
bedding surface-s in the· Chouteau limestone. suggest that 
the limestone. was de-posited in1nuch shallower water. 

It therefore. se.ems that the. distribution or are.al rela­
tions, the lithologie character, and the bedding of the 
Chouteau limestone in Calhoun and Je.rsey Counties can 
be nwst simply explained if the site of the Lincoln anti­
cline had been coYered by water shallower than that in 
which the Hannibal shale accumulated. This conclu­
sion accords ·with the e.vide.nce. afforded by the other 
Kinderhook and by late.r Mississippian formations that. 
the Lincoln anticline was ge.ntly but repeatedly uplifted 
throughout ~Iississippian time. 

Fossils.-Fragme-nts of crinoid ste.ms are scatte-red 
through the de.nse. Chouteau lin1e.stone, but other 
organic. remains are abundant in only a few places. The. 
upper beds of the. formation see.n1 to be n1ore fossilife-r­
ous than the. lower beds and, at the. southe-rnmost e.xpo­
sure.s, where. the. formation is thickest, fossils are. locally 
abundant. (See table, p. 172, and Moore,10

" pp. 67-63.) 
Nam-e.-The Chouteau limestone. was named from 

outcrops in central Missouri.U Potter 12 applie-d the. 
name to beds in Lineoln County, Mo., and W orthe.n 13 

correlated the upper unit of the l{inclerhook group in 
Calhoun County with the. Chouteau limestone of Mis­
sourr. Weller 14 and later write-rs 15 have used the name 
Chouteau limestone for the be.ds exposed in the. Hardin 
and Brussels quadrangles. These early usage-s of the 
name Chouteau lime-stone. in the Hardin a1Jd Brussels 
quadrangles appear to corre-spond exactly with 
l\1oore 's 16 restricted usage of the name in Missouri. 

9 Twenhofel, W. H., Treatise on sedimentation, pp. 245-246, 1926. 
10 Rubey, W. ,V., Lithologic studies of fine-grained: Upper Cretaceous 

sedimentary rocks of the Black Hills region: U. S. Geol. Survey Prof. 
Paper165,pp. 7,12-13,51-52,53,1930. · 

toa Moore, R. C., op cit., pp. 67-68. 
11 Swallow, G. C., Missouri GPo!. Survey, 1st and 2d Ann. Repts., pp. 

101-103, 1855. 
12 Potter, ,V. B., Geology of Lincoln County, in Preliminary report on 

the iron ores and coal fields: Missouri Geol. Survey, pp. ::45-246, 1873. 
13 Worthen, A. H., Geolog,y of Illinois; Calhoun County: Illinois Geol. 

Survey, vol. 4, p. 10, 1870. 
14 'Veller, Stuart, Notes on the geology of southern Calhoun County: 

Illinois Geol. Survey Bull. 4, pp. 226-227, 1907. 
15 Krey, Frank, op. cit., p. 37. Lamar, J. E., op. cit., p. 8. 
16 Moore, R. C .. op. cit., pp. 61-63, 84. 

The. lower part of the Chouteau limestone in the 
southern part of the two quadrangles appears to be 
conte-mporaneous with the uppe.r part of the Hannibal 
shale to the north (p. 40). Thus, the idealized "':ime 
lines" of strict eontemporaneity seem to eut obliquely 
across the Hannibal-Chouteau contact (fig. 20). Yet 
it seems perfectly clear that the na1ne Chouteau nutst 
be applied to the limestone unit and Hannibal tc the 
shale. unit. Both format~ions are distinet lithologic and 
faunal units. Apparently there. are no lithologic 
marker beds or faunal zone.s that might he mapped as 
reliable time lines of strict conte1nporane.ity. Even if 
beds that marked true. time lines could be found, it would 
still be of very questionable yalue to map them intteacl 
of the lithologie contacts as formation boundarie-s. The 
lithologie units are of funda1nental importance ir the 
de-velopment of mineral resources or in the. interpreta­
tion of geologie history, and their boundaries cannot be 
ignored. It is of course essential to learn the. time. rela­
tionships of the lithologic facies but, e.ven when this 
information is finally complete., it is i1nmaterial which 
is taken as the basis of refere.nee.-whether tin:te lines 
cross lithologic eontacts or vice. ve.rsa. Of the. two, one 
is so eminently we.ll suited and the other so poorly suite-d 
to the. conditions of ac.tual n1a pping that American 
geologists have come ge-nerally to aece.pt lithologie 
units as the fundamental basis for mapping and, where 
these are. known to transgress time. lines, to show their 
time relationships diagrammatically. 

OSAGE GROUP 

The limestone beds in the Hardin and Brusse-ls quad­
rangles that make up the Sedalia, Burlington, and. 
l{eokuk limestone-s-the Osage group 17-range from 
200 to 275 fe.et in total thickness. Lithologically these 
formations are all very similar, and they seem to be 
conformable and locally even gradational througl:ont. 
The faunas also are said not to be strikingly different 
from one another.18 The Fern Glen fonnation, a Inem­
ber of this group that erops out just east of the Bru~sels 
quadrangle., appears to grade. laterally within a rela­
tively short distance into the Se-dalia and the lower part 
of the Burlington lin1estones. 

Inasmuch as the. formations of this group are litho­
logically, stratigraphically, and faunally so elosel:r re­
lated to one another over wide areas, it has bee.n proposed 
that they might appropriately be grouped toge.ther into 
one eomprehensive Osage formation and the subordinate 
divisions reduced in rank to faunal zone.s or memb~rs.19 

t7 Williams, H. S., Correlation papers-Devonian and Carboniferous : 
U. S. Geol. Survey Bull. 80, p. 169, 1891. 

1s Fenneman, N. l\'L. Geology and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, p. 17, 1911. 
Weller and St. Clair, op. cit., pp. 173, 183. 

1n 'Vachsmuth, Charles, and Springer, Frank, Transition forms in 
crinoids, and descriptions of fi\·e new species: Nat. Acad. Sci. Proc., 
Philadelphia, p. 224, 1878. Weller, Stuart, and St. Clair, Stuart, Geol­
ogy of Ste. Genevieve County, Missouri: Missouri Bur. Geolog;.., and 
1\Iines, 2d ser., yol. 22, p. 173, 1928. 
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s. 

A. Lower and middle Silurian rocks at beginning of Cedar Valley (Upper Devonian) deposition 

N. s. 

B. Silurian and Devonian rocks at beginning of Kinderhook (lower Mississippian) deposition 

N s 

E Base of Sedalia and Burlin ton limestones E' 

C. Kinderhook and Devon1an rocks at close of Kinderhook deposition 

Horizontal scale 

5 0 

Vertical scale exaggerated about 200 times 

FIGURE 2.-Generalized cross sections along lines shown in figure 14, sbowing approximate structural relations. 

However, in this report the usual classification is :fol­
lowed. 

SEDALIA AND BURLINGTON LI:MES'l'ONES 

The Chouteau li1nestone is overlain by the thick series 
o:f cherty limestone beds that 1nake up the Sedalia and 
Burlington :formations. These :formations crop out over 
a wide area, :forn1ing parts of the bluffs and nearly all 
o:f the uplands throughout the Hardin quadrangle and 
that portion o:f the Brussels quadrangle north o:f the 
Cap au Gres fle.xure. Like the IGmmswick and the 
St. Louis limestones, and unlike nearly all the other 
:fonnations o:f the region, the Burlington limestone caps 
the uplands; hence, it is not restricted to narrow lines o:f 
outcrop along the steep bluffs but is the bedrock under­
lying wide areas. (See pl. 1.) However, the Burling­
ton limestone is aetually exposed in only a small part 
o:f its wide zone of outcrop :for in 1nost places it is cov-

ered by surficial deposits of Pleistocene and Recent age. 
(See pp. 5-6.) 

Thickness.-Paleozoic :formations younger than the 
Burlington limestone are present in the Hardin and 
Brussels quadrangles only in the area south o:f tl~ Cap 
au Gres flexure and in the northeast corner of the area. 
Consequently, variations in thickness, as observed in 
the lower :formations, cannot be traced throughout the 
region. Along the Cap au Gres flexure in both Crihoun 
and Jersey counties the cmnbined thickness o:f the 
Sedalia and Burlington limestones seems to b~ uni­
:formly about 140 :feet. In the northeast part o:f the 
H~rdin quadrangle the beds are flat lying, and. their 
thilekness is difficult to determine. The best locality :for 
a measurement is in the NW%NW% sec. 12, T~ 8 N., 
R. 13 "' ... · There 190 :feet o:f Burlington li1nestone comes 
to 1the surface and neither underlying nor overlying 
:fo1~mations are exposed. Frmn a series o:f rather poor 
measurements it seems probable that the cmnbined thick-
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ness of the Sedalia and Burlington lin1estones in the 
northeast part of the area is approximately 200 or 210 
feet. 

The Sedalia limestone lies below the Burlington and 
above the Chouteau limestone. In some places it is a 
well-defined lithologic unit ranging from 5 to 30 feet 
thick. Elsewhere its upper limit is unrecognizable. for 
it seems to grade imperceptibly into the overlying Bur­
lingto'n. The measurements taken where its limits are 
reeognizable indieate that it thins, very irregularly, 
nortlnvard. 

Toporrraphic e.:rpression.-The Burlington and Se­
dalia Hmestones make up a thiek unit of hard cherty 
limestone. Beeause of the hardness of the cherty 
limestone or the protecting effect of residual chert that 
accumulates on weathered outcrops, the unit is exceed­
ingly resistant to erosion; thus, it caps the uplands and 
forms the steep bordering cliffs. 

Although resistant to erosion, the limestone is very 
pure and readily dissolved by percolating ground water. 
Hence, where they are not covered by glacial till, the 
uplands on the Burlington limestone are 1narkecl here 
and there by sinkholes. These Burlington sinkholes 
are most abundant along the narrow remnant of upland 
sudaee. in Tps. 11 and12 S., R. 2 W., Calhoun County. 
Even ·within the till-cove.red areas, as near the emnmon 
corner of sees. 15, 16, 21, and 22, T. 8 N., R. 13 W., Jersey 
County, some sinkholes are developed. 

The lower and middle parts of the Burlington lime­
stone seem to be nwre resistant to erosion than the upper 
part, and they not uncommonly form nearly vertical 
or even overhanging cliffs above the Sedalia and Chou­
teau limestones. The Sedalia lin1estone, on the other 
hand, is somewhat less resistant than the lmver part of 
the Burlington and the Cho·uteau and in many placE~s 
it forms a reentrant ledge or niche in the steep bluff 
face. 

Lithologic cnW'acter.-The Sedalia limestone is COlll­

monly a buff, massive, fine-grained, somewhat crinoidal, 
and perhaps slightly dolomitic limestone. The linH~­
stone contains calcite geodes and flat lenticular beds of 
dark-gray chert with light-gray rims. In this respect 
it resembles the Chouteau limestone, but the geodes are 
larger and the chert less abundant than in the Chouteau. 
This common phase of the Sedalia is not everywhere 
present, and loeally the formation is interlaminated 
with othe.r very dive.rse rock types. In places it co·ntains 
layers that are lighter gray or darker brown, or thinner­
beclcled and more argillaceous, or more coarsely crystal­
line and crinoidal. This diversity 1nay possibly be 
explained as part of the gradation of the Sedalia up­
ward into the co·arsely erystalline crinoidal Burlington 
lin1estone and laterally into the thin-bedded argillaeeous 
Fern Glen formation, which crops out only a few 1niles 
to the east near Grafton and Chautauqua. The Sedalia 
limestone, here about 20 feet thick, and 100 feet of the 

overlying Burlington limesto'ne are excellently exposed 
in the bluff in the center Wlj~ sec. 23, T. 11 S., R 2 VT. 

The Burlington limestone eonsists dominantly of 
hard, light gray and brown, cherty, erinoidal, coarsely 
crystalline limestone, almost like marble, which is nas­
siYe where fresh and moderately thin and some·what 
irregularly beclcled ·where weathered. l\iany of the 
harder and purer layers eontain abundant stylolites. 
Here and there throughout the formation are a fe,v 
layers of fine-grained, brown limestone similar to those 
in the Sedalia li1nestone. In general, the formation 
becomes more coarsely erystalline, mol·e highly crinoi­
dal, softer, and somewhat thinner bedded above. Good 
exposures of the upper part of the formation are rela­
tively uncommon, but where found they show thin 
argillaceous layers between some of the beds of lime­
stone, and bedding surfaces that are marked by thin 
layers of green clay. Although eonunonly light gray, 
or nearly white ·where fresh, the Burlington limestone 
weathers to a brownish gray, especially in the upper 
and more granular part of the formation. The upper 
125 feet of the Burlington limestone is well exposed on 
the north side of the hill in the NE%, sec. 35, T. 1£ S., 
R.2W. 

The degree of erystallinity or the coarseness of tex~ure 
of the Burlington limestone seems to run closely parP llel 
with the proportion of crinoid fragments in the r1ck. 
Some layers appear on casual inspection to consist 
entirely of crystalline fragments of crinoid stems. but 
upon close examination this rock ean be seen to contain 
much coarse and fine erystalline calcite whieh is not 
obviously at least of erinoidal origin. It therefore is 
not eertain how· 1nuch of the crystalline textt~re of the 
limestone may be due to some process of recrystalliza­
tion,::!o which the calcite has undergone., and how n1uch to 
the presence of crystalline fragments of erinoids. 

The chert of the Burlington limestone is probabl~r its 
nwst widely known charaeteristic. Yet the ehert is 
exceedingly lenticular and discontinuous in its OC('Ur­
rence ~ in places the formation contains 1nuch ehert and 
elsewhere the same layers contain almost none. 

The chert in the Burlington lin1estone is of at 1<:-.ast 
two distinct types. The commoner type consistf of 
sharply defined nodular masses several feet iu diameter 
and several inches thick. These nodules lie paralld to 
bedding planes and locally they coalesce to fonn eon"re­
tionary beds. The chert is dense to smnewhat granular, 
light gray to bluish gray and locally even blaek and 
banded whe.re fresh, and nearly white to brmvnish ~Tay 
where weathered. In general this nodular chert is more 
abundant in the upper part of the formation, but the 
writer was unable to trace any especially cherty layers 
from one exposure to another. In smne exposurE,s it 
makes up 10 or 15 percent of the volume of the rock, but 

2o Fenneman, N. 1\f .. Geology and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois : U. S. Geol. Survey Bull. 438, p. 21, 1911. 
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elsewhere apparently the same beds contain very little 
chert. 

The second type of chert in the Burlington lin1estone 
is distinctly different in its n1ode of occurrence ·and 
localized in its distribution. It is rather soft, pale 
brown to white, porous, granular, bedded chert which 
seems to be restricted to the till-covered upland surfaces 
and to grade i1nperceptibly into the underlying lime­
stone. Where best developed, as in the SE¥48\V¥4 sec. 
14, T. 8 N., R. 13 W., it is at least 40 feet thick. A thin 
section of this bedded chert from the NW¥4 sec. 2·±. T. 
8 N., R. 13 W., consists almost entirely of microcrystal­
line quartz. Neither chalcedony nor opal was observed, 
but the rock is streaked or mottled by a few stringers of 
clay and tiny crystals of calcite. This bedded chert 
contains angular fragments of harder dense chert, and 
its heckling is somewhat irregular and slightly dis­
turbed. These characteristics see1n to show that the 
bedded chert is in part the slumped-down residue left by 
the solution of cherty lin1estone. 

However, this explanation taken alone does not appear 
to explain satisfactorily the gradational lower limit, the 
local distribution, and the thickness of this type of chert. 
_._~ thickness of 267 feet of limestone that contained 15 
percent of chert ·would have to be dissolved away to yield 
a chert residue 40 feet thick. The beds of limestone 
immediately below the thick chert are in the upper part 
of the Burlington, and the upper part of this chert 
contains none of the easily recognizable upper J(eoknk 
and Warsaw concretions. Hence, from the known 
thickness of the interYening beds, it seems clear that less 
than 125 feet and probably even less than GO feet of 
cherty li1nestone has been leached to forn1 the 40 feet of 
bedded chert. The conclusion then seems ]nescapable 
either that the beds were originally much chertier here 
than elsmvhere or that at least some of the bedded che,rt 
has been forn1e.d by the replacement of li~mestone, the 
silica-bearing waters possibly having percolated do·wn­
ward from the overlying glacial till. 

A si1nilar explaitation has been suggested as the origin 
of smne Ordovician cherts in Missouri.21 However, 
Tarr 22 and Barton 33 in special studies of the nodular 
chert in the Burlington limestone of central and of 
eastern Missouri, concluded that the chert w~s probably 
fonned at the time of deposition of the limestone, or 
after deposition but before the Pennsylvanian epoch. 

Thick accmnulations of broken angular fragments 
of chert in residual red clayey soil 1night possibly be 
considered as a third type or mode of occurrence of 
the chert in the Burlington li1nestone. These accmnula­
tions are from l 0 to 40 feet thick and without obvious 
upland surfaces outside the limits of Illinoian glacia-

21 Bain, H. F., and Ulrich, E. 0., 'l'he copper deposits of Missouri: U. S. 
Geol. Survey Bull. 267, pp. 27, 29, 1905. 

22 Tarr, W. A., Origin of the chert in the Burlington limestone : Amer. 
Jour. Sci., vol. 44, pp. 409-452, 1917. 

23 Barton, D. C., Notes on the Mississippian chert of the St. Louis 
ar~>a: Jour. Geology, vol. 26, pp. 361-374, 1918. 

bedding and they Inantle the Burlington limestone on 
tion. They are especially well developed on the narrow 
uplands near Coon Oreek and Willia1ns Hollow in 
southwestern Jersey County. These accmnulations of 
chert are clearly the result of long-continued weatl'o,ring 
and leaching of the cherty li1nestone, and they are not 
properly considered as a part of the Paleozoic lime­
stone. (See p. 7 4.) 

Chemical analysis of a sample (p. 157) coilectecl frmn 
the lower 70 fePt of the Burlington limestone eroosed 
along the road on Rocky Hill in the SE1JtSE1Jt s~c. 28, 
T. 10 S., R. 2 W., indicates that the rock consistf of 96 
percent of fairly pure calcite, about 2 percent of silica­
probably disseminated chert-between 0.5 and 1.0 per­
cent of clay, less than 0.5 percent iron oxide, and an 
almost negligible amount of iron sulfide. ( s~e pp. 
16-17.) 

Partial analy3is of a sample collected near the same 
locality by Lamar 24 indicates a slightly larger propor­
tion of impurities in the limestone. The analysis given 
here is similar to partial analyses of the Burlington 
limestone in St. Louis Connty,25 at Hannibal,26 and in 
Pike and Ralls Counties,27 Mo., and to an aver-1.ge of 
several analyse::) of the Burlington li1nestone in Illi­
nois.28 Physical tests of samples of Burlington lime­
stone from Calhoun, Greene, and Jersey Counties 29 

show that the rock varies considerably in its porosity 
and is less resistant to abrasion than most. of the other 
limestones of the region. 

· The wide dj:5tribution and relative purity of the 
Burlington limestone makes it one of the n1ost vduable 
mineral resources in the Hardin and Brussels quad­
rangles. It is well adapted to grinding for agricultural 
use, and many small quarries have been opened in the 
fonnation by residents of the region and operated for 
a short while. 

Stratigraphic 1•elation-~.-The contact of the 8o,dalia 
and Chouteau limestones is nearly everywhere sharply 
defined and in several places is a slight erosional uncon­
forn1ity. A short distance east of Brussels quadrangle; 
along the general line o:f the Cap au Gres flexur~"~, as in 
the NElJt see. 4 and the SEl4 sec. 13, T. 6 N., R 12 W., 
the contact between the Chouteau and overlying beds, 
here referred to the Sedalia, is a slight but unmistakable 
angular unconformity. 

In 1nany e,xposures the Sedalia lim.estone se~ms to 
grade i1nperceptibly through 5 or 10 or even mere feet 
of transitional beds into the overlying typical Burling-

24 Lamar, J. E., Preliminary report on the economic mineral resources 
of Calhoun County: Illinois Geol. Surwy Rept. Inv. no. 8, p. 14, 1926. 

25 Ladd, G. E., The clay, stone, lime, and sand industries of St. Louis 
City and Count~·: Missouri Geol. Survey Bull. 3, p. 77, 1890. 

26 Buckley, E. R., and Buehler, H. A .. The quarrying industry of 
Missouri: Missouri Bur. Geology and Mines, 2 ser., vol. 2, p. f08, 1904. 

27 Buehler, H. A., The lime a.nd cement resources of Missouri: Missouri 
Bur. Geology and Mines, 2d ser., vol. 6, p. 237, [1907]. 

2R Krey, Frank, and Lamar, ~- E., Limestone resources of Illinois: 
Illinois Geol. Survey Bull. 46. p. 311, 1925. 

29 Krey, Frank, and Lamar, J. E., op. cit., pp. 47, 51. 52. 
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ton limestone. In other exposures, however, the contact 
between the Sedalia and Burlington is sharp and well 
defined. 

Near Chautauqua and Grafton several geologists 30 

have recognized the Fern Glen :formation 31 between 
the Chouteau and Burlington limestones or, if a lower 
bed in this Fern Glen be considered Sedalia,32 between 
the Sedalia and Burlington limestones. At Chautauqua 
the Fern Glen consists o:f about 40 :feet of thin-bedded 
cherty argillaceous lin1e.stone that is greenish in the 
lower part and huffy in the upper part. The chert 
occurs in thin coneretionary beds and is similar to that 
in the Chouteau and Sedalia li1nestones in this region. 
The layers o:f limestone contain calcite geodes and m.any 
small frag1nents of erinoitl stems. 

South of Chautauqua in east-central Missouri 33 the 
Fern Glen is a widespread formation of green and reel 
argillaceous cherty limestone. 1V ell records indicate 34 

that it thickens eastward :frmn Chautauqua along the 
axis o:f the Troy-Brussels syncline. Northward and 
'vestwarcl :frmn Chautaqua the Fern Glen disappears or 
becomes unrecognizable within a :few miles. The north­
westermnost exposure at whieh it was seen by the writer 
is in Mason Hollow in the north center NEl!l, sec. 4, 
T. 6 N .. R. 12 W., 3 miles east o:f the Brussels quad­
rangle. There it consists o:f approxi1nately 40 feet o:f 
thin and somewhat nodular bedded, greenish and reel­
dish-gray crinoiclallimestone and some chert and calcite 
geodes. No Fern Glen was recognized within the 
Hardin and Brussels quadrangles unless the thin­
bedded somewhat argillaceous layers found locally in 
the Sedalia limestone n1ay represent the Fern Glen. 

This is rather abrupt disappearance o:f the Fern Glen 
:formation north and west of Chautauqua and Grafton 
and has been interpreted as lateral gradation into the 
Burlington limestone.35 Moore 36 also interprets the 
Fern Glen formation, or at least the ]mver part of it, 
as grading laterally into the Sedalia limestone. 

The precise stratigraphic relations o:f the Sedalia, the 
Fern Glen, and the Burlington fonnations in and inl­
mecliately east of the Hardin and Brussels quadrangles 
have not yet been established. In some exposures each 
of the three :fonnations seems to be con:fonnable or even 

3'J "'eller. Stuart, Kinderhook faunal studies, Y. The fauna of the Fern 
Glen formation: Geol. Soc. America Bull., vol. 20. p. 268, 1909. Krey, 
Frank. Structural reconnaissance of the Mississippi Valley area from 
Old Monroe, Mo., to Nauvoo, Ill. : Illinois Geol. Survey Bull. 45, p. 38, 
Hl24. Moore, R. C., Early Mississippian formations in Missouri: Mis­
souri Bur. Geology and Mines, 2d ser., vol. 21, 11. 147, 1928. 

31 "'eller, Stuart, Kinderhook faunal studies, IV, The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, p. 438, 1906. 

32 Moore, R. C., op. cit., pp. 146, 150-151; also, personal communica-
tion. 

3a Fenneman, N. M., Geology and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois: U. S. Geol. Surwy Bull. 438, pp. 19-20, 
1911. • 

34 Collingwood, D. M., Manuscript report in files of Illinois Geological 
Survey. 

:;5 Krey, Frank, Structural reconnaissance of the Mississippi Valle~' 
area from Old Monroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
Ye~' Bull. 45, p. 38, 1924. l\Ioore, R. C'., op. cit., l)P. 145-146, 253. 

36 Moore, R. C., op. cit., pp. 144, 146, 150, 166, 253-254. 

completely gradational into each of the others, but at a 
few exposures the different :formations or lithologic 
m~its appear to be separated :from one another by ~·harp 
contacts that 1nay ·represent i1nportant breaks in sedi­
mentation. 

It is perhaps worth noting that the area in v-rhich 
there is angular uneon:formity between the Chouteau 
and the Sedalia li1nestones and the region where the 
Fern Glen disappears abruptly are each near the line 
of the Cap au Gres flexure. This evidence, con1l'~necl 
with that afforded by the variations in thicln1ess and 
the stratigraphic relations o:f the Kinderhook forma­
tions, indicates strongly that minor movements were 
taking place along this :fold during early and middle 
Mississippian ti1ne. 

The Burlington li1nestone seen1s to be con:for1nable 
throughout and the gradual change to softer, more 
coarsely crystalline, 1nore highly erinoiclal, and some­
what thinner-bedded layers in the upper part SBems 
to show that the formation is essentially one lithologic 
unit. 

Along the Cap au Gres flexure and in the nortlv~ast­
ern part o:f the area the Burlington limestone is overlain 
by the l{eokuk limestone, but in the intervening area 
it :forms the uplands and is the youngest Mississippian 
formation. In this area the Burlington lin1estone is 
overlain unconformably by local rmnnants of Pennsy 1-
vanian and Tertiary rocks (pl. lOA.; fig. 3D) and by a 
n1ore or less continuous 1nantle of Pleistocene deposits. 

The contact o:f the Burlington with the l{eokuk lime­
stone seems to be confor1nable and gradational, and the 
line between the two :for1nations in this area must be 
drawn ahnost solely on the basis o:f the cont9.ined 
faunas. 

Fossils.-The Sedalia and Burlington limestone2 are 
abundantly fossiliferous, but by :far the greater propor­
tion o:f these organic rmnains comprises broken frag­
ments of crinoid stems. In :fact, smne thick layers o:f 
limestone in the formation appear to be made up a] most 
solely of crinoid stems. However, brachiopods and :t 

few bryozoans and eorals may be found throughout both 
formations. The eollections made during the field work 
on whieh this report is based (see table on p. 172) are 
therefore barely n1ore than indicative o:f the faunas o:f 
these beds. In general, the Sedalia lin1estone in this 
area ''Tas reeognized nwre by its lithologie eharaeter 
than by its fauna. 

N a.m~es.-The early workers in the geology of this gen­
eral region, like Potter 37 in Lincoln County, 1\lo., called 
these beds the "Encrinital" limestone 38 :from the abun­
dance of crinoid fragments that they contain. But the 
name Burlington limestone had also been used by C ..--.:ren 

37 Potter, ,V. B., Geology of Lincoln County, in Preliminary report on 
the iron ores and coal fields: Missouri Geol. Survey, pp. 250-253, 1873. 

Js Owen, D. D .. Report of a geological sm·vey of "Tisconsin, Iowa, and 
}Iinnesota and incidentally of a portion of Nebraska territory, Philadel­
phia, p. 92, 1852 
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and by Hall 39 for rocks exposed in Iowa, and this name 
was applied by Worthen 40 to the beds above the l{inder­
hook group and below the l{eokuk limestone in Calhoun, 
Jersey, and Greene Counties, Ill. Later writers have 
followed this usage, but Moore recognized the Sedalia 
limestone 41 as a separate formation1nade up of beds that 
have been included with the Burlington in Illinois and 
with the Chouteau in Missouri. The Sedal1a is thus a 
restriction of the Burlington as it has b2en mapped in 
parts of western Illinois, and at the same time it is a 
restriction of the Chouteau in Missouri. Moore stated 
that "on the east side of Mississippi River in Jersey, 
Calhoun, and Pike Counties, Ill., it is well developed 
and may be observed with all characteristie features in 
the bluffs of Mississippi River as far north as IGncler­
hook.'' 42 

Because of the thinness of the Sedalia limestone and 
the indefinite boundary that in many places separates it 
fron1 the overlying Burlington li1nestone, the two for­
:mations are shown as one unit on the geologie 1nap. 
(See. pl. 1.) 

KEOKUK LIMESTONE 

Along the Cap au Gre.s flexure (from sec. :32, T. 12 S., 
R. 2 W., east to· sec. 1:3, T. 6 N., R. 1:3 W.) and in the 
northeastern part of the Hardin quadrangle the Bur­
lington limestone is overlain by the lithologically very 
similar beds that constitute the Keokuk limestone. At 
all its exposures in the area this formation seems to be 
unifol'lnly between 60 and 70 feet thick. 

Lithologic chm·acter.-The rocks that make up the 
l{eokuk limestone are so nearly identical in their litho­
logie character with those of the Burlington limestone 
that one description might well serve for both forma­
tions. In general, the Burlington limestone becomes 
more coarsely crystalline, nwre highly crinoidal, softer, 
and thinner-bedded above. Broadly speaking, the l{eo­
kuk limestone likewise is softer and thinner-bedded 
above, but it is more coarsely crystalline and 1nore 
highly crinoidal in its lower beds. The l{eokuk contains 
brown to gray, somewhat calcareous clay or mudstone, 
in layers from less than 1 inch to several feet thick, 
interlaminatecl with the limestone beds, and the liine­
stone is commonly darker gray where weathered and 
bro·wner on weathered surfaces than the Burlington. 
However, the rocks are so variable that none of these 
·general differences serve to distinguish the lower part of 
the l{eokuk from the upper part of the Burlington. 

The lmver and middle parts of the Keokuk limestone 
contain abundant nodules of chert like those in the 

39 Hall. James, Observations upon the Carboniferous limestones of the 
Mississippi Valley: Amer. Jour. Sci., 2cl ser., vol. 23, p. 190, 1857. 

40 Worthen, A. H., Geology of Illinois; Jersey County: Illinois Geol. 
Surny, vol. 3, pp. 113-115, 1868; Greene County: idem, pp. 129-130; 
Calhoun County: idem, vol. 4, pp. 12-14, 1870. 

41 l\loore, R. C., op. cit., pp. 84, 149, 151. 
42 Moore, R. C., op. cit., p. 149, and fig. 2. 

Burlington. Mo'st of this chert in the Keokuk se~ms to 
be slightly darker gray in color than the chert in the 
Burlington, but the chert also is so variable in its 
character that it cannot be relied upon to mark the 
contact between the two formations. It is in fact only 
by their contained :faunas that the Burlington and 
l{eokuk limestones can be distinguished. 

The limestone beds in the upper part of the Keokuk 
and the calcareous shale in the overlying Warsaw for­
mation contain cherty concretions of a very different 
and distinctive type. These concretions are nu'Jnmil­
lary nodules or hollow geodes that are eommonl? from 
;) to 5 inches in 1naximum diameter and 2 to 21j2 inches 
thick. In fresh exposures these geodes are mr.cle up 
almost entirely o:f coarsely crystalline calcite; where 
somewhat weathered they have a dense siliceotF shell 
and a lining of small quartz crystals around the interior 
cavity; and in residual accumulations they seem to· he 
n1ade entirely of silica. (See p. 47.) 

Seventy :feet of the I\:eokuk limestone and also the 
underlying and overlying formations are well exposed 
along the steeply dipping Cap au Gres flexure in the 
NW1,4NW1,4 sec. 32, T. 12 S., R. 2 W., at the river's edge 
south of Dogtown Hollow. Approximately 60 feet of 
the l{eokuk limestone is well exposed in the ere~k bed 
in the NWl4 see. 1:3 and the NE~i sec. 14, T. 9 N., R. 13 
W., near the northeast corner o£ the Hardin quadrangle. 

Stratigraphic relations.-Although its lower contact 
is rarely ·well exposed in the Hardin and Brusself quad­
rangles, the l{eokuk limestone is apparently con:fonn­
able and completely gradational into the unde.rlying 
Burlington. Lithologie similarity and conformable re­
lations between the two fo·rmations have been reported 
in many nearby regions. 43 

The upper limit of the l{eokuk limestone, though 
marked by a sharper lithologic change than that at the 
base of the formation, also seems to be eonformal'le. 

Fossils.-The Keokuk, like the Burlingtonlima,.stone, 
contains many frag1nents of crinoid stems. This highly 
crinoidal character of the limestone is especiall~r pro­
nounced in the lower part of the l{eokuk and the upper 
part of the Burlington and in these adjacent parts of 
the two formations many of the crinoid stmns are very 
large. The 1nost readily recognized faunal distinction 
between the two formations is the greater abundance 
and variety of bryozoans in the Keokuk limesto'le. A 
few of the peculiar corkscrew bryozoans, A1·chhnedes, 
which occur also in younger formations, 1nay be found 
in the l{eokuk. (See p. 172.) However, it is said that 
the general faunal cmnposit.ion o£ the l{eokuk is clearly 

43 Weller, Stuart, The geological map of Illinois: Illinois Geol. Survey 
Bull. 6, p. 24, 1907. Fenneman, N. M., Geolo!!'y and mineral resources of 
the St. Louis quadrangle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, 
p. 20, 1911. Krey, Frank, op. cit. pp. 38-39. Weller, Stuart, and St. 
Clair, Stuart, op. cit., pp. 173, 183-185. Moore, R. C., op. cit., pp. 143-
144, 228. 
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related to that of the Burlington and that the faunal 
change frmn one formation to another is neither abrupt 
nor conspicuous. H (See p. 41.) 

At one locality, in the SEJASEJA see. 28, T. 8 N., R. 
13 W., poorly preserved plant remains were found in 
a bed of noncaleareous shale 2% feet thick in the lower 
part of the Keokuk. 

N (Nne.-The Keokuk li1nestone was nan1ed frmn beds 
in southeastern Iowa.45 Worthen .w applied the name to 
the rocks overlying the Burlington limestone in Jersey, 
Greene., and Calhoun Counties, Ill., but he apparently 
included in the same formation the beds of overlying 
shale. here referred to the Warsaw forn1ation. Weller 41 

and I\:rey 48 in their reports on this area restricted the 
Keokuk li1nestone to the strata between the Burlington 
and the Warsaw. 

In the geologic n1a p (pl. 1) the J(eokuk is shown sepa­
rately frmn the underlying Sedalia and Burlington 
limestones. It might more accurately have been in­
clude.d with those fonnations as the Osage group for, 
except in the southern part of the area, where the beds 
are steeply dipping and a fairly dependable subdivision 
may be made by thicknesses and on purely lithologie 
grounds, the separation was based almost solely on the . 
fossil content. As diagnostic. fossils cannot be found 
in all s1nall exposures and as it is i1npracticable to make 
collections at every exposure, the contact shown on 
plate 1 is necessarily exceedingly generalized. 

MERAMEC GROUP 

The youngest Mississippian rocks exposed in the 
Hardin and Brussels quadrangles are the lower units of 
the Meramec group: 49 the Warsaw, Spergen, and St. 
Louis formations. The Ste. Genevieve limestone, which 
overlies the St. Louis limestone at Alton, Ill.,S0 and is 
included in the Meramee group by Weller and smne 
other geologists. was not recognized in the area. This 
group consists dominantly of li1nestone but it includes 
in its lower part many argillaeeous layers and at its top 
some sandy beds. Its total thickness ranges from about 
200 to 320 feet and probably averages about 300 feet. 

No strata belonging to the Chester group (late Mis­
sissippian) were recognized in the area. The Meramec 
rocks are immediately overlain by Pennsylvanian beds. 

u \Veller, Stuart, and St. Clair, Stuart, Geology of Ste. Genevieve 
County, Missouri: Missouri Bur. Geology and Mines, 2d ser. vol. 22, 
p. 183, 19:!8. Moore. op. cit .• p. 228. 

4:> Owen, D. D .. in Hall, James, Observations upon the Carboniferous 
limestones of the Mississippi Valley: Amer .. Tour. Sci., 2d ser., vol. 23, 
pp. 188-190, 1857. 

49 Worthen, A. H., Illinois Geol. Survey, vol. 3, pp. 112-113, 128-129, 
1868; idem, vol. 4, pp. 14-15, 1870. 

47 \Veller, Stuart. Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, pp. 227-228, 1907. 

4S Op. cit .. pp. 38-39. 
til Ulrich, E. 0., in Buckley, E. R., and Buehler, H. A., The quarrying 

industr~· of Missouri: Missouri Bur. Geology and Mines 2d ser, vol. 2, 
p. 110, 1904. 

5o Weller, Stuart, The Mississippian Brachiopoda of the Mississippi 
Valley Basin: Illinois Geol. Survey Mon. 1, p. 22, 1914. 

WARSAW FORMATION AND SPERGEN LIMESTONE 

The Keokuk limestone is overlain near the northeast­
ern corner of the Hardin quadrangle by the Warsaw 
formation and in a narrow zone along the Cap au Gres 
flexure by the Warsaw formation and the Spergen liine­
stone. The rocks in these fonnations are somewhat 
softer and less resistant to erosion than those of the 
underlying Burlington and Keokuk and the overlying 
St. Lonis limestones, and they are consequently po0rly 
exposed and difficult to measure. However, in the 70ne 
of steeply dipping rocks along the Cap au Gres fleYure 
the Warsaw seems to range in thickness frmn 50 to 65 
feet a11d the Spergen to be rather unifonnly about 70 
feet thick. 

Lithologic character.-The Warsaw formatior is 
made up largely of soft somewhat calcareous platy shale 
and 1nassive clay that is light gray to greenish ,gray 
where fresh and pale buff to tan on weathered surf~ ees. 
Interlaminated with these soft argillaceous bxls, 
espeeially in the lower and upper parts of the forn.la­
tion a ee thin layers commonly less than 1 foot tluek ' ~ 
of rather hard, brown, dense to crystalline, argillac£'0us 
and somewhat dolomitic. li1nestone. 

Throughout the formation both the argillaceous and 
the limestone beds contain many scattered mammillary 
concretions or geodes like those in the upper part of the 
J{eokuk limestone. These geodes, which range fro'n 2 
to 10 inches in diameter, con1monly consist of coar;:;oely 
crvstalline calcite surrounded by a thin l~yer of dense 
ch~ert. Locally, however, they contain fragn1entf of 
dense dolomitic limestone; where weathered they are 
nwre siliceous and small quartz erystals line the interior 
cavities. (Seep. 46.) 

The Spergen limestone consists dominantly of rather 
hard. massive to thin-bedded, granular to fine-grained, 
more or less dolomitic. limestone. On fresh surfaces 
this roek is dark gray or dull brown ; where weathered, 
it is dark brown. In general, this brown dolmnitic liine­
stone is harder, thicker-bedded, and n1ore dolorritic 
and porous in the lower part of the fonnation. Inter­
laminated with it in the upper part and at the base of 
the formation are thin argillaceous layers, r,nd, 
especially in the upper part, beds of gray fine-grained 
limestone very si1nilar to that in the overlying St. 
Louis limestone. A few of the layers of dolomitic 
li1nestone are somewhat oolitic and others are obseurely 
cross-bedded with oblique laminations that dip 
southwestward. 

Chert occurs sparingly in the Spergen limestone, both 
in thin gray and brown nodular beds and in calcite 
geodes similar to those in the underlying Warsaw and 
J{eokuk formations. 

Samples, presumably from the Spergen limestone, 
that were core-drilled between depths of 87 and 95 feet 
at the proposed site of a railroad bridge over Illin~is 
River, 1 mile east of the Brussels quadrangle, consist 
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of fine-grained, gray and brown, cherty, fossiliferous, 
dolomitic limesto11e and gray oolite. The spherules or 
oolite grains occur in both the limestone and the chert, 
and they range from one-quarter to three-quarters of a 
millimeter in dia1neter. Many of these spherules have 
nuclei of white angular and pale-greenish fragments 
of oolite and nuclei o·f shells of the foraminifer, Endo­
thyra-according to Dr. G. H. Girty, an Endothy,ra of 
a form smaller than E. bail eyi. A few of the spherules 
have small gastropod shells as nuclei. Sponge spicules 
are exceedingly abundant in one piece of the chert. 
The limestone itself contains a few small pyrite grains 
and very thin glauco11itic ( ~) laminae and is marked by 
stylolitic sutures. Some pieces of the limestone are 
porous and highly fossiliferous with foraminifers, gas­
tropods, and brachiopods. 

No samples of either the Warsaw formatio·n or the 
Spergen limestone were collected in the Hardin and 
Brussels quadrangles for chemical analysis. However, 
two analyses of samples collected by A. H. Worthen 51 

from the Spergen limestone-included by him in the 
St. Louis limestone-in Greene County indicate that 
the rock contains a large proportion of insoluble clay 
or sand and is highly dolomitic. 

The Warsaw and Spergen formations are well ex­
posed with a total thickness of 140 feet in the zone of 
steeply dipping rocks at the river's edge, south of Dog­
town Hollow, in the west center NW~i sec. 32, T. 12 
S.,R.2W. 

St1·atigraphic 1'e~ations.-Alt.hough nowhere found 
sufficiently well exposed to afford satisfactory evidence, 
the Warsaw formation semns to lie confonnably upon 
the l{eokuk limestone. In fact, the presence of beds of 
brown calcareous clay in the l(eokuk suggests that there 
may be a gradual transition frmn one formation to the 
other, but at all exposures examined a fairly definite 
contact can be drawn between the crystalline lime­
stone below and the thick series of poo·rly exposed 
softer argillaceotis beds with thin layers of brown dolo­
mitic limestone above. 

The contact between the Warsaw and Spergen, 
though rarely well exposed, seem.s definitely to be transi­
tional through a few feet of alternating shale and dolo­
mitic limestone that here is assigned more or less arbi­
trarily to the underlying Warsaw formation. 

At o11e locality, in the NEl4SEl;i sec. 9, T. 6 N., R. 13 
W., the Spergen li1nestone contains a small erosional 
uneonformity within its limits. This small but definite 
unconformity separates the hard n1assive brown dolo­
Initic limestone (Coli. 92) that makes the lower 20 feet 
of the Spergen from the overlying alternation of. 
thinner-bedded brown dolomitic limestone and gray 
fine-grained li1nestone (Coli. 91). 

51 Worthen, A. H., Geology and paleontology of Illinois: Illinois Geol. 
Survey, vol. 3, p. 573, 1868. 

The eontact of the Spergen limesto11e and the over­
lying St. Louis limestone is, in most exposures, sharply 
defined but apparently eonfor1nable. 

Fo88ils.-Organic remains are neither abundant nor 
well preserved in the Warsaw and Spergen formations. 
The thin beds of brown dolomitic limestone interlami­
nated with the shale in the Warsaw fdnnation contain 
fragments of small erinoid stems; in some layers in the 
Spergen limestone bryozoans are numerous, but bra­
ehiopods were found in only a few localities. ( Se~ table 
on p. 172.) These two formations were differentiated 
fro'In one another and from the overlying St. Louis 
limestone largely on lithologic rather than faunal 
grounds. 

Name8.-The Warsa'v formation was nam~d by 
James Hall 52 in 1857 frmn exposures at Warf'3,W in 
western Illinois. In 1901, Cumings 53 proposed the name 
Salem limestone for beds in Indiana equivalent to those 
here referred to as the Spergen limestone. In 1904, 
lTlrich 54 renamed these beds in Indiana the Spergcn Hill 
limestone. and recognized their presenee in eastern Mis­
souri. In 1905 55 this name was shortened to Spergen 
limestone. 

In his reports on the geology of Jerse.y, Greene, and 
Calhoun counties, Ill., Worthen 56 included the "'~ arsaw 
fonnation in the upper part of the Keokuk limestone 
and the Spergen lin1estone in the lower part of the St. 
Louis limestone. Weller 57 reeognized the Warsaw for­
Ination and Spergen limestone in southern Calhoun 
County and later writers on the geology of the region 
have followed his usage. 

In the geologic 1nap (pl. 1) that accompanies this 
re.port the Warsaw and Spergen are grouped to~ether 
as one cartographic unit, not beeause they are esp~cially 
diffic,ult to separate-in fact, they can be distinguished 
much 1nore readily than the Keokuk and Burlington 
limestones-but because they clip steeply; their zone of 
out.erop is therefore very narrow. 

ST. LOUIS LIMESTONE 

Over a wide area in the southern part of the r~gion, 
at and south of the zone of steeply dipping rocks that 
make the Cap au Gres flexure, the Spergen limes~one is 
overlain by a thick series of beds here referred to as the 
St. Louis limestone. 

52 Hall, James, Observations upon the Carboniferous limestones of the 
Mississippi Valley: Amer. Assoc. Adv. Sci. Proc., vol. 10, pt. 2, pp. 54-56, 
1857. 

sa Cumings, E. R., The use of Bedford as a formational name: Jour. 
Geology, vol. 9, pp. 232-233, 1901. 

54 Ulrich, E. 0., in Buckley, E. R., and Buehler, H. A., The quarrying 
industry of l\Iissouri: Missouri Bur. Geology and Mines, 2d ser., vol. 2, 
p. 110, 1904. 

55 Ulrich. E. 0., and Smith, W. S. T., The lead, zinc, and ~uorspar 
deposits of western Kentucky: U. S. Geol. Survey Prof. Paper 36, p. 28, 
1905. 

56 Worthen, A. H., Geology and paleonto1ogy of Illinois: Illinois Geol. 
Survey, vol. 3, pp. 111-113, 127-129, 1868: idem. vol. 4, pp. 14-15, 1870. 

5 i Weller, Stuart, Notes on the geology of southern Calhoun County : 
Illinois Geol. Survey Bull. 4, p. 228, 1907. 
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Thickness.-This formation thickens very irregularly 
fr01n less than 7 5 feet at some of the westernmost ex­
posures to approxi1nately 18~ feet at the eastern margin 
of the Brussels quadrangle. The variations in thiek­
ness appear to be caused ehiefly by a pronouneed ero­
sional unconfonnity which in several places cuts down 
steeply 75 feet or 1nore. belmv the top of the formation. 
Howeyer a part of the variation is caused by a gradual 
eastward thickening across the quadrangle which 
amounts to nearly if not quite 50 feet. 

Topographic expression.-Because the St. Louis lime­
stone is relatively hard and resistant to erosion, it crops 
out in steep bluffs, hills, and broad uplands. The rock 
is fairly pure lin1estone and, where it is flat lying, espe­
eially along the trough of the Troy-Brussels syncline, 
many sinkholes have been fonnecl in it. In two areas, 
centering around sec. 3, T. 13 S., R. 2 W., and SWYt 
sec. 33, T. 12 S., R. 2 W., these sinkholes are especially 
numerous and a characteristic karst topography has 
been developed in the overlying Pleistecene loess. 

Lithologic character.-The St. Louis limestone em­
braces a wide variety of lithologic types, the n1ore char­
acteristic and distinctive of whieh are a very dense clove­
colored li1nestone that breaks with a conchoidal frac­
ture, some conglmnerates or breecias that contain large 
boulders of limestone, and a clastic sandy li1nestone 
n1ade up largely of small rounded fragments of lime­
stone. 

About 170 feet, or virtually the entire maximum 
thic.kness of the fonnation, is well exposed in the Cap 
au Gres flexure south of Twin Springs in the NW.:I4SE1;:! 
sec. 9, T. 6 N., R. 13 W. 

Along the bluff of ~fississippi River from DogtmYn 
Hollow south and southeast to Calhoun Landing, the 
forn1ation is well exposed, and individual beds may be 
traced throughout this distance. Along these bluffs the 
lower 50 or 60 feet of the St. Louis is exposed only in the 
Cap au Gres flexure just below Dogtowu Landing. 
There these lower bends consist of hard, gray to brown, 
dense limestone that in the lower part is massive and 
cherty and contains limestone boulders and pebbles and 
in the upper part is thin-bedded and argillaceous. Tl{~ 
bedding surfaces of the thinly laminated portions of the 
limestone are made irregular or crenulated by eurrent 
marks and ripple n1arks. The largest distiuet ripple 
marks noted by the writer were perfeet oscillation or 
synunetrieal ripples 3 inches fro1n erest to erest and 
three-quarters of an ineh deep, whieh trend ah._mt N. 35° 
E. Son1e of the largest and ~most perfect ripples have 
minor intermediate erests. Thin layers~ less than 1 ineh 
thick, of pale-greenish gray gritty ealeareous shale sepa­
rate son1e of the li1nestone beds. A thin section of a 
sample of this shale examined by the writer eonsists 
chiefly of elay erystals and subordinately of carbonates 
and angular quartz silt grains frmn 0.015 to 0.040 milli­
meter in diameter. Some massive beds of lin1estone 

contain small pebbles of this shale frmn 5 to 15 n~illi­
meters in diameter. 

The 40 feet of rocks that overlie these basal beclE are 
exposed in many places along the Mississippi River 
bluffs south and southeast of Dogt,owu Hollow. (See 
pl. 8.A..) They are si1nilar to the underlying beds but 
are in part softer; \Vhere \Yeatherecl, they are rnore thinly 
and irregularly laminated inlayers a few inches or even 
less than 1 inch thiek and in part interlaminated with 
and gradational into 1nore massive, brown, son1ewhat 
dolomitic layers. The layers of greenish calear~~ous 
shale are more abundant and thicker than those in the 
lower beds. Gray and brown dense chert is loeally com­
nlon, and the bedding of some of the layers of limes+one 
is eontorted. Pebbles and boulders of limestone in a 
limestone Inatrix and suboolitic or fragmentallimes~one 
occur ]ocally but are mueh less common than in the 
l1igher beds of the formation. 

Above these ]ower rather soft beds and about 100 
feet above the b::~.se of the fonnation is a persistent Trery 
hard and massive bed or unit of beds from 25 to 35 
feet thick that forms a steep cliff at most of its outcrops. 
Locally this unit contains layers of thin-bedded ripple­
marked limestone, greenish shale, and brown dolomitic 
beds but for the most part it is light huffy gray, massive, 
dense to fine-grained, and n1ore or less oolitic. and 
conglomeratic. lin1estone. The conglomera tie fragm~nts 
of limestone are local and irregular in their distribution 
and apparently more abundant in the northern expo­
sures near the Cap au Gres flexure. These fragnnnts 
are commonly smnewhat rounded and less than 3 inel1es 
in dimneter, btu mueh larger angular boulders up to 4 
or 6 feet in dia1neter 1nay be seen at several exposures. 
At a few loealities the suboolitie or frag1nental lime­
stone is cross-bedded. In plaees the limestone is styloli­
tic, and joint surfaces in it are eovered with small 
crystals of pyrite. Small nodules and nodular beds of 
brown chert occur sparingly in nearly every expo~ure. 

The softer beds overlying this hard massive con­
glomeratic. li1nestone are not continuously exposed and 
cannot be traeed fr01n one exposure to another in Cal­
houn County. They appear to consist don1inantl:-r of 
rather thin-bedded, dense, huffy gray limestone like 
t.hat in the lower part of the fonnation but loeally the 
highest beds of the for1nation are erystalline to clrnse, 
somewhat eherty, oolitic., and eonglomeratic gray Jiine­
stone that is mottled with purple, reel, or green. 

The Pxposur~s of St. Louis limestone in southwes+ern 
Jersey County are 1nore difficult to eorrelate with one 
another than those in Calhoun County. The gena,ral 
character of the roeks is si1nilar to that in Calhoun 
County, but beds of conglmneratie and oolitic lin1es~one 
are thieker and1nore abundant throughout the forma­
tion, and very sandy lilnestone is present in the upper 
15 or 20 feet of the formation. 
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Dense pale huffy gray li1nestone that breaks with a 
conchoidal fracture is the most common lithologie type 
in the Jersey County exposures (see pl. 9A), but thin 
irregularly bedded layers, some of which show north­
south oscillation ripples, oceur in some exposures and 
nodules of brown chert are abundant in some layers. 
There are at least two and probably three or nwre 
horizons at 'vhich conglomeratie limestone occurs 
locally. (See pl. 9B.) In these eonglomeratie beds 
angular pebbles and boulders of dense limestone are set 
in a granulai· elastic limestone matrix which in most 
places is massive but in some exposures is well bedded. 
The oolitie be.ds contain relatively few perfect spher­
ules~ the grains are made up largely of somewhat 
angular fragn1ents of lin1estone coated with a thin layer 
of calcite. 

The upper sandy strata are exceedingly variable in 
their lithologie character. Locally as in the NW1ft,SE1J1 

sec. 9 and the NE1,4NW1,4 sec. 14, T. 6 N., R. 13 W., 
beds of pure sandstone are interlaminated with sandy 
limestone. Elsewhere sand grains are not comn1on; 
the rock is conglmneratic, oolitic, and1nade up largely 
of small fragn1ents of lin1estone, or it is a hard dense 
limestone. In a few places the clastic limestones are 
irregularly cross-bedded ·with many of the oblique 
laminations dipping northward. These sandy and 
oolitic beds vary greatly in their color; though com­
monly brownish to very light gray, they are locally red 
or mottled green and brown. (See pl. SB.) 

In the samples examined by the writer the sand grains 
in these upper beds of the St. Louis li1nestone (pl. 80) 
are of two distinct sizes : angular grains of fine sand 
from 0.05 to 0.15 milli1neter in dia1neter and well­
rounded grains of 1nedimn and coarse sand from 0.25 
to 0.75 millimeter in diameter. ·The coarser sand con­
sists ahnost entirely of quartz and chert~ but the finer 
sand, though chiefly quartz, contains numerous angular 
and rounded grains of orthoclase, zircon, garnet, horn­
blende, tounnaline, and ilmenite ( ? ) These minerals 
from igneous and 1netamorphic rocks, although not 
abundant, are certainly 1nuch commoner in the St. Louis 
limestone than in any of the earlier Paleozoic forina­
tions of this region. Hence their presence suggests that 
some new source began to contribute sediments to the 
region during the deposition of the St. Louis limestone. 
However until careful studies have been made of the 
minel·alogical peculiarities of each of the land areas 
that might have contributed to these seas, it is hazard­
ous to guess what geographical changes were taking 
place at that time. The quartz grains are commonly 
very n1urky and are filled with small inclusions and 
bubbles and with needles of rutile. 

The oolitic and fragmental limestone associated with 
these sandy beds seems almost always to contain some 
grains of quartz sand but the rock consists chiefly of 
small rounded fragments of li1nestone, most of which 

are about one-half millimeter in diameter, though th£> 
size ranges through 'vide limits. Perfect spher1les or 
oolite grains make up only a small part o·f the ro-:ok, for 
most of the fragments are somewhat angular arrl cov­
ered by a thin film of dense calcite. The more perfect 
spherules have rounded nuclei of clear calcite or dense 
limestone. Locally these fragmental limestones contain 
angular fragments o'f white chert. 

No beds of sandstone like those in the upper part of 
the St. Louis limestone in Jersey County were fo'ulCl by 
the writer in Calhoun County, but Weller 58 reported 
that, at the time of his field work in the area, a light­
gray or nearly white highly calcareous sandstone, 
which he tentatively referred to the Rosiclare sand­
stone member of the Ste. Genevieve limestone, Pas ex­
posed in an old quarry "in the rim of a large sink-hole 
just north of the Beechville po'st office." On the west 
side of Mississippi River, in Lincoln County, Mo., the 
writer found fine-grained brown and green sa1; clstone 
and gray oolite in several exposures bf the upper part 
of the beds here referred to the St. Louis limesto·ne. 

Chemical analysis of a sample (p. 157) of St. Louis 
lin1estone, collected by T. B. Root and assistant from 
the 39 feet of rocks that underlje the hard massive bed 
in the quarry face in the NEV.BWl;.! sec. 6, T. 1~1: S., R. 
1 W., Calhoun County, indieates that the limestone 
co·nsists of about 96 pereent of fairly pure calcite. The 
impurities are almost entirely quartz and clay. (See 
pp. 16-17.) Physical tests (p. 157) of this sample indi­
cate that the limestone is dense and n1ore resisf;ant to 
abrasion than most of the other limestones of the area. 59 

Partial analyses of 64 samples of St. Louis limestone 
fro·m St. Louis County, Mo.,60 inclieate that the composi­
tion of individual beds ranges through wide limits above 
and below the average eomposition. Some layers are 
highly dolomitic; others eontain large pereentr.ges of 
insoluble matter-silica and alumina. 

At pr~sent the St. Louis limesto·ne is one of the lead­
ing mineral resources of the area. This limestone and 
the Burlington limestone are quarried more extensively 
il.1an any other formations in the region. Severa1large 
quarries in southern Calhoun County along MisE'issippi 
River are furnishing St. Louis limestone for rip-rap in 
river eontrol work. 

StPatigJ•aphic relatio·ns.-In good exposures the lower 
limit of the St. Louis limestone is distinct but, where 
partially eovered, the beds of fine-grained gra~r lime-

5s 'Veller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, pp. 228-229, 1907. 

5~ Ktey, Frank, and Lamar, J. E., Limestone resources of Illinois: 
Illinois Geol. Survey Bull. 46, p. 31, 1925. 

so Ladd, G. E., The clay, stone, lime, and sand industries of St. Louis 
City and County: Missouri Geol. Survey Bull. 3, pp. 76-77, l89fl. In 
part, also republished in Buckley, E. R., and Buehler, H. A.. The 
quarrying industry of Missouri: Missouri Bur. Geol. and Mines. 2d ser .. 
vol. 2, pp. 309-310, 1904: and in Buehler, R. A., The lime an'~ cement 
resources of Missouri : Missouri Bur. Geol. and Mines, 2d ser., vol. 6, 
pp. 237-239, [ 1907.] 
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stone that are interlaminated in the upper part of the 
Spergen limestone seem to be completely gradational 
into the St. Louis. In the exposures just south of Dog­
town Landing and those in the NEVt sec. 33, T. 12 S., 
R. 2 W., the basal beds of the St. Louis limestone are 
coarsely conglomeratic and hence suggestive of uncon­
formable relations. 

The conglomeratic or brecciated layers in the St. Louis 
limestone have be.en the subject of n1uch discussion, and 
many very diverse theories have been proposed to ac­
count for their origin.61 These discussions den10nstrate 
that the names, "'breccia" and ''conglomerate," have 
meant many things to many ·writers. Some o::f the pro­
posed explanations are clearly inapplicable to the con­
glomeratic layers in the Brussels quadrangle. Exclud­
ing those fragmented portions of the lin1estone that are 
obviously relate.d to talus and sinkhole accumulations, 
to jointing, and to faulting and folding, the remaining 
true. conglomerates are obviously depositional features. 
However, it is not known '" hether these conglomerates 
represent subaerial erosion caused by withdrawal of the 
sea, or wave erosion on the se.a floor, or subaqueous glid­
Ing. 

If these pebbles and boulders of limestone ar~ taken as 
evidence of an unconfonnity~ then at least two and prob­
ably more than three unconformities shoulcl be drawn 
within the limits here used for the St. Louis limestone. 
The layers of conglomeratic li1nestone vary greatly 
within short distances in the amount of pel,bles and 
boulders that they contain and, except for the basal one, 
these conglomeratic layers are not sharply defined below. 
The frag1nental, oolitic, and sandy limestones and the 
ripple nuuks and cross-bedding indicate that much of 
the St. Louis limestone was laid down in shallow "\Vater. 
It therefore does not seem essential to the -...vriter that 
each of the irregular conglomeratic layers must have 
been fonned as the. result of an actual emergence of the 
area above sea level. Instead it seems possible that they 
Inay have been formed on the floor of a shallow sea by 
local warping, by stor1n wan's, or by submarine slides. 
'Vhiche,Ter e.xplanation is adopte.d as most probable, it 
seems that the folding and uplift that followed the 
~Iississippian and preceded the Pennsylvanian deposi­
tion (p. 145; fig. 3 B, 0) was well started by the ti1ne 
the St. Louis limestone was being laid clown. 

However, no evidence of unconfonnable relations be­
tween the. uppermost sandy beds and the rest of the 
fonnation was noted. In fact, where best exposed, the 
sandy beds seem to be completely transitional into the 
underlying li1nestone. 

61 Gordon, C. H., On the brecciated character of the St. Louis lime­
stone: Amer. Naturalist, vol. 24, pp. 305-313, 1890. Van Tuyl, F. l\L, 
Brecciation effects in the St. Louis limestone (abstract) : Geol. Soc. 
America Bull., yol. ::!7, pp. 122-124, 1916. l\forse, W. C .• The origin of 
the coarse breccia in the St. Louis limestone: Science, new ser., vol. 
4o3, pp. 399-400, 1916. Grawe. 0. R., Some breccias of the St. Louis 
formation in the St. Louis, Missouri, region: Washington Univ. [St. 
Louis] Studies, vol. 13, pp. 45-62, 1925. 

The evidence bearing on the stratigraphic relations 
within the series of strata here referred to the St. Louis 
lin1estone is thu~ somewhat contradictory, but the cor­
tact between these roc.ks and the overlying Pennsyl­
vanian beds is clearly marked by one of the most con­
spicuous unconformities in the entire stratigraphic 
section in this region. 

Fossils.-Well preserved organic re1nains are net 
common in the St. Louis li1nestone. Bryozoans semn 
to be the most comn1on fossils but in smne layers brachic·­
pods, crinoid stems, and several kinds of corals 1nay be 
found. (See p. 172-178.) The compound cor~Ll 

LitlzosfJ'Ofion canadewsis is locally abundant in the 
lower part of the fonnation. 

.1Vame.-The StLouis limestone was named by Ell­

gelmann 62 in 1847. Worthen 63 in his reports on the 
geology of ,Jersey, Greene, and Calhoun counties, in­
cluded the underlying Spergen limestone in the beds 
\-vhich he referred to the-, St. Louis limestone. He als') 
mistook an exposure of St. Louis limestone near BrnE'­
sels for beds jn the lovrer part of the IGnderhoolr 
group. 64 'V eller 65 recognized the Spergen limestone as 
a separate formation below the St. Louis limestone, and 
he te.utatively referred the upper beds of sandstone to 
the Rosiclare sandstone 66 me1nber of the Ste. Genevieve 
limestone. 67 

The Ste. Genevieve limestone has been recognized by 
Weller 68 at Alton, Ill., 16 1niles east of the Brussels 
quadrangle. Its lithologic character there and elsf,·· 
'"here 69 is similar to that of smne of the beds in tho, 
Brussels quadrangle. It therefore seemed not unlikely 
that the upper part of t,he St. Louis limestone in the 
Brussels quadrangle 1night really be part of the Ste. 
Genevieve limrstone. However, Dr. J. ~f. Weller r€.­
ports that none of the fos9ils collected by the writer in 
these uppermosr, beds (Colis. 93, 104, 105, 111, 112, 184b, 
19:3, and 194) are characteristic of the Ste. Genevieve, 
and the entire unit is therefore referred to the St. Louis 
limestone. 

CARBONIFEROUS (PENNSYLVANIAN SERIES) 

The PennsylYanian rocks of the Hardin and Brussels 
quadrangles consist of shale, clay, sandstone, limestone, 

62 Engelmann. George, Remarks on the St. Louis limestone: Amer. 
Jour. Sci., 2d ser., yol. 3, pp. 119-120, 1847. 

ua \Yorthen. A. H .. Geology and paleontology, Illinois: Illinois Geo1 " 

Survey yol. 3, pp. 111-11::!, 127-128, 1868; idem, vol. 4, p. 15, 1870. 
u4 Worthen, A. H., op. cit., vol. 4. pp. 11-12. 
65 \Yeller, Stuart, Notes on the geology of southern Calhoun County: 

Illinois Geol. Survey Bull. 4, pp. 228-229, 1907. 
66 Ulrich. E. 0 .. and Smith, W. S. T .. The lead. zinc, and fluorspar 

deposits of western Kentucky: U. S. Geol. Survey Prof. Paper 36, p. 4(\, 
1905. 

67 Shumard, B. F .• Observations on the geology of the County of Ste. 
Genevieye: St. Louis Acad. Sci. Trans., vol. 1, p. 406, 1859. 

68 Weller, Stuart, The Mississippian Brachiopoda of the Mississip]: i 
Valley Basin: Illinois Geol. Suney l\fon. 1, p. 22, 1914. Weller, Stuart, 
and St. Clair, Stuart, Geolog~· of Ste. Genevieve County, Missouri: 
Missouri Bur. Geology and )fines, 2d ser .• vol. 22, p. 183, 1928. 

69 Weller and St. Clair, op. cit .• pp. 219-221. Lamal', J. E., The oolite 
of the Ste. Genevieve formation: Illinois Geol. Survey Rept. Inv. no. 1(], 

pp. 409-413, 1926. 
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and coal, listed in the order of the.ir relative abundance. 
These different kinds of rocks occur in nutny thin, fairly 
persistent beds that have been grouped together into 
three rather comprehensive formations-the ?ottsville 
at the base, the Carbondale in the m.icldle, and the Mc­
Leansboro at the top. These formations cover a fairly 
wide area in the Brussels quadrangle. south of the Cap­
au Gres flexure., but they are restricted to small rem­
nants on the uplands in the Hardin quadrangle. 

In southern Calhoun County where the Pennsyl­
'Tanian rocks are n1ost continuously exposed they lie 
upon the St. Louis limestone, and their thickness in­
creases very irregularly southwestward from less than 
70 to more than 200 feet. Throughout most of this 
southern area the Pennsylvanian rocks are between 100 
and 125 feet thick Before erosion these beds may have 
been several hundred feet thicker than they are no vi'. 
:i}fost of the present irregularity in thickness is caused 
by a pronounced erosional unconformity at the base of 
the series. 

Traced westward from this area across Missouri 70 

and eastward to central Illinois,71 the Pennsylvanian 
rocks thicken notably both by interla1nination of strata 
and by the presence of successively older beds at the 
base. This thickening indicates that this area, like the. 
Ozark Highlands to the southwest, rmnainedlonger and 
emerged more often above stream and sea level than 
the coal basins to the west and to the east. 

Yet it seems reasonably certain, from the continuous 
outcrops of Pennsylvanian rocks only a few miles north­
east of the Hardin quadrangle and frmn the recognition 
of small remnants of these rocks in depressions or sink­
holes in northern Calhoun County, Ill., and in Lincoln 
County, Mo., that Pennsylvanian strata we.re onee nnwh 
more. widespread in the Hardin and Brussels quad­
mngles than they are now and that they then over­
Lapped northward from the Troy-Brussels syncline onto 
the older ~{ississippian formations on the Lincoln anti­
cline. ( See pl. 2 ; and fig. 1 ±.) The i1nplica.tions of 
this relationship semn clear. Although it is not known 
whether the Ste. Genevieve. limestone or any of the over­
lying Chester formations was once present in the area, it 
seems certain that, son1e time after or perhaps during 
the deposition of the St. Louis limestone and before the 
Pennsylvanian formations were laid down, the region 
inunediately north of the Cap au Grcs flexure, essen­
tially the present Lincoln anticline, was sharply folded 
and uplifted. Strea1ns then cut deeply into the lime­
stone uplands, rmnoving at least locally a thickness of 
400 feet or 1nore of the Burlington, Keokuk, ""rarsaw, 
Spergen, and St. Louis formations. At this time 

7° Knight, J. B., The Pennsylvanian outlier of St. Louis, Missouri, and 
its corrrelations [abstract] : Geol. Soc. America Bull., vol. 40, no. 1, 
p. 190, 1929. Weller, J. 1\I., Cyclical sedimentation of the Pennsyl­
\'anian period and its significance: Jour. Geology, vol. 38, p. 109, 1930. 

71 Henbest, L. G., Pre-Pennsylvanian surface west of the Duquoin 
anticline: Ill. Acad. Sci. Trans .. vol. 20, pp. 265-268, 1928. 

streams also cut narrow gorges in the southern part of 
the area below a flat tableland that had developed or 
remained upon the upper surface of the St. Louis li1;1e­
stone. Howeve.r, the quantity of rock removed fr01n the 
southern synclinal area was nn1eh less than that removed 
from the northern anticlinal area. This work of ero­
sion was eventually halted by a change to conditions of 
deposition and the Pennsylvanian continental and nm­
rine sediments were laid down. These Pennsylvanian 
sediments very probably were deposited over the entire 
area, for, not only are there scattered remnants still on 
the upland north of the Cap au Gres flexure, but, fur­
the.rmore, if high limestone uplands and bluffs had re­
mained above stream and sea level, the Pennsylvanian 
sediments immediately south of the flexure should now 
contain 1nany large boulders of limestone and chert and 
the Pennsylvanian li1ne.stones should be far less pure 
than they are. Since the time of the Pennsylvanian dep­
osition, the Lincoln anticline has been subjected to other 
and smaller uplifts and to long-continued erosion, until 
at present all but a few relatively s1nall remnants of the 
Pennsylvanian deposits have been removed from the 
area north of the Cap au Gres flexure. 

Generalized section of Pennsylvanian strata 

Unconformity. 
McLeansboro formation (about 28 feet.). 

12. Limestone, gray; weathers brown. Dense, mas- Feet 

sive, fossiliferous. Forms a prominent ledge__ 5+ 
11. Calcareous clay, pale-buff____________________ 15± 
10. Limestone, dark-gray. Dense, massive below, 

thin-bedded above, fossiliferous. Somewhat 
conglomera tic _________________ - _____ - - - _ - - 8 ± 

Carbondale formation (65-90 feet). 
9. Calcareous clay, pale greenish gray with thin car­

bonaceous zones at top and bottom. Contains 
irregular masses of white calcareous powder___ 4-12 + 

8. Limestone, light-gray. Fine-grained, massive be­
low, nodular above. Somewhat conglomeratic. 
Weathers to an irregular knobby surface and 
forms a prominent ledge ___________________ - 6 ± 

7. ''Fire" clay, pale-gray to white, mottled with 
yellow, brown, red, maroon, and purple and 
with thin carbonaceous zone at top___________ 3-15 

6. Shale and siltstone, sandy, micaceous. Greenish 
to buffy gray, brown, and maroon. Noncal­
careous, platy to massive. Grades laterally into 
very fine grained argillaceous sandstone______ 54)± 

5. "Bony coal" or "roof slate". Hard black lamin­
ated shale or very argillaceous coal. Locally 
pyritic, fossiliferous, and with ferruginous 
nodules and layers of dense gray limestone less 
than 1 inch thick __________________________ up to 4 

4. Coal, locally with a parting of clay shale and fer-
ruginous concretions near top _______________ up to 3 

Pottsville formation (0-85+ feet, commonly 10-35). 
3. "Fire" clay, gray to white. Locally pyritic and 

contains concretionary masses of pisolitic or 
phosphatic limestone near top. On uplands of 
central and northern Calhoun County is inter­
laminated with lenses of hard, nonplastic, some-
what carbonaceous "flint" clay______________ 0-12 + 
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Generalized section o.f Pennsylvanian strata-Continued 

Pottsville formation-Continued 
2. Sandy clay, dark shale, and argillaceous sandstone 

Poorly exposed ____________________________ 0-12+ 

1. Sandstone, locally conglomeratic and cross-bed-
ded ______________________________________ 0-20+ 

Unconformity. 

The n1ost completely exposed seetion of Pennsylvania 
rocks found within the area is in the north eenter 
section 1, T. 14 S., R. 2 W., and extends fron1 the open 
pit at the old Winneberger or Golden Eagle brick plant 
northeastward up an old road nearly to the upland. 

Covered. 
12 Limestone, heavy ledges, dense, massive. Medium to 

dark gray where fresh, weathers brown on and for 
some distance from surface. Fragments of fossils Feet 
on weathered surface____________________________ 5 ± 

11 (b) Covered ___________________________ ~~~------- 8 

11 (a) Calcareous clay, massive, somewhat plastic, slight-
ly gritty. Pale buffy gray with some maroon 
beds________________________________________ 7 

10 (c) Limestone, mottled with irregular patches of very 
pale huffy gray fine-grained limestone in a denser 
darker-gray limestone matrix. Denser and darker 
colored above. No chert. Irregular weathering 
surface_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 2 

10 (b) Covered_____________________________________ 2. 2 
10 (a) Limestone, massive, fine-grained, medium gray. 

Large nodules of medium- to light-gray chert, 
which weathers pale tan. Many crinoids on 
weathered surface_____________________________ 2. 5 

9 (d) Covered______________________________________ 5 
9 (c) Calcareous clay with soft lumps of chalk(?). Pale 

gray green below; becomes whiter and chalkier 
above________________________________________ a 5 

9 (b) Calcareous clay, massive, deep-purple. Contains 
some irregular lumps of white chalk(?) pmvder _ _ _ _ _ 1. 3 

9 (a) Calcareous clay or marl, massive, pale greenish 
gray__________________________________________ .4 

8 I .. imestone, mottled gray and tan. Lower part 
makes heavy massive ledge. Upper 2 feet consists 
entirely of limestone nubbins. Some light-tan 
chert. Fossils-Productus, Spinj'er, crinoids, bryo-
zoans_________________________________________ 5 

7 (b) Covered______________________________________ 11 
7 (a) Clay, massive, bright ochre below, white streaked 

, .. ,rith bright red above__________________________ 4 
6 (b) Siltstone and shale, massive to platy below, platy to 

fissile above. Gray, huffy-gray, and greenish-gray 
below, mottled greenish and maroon above. Very 
slightly gritty, non calcareous, non plastic__________ 34 

6 (a) Covered______________________________________ 12 
5 (b) Ferruginous concretions in poorly exposed shale___ 1 
5 (a) Fissile shale, buff to gray_______________________ 1. 9 
4 or 5 (c) CoaL____________________________________ . 3 

(h) Sandstone and clay, highly ferruginous_______ 1. 1 
(a) Shale, fissile black, noncalcareous, plastic_____ . 5 

4 CoaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ 2. 1 

3 (b) Clay, massive, noncalcareous, gray with yellow 
stains _________________________________ ~_____ 2. 4 

3 (a) Covered. 

Some of these rocks, especially those of marine origin, 
are highly fossiliferous and the faunas of these Penn­
sylvanian formations are probably less perfectly repre-

sented by the small nmnber of collections made by the 
writer and assistant than are those of any other :forma­
tions in the area. These collections were st'Idied by 
Dr. J. M. Weller and supplemented by his own collec­
tions made in 1930. His reports are given in tabular 
form. (See p. 173.) 

POTTSYILLE FORMATION 

The Mississippian rocks are overlain unconformably 
by the Pottsville for1nation, a variable unit composed 
chiefly of day, sandstone, and shale. This formation 
cmnes to the surface over a wide area in soutl'<:lrn Cal­
houn County south of the Cap au Gres flexure, but it is 
very soft and is not well exposed anywhare. No 
exposures of the Pottsville were found in southwestern 
Jersey County, but well records indicate that it nmy be 
present there south of the flexure 'at shallor depths. 
A few isolated outcrops on the uplands of Calhoun 
County, north o:f the flexure-clay in sees. E' and 17 ~ 
T. 10 S., R 2 W., Hardin quadrangle, and sees. 6, T. 8 S., 
R 3 ,V., and 1, T. 8 S., R. 4 W., N ebo quadrangle; and 
sandstone associated with Carbondale shale in sec. 23,. 
T. 8 S., R. 3 W., Pearl quadrangle-are believed to be 
beds of the Pottsville formation. 

Thid-._·ne88.-In southern Calhoun County, ,~here the 
Pottsville :formation is best developed, its thickness 
ranges from 1nore than 85 feet to a feather edge. In this 
region the nonnal thiekness appears to increase very 
irregularly westward or southwestward from about 10 
feet to about 35 feet, but in several places the fonnation 
ents clown steeply into the St. Louis limes-~:.one and 
reaches thicknesses of 50 to 85 or more feet. J n central 
and northern Calhoun County the Pottsville seems to be 
very local in its distribution, but in a few places it 
attains thicknesses of at least 15 feet. 

Lithologic character.-Except in the loeal depres­
sions where its thiekness is greatest, the Pott8ville for­
lnation seems to consist dominantly of fire clay-the 
underclay of the No. 2 coal. In southern Calhoun 
County, thicknesses of 5, 8, and even 12 feet of this clay 
are exposed in many places. In fresh expo·~ures the 
day is gray, massive, slightly calcareous, and locally 
pyritic, but where weathered it is white with yellow 

. and red stains and very soft and plastic. In the expo­
sures on the uplands north of the Cap an Gr~s flexure 
this regularly stratified soft plastic clay is either inter­
lalninated with or else both overlies and unclrrlies len­
tieular masses of a harder, somewhat darker gray, non­
plastic "flinf' clay. 

Thin sections cut frmn 12 samples of these clays 
collected by the writer in the Hardin and Brussels 
quadrangles and by J. E. Lamar in northern Calhoun 
County were examined by C. S. Ross and the writer. 
These thin sections seem to show that the plastie fire 
clays of both the northern and southern areas are made 
up of large crystals of the day mineral beidellite with a 
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few scattered sand grains and that the hard flint clays 
of the northern uplands consist of very finely crystalline 
kaolin and halloysite. A small amount of diaspore was 
recognized as a minor constituent of one sample of the 
kaolin or flint clay from see. 6, T. 8 S., R. :3 W. 

Perhaps the most striking characteristic of the beidel­
lite or fire clay samples is the presence of highly angular 
sand and silt grains that are commonly from 0.025 to 
0.165 millimeter in diameter and average about 0.070 
1nillimeter. These grains are dominantly angular frag­
Inents and slivers of quartz, but they also include many 
partially decomposed grains of orthoclase and a few 
crystals of muscovite, zircon, and apatite. The_ pres­
ence of the undecomposed grains of feldspar indicates 
that although the clay may have been forn1ed partly by 
residual weathering and thorough deemnposition in 
place, as conunonly supposed, it also contains significant 
amounts of unweathered material. 

In several places in southern Calhoun County the fire 
clay contains a discontinuous bed of nodular or concre­
tionary limestone a few feet below the top of the for­
mation. Locally these nodules or concretions have a 
pisolitic or spherulitie structure on weathered surfaces. 
A frag1nent of this concretionary pisolitic limestone col­
leeted frmn a 1nine clump in sec. 1, T. 14 S., R. 2 W., ·was 
examined 1nicroscopically in the expectation that the 
rock 1night contain the mineral diaspore. However no 
diaspore was found and the rock seems to consist en­
tirely of calcite with a lesser amount of clay and scat­
tered pyrite crystals and sand grains. At other plaees, 
as for example in the SW%NE~f.t sec. 26, T. 13 S., R. 
2 W., these nodules of argillaceous limestone contain 
subangular pebbles less than 2 inches in diameter of 
dense black (possibly phosphatic) li1nestone. 

Cera1nie tests by the Department of Cera1nic Engi­
neering of the University of Illinois of several samples 
frmn the Hardin and Brussels quadrangles indicate that 
the fire clay is refractory and n1ight be of commercial 
value for several purposes. (See pp. 158-160.) These 
clays give promise of becoming one of the n1ost impor­
tant 1nineral resources of the area. 

Where the clay lies directly upon the Mississippian 
limestones, as in the local deposits on the uplands in 
the SW~~.! sec. 6, T. 8 S., R. :3 W., and the SEl!t,SEl!t, 
sec. 8, T. 10 S., R. 2 W., it is smnewhat intermixed 
in its lower portion with accumulations of residual chert. 

In several places in southern Calhoun County where 
the Pottsville fonnation is thickest, the clay is under­
lain by sandstone that fills irregularities in the upper 
surfaee of the underlying St. Louis limestone. Tlw 
sandstone consists almost entirely of rounded quartz 
grains and sharply angular, secondarily enlarged quartz 
crystals fr01n 1/6 to 2/3 millimeter in diameter, but 
1nagnetite, zircon, garnet, biotite, muscovite, and horn­
blende are also present. The unclecomposecl minerals, 
especially the biotite flakes, seen1 to show clearly that 

the land 1nasses frmn which the basal Pottsville sedi­
ments 'vere derived \Vere not everywhere deeply decayf•l 
by long-continued weathering, a conclusion that seems 
consistent with the character of the old pre-Pennsyl­
vanian erosion surface. Minerals from igneous rochs 
have been reported in Pennsylvanian sandstones in 
other parts of western Illinois. 72 

Locally, as in sec. 26, T. 13 S., R. 2 W., and in sec. 1, 
T. 14 S., R. 2 \V., this sandstone is eonglomeratic an':l 
oontains rouncll'd pebbles of ehert and sandstone 1 inc.h 
or less in clia1neter. In other areas in Illinois the basal 
sandstone of the Pennsylvanian is reported to l·~ 

coarsely eonglomeratic. 73 

At one loeality, at the river level in the eenter NE~~ 
sec. 5, T. 14 S., R. 1 W., a thickness of 20 feet or 1nore 
of cross-bedded sandstone fills a channel only 9 feet 
wide in the St. Louis limestone. The lowest exposure 
of this sandstone is 60 feet below the top of the St .. 
Louis limestone sca.reely 100 feet away and more than 
75 feet below the highest li1nestone exposures several 
hundred feet to the west. The narrow ehannel trends 
N. :wo E.-approxin1ately at right angles to the Cap au 
Gres flexnre and henee possibly a widened joint crack 
or fissure-and the cross-bedded la1ninae clip southward. 

Poorly sorted argillaeeous sandstone and sandy ela y 
are associated with the elay and the sandstone of tl'o, 
Pottsville formation in 1nany places but, as only par­
tial exposures eould be found, the thiekness of these 
beds is unknown. Worthen 74 and Weller 75 report that 
a thickness of 10 or 12 feet of clark shale separates tl'o, 
clay from the ba,sal sandstone at the old Golden Eagle 
or Winneberger coal mine and brick plant in sec. 1, T. 
1-l: S., R. 2 W., but at the time of the writer's field wor~ 
these beds were not exposed. 

StJ·atigraphic mnd phy8iographic 1•elatio-n8.-TJ·.~ 

Pottsville formation lies with 1narkecl uneonfonnity on 
the limestones of Mississippian age. In southern Cal­
houn County the variations in thickness of the forma­
tion are a direct measure of the ancient relief on t]'~ 
old erosion surface. Above the hills on this old surface 
the Pottsville is very thin or even absent, but locally, 
as in sees. 5, 16, 17, and 21, T. 13 S., R. 2 W., see. 1, 
T. 14 S., R. 2 W., and see. 5, T. 1-l: S., R. 1 W., it cuts 
dmvn steeply into the St. Louis limestone and reaeha,s 
thicknesses of 50 to 85 feet or n1ore. The n1ore northern 
of these irregularities or depressions, those in sees. 5, 
16, and 17, T. 13 S., R. 2 W., are at least partially fill('d 
with Pottsville clay l and they 1nay possibly be aneient 
sinkholes on the old erosion surface. But the n1ore 

72 Poor, R. S., and \Villman, H. B., in \Veller, .J. M .. Cyclical sedi­
mentation of the PemtSJ·lvanian period and its significance: .Jour. 
Geology vol. 38, pp. 111-112, 1930. 

T.J Poor, R. S., The character and significance of the basal conglonF'r­
ate of the Pennsylvanian system in southern Illinois: Ill. Acad. S<>i. 
Trans., vol. 18, pp. 371-374, 1925. 

74 Worthen, A. H., Geology of Illinois; Calhoun County: Illinois 
Geol. Survey vol. 4, p. 16, 1870. 

75 'Veller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 230, 1907. 
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southern depressions contain sandstone which is locally 
cross-bedded and these seem clearly to represent stream 
channels on the pre-Pennsylvanian surface. 

The exact contact between the Pottsville formation 
and the St. Louis limestone is not sufficiently ·well-ex­
posed in this area to permit the construction of an 
accurate map of the topography of this pre-Pennsyl­
vanian erosion surface. However, the scattered expo­
sures indicate that this surface is a relatiYely flat table­
land and that the irregularities on it are narro"\V 
elongated depressions that seem to clee,pen southward 
and westward in a manner that strongly suggests that 
they were once converging stremn courses. 

In southern Calhoun County the bedding in the Penn­
sylvanian formations lies very nearly parallel to that 
of the underlying l\iississippian limestone~ in fact. the 
upper contact of the Pottsville fonnation seems to be 
approximately 40 feet above the top of the hard 1nassive 
brecciated bed in the St. Louis limestone throughout 
this area. HoweYer~ in middle and northern Calhoun 
County the Pennsylvanian overlaps onto older fonna­
tions and the local deposits of Pottsville and Carbondale 
on the uplands lie upon the Burlington limestone or in 
depressions in its upper surface. l\IcQueen 76 has re­
ported similar occurrences of high alumina clay "'in 
depressions in the chert conglomerate marking the 
base of the Pennsylvanian series'' in central Lincoln 
County and farther south in :Missouri. 

No beds of undoubted marine origin were found in 
the Pottsville formatio·n in this area, and, so far as the 
evidence goes, the sandstone and the clay 1nay all have 
been laid clown upon the land. Yet the basal sand­
stone contains some mineral grains that must originally 
have c.ome from a distant source. J uclgecl by the eompo­
sition o'f these minerals and by the probable direction 
of land slopes suggested by the loeal thiekening of 
Pennsylvania sediments and the possible drainage 
pattern then, it seems very unlikely that the igneous 
roeks of the nearby Ozark Highlands could have been 
a emnpetent source. These minerals coneeivably 1night 
have been swept by 1narine longshore eurrents directly 
from sdme more distant souree into the area, but this 
possibility does not accord well with the topography 
of the old pre-Pennsylvanian surface. The sandy beds 
in the upper part of the St. Louis limestone seem to be 
the only rocks no"\Y left in the immediate vicinity that 
1night have contributed the minerals. (See p. 50.) 
They may therefore have been deposited first in the St. 
Louis limestone or possibly in the Ste. Genevieve lime­
stone or overlying Chester rocks 77 by 1narine currents 
and later reworked by weathering and streams into the 
basal Pennsylvanian clay and sandstone. 

76 :\IcQueen, H. S., Geologic relations of the diaspore and flint fire 
cla~'S of Missouri: Amer. Ceramic Soc. Bull., Yol. 12, pp. 696-697, 1929. 

77 Lamar, .J. E., Sedimentary anal;rsis of limestones of the Chester 
series: Econ. Geolog;r, yol. 21, pp. 583-584, 1926. 

Whether or not the Pottsville fonnation is 1nade up 
entirely of eontinental deposits in this area, the thick­
ness of the formation varies systematieally so as ahnost 
exactly to fill all irregularities in the old erosic"l surface 
before. the acemnulatio·n of the overlying coal. The 
striking relationship 1nay be no more than accidental, 
but it suggests that eonclitions were not suitable for 
the formation of coal until the region had bp.,en_ silted 
up to a nearly level plain of clepositiot1. 

The contaet between the top of the Pottsville fonna­
tion and the coal bed at the base of the Carbondale for­
mation is apparently conformable. 

Fossils.-In many plaees in so·uthern Calhoun County 
the clay beds in the Pottsville formation contain poorly 
preserved plant remains that consist chiefly of frag­
ments of roots known as Stignwria. No other fossils 
were fotnHl in the fonnation. 

Two collections of these plant remains were n1acle 
from somewhat earbonaceous "flinf' clays on the up­
lands in northern and central Calhoun County. These 
collections were studied by Dr. David White and re­
ported on as fdllows : 

Lot 74, collected at the Guthrie clay pits, S'V% sec-. 6, T. 8 S., 
R. 3 ·w., includes-
Stigmaria L'errucosa, detached scars. 
Cardiocarpon sp. 
Asteropl!yllites! leaf fragments. 
Megaspores of some lepidophyte. 

Lot 183, from the SE,%SEJ4 sec. 8, T. 10 S., R. 2 ".,.·• has com­
minuted and generally much macerated plant fragme"'ts in silts. 
I am able to identify only-
Stigmaria t~errucosa. 
Scraps of roots. 

This material is Carboniferous. There is little C1 flubt as to 
its Pennsylvanian age; it is probable that the deposit is of 
Pottsville date. 

Name and menlbers.-The na1ne Pottsville was first 
nsed in Pennsylvania 78 and later applied to the lower 
part of the Pt"mnsylvanian rocks of Illinois hy David 
White.79 For convenience the upper lin1it of the Potts­
ville fonnation jn Illinois has in reeent years b('~n drawn 
more or less arbitrarily 80 at the base of the Murphysboro 
(No. 2) eoal in some reports and in other reports at 
the base of the underlying clay bed. The nam_e is here 
applied to the rocks in the Hardin and Brussels quad­
rangles on the advice of Drs. David White and J. M. 
Weller, both of whmn visited the writer in the field 
and examined some of the exposures. 

78 Platt, W. G .. and Platt, F., Report af progress in the Cambria and 
Somerset district of the bituminous coal fields of west~rn P•'nnsylvania ; 
Part 1, Cambria: 2d Geol. Survey Pa., Rept. 1875, p. 26, 1877. 

7" "'bite, David, Report of the field work in the coal diftricts of the 
State: Illinois Geol. Survey Bull. 4, pp. 201-203, 1907; Report on field 
work done in 1907 : Idem, Bull. 8. pp. 268-272, 1908 ; Paleobotanical 
work in Illinois in 1908: Idem, Bull. 14, pp. 293-295, 1910. De Wolf, 
F. W., Studies of Illinois coal: Illinois Geol. Survey, Bull. 16, p. 180, 
1910. 

8° CulYer, H. E .. Coal resources of District III (Weste'"n Illinois) : 
Illinois Geol. Survey Cooperative Min. Ser., Bull. 29, p. 16, 1925. Wan­
less, H. R .. Geology and mineral resources of the Alexis quadrangle : 
Illinois Geol. Survey Bull. 57, pp. 47-48, 1929. 
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The Pottsville fonnation of Illinois has been corre­
lated 81 with the lower part of the Cherokee shale 82 of 
Missouri and l{ansas and the clay at the top of the 
Pottsville with 83 the Cheltenhan1 clay bed 84 of St. 
Louis County, Mo. The sandstone in the lower part 
of the Pottsville fonnation is probably the same as the 
'"Ferruginous Sandstone,'' which Potter 85 recognized in 
Lincoln County, Mo. 

CARBONDALE FORMATION 

The Pottsville fonnation is overlain conformably by 
a, unit of shale, clay, limestone, and coal, which Inakes 
up the Carbondale formation. The Carbondale erops 
out on hill slopes below the uplands in southern Cal­
houn County, in a snmll area in southwestern Jersey 
County, and in a few s1nall isolated exposures on the 
uplands north of the Cap au Gdls flexure. Like the 
Pottsville, the Carbondale formation is Inade up largely 
of soft and unresistant rocks but beeause it contains 
thin beds of hard limestone in its upper part and is 
overlain by other limestones it is comn1only nnlCh better 
exposed than the Pottsville. 

Where overlnin by the McLeansboro formation in 
southern Calhoun County, the Carbondale ranges frmn 
65 to 90 feet thick apparently becoming thicker south­
westward. According to D. M. Collingwood,86 the for­
mation again thickens gradually northward and 
eastward from southwestern Jersey County. 

The Carbonch'ul£> formation is made up of seYeral per­
sistent members. Listed in their stratigraphic order, 
these are ( 1) a basa.l thin coal bed from a few inches 
to nearly 3 feet thick, ( 2) sandy shale and siltstone 
approximately 50 feet thick, (3) fire clay about 3 to 
about 15 feet thick, ( 4) li1nestone about 6 feet thick, 
and ( 5) an uppermost member of calcareous clay frmn 
4 to 12 feet thick. 

0 oal.-The basal coal bed is the only coal of conuner­
cial value in the area. It crops out- at an elevation of 
about 520 feet at numerous places on the west side, and 
at a few places on the east side, of the divide in south­
ern Calhoun County. It is near the surface, and it may 
actually crop out in the SE%SE% sec. 9, T. 6 N., R. 13 

81 White, David, in Hinds, H., and Greene, F. C., The stratigraphy of 
the P•'nnsylvanian series in l\fh;souri: Missouri Bur. Geology and Mines, 
2d ser., vol. 13, p. 262, 1915. Hinds and Greene, idem., p. 41. Savage, 
T. E., Marine invertebrate fossils as horizon markers in the Pennsyl­
vanian rocks of Illinois: Jour. Geology, vol. 32, p. 581, 1924; Signifi­
cant breaks and overlaps in the Pennsylvanian rocks of Illinois: Amer. 
Jour. Sci., 5th ser., vol. 14, pp. 315-316, 1927. Knight, J. B., The 
Pennsylvanian outlier of St. Louis. Mo., and its correlations fabstract) : 
Geol. Soc. America Bull., ,·ol. 40, no. 1, p. 190, 1929. Weller, J. l\1., 
personal communication. 

82 Haworth, E., and Kirk, M. Z., The Neosho River section : Kans. 
Univ. Quart., vol. 2, p. 105, 1894. 

83 Knight, J. B., Op. cit. 
81 Fenneman, N. M., Geology and mineral resources of the St. Louis 

quadrangle: U.S. Geol. Survey Bull. 438, pp. 28, 49-53, 1911. 
85 Potter, W. B., Geology of Lincoln County, in Preliminary report on 

the iron ores and coal fields: Missouri Geol. Survey. pp. 250-::!53, 18i3. 
86 Manuscript report in files of Illinois Geological Surv!'y. 

868804-::i2--6 

W., .Jersey County. In a nearby well in the NEl;iNVT% 
sec. 15, T. 6 N., R. 13 ,V., it is reported at a depth of 
24 feet. No exposures of the coal were found north of 
the Cap au Gres flexure, but there are persistent reports 
by residents of the area of small pockets of coal on the 
upland somewhere on St. Andrew Ridge in T. ·7 N., R.l3 
W. Although not verified, this report is made plausible 
by the local occurrence of Pottsville and Carbondale 
clay and shale on the. u plancl in Calhoun County and by 
the presence of coal in sinkholes in li1nestones of the 
Osage group in Lincoln County, l\{o.87 

The coal apparently becomes thicker southwestward 
and reaches its Inaxinuun thickness of 30 inches or 
slightly Inore in sees. 15, 22, and 27, T. 13 S., R. 2 W. 
Northward and eastward the bed is either thinner or 
else so divided b3" partings of clark clay shale in its 
upper part that it appears thinner. Exposures r,ncl 
scattered well records indicate that north of see. 9, T. 
13 S., R. 2 W., and east of sec. 32, T. 13 S., R. 1 W., 
there is less than 1 foot of pure coal. 

Proximate analysis ( p. 161) of a sample collected 
from an old prospect pit in the center S'V~NW% see. 
26, T. 13 S., R. 2 W., indicates that the coal is of good 
quality. Analyses published by earlier writers 88 sl-:-ow 
that the coal formerly mined in see. 1, T. 14 S., R. 2 W., 
is of similar character. This mine, which is now ab",n­
donecl, is the only large-seale cleYelopment of the coal 
ever attempted in the region. The coal was mined for 
firing the excellent brick made there from the Pottsvill~ 
and Carbondale clays. 

The black laminated shale or ''roof slate'~ that imme­
diately overlies the co·al is more appropriately conf'id­
ered as part of the coal member than of the overlying 
sandy siltstone. This rock, which ranges from a few 
inches to nearly 4 feet thick and apparently thickens 
southwestward, consists of highly carbonaceous clay 
or very argillaceous co·al-the "'bony coal'' of some 
miners-and thin layers of dense gray limestone less 
than 1 inch thick ·which contain small crystals of pyrite 
and irregular algal ( ~) markings. Locally the black 
shale contains small nodules of pyrite and abundant 
more or less pyritized shells of marine i11vertebrrtes 
( Colls. Nos. 31 and 90, p. 173) . At several exposures 
this black shale contains hard nodules or concretione of 
highly ferruginous sandy clay from a few inches to m0re 
than 1 foot in dia1neter. A few of the freshest and least 
weathered of these nodules contain masses of pyrite at 
their c'enters. At the old Golden Eagle or Winnebe.r6er 
brick plant these ferruginous concretions occur not 
only above the coal but also in a parting of clay shale 

87 Potter,· Op. cit., pp. 258, 21J3-281. 
ss Worthen, A. H .. Geology of Illinois; Calhoun County: Illinois Geol. 

Survey, vol. 4, p. 21. 1870. Culver, H. E., Coal resources of Dis+rict 
III: Illinois Geol. Sm·wJ·, Coop. :\'Iin. Ser., BulL 29, p. 23, 1925. 
Lamar, J. E., Preliminary report on the economic mineral resourcE's of 
Calhoun County: Illinois Geol. SurYe;r Rept. of InY. no. 8, p. 19, 1926. 
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2 :feet thick that separa-tes the lower 25 inches of coal 
fron1 an upper layer 4 inches thick. 

Shale.-The coal and black laminated shale is over­
lain by the thickest member of the. Carbondale forina­
tion. This n1e111ber consists entirely of noncalcareous 
platy shale, massive sandy siltstone, and soft thin­
bedded very fine grained sandstone. The color of these 
rocks commonly ranges fron1 greenish gray through 
light huffy gray to deep brown and 1naroon and in smne 
places, especially in the upper part of the me~nber, they 
are mottled with green and red. Locally, as in sec. 26, 
T.13 S., R. 2 W., the fine-grained argillaceous sandstone 
makes up nearly all the 1nember. Elsewhere it occurs 
as thin layers a few inches thick interbedded with the 
shale and siltstone. This fine-grained sandstone is 
poorly sorted, and the largest grains are rarely n1ore 
than one-tenth 1nillin1eter in diameter. 

Both the siltstone and the sandstone contain numerous 
sn1all flakes of museovite, a characteristic that 'With the 
maroon colors serves to distinguish these rocks from any 
others in the region. Hence the 1nicaceous and 1naroon 
platy shale found in a depression which seems to be 
a remnant of a sinkhole in the Burlington limestone in 
the SE:1;4 sec. 28, T. 10 S., R. 2 W., is referred with con­
siderable assurance to the Carbondale formation. 
Smnewhat similar siltstone associated with sandstone 
thought to be part of the Pottsville formation was noted 
in sec. 23, T. 8 S., R. 3 W. 

Chemical analysis of a sample (p. 158) collected from 
the upper 30 feet of this 1nember of the Carbondale 
formation in the open pit at the abandoned Golden 
Eagle or Winneberger brick plant in sec. 1, T. 14 S., 
R. 2 W., indicates that the rock there consists of more 
than 80 percent of clay, less than 10 percent of quartz, 
and a small anwunt of pyrite and iron oxide. The anal­
ysis also indicates that the sa1nple contains 6 percent 
or less of magnesite and clolmnite-an amount 1nueh 
greater than the behavior of the shale with eoncen­
trated hydroehloric acid would lead one to estimate. 
(See pp. 16-17.) In its high percentage of clay and low 
percentage of quartz the rock is much 1nore similar to 
the calcareous Maquoketa shale ( p. 22) than it is to the 
quartzose Hannibal shale ( p. 38). 

Ceramic tests of this sample. (pp. 160-161) indicate 
that the Carbondale, like the Hannibal shale, might be 
used for the manufacture of son1e kinds of brick and 
tile. In fact, the shale was formerly quarried at the pit 
frmn which this sa1nple was taken and mixed with the 
underlying Pottsville and overlying Carbondale fire 
clays for the Inanufaeture of faee brick. 

Fh·e cla.y.-The shale 1nembe.r of the Carbondale for­
Illation is overlain by a variable thickness of fire clay. 
This clay re.se1nbles that in the Pottsville formation, 
but it is com1nonly somewhat paler gray or almost 
white and more heavily 1nottled 'vith brighter tints of 
yellow, brown, red, maroon, and purple. The fire clay 

is massive, plastic, slightly calcareous, and son1ewhat 
gritty. Loeally it contains thin layers of fissile shale 
and fine-grained a1'\gillaceous sandstone and, in sec. 1, 
T. 14 S., R. 2 ,V., nodules of calcareous ar~llaceous 
iron oxide are present in the lower foot of the m_etnber. 
In many places the upper few inches of the clay is clark 
gray or purplish and n1ay be a thin carbonace•'JUS zone 
or "'coal smut" that represents a thicker coal heel in other 
regions. 

A thin section of a sample frmn the open pit at the 
abandoned brick plant in sec. 1, T. 1± S., R. 2 ~r., shows 
that this clay, like that in the Pottsville formation, is 
made up of large crystals of the clay mineral beidellite 
and a fe,v scattered quartz grains. 

Ceramic tests (p. 160) of a sample eollectei at the 
same loeality show that this clay, which form~rly was 
used in the manufacture of brick~ is very similar in its 
physieal properties to the clay in the Pottsville 
formation. 

Lhnestone.-The. fire. clay member of the Carbondale 
formation is overlain by a thin but hard bed of lime­
stone. In southern Calhoun County this bee"' is very 
resistant to erosion and fonns a prmninent ledge frmn 
which heavy blocks break off and strew the slop~smade 
by the soft underlying clays and shales. r:J;~--is hard 
limestone 1nay possibly eap the. narrqw terrace or bench 
along the southern line of see. 10 T. 6 N., B. 13 W., 
Jersey County, but if so it is obscured by the heavy 
tnantle of loess there. 

vVhere well exposed the bed is commonly abcnt 6 feet 
thick but the upper 1 or 2 feet consists of nodular layers 
or conct•etionary beds of lim_e.stone imbedded in eal­
careous clay, and these softer upper layers are not 
everywhere exposed. The li1nestone is fine-grained to 
dense and conunonly light gray to pale huffy gray. The 
rock is somewhat conglomeratic or brecciated and con­
tains small pebbles of gray dense limestone imbedded in 
a 1natrix of light-gray, fine-grained litnestone. Where 
weathered, these limestone pebbles stand out from the 
matrix and give the rock a very irregular knobby sur­
face. In some places the li1nestone contains a few s1nall 
nodules of brown chert. 

Chmnieal analysis of a san1ple (p.157) taken to repre­
sent the 51f2 feet of this limestone and the lower 21;4 
feet of the linw.stone at the base of the McLeansboro 
formation as exposed in the SWlj±SW%, see. 14, T. 13 
S., R. 2 W., indicates that the rock consists of about 98 
percent of relatively pure calcite. The. impurities are 
probably ahnost all clay and siliea. (See pp. 16-17.) 
This analysis indicates that, in their high total content 
of calcium Garbonate and their low percentage of silica 
and alumina, these two Pennsylvanian beds are to be 
classed with the yery purest limestones of th~ region. 

Physical tests of this sample (p. 157) indicate by the 
high bulk density and low absorption and loss by abra-
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sion that these beds are probably the n1ost dense and 
cmnpact limestones in the region.89 

Calcareous clay.-The uppermost member of the Car­
bondale fonnation is a plastic. calcareous elay that some­
what rese1nbles the underlying fire clay in the Carbon­
dale and Pottsville formation. However, it is nuwh 
n1ore calcareous than these underlying days, and it 
commonly contains~ especially in its middle and upper 
parts, irregular patches of a white calcareous powder. 
It is also charaeteristically pale greenish gray and 
streaked in its upper and lower parts with thin yellow, 
red~ and purplish layers. Furthennore it conunonly 
contains, at both top and bottom, thin clark-gray and 
purplish carbonaceous zones or eoal smuts. In the NE. 
lfbNW.lJt sec. 6, T. 14 S., R. 1 ,V., the upper few inches 
of the 1nember contains small nodules of clark, perhaps 
phosphatic. limestone and fragments of wood. The 
thickness of the member varies irregularly frmn 4 to 12 
feet or more. 

StratigJ'aphic relations.-N o evidenee of a strati­
graphic break was recognized either at the top or bottom 
or within the Carbondale formation. The eoal at the 
base of the formation is sharply separable from but 
seems to lie conformably upon the fire elay of the Potts­
ville. At least locally the coal appears to grade upward 
into the black laminated shale whieh in turn is not 
sharply separated from overlying sandy shale mem­
ber. No evidence of a stratigraphie break was detected 
within the thick sandy shale member. The fine-grained 
argillaceous sandstone, which locally makes up nearly 
all the 1nember, appears to grade laterally by interlami­
nation into the more usual shale and siltstone. In son1e 
exposures the bed of fire clay overlies this member with 
sharp contact but else·where the contact is not abrupt. 
The lower limit of the limestone member is everywhere 
sharp but apparently conformable. The uppermost 
1nember of caleareous clay seems to be almost completely 
gradational into the underlying limestone and, in the 
best exposures, it appears also to grade into the overlying 
limestone at the base of the ~IcLeansboro formation. 

Howe,Ter this appearance of conformity may be mis­
leading. ~Iarine fossils were found in the black 
laminated shale, in the thick shale 1nember, and in the 
limestone member. Yet it is generally thought that 
coal, such as that in the basal bed of the formation, 
accumulated in swan1ps that were above sea level ot· at 
least some distance landward frmn the shore. If the 
thin carbonaceous zones in the fire clay and calcareous 
clay 1nembers represent other coal beds, the area may 
have emerged above sea level several times during 
the accumulation of the Carbondale formation. Uncon­
formities ·within continental deposits have much less 
stratigraphie signifieance than unconformities within 
or upon 1narine sediments. Similarly, the absence of 

89 Kre;\', Frank, and Lamar, .T. E., Limestone resources of Illinois; · 
Illinois Geol. Surve;r Bull. 46, p. 31, 19~5. 

unconformities of any kind within continental clepo"its 
does not prove that the area has not n1oved up ancl 
down several times. 

Fo88ils.-The basal coal bed and the upper elay Inem­
bers of the Carbondale fonnation contain po'orly 
preserved plant remains. In a few loealities the black 
laminated shale above the coal eontains abundant 
marine. invertebrates (Coils. 31 and 90), the thick sl'ale 
member a few small unidentified pelecypods, and the 
limestone a few fossils, most of which are brachiopo'ds. 
(See p. 173.) 

Name and Hlembens.-The Carbondale fonnation was 
named from exposures near Carbondale in Jackson 
County, Ill.,90 In some reports this formatio·n has been 
taken to include all the beds between the base of the 
Murphysboro (No. 2) coal and the top of the Herrin 
(No. 6) eoal.91 In other reports, however, its base has 
been drawn at the base of the underclay of No. 2 e'lal. 
It here is drawn more or less arbitrarily at the base of 
the coal instead of at the base of the underclay. The 
name Carbondale is here used for the ro·eks in the 
Hardin and Brussels quadrangles upon the advicE; of 
Dr. J. M. Weller who visited the writer in the field and 
·who examined all the fossil collections. 

Worthen 92 early eorrelated the bed of coal mined in 
southern Calhoun County with the MtJrphysboro or Col­
chester (No. 2) coal. Culver 93 ref~.rrecl to the bed as 
coal No. 2, and J. M. Weller 94 believes that it certainly 
em·relates with the Colehester and very probably vith 
the Murphysboro eoals of Illinois and with the Be..-rier 
eoal of Missouri. 

The thick sandy shale me1nber (unit 6 of generalized 
section, p. 53) that overlies the c.oal bed may possibly 
be equivalent to Savage's Ipava 95 shale and sandstone 
or the Pleasantview sandstone of W anless,96 or to both 
these 1nembers. 

It seems reasonably eertain that the bed referred to 
by Culver 97 as "the Golden Eagle limestone, well known 
in Calhoun County'' is the limestone 1nember of the Car­
bondale (unit 8 of generalized section, p. 53) and not 
one of the two higher limestones (units 10 and 12). It 
is true that Culver referred his Golden Eagle limestone 
to the McLeansboro formation. However, this refer­
enee seems very improbable bee a use ( 1) the lower of 

oo Shaw, E. W., and Savage, T. E., U. S. Geol. Survey Geol. Atlas, 
Murphysboro-Herrin folio (no. 185) p. 6, 1912. Lines, E. F., Portland 
cement resources of Illinois: Illinois Geol. Survey Bull. 17, p. 74, 1912. 

91 Culver, H. E., Coal resources of District III : Illinois Geol. Srrvey 
Coop. Min. Ser. Bull. 29, p. 16, 1925. Wanless, H. R., Geology and min­
eral re;;ources of the Alexis quadrangle: Illinois Geol. Survey Bull. 57, 
pp. 47-48, 78, 1929. 

o2 Worthen, A. H., Geolog;\' of Illinois: Calhoun County: Illinois Geol. 
Survey, vol. 4, p. 22, 1870. 

93 Culver, H. E., op. cit., p. 23. 
94 Personal communication. 
95 Savage, T. E., Significant breaks and overlaps in the Pennsylv~:nian 

rocks of Illinois: Amer. Jour. Sci. 5th ser., vol. 14, p. 309, 1927. 
9~ Wanless, H. R., Geology and mineral resources of the Alexis quad­

rangle: Illinois Geol. Survey, Bull. 59, pp. 90-91, 1929. 
9i Culver, H. E., op. cit., p. 20. 
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the two limestone members of the McLeansboro in Cal­
houn County is less resistant and hence not so con­
spicuously developed as the li1nestone 1nember of the 
Carbondale and (2) the n1ore resistant upper lilnestone 
member of the McLeansboro is restricted to a very few 
exposures in Calhoun County and so probably was not 
the bed he referred to. Furthern1ore, in the strati­
graphic section quoted by Culver 98 frmn Worthen, the 
only bed of limestone included is the one in the upper 
part of the Carbondale formation. 

J. M. Weller 99 is inclined to think that the bed re­
ferred to in this report as the limestone member of the 
Carbondale (unit 8 of tlw generalized section, p. 5;3) 
actually contains the representatives of two different 
limestones that are well developed in other parts of 
Illinois. By this interpretation the lower fine-grained 
massive portion is equivalent to the "No. 4 cap" lime­
stone and the upper nodular portion is equivalent to the 
"No. 5 cap" or the St. David shale and lin1estone of 
Savage.1 

According to .J. M. Weller,2 l{night,3 and, less spe­
cifically, Savage/ the coal, shale, and fire day members 
of the Carbondale formation are equivalent to the upper 
part of the Cherokee shale and the limestoue and cal­
careous day members to the lower and1niddle parts of 
the Fort Scott limestone 5 of Missouri and Kansas. 

M'LEANSBORO FORMATION 

The youngest Paleozoic rocks rmnaining uneroded in 
the Brussels quadrangle are some thin beds of li1nestone 
and day that belong to the McLeansboro formation. 
These beds cap the narrow remnants of upland in south­
ern Calhoun County and they have a nmximmn exposed 
thickness of about 2~ feet. A. nuwh greater thickness 
of the McLeansboro formation may have been deposited 
in this area and later eroded away. The formation is 
more than 1,000 feet thick in southern Illinois and beds 
of equivalent age in northwestern J\!Iissouri arc also more 
than 1,000 feet thick. Inasn1uch as the older Pennsyl­
vanian for1nations thin toward the Hardin and Brussels 
quadrangles, it seems improbable that the l\feLeansboro 
formation was ever 1,000 feet thick in this area. How­
ever, it 1nay well have been several hundred feet thick 
before erosion. 

Like the Carbondale formation the l\'leLeansboro can 
conveniently be subdivided into several members. These 

9 ' Culver, H. E., op. cit., p. 39. 
~Y.o Personal communication. 
1 Savage, T. E., Significant breaks and overlaps in the Penns~·lvanian 

rocks of Illinois: Amer. Jour. Sci., 5th ser., vol. 14, p. 309, 1927. 
2 Weller, J. i\L, Cyclical sedimentation of the Pennsylvanian period 

and its significance: Jour. Geol., vol. 38, pp. 108-109, 1930: also, per­
sonal communication. 

3 Knight, J. B .. Some Pennsylvanian ostracodes from the Henrietta 
formation of eastern Missouri: Jour. Paleontology, vol. 2. p. 229. 1928: 
Pennsylvanian outlier at St. Louis, 1\Io., and its correlations [abstract] : 
Geol. Soc. American Bull., vol. 40, no. 1, p. 190, 1929. 

4 Sa \'age, T. E., Marine invertebrate fossils as horizon markers in the 
Pennsylvanian rocks of Illinois: Jour. Geology, vol. 32, p. 581, 1924. 

5 Swallow, G. C., Preliminar~· report of Geological Survey of Kansas, 
pp. 25-26, 1866. 

are a basal limestone, a middle day, and an upper lime­
stone. 

The basal limestone bed is widespread in southern 
Calhoun County. It is commonly a dense, darl~ smne­
·what huffy gray, highly fossiliferous limestone that is 
1nassive in the lower part and thinner-bedded above. 
Locally it contains a few large nodules of gray chert, 
which upon weathering become tan or brown. Like the 
limestone bed in the upper part of the CarbonclaJe, this 
bed contains s1nall lim_estone pebbles but, unlike those 
in the lower limestone, these pebbles are lighter gray 
and coarser-grained than the groundmass that contains 
them. The bed can usually be distinguished frmn the 
limestone in the Carbondale by its denser texture, darker 
color, and greater abundance of fossils and by the fact 
that it is less resistant to erosion. In a few places in the 
southern part of the area the full thickness of this lime­
stone is exposed and at those plaees the bed is about 8 
feet thick; throughout most of its area of outcrop, how­
ever, only the lower 1 or 2 feet is exposed. 

At a few exposures along the line of outcrop in see. 1, 
T. 14 S., R. 2 W., the basal limestone is overlain by 15 
feet of pale-buff, 1nassive, somewhat gritty and plastic, 
calcareous clay. This day in turn is overlain at these 
few exposures by a hard~ dense, n1assive, fossiliferous 
limestone 5 feet thick, which is gray on fresh s~Irfaees 
but brmvn where weathered. This upper lime~tone is 
extremely resistant to erosion and, like the limestone 
1nember of the Carbondale but unlike the lower lime­
stone of the McLeansboro fonnation, it forms a prmn­
inent ledge frmn w hieh large blocks break off and strew 
the slopes below. 

Fossils.-The two beds of limestone in the McLeans­
boro for1nation are comn1only much n1ore highly fossil­
iferous than the limestone of the Carbondale for:-:nation 
(see p. 173) . No organic ren1ains were observed in the 
1nidclle clay member of this formation. 

Name and 'Jnembers.-The McLeansboro fornation 
was named from exposures in Hamilton County, Ill.,6 

to embrace all Pennsylvanian strata in Illinois alnve. the 
Herrin (No. 6) coal. The name McLeansboro is here 
applied, on the advice of Dr. J. M. Weller, to the upper­
most Pennsylvanian rocks exposed in the Brussels 
quadrangle. 

The lower li1nestone n1ember of the McLeansboro 
fonnation probably corresponds to the Brereton linle­
stone of Savage.7 This basal bed has been cor':'elated 
by !{night 8 and Weller 9 with the upper part o·f tl'o, Fort 
Scott limestone of Missouri and l{ansas. These two 

6 DeWolf, F. W., Studies of Illinois coal: Illinois Geol. Survey Bull. 
10, p. 181, 1910. Savage, T. E., The geology and coal resources of the 
Herrin, Illinois, quadrangle: Idem., pp. 271, 274. 

7 Savage, T. E., Significant breaks and overlaps in the Pennsrlvanian 
rocks of Illinois: Amer. Jour. Science, 5th ser., vol. 14, p. 309. 1927. 

8 Knight, J. B., The Pennsylyanian outlier of St. Louis, Miss'luri, and 
its correlations [abstract] : Geol. Soc. America Bull., vol. 40, no. 1, p. 
190, 1929. 

0 \Veller, J. M., Cyclical sedimentation of the PennsylYanian and its 
significance: Jour. Geolog~·. vol. 38, pp. lOS-10!), 1930. 
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workers have also correlated the overlying argillaceous 
beds with the Labette 10 shale and the succeeding lime­
stone (the Piasa 11 lhnestone of Culver) in western 
Illinois with the Pawnee limestone 12 of Missouri and 
Kansas. Aecording to these eorrelations the beds of the 
McLeansboro formation that are exposed in the Brussel:3 
quadrangle are all embraced in the Henrietta formation 
of Missouri. 

CENOZOIC 

TERT'IARY 

After the Pennsylvanian seas withdrew, large areas 
of the North Ameriean continent because dry land and, 
so far as present information goes~ the central Missis­
sippi Valley region has remained above sea level sinee 
that ti1ne. However, the record of the geologie events 
in this region after the Pennsylvanian and before the 
Pleistocene is very meager. In other parts of the world, 
during a period of time estimated at several hundred 
1nillion years, sediments aeeumulated to thieknesses of 
many thousands of feetY In the Hardin and Brussels 
quadrangles the only stratigraphie reeord of this vast 
length of time consists of a few thin renn1ants of an 
old stream gravel. Yet during this period, 1nueh of the 
framework and the present geography of the region 
were blocked out. Consequently, in a description of the 
geology of the region these thin remnants of the old 
strean1 gravel assume an importanee out of all pro­
portion to their present thickness. The very fact that 
there is ahnost no reeord of Mesozoic and Tertiary 
stratigraphy in this regionn1akes it all the more neces­
sary to describe carefully the 1neager reeords that ean 
be found. 

However these gravels, taken alone, tell almost noth­
ing about the intervening history. It is necessary to 
supplement their testimony by that of the physiographic 
record of Tertiary events. Even then the available in­
fonuation affords only the barest outline of the complete 
history. Mueh that is included in the description and 
discussion of the Grover gravel n1ight more logically 
have been restricted to the section of this report entitled 
""Physiography." However, it is almost essential to 
bring the two types of evidence together into one dis­
cussion, and it semns 1nore convenient from the reader's 
viewpoint to introduce the pertinent physiographic data 
along with the regular stratigraphic description. 

GROVER GRAVEL 

At several places on the narrow uplands in the Hardin 
and Brussels quadrangles a thin layer of gravel lies 

10 Haworth, E .. Stratigraph~· of the Kansas Coal Measures: Kansas 
Univ. Geol. Surve~·. special repts., yol. 3, pp. 36-3i, 92, 94, 100, 1898. 

11 Culver, H. E., op. cit., p. 20. 
12 Swallow, G. C'., Preliminary report of the Geological Suryey of 

Kansas. pp. 9, 28. 1866. 
13 Wilmarth, l\1. G., The geologic time classification of the United 

f\tates Geological Survey: U. S. Geol. Surny Bull. i69, pp. 5-6, 1925. 

between the highest Mississippian or Pennsylvanian 
fonnations and the overlying Pleistocene deposits. The 
pebbles in this gravel-formerly called the "Lafa­
yette"-are marked by a 1nunber of distinctive charac­
teristics and, in many places where the gravel cannot 
be found exposed, its presence beneath the loess mantle 
on the uplands is demonstrated by an abundanee of these 
pebbles in the upper parts of small stream courses 
nearby. 

North of the Cap au Gres flexure, the gravel oceurs in 
several sn1all remnants in the Calhoun County part of 
the Hardin quadrangle and in a few places in south­
western Jersey County. In the area of Illinoian glacia­
tion, east of Illinois River and north of Otter Creek, 
this gravel could not be recognized, but the presence in 
the Illinoian till of a few pebbles apparently identical 
with those characteristic. of the gravel indieates either 
that the gravel was once present there or that the ice 
sheet advanced across deposits of this gravel elsewl1ere 
and ineorporated them within its debris. 

Northward frmn the northern limit of the Hardin 
quadrangle to the southwestern limit of Illinoian 
glaciation, the upland stn·face is somewhat wider and 
the remnants of upland gravel correspondingly larger 
than they are in the Hardin quadrangle. In the eastern 
part of the T. 8 S., R. 3 W., especially along Farma,r's 
Ridge, from 7 to 10 miles north of the Hardin quad­
rangle, rmnnants of this gravel are numerous and 
widespread. 

The most abundant and the thickest exposures of the 
gravel within the area covered by this report are in the 
Brussels quadrangle south of the Cap au Gres flexure, 
along the ridge frmn see. 15, T. 13 S., R 2 W., south and 
east to sec. 32, T. 13 S., R. 1 W. However, the most 
nmnerous and widespread and the best exposed IYml­

nants of these deposits near the Hardin and Brus<;"els 
quadrangles are those on the flat upland in the western 
part of St. Louis County, Mo., about 20 miles soutl'. of 
the Brussels quadrangle. In this region thick remnr,nts 
of the fonnation clearly display the original bedding 
and structure of the deposits, and it is frmn exposures 
near Grover, Mo., that the na1ne Grover gravel is pro­
posed for these beds. (Seep. 67.) 

Thickness.-Throughout most of the area of the I:Tar­
din and Brussels quadrangles the Grover gravel se~'~ms 
to be 1nerely a thin veneer of pebbles, and in a nmrber 
of places it is definitely absent. However, the exposures 
are poor, and it 1nay be much thicker beneath the loess 
1nantle that everywhere covers the uplands. In north­
e.rn Calhoun County, north of the Hardin quadrangle, 
and in southern Calhoun County, in the southern part 
of the Brussels quadrangle, the formation is comn1c1ly 
frmu 2 to 5 and in a few places 10 feet thick, and it 1nay 
be much thicker where covered by loess. In western 
St. Louis County, ~io., the formation is more than 10 
feet thick at many exposures, and in see. 3, T. 44 N., 
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R. 3 E., a thickness of slightly more than :30 feet of these 
deposits is exposed. 

The evidence afforded by these scattered remnants 
is not sufficient to prove whether or not these deposits 
once extended as a continuous sheet over the upland 
throughout this area. They 1nay once have been eon­
tinuous, for the upland has been subject to long-con­
tinued weathering and erosion since the formation was 
deposited, and it is precisely where the largest rmnnants 
of this upland surface remain that the gravel is like­
wise best preserved. The fonnation may thus have 
been much thicker and 1nuch more widespread than 
the accidental remnants of today would indicate. How­
ever, the gravel1uay not be erosion remnants, preserved 
in these places nu~rely because the upland surface re­
mains intact. .in fact, it is possible that the gravel has 
acted as a proteeFve covering 14 and helped to preserve 
these remnants of the upland surface. 

It is interesting to note that the remnants of Grover 
gravel in Calhoun and St. Louis Counties lie in a rela­
tively narrow belt 60 miles long that coincides roughly 
with the gener::tl course of Mississippi RiYer. It is 
true that in these two counties the ren1nants all lie in 
the narrow "'driftless area" between the regions of Illi­
noian and l{ansan glaciation (see fig. 4) and therefore 
that the linear dif'tribution 1nay be 1nore apparent than 
real. Yet upland gravels have been reported as lying 
below glacial till in each of the, countries along the 
Illinois side of ~fississippi River from Calhoun north 
to Hancock County. These preglacial grave]s and those 
capping the divides far outside the limits of glaciation 
frmn St. Louis County south through Franklin, ,;v ash­
ington, and St. Francois Counties, ~io., have been 
thought to be equivalent to the upland gravels in 
Calhoun County. (See references on p. 66.) Should 
these correlations prove correct, the narrmv north-south 
belt in which the gravels occur is about 175 1niles long 
and entirely independent of the limits of glaciation. 

Topog}'(tphic eJ''pression.-The Grover gravel occurs 
only upon the uplands. ffi1erever found it c.aps the 
high narrow renumnts of an old and once 1nuch n1ore 
extensive upland surface. The scattered pebbles and 
a few small accmnulations of redeposited gravel in 
s1nall streams and on hillsides are nwre widespread, but 
they were n1oved to their present position long after 
the deposition of the original gravel, and they do not 
constitute ::t part of the Grover gravel. 

In the eastern part of St. Louis County, Mo., the 
gravel caps low hills that rise about 50 feet above the 
general upland surface. Similar relations were not 
observed in Illinois, but these low hilltops may corre­
spond to the Calhoun peneplain, and the general upland 
surface near St. Louis 1nay be a partial peneplain 
equiYalent to the poorly-defined intermediate upland 

14 Rich, J. L., Gravel as a resistant rock: Jour. Geology, vol. 19, pp. 
492-506, 1911. 

surface in the Hardin and Brussels quadranglE's ( pp. 
109-110). 

Lithologic charaeter.-Poorly sorted gravel, sand, 
and day in varying proportions 1nake up the fornation. 
Although day and sand are probably everywhere the 
chief constituents of the unit, they are much less con­
spicuous than the gravel in all natural exposure~. 

This gravel consists dmninantly of pale brown, pol­
ished, and rounded pebbles of chert, quartzite, and 
quartz. The pebbles are cmn1nonly from ~ to 2 inches 
in dia1neter but numerous boulders more than 6 inches 
across and a few frmn 1 to 2 feet in1naxinuun di1nension 
1nay be found in southern Calhoun County, IH .• and 
western St. Louis County, Mo. Generally speaking, the 
gravel seems to become. coarser southward aero~s Cal­
houn County and westward across St. Louis County. 

Subrounded chert pebbles are more nmnerous than 
all other constituents of the g1:avel. Commonly the sur­
face of this chert is pale brmYn and smnewhat glazed, 
but where freshly broken the interior of nwst of the 
pebbles is light gray. Hmvever, the chert is of many 
different colors and textures. Some pebbles contain 
Paleozoic fossils, and these and many others pr0bably 
were derived from chert nodules in Paleozoic fonna­
tions. But much of the chert has textures which sug­
gest that the original rock was limestone or even nleta­
morphie schist that subsequently has becmne silicified 
into a fine-grained chert. Pebbles of oolitic chert or 
silicified oolite are rather common in the formation. 
Thin sections cut from several san1ples of this oolite 
and of intimately veined and probably schistose pebbles 
shmY that, whatever the original composition, a second­
ary silicification has completely transforined tho rocks 
into finely crystalline quartz. A few pebbles of 'Yell­
rounded and polished fine-grained jasper were found at 
nearly every exposure examined. 

Although less abundant than the chert, quartzite is 
probably the most conspicuous element in the gravel of 
the formation. It is present as subroundecl to well­
rounded, more or less polished pebbles and boulders of 
purple, reel, pink, and gray, Inedimn-grained to coarse­
grained and conglomeratic quartzite. The large2t boul­
ders in the formation-those from 9 to 18 or 24 inches in 
Inaxinuun diameter-seem everywhere to be well­
rounded reel or purple quartzite. Some of th~ frag­
ments show distinct lamination, and in a few of them 
this lamination is made conspicuous by alternate white 
and purple layers. A few of the quartzite pebbles are 
obviously the result of secondary silicification-when 
broken they are found to be friable sandstone inside. 
Thin sections indicate that in some of the pebbles the 
coloring matter, presum.ably iron oxide, is re2tricted 
to a coating on the rounded quartz grains, but in others 
it fills the finely crystalline quartz matrix betwern small 
chert sand grains. In a thin section of a dark purple 
quartzite pebble, from see. 2, T. 8 S., R. 3 vV., Calhoun 



TERTIARY 63 

County, every quartz grain has a shadowy extinction 
and seems to be granulated and elongated parallel to a 
general schistose structure. This particular pebble 
seen1s almost certainly to be a 1netamorphosecl quartzite. 

Sn1all very well rounded and highly polished quartz 
pebbles represent another conspicuous rock type that is 
conunon among the pebbles. These quartz pebbles, 
which range frmn pale brown. through gray and white, 
to clear and colorless, are comn1only frmn 10 to 15 Inilli­
meters or about lj2 inch in diameter. Thin sections 
indicate strongly that this quartz is of ign~ous origin. 
A clear and nearly colorless pebble 20 millimeters in 
diameter from sec. 2, T. 8 S., R. 3 W .• Calhoun County, 
consists of a single quartz crystal that is traversed by 
n1any fine lines made by minute liquid inelusions that 
contain gas bubbles. Another pebble from the same 
locality semns to be. a fragment of vein quartz that has 
been sheared. A quartz pebble from the NEJA sec. 11. 
T. 6 N .• R. 13 W .• Jersey County, has the allotrio­
lllorphic texture, shadowy extinction, and lines of in­
clusions characteristic of the mineral as it occurs in 
quartz veins and in pegmatite. 

A fourth and less com1non type of rock among the 
pebbles is represented by subangular to rounded frag­
lne.nts of congl01nerate in which well-rounded quartz 
pebbles are set in a 1natrix of dark-brown ferruginous 
sandstone. In some exposures a ferruginous conglmn­
erate apparently identical with that in these fragments 
has been fanned within the Grove.r by the deposition of 
a ferruginous cmnent, and it is possible that the frag­
ments thmnselves have had the same origin. However, 
they greatly resemble fragments of the conglomeratic 
sandstone in the Pottsville formation. (See p. 55.) 

In a few exposures distinct pebbles several inel1es in 
diameter may be found that are ·of 1nassive tan day like 
that occurring in beds in other parts of the Grover and 
of nmroon siltstone like that in the underlying Carbon­
dale formation. 

Pebbles composed of othe.r rocks are very rare. A 
decomposed pebble 4: inches in dian1eter collected in the 
SE% sec. 1, T. 4-1: N .• R. 3 E., St. Louis County~ Mo., 
seems to be a highly altered volcanic breccia. It is 1nade 
up of angular clastic fragments set in a microcrystalline 
1natrix that sho\YS a lathlike and apparently a perlitic 
structure. No volcanic glass was recognized in this 
rock; both the fragments and the 1natrix seem to have 
been silicified, perhaps sericitizecl, and subsequently 
kaolinized. 

Careful search was made at many exposures, but no 
rock types other than those 1nentioned could be found. 
It is perhaps worthy of notice that the dominant types­
chert, quartzite. and quartz-are. an assen1blage of 
quartzose rocks. Feldspathic igneous rocks and car­
bonate sedi1nentary rocks appear to be ah~ent. The 
softer rocks, which would not withstand long-continued 
abrasion, and the 1nore soluble rocks, which would 

decompose 1nost readily under long continued weath<:\.r­
ing, are both rare. 

The distinctive polished surface so noticeable on 
many of the pebbles is not present on all of them. The 
quartz and the finer-grained chert pebbles are m0st 
conspicuously polished or glazed, but some of the more 
granular cherts, the coarser-grained quartzites, and the 
ferruginous conglomerates seem to be totally without 
this peculiar surface. Some of the pebbles are much 
more shiny 011 one side than on the other, thus suggr.st­
ing that the polish was originally developed upon an 
exposed side or that it was subsequently destroyed on 
the more weathered side of the pebble. On some of the 
most shiny pebbles, the polish extends into 1ninor de­
pressions and s1nall grooves much like a varnish. HC'w­
ever, microscopic examination seems to show clearly 
that the glazed surface is not caused by a superficial 
varnish. Although 1nicroscopic examination shows that 
the surfaces of many of the finer-grained, pebbles are 
cheeked by small crescentic cracks that record the blows 
struck by other pebbles, it reveals almost no evidence 
of the fine striations that might be left by a polishing 
agent. The origin of this glazed surface is unknovn; 
it may possibly be the result of polish by wind-blown 
dust or of eombined solution and abrasion by water­
borne silt. 

The clay and sand associated with the gravel W?-re 
found well exposed in relatively few places. In m'lst 
exposures the gravel is set in a matrix of poorly sorted, 
very sanely, plastic, noncaleareous clay that is blue gray 
where fresh and reel and tan where weathered. In a few 
places, however, a horizontal layer about 6 inches thick 
of gray or green 1nassive clay or platy siltstone vras 
found interstratified with the gravel. 

The best exposure of the :formation seen by the writer 
was pointed out to him by R. B. Cozzens of St. Louis. 
This exposure~ in the south eenter sec. 3, T. 44 N., F,. :3 
W., 2 miles west of Grover, St. Louis County, Mo., is a 
quarry face 150 feet long. The formation is n1ore tha,l). 
30 feet thick, and it overlies with sharp contact the 
hard 1nassive maro'on siltstone of the Pennsylvanian, 
which in turn lies above the fire clay quarried there. 
The lower half of the formation is composed of n1assive 
gravel and poorly sorted, essentially unstratified pink 
argillaceous sandstone. This lower unit is terminated 
above by a distinctly bedded layer of greenish-gray silty 
clay about 6 inches thick. This thin layer is succeeded 
by conspicuously cross-bedded gravel and clayey sand. 
The cross-bedded layers dip regularly southward in 
long sweeping curves that extend through a verti':'a.l 
thiekness of about 12 feet. It is perhaps worth noting 
that this large-scale eross bedding and the southwr,rd 
clip of the cross-bedded layers seem to acco·rd with the 
distribution of the formation in a narrow north-south 
belt roughly parallel to the general course of Mississippi 
River. (Seep. 62.) The overlying and uppermost unit 
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is massive gravel, sand, and clay like that at the base oi 
the formation. 

Samples of sanely clay from several exposures in St. 
Lot1is County, Mo., and Calhoun County, Ill., were ex­
amined microscopically. The sand is made up ahnost 
entirely of grains of quartz, and chert, but in each of 
6 san1ples examined numerous grains of orthoclase and 
ilmenite ( '?) were found. The sand is poorly sorted, fine­
to coarse-grained, and well-rounded. In contrast to the 
abundant evidence of silicification in the gravel pebbles, 
very few if any crystal faces for1necl by secondary silici­
fication were seen on any of the sand grains. This evi­
clence seems to show that the silicification of the pebbles 
was aecomplishecl before the pebbles and sand were 
brought together-that is, someti1ne before deposition. 
The surfaces of the sand grains are conspicuously glazed 
and shiny; very few of the ''groundglass'' or frosted sur­
faces found cmnmonly on the grains in Paleozoic sand­
stones of this region were noted. This glazed surface 
is said to be produced by abrasion under water; 15 it is 
quite unlike the minutely etched surface of grains in 
glacial tills that are undergoing solution and decomposi­
tion. 

Most of the quartz grains are murky with rutile, 
apatite, n1agnetite, and liquid inclusions, although a few 
are transparent. The chert grains are brown, gray, and 
white and are finely crystalline. Some of the grains 
of orthoclase are partially decomposed, but others ap­
pear to be totally unaltered. In a sample frmn northern 
Calhoun County and another from St. Louis County, 
fresh grains of n1icrocline, the largest of which was 
2.3Inillimeters in diameter, were found. A sa1nple from 
sec. 3, T. 44 N., R. 3 E., St. Louis County, Mo., ineluded 
a few grains of tounnaline and zircon. The widespread 
presence of smne grains of potash feldspar in this sand 
seems to show conclusively that the formation has not 
been subjected to extrmne decomposition since it was de­
posited. Large pebbles of feldspathic rock should re­
sist deemnposition nu1ch longer than small grains of 
feldspar, and the absenee of any feldspathic and carbo­
nate pebbles semns to clen1and that all but the n1ost 
quartzose rocks were lost either by decomposition or by 
trituration long before the sand and gravel were de­
posited. 

There are thus two important and probably signifi­
cant differences in the cmnposition of the pebbles and 
the sand-the pebbles show abundant evidence of siliei­
fication, but felclspathic rocks are very rare or absent; 
the sand grains show no evidenee of silicification, but 
fresh feldspars are commonly present. These differ­
ences suggest that the pebbles and the sand 1nay have 
had very different histories. 

15 Galloway, J. J., The rounding of grains of sand by solution: Amer. 
Jour. Sci., 4th ser., YOL 47, pp. 272-273, 1919: Value of physical char­
acters of sand grains in the interpretatil)n of the origin of sandstones 
(abstract) : Geol. Soc. America Bull., Yol. 33, pp. 104-105, 1922. 

The thin bed of silty clay in the 1niddle of the. forina­
tion in see. 3, T. 44 N., R. 3 E., St. Louis County, Mo., 
eonsists dominantly of clay, but it also contains nmner­
ous sharply angular grains and thin slivers of quartz 
and orthoclase less than 0.05 1nillin1eter in d.iameter 
and flakes of 1nuscovite up to 0.25 milli1neter in diam­
eter. Other angular grains and euhedral erystals of 
hornblende, zircon, chert, biotite, magnetite ( ?) , albite, 
1nierocline, tourmaline, and apatite were recog·1izecl in 
this material. 

.. A .. thin section of the sanely clay 1natrix in which the 
gravel is in1bedded in sec. 2, T. 8 S., R. 3 W., Calhoun 
County, shows two types of n1aterial : ver:r finely 
crystalline silty and sanely clay, which probably was 
deposited as such, and lesser amounts of coarsely 
crystalline brown clay filling cracks and veinlets, 
which probably was for1necl during the processes of 
weathering. 

StJ•aligraphic and physiographic 1•elation.~.-The for­
mation, here called the Grover gravel, everywhere lies 
upon the old upland surface or, as it is called in this 
report, the, Calhoun peneplain (see pp. 102-103) and 
hence it may rest unconfonnably upon all formations 
truncated by that peneplain. Within the Hardin and 
Brussels quadrangles the Grover gravel was found in 
aetual contact with only the Burlington, Pottsville, and 
McLeansboro fonnations. However, the peneplain 
locally truncates or onee did truncate the M2,quoketa 
shale, the Silurian and Devonian and the Kin•lerhook 
and later Mississippian fonnations in this area. Hence, 
in this and immediately acljaeent regions, remnants of 
the formation may be looked for wherever these 
Paleozoic rocks fonn the local uplands. 

The uplands and the thin veneer of gravel imnledi­
ately north of the Cap au Gres flexure now stand higher 
than the uplands and the, thieker remnants of Grover 
gravel in southern Calhoun County. It seems fairly 
certain, however, from several lines of evidence, that 
both the upland deposits and the peneplain upon whieh 
they rest were once continuous across the flexure and 
that they have been cle,formed into their present position 
by subsequent uplift of the Lincoln anticline. This 
conclusion 1night perhaps rest safely on the identical 
character of the upland deposits north and south of the 
flexure and their presenee on a widespread flat surface 
that bevels roek structures in both areas. Ho~wever, this 
conclusion is greatly strengthened by an exar1ination 
of alternative explanations that 1night conceivably ae­
count for the present distribution of the upland gravel. 

The three alternative hypotheses that seen1 to 1nerit 
discussion are (1) that the highest part of the uplands 
immediately north of the Cap au Gres flexure may have 
stood as hills above the old peneplain, (2) that the 
gravel may have been laid down upon two separr.te levels 
or peneplains, and (3) that the gravel may have, been 
laid down on some still higher and older surfa~e, frmn 
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which it was let down as a residual deposit upon the 
peneplain.-

The first alternative, at least insofar as it relates to 
the origin of the gravel, seems to be eliminated by the 
presence of rm11nants of gravel on the highest part of 
the uplands north of the flexure in sees. 2 and 11, T. () 
N., R. 13 W., Jersey County. These remnants appear 
to show conclusively that a stream. or smne other agent 
of transportation cmnpetent to nwve the Inaterial, once 
extended over or above what are now the highest parts 
of the old surface. 

The second alternative, that deposition on two dif­
ferent peneplains 1nay account for the present disti·ibu­
tion of the gravel, semns highly improbable. The 
gradual slope 0f the peneplain and of the remnants of 
gravel upon it frmn these highest points near the flexure 
nortlnvard across Calhoun County and frmn St. Louis 
County northward to southern Calhoun County (see 
pl. lOA; fig. 3D) proves that the gravel has been tilted if 
not defonned and that its present elevation is no sound 
basis for correlation. Also, if the gravel that caps the 
uplands south of the flexure were part of a second and 
lmver bed, it should continue at accordant levels below 
and on the side of the higher uplands north of the 
flexure, yet no renu1ants of such a lower level of gravel 
were found along the slopes on either side of ~iississippi 
or Illinois rivers. Furthennore, an intern1ediate post­
Inature upland surface is present below the Calhoun 
peneplain both north and south of the flexure (pp. 109-
110; pls. 10 B, C, 20), and this intermediate surface 
helps to identify the peneplain throughout the region. 

The third alternative, that the gravel is a residual 
deposit let clown upon the upland from son1e postulated 
higher and older surface, is considered elsewhere in 
this report ( p. 70). It seems sufficient for this par­
ticular purpose to point out that the largest and best­
preserved rmnnants of the upland deposits-those that 
seem1nost likely to have been deposited by large streams 
and that are not 1nerely residual accumulations-are 
below and well north and south of the parts of the 
old surface that now stand highest. If the n1ore scanty 
rmnnants of gravel on the upland in central Calhoun 
and southwestern Jersey counties are residual acemnu­
lations, they were probably let clown fron1 a surface 
once continuouH with the present upland surface of 
northern and southern Calhoun County. Hence this 
alternative, even if it appeared probable, would lead 
back to the conclusion that the peneplain has been cle­
forined; in fact, it would indicate that the defor1nation 
along the Cap au Gres flexure was even greater than 
that indicated by the present rmnnants of the peneplain. 

At every exposure exa1nined, the Grover gravel 
underlies Pleistocene loess. In southern Calhoun 
County, the overlying loess, according toM. M. Leigh­
ton,16 is of late Sangamon age. (See p. 89.) In 

1 6 Personal conununication. 

northwestern Jersey County, the upland surface and 
apparently son1e reworked rmnnants of the gravel on 
this surface underlie the Illinoian till. In Pike County, 
Ill., Worthen 17 and Salisbury 18 found the upland grr.vel 
underlying Illinoian till. 

The gravels in the Batchtown channel and the l{ail san 
till ( ?) were laid down in western Calhoun County in 
valleys that had been trenched far below the old upland 
surface and the deposits o·f upland gravel. Similarly, 
the valleys near Winchester, Ill., 25 miles north of the 
Hardin quadrangle, in which Bell and Leighton 19 

found Illinoian, Kansan, and Nebraskan tills, were cut 
long after the Grover gravel was deposited. (See also 
pp. 76, 78, 80, 81.) 

Age.-N o fossils other than those in fragmentf of 
Paleozoic rocks were found in the Grover gravel in the 
Hardin and Brussels quadrangles. Josiah Bridge,20 

when at the Missouri School of Mines, found fossil wood 
in the formation near Eureka, 5 or 6 miles soutl-' of 
Grover, St. Louis County, Mo., which was reported by 
the late Dr. F. H. J{nowlton, of the United States Na­
tional Museum, to be of Tertiary age. No other floral 
or faunal evidence of the age of the forn1ation is known 
to the writer. 

The stratigraphic relatio11s within the Hardin and 
Brussels quadrangles show that the Grover gravd is 
younger than the lower part of the MeLeansboro forma­
tion and older than the Illinoian (middle Pleistocf.ne) 
till. The topographic position o·f the l{ansan and Ne­
braskan tills nearby show furthermore that the fonna­
tion is older than the earliest Pleistocene. L0cal 
evidence thus indicates clearly that the Grover gravel 
is post-Pennsylvania and pre-Pleistoeene in age. ~his 

interval-Permian and all of Mesozoic and Tertiary 
time-was exceedingly lo·ng and in other areas it is 
represented by many thousands of feet of strata. 

More strietly physiographic evidenee demands S'lme 

further restriction in the range of possible geologic age. 
Time Inust be allowed before the Pleistoeene for the 
development o·f the intennediate postmature upland 
surface (see pp. 103-10±, 109-110, and pls. 10 B, 0, 20) 
and for the deep trenching which followed (p. 110). 
The length of ti1ne required for the later trenehing is 
difficult to estimate; it may have happened very quickly 
at the close of Tertiary and the beginning of Pleistocene 
time. However, it seems necessary to allow a 1ruch 
longer period for the clevelop1nent of the intermediate 
post-n1ature surface-perhaps all the Plioeene ep')ch. 
In that ease the Grover gravel must have been depoE'ited 

11 Worthen, A. H., Geology of Illinois; Pike County: Illinois Geol. 
Stuve~·. vol. 4, p. 37, 1870. 

1s Salisbury, R. D., On the northward and eastward extension of the 
pre-Pleistocene gravels of the Mississippi Basin : Geol. Soc. An'erica 
Bull., vol. 3, pp. 184-185, 1892. 

lll Bell, A. H., and Leighton, 1\:I. l\l., Nebraskan, Kansan, and Illinoian 
t 1lls near 'Vinchester, Ill.: Geol. Soc. America Bull., vol. 40, pp. 481-496, 
1!)29. 

~o Personal communication. 
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at the beginning of the Pliocene, the end of the 1\:Iiocene, 
or even earlier. 

The Calhoun peneplain must have been essentially 
completed before the. Grover gravel ·was deposited upon 
it. The geologic elate at which the land surface was 
finally reduced to a peneplain is not known, but certain 
relationships suggest that the lines of original drainage, 
which finally culminated in the development of this sur­
face, did not becmne established until after the Missis­
sippi embayn1ent was fonned in the Cretaceous period 
(pp. 108-109). These relationships therefore indicate 
that the final bevelling down of the land to the peneplain 
and the deposition of the Grover gravel took place long 
after the Cretaceous period. 

If it should be pel'lnissible to correlate the Grover 
gravel, even approximately, with the si1nilar deposits in 
southeastern Missouri and southern Illinois, th~ geologic 
age of the fonnation 'vonld thereby be fixed as 1niddle or 
late Tertiary, for in that region the beds that 1nost 
resemble those of the Grover lie upon the Eocene Jack­
son formation. 21 

In summary, the evidence seems to narrow clown the 
possible age of the formation to well within the Ter­
tiary period, probably post-Eocene and pre-Pliocene. 
If the formation was deposited frmn streams that were 
being rejuvenated by uplift of the peneplain (pp. 
7~-73), then it is consistent with present information to 
interpret the Grover gravel as perhaps late Miocene and 
the Calhoun peneplain as 1nidclle or late Tertiary. 

LV wne .-The beds here referred to the Grover gravel 
were first recognized in Calhoun County by Salisbury,22 

who correlated them with the "Orange sand" 23 of the 
southern Mississippi Valley. Years earlier, 'Vorthen 24 

had found thin remnants of gravel in Pike and Hancock 
Counties, Ill., which he had compared with probable 
Tertiary gravels in the southern part of the State. Salis­
bury"s subsequent discoveries frmn Calhoun County 
north through Pike and Adams into Hancock County 
indicated that this gravel had once been widespread 
on the uplands along Mississippi River. In a later 
paper Salisbury 25 reported the presence of scattered 
re1nnants of this upland gravel northward from western 
Illinois into 'Visconsin and southward into southern 
Illinois and suggested its correlation with the high-level 
gravels of the Driftless Area 26 in the northern part of 

• 
21 Steplwnson, L. W., and Crider, A. F., Geology and ground waters 

of northeastern Arkansas: U. S. Geol. Survey Water Supply Paper 399, 
p. 86, 1916. 

22 Salisbury, R. D., On the northward and eastward extension of the 
pre-Pleistocene gravels of the Mississippi Basin: Geol. Soc. America BulL, 
vol. 3, p. 184, 1892. 

23 Safford, J. l\1., A geological reconnaissance of the State of Tennessee, 
pp. 148, 162, 1856. 

24 Worthen, A. H., Geology of Illinois; Hancock County: Illinois Geol. 
Survey vol. 1, p. 330, 1866; Pike County : Idem., vol. 4, p. 37, 1870. 

25 Salisbury, R. D .. Preglacial gravels on the Quartzite Range near 
Baraboo, Wis.: Jour. Geology, vol. 3, pp. 660-662, 1895. 

26 Trowbridge, A. C., The erosional history of the Driftless Area : 
Univ. Iowa Studies, vol. 9, pp. 79-80, 112-113, 1921. 

the Mississippi Valley and the gravels on the crest of 
Crowley's Ridge in northeastern Arkansas. 

Weller 27 also recognized these beds in Calhoun 
County and correlated thmn with "the Lafa.yette 28 

gravel as exposed near Glencoe in St. Louis County, 
Mo.," 20 miles south of the Brussels quadrangle. These 
"exeellent exposures at and west of * * * Grover, 
2lf2 1niles north of Glencoe,'' in St. Louis County, Mo., 
were assigned to the "Lafa,yette" gravel by N. ~{. Fenne­
Inan, W J McGee, and R. D. Salisbury.29 These and 
other exposures of the gravel in St. Louis County were 
1nentioned by Winslow,30 Buckley,31 and Dake.32 Buck­
ley correlated thmn with high-level gravels IlL the adja­
eent Franklin, St. Francois, and Washington Counties, 
Mo. Weller and St. Clair 33 report a late Tertiary ( ~) 
gravel in Ste. Genevieve County, Mo. A widespread 
but thin layer of "Lafayette'' gravel has been reported 
to lie on the highest hills in southeastern Mifsouri,34 

southern Illinois,35 western Kentucky and Tennessee,36 

and northeastern Arkansas. 37 

W estwarcl and southward from the exposures in St. 
Louis County, Mo., a few· widely scattered re"'llnants 
of upland gravel have been reported on the no~·thwest 
slopes of the Ozark Highlands in Morgan County 38 and 
along Osage River 39 and on the west slopes in south west­
ern Missouri and southeastern Kansas.40 

In nearly all of these many widely distributer! areas 
the gravels have been recognized and correlated by their 
distinctive lithologic characteristics and their physio­
graphic setting. In 1nost of these regions the gravel 

27 Weller, Stuart. Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 231, 1907. 

.28(Hilgard, E. W., Orange sand., Lagrange, and Appomattcx: Amer. 
Geologist, vol. 8, pp. 129-131, 1891. McGee, W J, The Lafayette for­
matiot\: U. S. Geol. Survey 12th Ann. Rept., pt. 1, pp. 500-501, >1891. 

29 Fenneman, N. M., Geology and mineral resources of the St. Louis 
quadrangle : U. S. Geol. Survey Bull. 438, pp. 30-31, 1911. 

3o Winslow, Arthur, Lead and zinc deposits ; section 2 : Missouri Geol. 
Surveys, vol. 7, pp. 425-427, 1894. 

31 Buckley, E. R., Geology of the disseminated lead depos'ts of St. 
Francois and Washington Counties: Missouri Bur. Geology and Mines, 
2d ser .. vol. 9, pt. 1, pp. 9, 68, 1908. 

3 2 Dake, C. L., The sand and gravel resources of Missouri: Missouri 
Bur. Geology and Mines, 2d ser., vol. 15, p. 190, 1918. 

33 Weller, Stuart, and St. Clair, Stuart, Geology of Ste. Genevieve 
County, Missouri: Missouri Bur. Geology and Mines, 2d ser., vol. 22, 
pp. 248-249. 1928. 

3~ Shepard, E. M., Underground waters of Missouri : U. S. Geol. Survey 
Water Suppl~· Paper 195, p. 25, 1907. 

35 Glenn, L. C., Underground waters of Tennessee and Kentucky west 
of Tennessee River and of an adjace>nt area in Illinois: U. S. Geol. Sur­
vey Water Supply Paper 164, pp. 40-43, 1906. Weller, Stuart. The geo· 
logical map of Illinois: Illinois Geol. Survey Bull. 6, p. 31, 1907. Lamar, 
.r. E., Preliminary report on the fuller's earth deposits o:l' Pulaski 
County: Illinois Geol. Survey Rept. Inv. 15, p. 9, 1928 ; Cretaceous, 
Tertiary, and Quaternary formations of extreme southern Illin1is: Geol. 
Soc. America Bull., vol. 39 (abstract), pp. 203-204, 1928. 

36 Glenn, L. C., op. cit. Roberts, J. K., Tertiary stratigraphy of west 
Tennessee: Geol. Soc. Amer. Bull., vol. 39, pp. 442-443, 1928. 

37 Stephenson, L. W., and Crider, A. F., Geology and grour<i waters 
of northeastern Arkansas: U. S. Geol. Survey Water Supply Faper 399, 
pp. 85-100, 1916. 

38 Marbut, C. F., The geology of Morgan County : Missouri P•.\r. Geol· 
ogy and. Mines, 2d ser., vol. 7, pp. 10, 58, 1907. 

39 Winslow, Arthur, op. cit., pp. 425-427. 
40 Winslow. Arthur, op. cit., pp. 425-427. Smith, W. S. T., ar<'l Sieben­

thal, C. E., U. S. Geol. Survey Geol. Atlas, Joplin folio (no. 148), pp. 
7-8, 1907. 
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is said to consist dmninantly of some,vhat-rounded 
chert pebbles and cobbles and subordinately of well­
rounded and polished quartz and quartzite pebbles. 
With the exception of the deposits in Ste. Genevieve 
County, pebbles frmn other rocks are rare or absent. 
The gravel is comn1only associated with sand, son1e of 
which is distinctly cross-bedded, and with beds and oc­
casional pebbles of clay. The sand and clay are cmn­
monly stained red, orange, or yellow and in 1nany places 
the gravel is cemented into a hard conglmnerate by 
dark-brown iron oxide. These beds, which are reported 
as rarely more than 20 feet thick, occur on the highest 
hills and ridges in each locality, and they are apparently 
restricted to the vicinity of large streams. 

Whether or not these widespread occurrences of the 
distinctive upland gravel were ever strictly contmnpora­
neous with one another, their relationships and correla­
tion became badly confused (1) by their too-ready 
correlation with other gravels far outside the Missis­
sippi River Valley, (2) by the careless application in 
many regions of the name '"Lafayette" to much older 
gravels from which the upland deposits, in part at 
least, had been derived and to lower and much younger 
terraces made up of redeposited gravels from the up­
lands, and ( 3) by the resulting conflict of evidence in 
widely separated regions as to the age of the gravels. 
Hence, when Berry,41 by a study of the fossil flora, de­
termined that the '"Lafayette formation" at its type 
locality is a part of the Eocene Wilcox formation, it be­
came eYident that the name '"Lafayette'' nn1st be aban­
doned, that new names should be applied to the upland 
gravels in different areas, and that final correlations 
must wait upon the completion of detailed field studies 
and tracing of the bedsY 

In keeping with this modern tendency to apply local 
names to the upland gravels in different areas and to 
make correlations more cautiously, the writer here pro­
poses the name of Grover gravel for the beds exposed 
on the upland near Grover, in St. Louis County, Mo. 
(See pp. 63-64.) This locality is chosen as the type for 
this region because it semns to be the best known, and 
it affords the most complete exposures of the formation 
near the Hardin. and Brussels quadrangles. It is true 
that the upland gravels near Grover do not extend con­
tinuously from there into the area of this report. How­
ever, after a study of the lithologie character of the 
gra vet sand, and clay and of the peneplained surface 
on which they lie, the writer feels reasonably confident 

41 Berry, E. W., The age of the type exposures of the Lafayette for­
mation: Jour. Geology, vol. 19, pp. 249-256, 1911. 

42 The story of the rise and fall of the concept of the "Lafayette for­
mation" is well summarized in the following reports: McGee, "' J, 
The Lafayette formation: U. S. Geol. Survey 12th Ann. Rept., pt. 1, 
pp. 498-501, 1891. Stephenson, L. W., and Crider, A. F., Geology and 
ground waters of northeastern Arkansas: U. S. Geol. Survey Water 
Supply Paper 399, pp. 85-86, 1916. Matson, G. C., The Pliocene Citro­
nelle formation of the Gulf Coastal Plain : U. S. Geol. Survey Prof. Paper 
98, pp. 167-172, 1916. 

that these upland deposits of St. Louis County, Mo., 
can be correlated with those of southern, middle, and 
northern Calhoun County, Ill. (See also pp. 64-65; pl. 
lOA.) This proposal is made with a recognition that, 
should it ever become possible to corre1ate these be'ls 
accurately with those in the Mississippi Embayn1ent, 
better type localities will probably be available there. 
Nevertheless, until such a correlation becmnes possible, 
it seems highly desirable to have a local name for the 
grave Is of this upper region. 

ORIGIN OF GROVER GRAVEL 

The upland gravels of the Mississippi Valley have 
long puzzled geologists. These deposits are exceedingly 
difficult to explain and yet, as the sole stratigrapl'ie 
record of a large part of geologic tin1e, they are p2T­
ticularly important in studies of the geologic history 
of the region. Because of their difficulty and their 
importance, the upland gravels have been of special 
interest, and many different theories to account for their 
origin have been proposed. The present discussion of 
the origin of the Grover gravel1nakes no clain1 to com­
pleteness and reaches no very definite conclusions. Yet 
some new facts were gathered in the studies of the for­
mation in this region, and a review of earlier theories 
in the light of these facts 1nay mark one step toward 
the final solution of the problem. 

Ultimate BO'lt'J'Ce of mate·l'ials.-Most of the chert 
pebbles in the Grover gravel doubtless Jmay have be~n 
de.rived frmn Paleozoic limestone that cmne to the sur­
face of the old peneplain in the Hardin and Brussels 
quadrangles or on nearby slopes of the. Ozark High­
lands, as has been suggested for the deposits of south­
eastern 1\Iissouri and northeastern Arkansas.43 Yet 
these dominant chert pebbles might with almost equal 
likelihood have come from any other area where cherty 
limestones ·were exposed to weathering. 

Hmvever the abundant pebbles of quartz and quart­
zite and the less con1mon fragments of jasper and meta­
nlorphic rocks nlliSt originally have come frmn mu~h 
n1ore distant sources. 

Weller 44 states that "the purple Sioux quartzite is 
one of the conspicuous 1naterials present" in southern 
Calhoun County. Fenneman 45 reports that "certain 
quartzites and jaspilites" in St. Louis County, Mo., 
"resemble no known fonnation nearer than the Lake 
Superior region." He says tha.t "some of the quartzite 
pebbles are of a purplish color and closely resmnble the 
Baraboo quartzite of Wisconsin and the Sioux quart­
zite of Iowa and South Dakota" and that "1nany of the 

~Stephenson, L. W., and Crider, A. F., Geology and ground wat;,rs 
of northeastern Arkansas: U. S. GeoL Survey Water Supply Paper 3':'9, 
p. 88, 1916. 

H Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 231, 1907. 

45 Fenneman, N. M:., op. cit., pp. 30, 44. 
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jasper pebbles strongly suggest the jaspilites of the 
Lake Superior region." 

Shaw 46 has suggested that the quartz pebbles in the 
gravel on Crowley's Ridge Inay have come frmn 

[1 ] the veins of quartz cutting the crystalline rocks in the 
northern pat·t of the Mississippi basin, probably not an adequate 
source; [2] conglomerates in Paleozoic rocks of the upper Mis­
sissippi 'basin; [:3J postulated grawl deposits of Cretacrous and 
Tertiary age in the same basin, now largely though probably 
not entirely, removed; and [ 4] the crystalline rocks of the Pied­
mont at·ea east of the Appalachian Mountains. The ultimate 
source of the quartz in the Paleozoic and later conglomerates 
of the upper Mississippi River basin would be either the crystal­
line rocks of Canada or those of the Piedmont; it seems im­
probable that any of the quartz has been derived from the 
Rocky Mountain region. The question of the possible trans­
portation of quartz pebbles from the Piedmont region along 
the ancient drainage courses or shore lines has not been suffi­
ciently studied. 

Barrell 47 suggested that the gravel and sand in the 
"Lafayette fonnation" may have. been swept eastward 
from the long gently sloping debris platform, nmv called 
the High Plains, that was built east of the Rocky Moun­
tains in Tertiary ti1ne. 

Prof. W. D. Shipton,48 of Washington University 
(St. Louis, Mo.), i1npressed by the coarsening of quartz­
ite boulders westward across St. Louis County, Mo., and 
by the presence of chert which resembles that in certain 
fonnations exposed in the Ozarks, believes that the 
apparently foreign pebbles in the Grover gravel 1nay 
all have come from the Ozark Highlands; that is, the 
quartzite boulders 1nay possibly have been formed from 
silicified and iron-stained sandstones, and the quartz 
pebbles from fragments of secondary quartz in geodes 
and joints in limestone. A somewhat similar explana­
tion was proposed by Hopkins 49 for the quartzose peb­
bles in a Pennsylvanian conglomerate in Indiana. 

The writer is not sufficiently familiar with the roc.ks 
in the different areas mentioned to hazard an indepen­
dent opinion of the source of the pebbles in the Grover 
gravel. However, study of materials collected in Cal­
houn and Jersey Counties, Ill., and St. Louis County, 
Mo., seems to demonstrate clearly that not all the peb­
bles could possibly have come from local chert and 
geodes or even frmn the small pre-Cambrian areas in 
the nearby Ozark Highlands. The jasper and colored 
quartzites and the probable schistose rocks strongly sug­
gest, and the abundant igneous quartz and occasional 
1netamorphosed quartzite and quartz pebbles (see pp. 
62-63) semn to demand, a n1uch n1ore distant ultimate 
source. The Wisconsin and the Southern Appalachian 
regions are the nearest areas that might possibly have 

46 Shaw, E. W .. in Steplwnson, L. W., and Crider, A. F., op. cit., p. 99. 
47 Barrell, .Joseph. Relations between climate and terrestrial deposits: 

.Tour. Geology, vol. 16, p. 376, 1908: Marine and terrestrial conglom­
erates: Geol. Soc. America Bull., vol. 36, p. 340, 1925. 

48 Personal communication. 
t 9 Hopkins, T. C., Origin of conglomerates of western Indiana: Geol. 

Soc. America Bull., \'Ol. 8, pp. 14-15, 1896. 

contributed these foreign materials and, as specific iden­
tifieations of pebbles with rocks of the upper Mif'sissippi 
Valley region have been suggested by Weller and Fenne­
man~ that general region 1nay be considered as at least 
one of the most probable ultimate sources of the 
material. 

It is interesting to note here the eonflict between two 
types of evidence bearing on the source of the gravel in 
the formation. Nearly all the abundant chert pebbles 
1night have cmne frmn the nearby Ozark Highlands, and 
the quartzite boulders seem to becmne larger southward 
aeross Calhoun County and westward across St. Louis 
County toward this uplift. Yet many associated peb­
bles and even the quartzite boulders the1nselves seem to 
have eome originally, not frmn the Ozarks, b•1t frmn 
some more distant source. One of the most pro11able of 
the distant sourees of these foreign boulders seems to be 
the northern part of the Mississippi valley, a suggestion 
that apparently accords well with the linear distribution 
and direction of cross bedding in the formation. This 
apparent contradiction is somewhat paralleled by the 
lithologie evidence that the silicified quartzose pebbles 
1nay have had a very different history from the unsilici­
fied, feldspathic sand with which they are associated. 

Immediate source of 1naterials.-Yet even if the ulti­
nlate source of all the materials were known, it does not 
neeessarily follow that the pebbles were transported the 
entire intervening distance at the ti1ne the Grover gravel 
·was being laid down. They may first have l':~en de­
posited in some Paleozoic, Mesozoic, or early Tertiary 
formation and later reworked into the Grover gravel. 

The only strata exposed in the Hardin and Brussels 
quadrangles that contain silieeous pebbles and that are 
older than the Grover gravel are the heels of sandstone in 
the Pottsville formation. The pebbles found by the 
''Titer in the Pottsville sandstone are well rounded like 
those in the Grover, but they are scarce and small and 
apparently cmnposed entirely of chert. (See p. 55.) 
It seems almost certain that these Pottsville beds. at least 
those exposed in the Hardin and Brussels quadrangles, 
could not have furnished either the quantity or all the 
different kinds of pebbles and boulders now present in 
the Grover gravel. 

However, the Pottsville may be n1uch n1ore conglmn­
eratic in other are.as and thereby afford an an1pler sup­
ply of gravel. In fact, Poor 50 has reported that, locally 
in southern Illinois, the Pottsville eonglomerate contains 
many small well-rounded pebbles of quartz and nmner­
ous boulders of silicified oolitic limestone up to 2 feet 
in their major din1ension "einbedcled in a 1natrix of 
eoarse sand eolored brown by a limonitic eeinent." He 
concluded that these Inaterials came from the highland 
1nasse.s of southern Missouri and Illinois. Poor 51 also 

50 Poor, R. S., The character and significance of the basal cor glomerate 
of the Pennsylvania system in southern Illinois : Illinois Acad. Sci. 
Trans., vol. 18, pp. 3il-372, 374, 1925. 

51 Poor, R. S .. ov cit .. p. 373. 
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quotes Stuart Weller as authority for the statement 
that granite pebbles occur in the Pottsville elsewhere in 
southern Illinois. According to Weller 52 cross-be.dded 
sandstones that contain "gre,at nmnbers of sn1oothly 
rounded, white, quartz pebbles which vary in size from 
one-fourth of an inch to nearly an inch in diame­
ter * * * are highly characteristic of the Pottsville 
formation * * * and widely distributed in the hills 
of the elevated country crossing Illinois south of Car­
bondale." Savage and Griffin 53 found pebbles, the 
largest 4 inches in diameter, of vein quartz, greenstone, 
granite, schist, and quartzite in a limestone bed in the 
McLeansboro formation in northern Illinois. They 
concluded that the crystalline rocks of northern "Vis­
eonsin were the Inost probable source of these pebbles. 
Savage and Griffin also refer to earlier records of 
quartzite boulders in Pennsylvanian rocks in Ohio and 
Tennessee. J. 1\f. 1Veller 54 reports that, in general, the 
size of the quartz pebbles in Pennsylvanian rocks in­
creases eastward frmn southern Illinois and western 
Kentucky into the Appalachian region. 

Yet despite these reports from Inany regions, the fact 
remains that pebbles and boulders are neither abundant 
nor widespread in Pottsville and later Pennsylvanian 
rocks in the Mississippi valley. Doubtless the seattered 
Pennsylvanian pebbles eontributecl smnewhat to the 
gravel in the Grover. Supplemented by local chert 
gravel and eoncentrated in narrow zones of deposition, 
they may even aeeount for all the foreign n1aterial in 
the upland gravels of some areas. However, if Penn­
sylvanian conglomerates are to be considered the source 
of all the qualtzite, quartz, jasper, and n1eta1norphic 
pebbles in the Grover gravel, it becon1es almost if not 
absolutely essential to postulate that the Pennsylvanian 
roeks which once extended farthe.r up the flanks of the 
Ozark Highlands were more highly and eoarsely con­
glmneratic than the beds that now ren1ain uneroded. 
This assumption is probably not an unreasonable one, 
but it should be noted that it is not founded upon any 
direc.t or independent evidence. 

In southern Illinois, rocks of Chester (late Mississip­
pian) age are In ore or less conglomeratic and eontain 
pebbles of ehert, quartz, and igneous roc.k.55 No roeks 
of the Chester group were recognized in the Hardin and 
Brussels quadrangles. However, they are present 56 

52 Weller, Stuart. Some events in the geological histot·y of southern 
Illinois: Illinois Acad. Sci. Trans., vol. 14, p. 30, 1921. 

53 Savage, T. E., and Griffin, .T. R., Significance of cry,;talline boulders 
in Pennsylvanian limestone in Illinois: Geol. Soc. America Bull. vol. 39, 
p~ 421-42~ 192& -

54 'Yeller, .T. M., Cyclical sedimentation of the Pennsylvanian period 
and its significance: .Tour. Geology, vol. 38, p. 112, 1930. 

55 'Weller, Stuart, The Mississippian Brachiopoda of the Mississippi 
Valley Basin: Illinois Geological Survey 1\Ion. 1, p. 25, 1914: The Ches­
ter series in Illinois: .Tour. Geology, vol. 28, pp. 287-290, 1920. Weller, 
Stuart, and St. Clair, Stuart, Geology of Ste. Genevieve County, l\Hs­
souri: Missouri Bur. Geology and Mines, 2d ser., vol. 22, pp. 230, 232-
233, 244, 1928. 

56 Weller, Stuart, The Chester series in Illinois: .Tour. Geology, vol. 
28, pp. 407, 413-414, 192~ 

only 35 1niles to the southeast, and they may once lmve 
extended into the area or onto the flanks of the Ozark 
Highlands and thus have eontributed to the residual 
gravels of the region. 

Nothing is known about Cretaceous sediments in the 
central part of the Mississippi Valley; they may or n1ay 
not have been deposited there, and if so they may or may 
not have contained conglomeratic material. Cretac~ous 
seas lay south of the Hardin and Brussels quadrangles 
in the Mississippi embayn1ent and far to the west and 
north west in the Western Interior region. At times 
either of these seas might.possibly have extended into 
the central Mississippi Valley or, somewhat Inore prob­
ably, the region Inay have been the site of either wide­
spread or very local sedimentation by strean1s that 
flowed into these seas. Local deposits of conglomeratic 
material have been recorded in Cretaceous beds at the 
head of the 1\-fississippi embayment,57 in southeas~.ern 
J\-finnesota,58 and in western Iowa.59 Outliers of gravel 
in eastern Iowa 60 are thought to be of either Cretae11ous 
or Tertiary age. 

Similarly there is no record of either early Meso-..;oic 
or early Tertiary deposition in the central part of the 
Mississippi V al1ey, and the early Tertiary sediments in 
the ~fississippi embayment region are not reported to be 
notably eonglomeratie. It is of eourse possible that 
some 1\fesozoie or early Tertiary formation may l'ave 
contributed son1e of the Inaterials that n1ake up the 
Grovel gravel but, in the absence of definite evidence 
that such conglomeratic beds were once prl:'sent in the 
central ~Iississippi Valley, this assumption seems 
LUlwan·anted. 

Agents of transportaUon.-The Ineans whereby the 
pebbles and boulders were carried from their distant and 
ultimate source to their final resting place in the Grover 
gravel is difficult if not impossible to ascertain. Much 
depends upon whether the long trip was Inacle r.s a 
nearly continuous passage by a single method of trans­
portation or as a series of shorter journeys by sev,.wal 
different methods, interrupted by prolonged waits that 
may have lasted through one or more geologic periods. 

~·1 Glenn, L. C., Underground waters of Tennessee and Kentucky west 
of Tennessee Rh'er and of an adjacent area in Illinois: U. S. Geol. Sur­
ve~- Water-Supply Paper 164, p. 24, 1906. Wade, Bruce, Recent studies 
of the Upper Cretaceous of Tennessee: .Tour. Geology, vol. 28, pp. 380-
384, 1920. 
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eo McGee, "" • .T, The Pleistocene history of northeastern Iowa : U. S. 
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Driftless Area: Iowa Univ. Studies in Nat. History, vol. 9, no. 3 pp. 
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Ahnost the only evidence bearing on the agent or 
agents of transportation, as contrasted to the final agent 
of deposition, of the materials in the Grover gravel is 
the marked degree of rounding of the pebbles and boul­
ders, especially of those cmnposed of quartz and quartz­
ite. The less-pronounced rounding of the chert pebbles 
1nay indicate that only the distinctly foreign 1naterials 
have been transported great distances. However, chert 
commonly tends to break in angular fragments~ and this 
difference of shape may have no significance. The 
rounding~ together with the regular stratification~ the 
occasional cross bedding, and the absence of the n1ore 
readily soluble rocks, shows clearly that the materials in 
the Grover gravel were not transported and deposited by 
an early Pleistocene glacier, as has been suggested by 
Leverett.61 (See, also pp. 76, 78.) Furthermore, the 
rounding very probably could not have been caused by 
wind abrasion. It almost certainly was accomplished by 
long-continued abrasion in water that moved in curre.nts 
swift enough to move the largest boulders and round off 
their corners. Beyond this, the roundjng does not serve 
to distinguish th~. exact agent of transportation. 
Judged solely by the evidence of rounding, currents of 
water emnpetent to 1nove the boulders might with equal 
likelihood have been in the sea or in strearne. If the 
pebbles have been reworked into the Grover gravel from 
Mississippian, Pennsylvanian, or Cretaceous conglmn­
erates, most of their rounding and their long journeys 
may possibly have been accomplished in the sea. The 
exact agents, though unknown, might have been either 
shore currents along beach lines or~ in order to account 
more reasonably for the large quartzite boulders, by be­
ing rolled along stremn beds and then rafted across open 
water in floating masses of spring ice or uprooted trees. 

Other characters of the pebbles that probably were 
acquired during smne stage of transportation rather 
than at the time of deposition are the high degree of 
silicification and polish. The origin of these features is 
very i1nperfectly understood at the present time~ but 
some geologists believe that both are indicative of long 
continued exposure to weathering or perhaps to evap­
oration and wu1el blast in arid climates. 

Conditions of deposition.-Somewhat more. is known 
about the conditions of final deposition than about the 
agencies of transportation. Yet no one theory of the 
conditions of deposition known to the writer is com­
pletely satisfactory in all its details. 

McGee 6~ concluded that the "Lafayette fonnation '' 
of the Mississippi e1nbayment and Coastal Plain regions 
was of n1arine. origin. 'This proposed explanation can 
with reasonable assurance be eliminated for the Grover 
gravel. Not only are there no marine fossils to confirn1 

61 Leverett. Frank. Glacial deposits of l\Iissouri and adjacent districts 
(abstract) : Geol. Soc. America Bull., vol. 34. pp. 91-92, 1923. 

62 MeGee, W J, The Lafa~·ette formation: U. S. Geol. Sun-ey 12th 
Ann. Rept., pp. 508-511, 1891. 

the hypothesis but the large-scale cross bedding and 
the linear distribution of the remnants of the fonnatimt 
strongly suggest stream deposition. Furtherm0re, clay 
pebbles such as those found in some places in tl'~ gravel 
are generally considered good evidence that the beds 
containing the1n were exposed to air during at least a, 
part of the ti1ne of their deposition.63 

Pebbles, cobbles, and boulders are transported n1ost 
effectively and deposited in greatest quantity during the 
1nature stage of a strean1's develop1nent.64 In old age 
the weakened stream destroys the coarsest r1aterials 
that may get into its channel and is unable to transport 
more front its headwaters. (See pp. 71-72.) Hence, it is 
conceivable that the rounded gravel in the Grover might 
possibly have been deposited in the region by early 
vigorous strean1s and let down as residual acc~unula­
tions onto low divides that were out of reach of those 
streams that cut the final peneplain. And it is true that 
the thin veneer of gravel on the upland in central Cal­
houn County 1night possibly be a I~esidtl.al accmnulation 
of this sort. However, those remnants of the forma­
tion that are ~tratified. especially the best-preserved 
remnants like the cross-bedded gravel and sand in west­
ern St. Louis County, Mo.~ dearly were not for1ned that 
way. And, inas1nuch as the other ren1nants of the for­
lnation seem to he upon the same peneplained surface 
as these stratified deposits, it appears 1nost in accord 
with the daJa to interpret all these I'emnants as strea1n 
deposits rather than as residual accumulations-

This conclusion obviously leads to the question, 
"Could an old-age stream like that which bevelled the 
Calhoun peneplain transport boulders as large as those 
found in the Grover gravel'?" The question c~nnot be 
answered categorically, and a number of geologists who 
have studied the problem semn to have found no satisfac­
tory answer. 

It is first necessary to recognize clearly a fundamental 
difference between peneplains and pediments. The 
streams that have cut the steeply-sloping but very 
sharply planed-off pediments 65 at the foot of m<Juntains 
in arid regions are unqestionably competent to transport 
gravel and coarse boulders. But this fact in itself is no 
indication whatever of the transporting power of the 
strean1s that have cut the much gentler sloping extensive 
peneplains or areas of subdued relief in the luunicl 
interior lowlands. 

63 Grabau. A. W .. Principles of stratigraph~\ p. 711, 1913. Golrlman. 
1\I. I., Petrographic evidence on the origin of the Catahoul< sandstone 
of Texas: Amer. Jour. Sci., vol. 39, pp. 283-284, 1915. Matson, G. C .• 
The Pliocene Citronelle formation of the Gulf Coastal Plain: U. S. Geol. 
Survey Prof. Paper 98. p. 175, 1916. Tieje, A. J .• The red beds of thfr 
Front Range in Colorado; a study in sedimentation: Jour. G('Ology, vol. 
31. p. 205, 1923. Twenhofel, W. H., Treatise on sedimentation, p. 497, 
1926. 

6i Campbell, M. R., Geomorphic value of rh'er grayel: Geol. Soc. 
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65 Johnson, Douglas, Planes of lateral corrosion: Sci., new ser., vol. 
73, pp. 174-177, 1931. 
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The size of 1naterials 1noved by a strea1n depends ulti-
1nately upon the velocity of the currents. If fine mate­
rial is available in great quantities, the strean1 earries it 
and in so doing uses up the energy of fall-or velocity­
and is unable to transport coarser material.66 If there is 
no sueh exeess of fine materials, the strean1 carr]es the 
largest of the pebbles available to it that its veloeity will 
allow. This velocity in turn depends upon the slope or 
the fall of the stream, the quantity of water and of load 
that is heing earriecl, and the amount of frietion bBtween 
the moving water and the stream bed. On equal slopes, 
shallow stremns, or streams laden with mueh sediment, 
move less rapidly than relatively deep strean1s or streams 
of clear water. Large rivers, beeause they are relatively 
less retarded by bed friction, ean flow faster and trans­
port eoarser material on flatter slopes than small creeks, 
whieh are eompelled to expend much of their energy 
in contact with their stream beds. Hence, gradient alone 
is no measure of the size of material that ean be earried. 
Even the observation that large streams seen1 unable to 
carry eoarse gravel and eobblestones on slopes of less 
than 5 or 10 feet 67 or 2 or 3 feet 68 to the mile must there­
fore be used eautiously in any attempt to interpret eon­
ditions in the geologie past. 

However, analogy with present large rivers of the 
area affords some enlightening infonnation. Barrell 69 

eites observations that boulders weighing 2,500 grams 
(approximately 5 inehes in diameter) are not moved 
until the eurrent at river bottoms attains a velocity of 
1.80 meters ( 5.9 feet) per seeond and those weighing 
1,000 grams (approximately 3lj2 inel1es in diameter) 
until the velo·city reael1es 1.59 m,eters ( 5.2 feet) per 
seeond. Other mnpirieal relationships 70 that have been 
found between grain size and stream veloeities indieate 
that the velocities required to move boulders 3lj2 to 5 
inches in diameter are frmn 10 to 17 feet per second. 
The swiftest average velocities recorded on Illinois 
River and o·n Mississippi River above St. Louis, Mo., 
are 5.18 feet per second at Havana, Ill., and 5.19 feet per 
seeond at Hannibal, Mo. 71 Both of these average veloci­
ties were gaged at flood stages when the mean depth 
of water in the streams was more than 18 feet. It is 
well known that stream velocities tend to be greatest 
near the upper surfaee of the water and near the middle 
of the ehannel; they decrease notably downward toward 
the stream bed and laterally toward the two banks. 
Hence, the velocities near the beds of the Illinois and 

66 Gilbert, G. K., Report on the geology of the Henry Mountains, pp. 
106-108, 110-111, U. S. Geog. & Geol. Suney Rocky Mountain Region, 
1877. 

67 Barrell, Joseph, Relations between climate and terrestrial deposits: 
Jour. Geolog~'. vol. 16, pp. 256-257, 1908. 

68 Barrell, Joseph, Marine and tei'restrial conglomerates: Bull. Geol. 
Soc. America, vol. 36, pp. 324-325, 1925. 

6!1 Barrell, Joseph, op. cit., p. 317, 1925. 
70 Gilbert, G. K., The transportation of debris by running water: U. S. 

Geol. Survey Prof. Paper 86, pp. 163, 216, 1914. 
n Mississippi River Commission, Results of discharge observations, 

Mississippi River and its tributaries and outlets, 1838-1923, pp. 227, 47, 
St. Louis, Mo., 1925. 

Mississippi Rivers were certainly much less than the 
average velocities of the entire streams and far from 
competent to transport boulders. Doubtless in so•ne 
places and at exeeptional flood stages, higher velocities 
are attained and some eoarse 1naterial is moved, l''lt 
frmn these velocity n1easurements alone there is no 
evidence that the Illinois or Mississippi rivers are com­
petent to transport boulders fo1· great distances. 

This eonelusion seems to be confirmed by examination 
of the 1naterials actually being carried by Mississippi 
River. (See pp. 99-101.) Although Mississippi RiTrer 
falls less than 0.5 foot a mile between St. Paul, Minn., 
and St. Louis, Mo.,'2 this river~ in one important respect, 
is greatly unlike streams that have cut peneplains. It 
flows through a young, deep, trenehlike valley from the 
sides of which steep tributaries bring in mueh eoarse 
ehert and glacial material. Many of these tributar1e~ 
build small deltas at their n1ouths, but from time to time 
this 1uaterial is swept away by floods and becomes, at 
least tmuporarily, a part of the river's load. In a study 
of the sediments in the Mississippi River, Lugn 73 found 
pebbles and boulders up to 4 or 6 inehes in diameter 
near the mouth of 1nany tributaries. Yet of the 235 
samples for which he gives meehanical analyses lll')re 
than half are composed entirely of materials less tl'.an 
4 millimeters in clian1eter, and only 14 contain rny 
pebbles larger than 16 millimeters in diameter. (See 
also pp. 99-100.) 

Littlefield 74 also found gravel near the mouths of 
Arkansas and Reel Rivers and where Mississippi River 
crosses the outerop of the conglomeratic Citronelle for­
mation but farther downstream gravel was abs~'lt. 

Trowbridge 75 reports that the largest grains carried 
to the Gulf by Mississippi River are from lj2 to ~ 
millin1eter in diameter. 

Considering the great quantities of coarse Inaterial 
brought to the river by tributaries and the abundant 
supplies of Pleistocene gravels in and on the flood plains 
(see p. 101), it is indeed surprising that so little 
coarse material can be found. Boulders probably 1110ve 
only short distanees even at times of exeeptional floods, 
and hence they are subjected to great abrasion from 
the continuous blast of sand grains swept over and rast 
them at all ti1nes of the year.'6 As stated on page 101, 
the rapid disappearanee of gravel downstrean1 frmn the 
tributaries of Mississippi River may be caused by this 

72 Gannett, Henry, Profiles of rivers in the United States: U. S. Geol. 
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wearing a way of pebbles by the constant stream of 
passing sand. 

Whatever the explanation, it seems certain that the 
present Mississippi River, despite its bluff-bordered val­
ley, is carrying much smaller pebbles and a trmnen­
dously greater proportion of fine material than the 
strea1ns that deposited the Grover gravel. It thus seen1s 
fair to conclude that, in order to transport the materials 
of the Grover gravel, the early strea1n or streams nu1st 
have been less choked with fine secli1nent, have flowed 
on steeper gradients, or have carried a larger volume of 
water than the present Mississippi River. 

Yet under the conditions and at the time when the 
upland peneplain was being cut, it seems extremely im­
probable that any one of these three alternatives could 
account satisfactorily for the deposition of the Grove!' 
gravel. On the reduced slopes of an old-age topography. 
weathering is deep, and therefore even finer-grained 
sediment would be expected on streams flowing upon 
the peneplain than in the present river. Also, if long 
through-flowing strean1s that rose in or beyond the ulti­
mate sources of the gravel n1ust be assumed, then 
gradients 1nuch steeper than that of the present Missis­
sippi are out of the question, both because of the exces­
sive elevations demanded and the approximate paral­
lelism of the surface on which the upland gravels lie 
and the gradient of the present streams. Nor do rivers 
nulCh larger than the present ones semn at all probable. 
The Mississippi River, even that part of it above the 
mouth of the Missouri, is one of the largest rivers of 
the continent and there seems to be no reason to think 
that before Pleistocene time it ever carried a greater 
volume of water than it does today. In fact, if the 
Grover gravel is of Tertiary age, our know ledge of 
geologic history, deduced from rocks of this age in other 
areas, would lead us to expect smaller rather than large1· 
streams. 

Deposition by rejwoena.ted streams.-The difficulties 
just mentioned of accounting for the transportation of 
boulders and pebbles by the strean1s that fashioned the 
peneplained surface have led a number of geologists 
to believe that the upland gravels n1ust have been de­
posited upon this surface by streams, the transporting 
pmver of which had been rej nvenated by climatic change 
or by crustal warping. 

Several writers 77 have called attention to the fact that 
crustal "\varping is especially likely to affect different 

77 Johnson, "\V. D., The High Plains and their utilization: U. S. Geol. 
Survey 31 Rt Ann. Rpt., pt. 4, pp. 626, 628-630, 1901. Davis, W. l\I., A 
journey across Turkestan, in Pumpelly, Raphael. Explorations in Turk­
e,;tan: Carnegie Institution of 'Vashington Pub. no. 26, p. 5:3, 1905. 
Huntington, Ellsworth, A geologic and ph;rsiographic reconnaissance 
in central Turkestan. in Pumpelly, Raphael, Explorations in Turkestan : 
Carnegie Institution of Washington Pub. no. 26, pp. 203-208, 1905 ; 
The basin of eastern Persia and Sistan, in Pumpelly, Ra}lhael, ]}xplora­
tions in Turkestan : Carne-gie Institution of Washington Pub. no. 26. 
p. 254, 1905. Barrell, Joseph, Relations between climate and terrestrial 
deposits: Jour. Geology, vol. 16, p. 373, 1908. Huntington, Ellsworth. 
The climatic factor as illustrated in arid America: Carnegie Institution 

areas in different ways but that elimatic changes wil\ 
have a very si1nilar effect upon broad traets of c'.luntry. 
Barrell,78 in particular, pointed out that a change from 
a relatively arid to a relatively humid elitnate would 
inerease the transporting power of strean1s and cause 
them to pick up coarser detritus in the upper reaches 
and sweep it far out over the lower flood plains. Noting 
that eviclenee in the eastern and western parts of the 
continent indiea.tes a ehange near the dose of the Ter­
tiary and the beginning of Pleistocene time from a dryer 
to a wetter elitnate and aeeepting the wide correlations 
of the "Lafayette formation'' that had been 1nade, Bar­
rell79 suggested that the upland gravels tnay have been 
deposited cluriug this climatic ehange. 

The proposal is an ingenious one that seems to fit 
nicely the concept of a widespread gravel of very late 
Tertiary age. The ehief diflieulty met with in attempt­
ing to apply this explanation to the Grover g~~avel is 
the apparent corollary that sets the age of the for·nation 
at or immediately follmving the change to a eolder and 
more rainy Pleistocene cli1nate. So late a date s~ems to 
the writer very improbable; it appears to leave alto­
gether too little time for the development of tin inter­
mediate postmature surface (see pp. 103-104, 109~110) 
and for the cutting of the trench in which earliet+. Pleis­
tocene deposits have been found (see. pp. 65, 76, 80-81, 
103). 

Similarly influenced by the widespread correlation of 
the '"Lafayette :fonnation" then enrrent. Chamberlain 
and Salisbury 30 interpreted the upland gravels as the 
result of a series of gentle uplifts that spread gradually 
down the strean1s :frmn the headwaters to the co.'1st line. 
This explanation was apparently aecepted by Fenne­
man 81 for the upland deposits of St. Louis County. The 
eonception of gradually advancing uplifts accounts for 
widespread remnants of gravel upon the uplands, and 
at the same ti1ne it successfully avoids the great eleva­
tions demanded by eontinuous steep gradients. How­
ever, the type of uplift postulated is an exceedingly 
special case for which, so far as the writer iE aware, 
there is no independent evidence in this or other regions. 

A 1nodification of this theory of uplift 1nay possibly 
explain the present distribution of the Grover gravel. 
If it should prove true that the upland gravels were once 
eorrelated over much too great an area and if, as seems 
possible, the foreign pebbles and boulders were derived 
from nearby Paleozoic or Mesozoic. conglomerates, then 
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it is no longer uecessary to seek son1e cli1natic change 
or wave of advancing uplifts that would affect the 
entire :Mississippi valley equally. A simple uplift of 
the Ozark Highlands might thus account for the deposi­
tion of the Grover gravel. 

How might this si1nple concept fit the detailed facts'? 
Pebbles and boulders transported somehow frmn a dis­
tant ultimate souree were first deposited in Mississip­
pian, Pennsylvanian, and possibly in Cretaceous sedi­
ments. During later uplift, erosion, and weathering, 
these pebbles and abundant chert frmn the underlying 
limestones accumulated upon the broad area that consti­
tutes the present Ozark Highlands. And during this 
weathering any felclspathic pebbles may have been de­
composed and the residual quartzose gravels further 
silicified. To the east and northeast a large southwarcl­
flmving stream had become established in approximately 
the same position as the present ~iississippi River. If at 
this time the Ozark Highlands were gently uplifted, the 
eastward and northeastward flowing tributaries would 
be steepened, and they would sweep great quantities of 
the residual gravel into the large strean1.82 Thus 1night 
th~ linear north-south distribution of the fonnation, 
the southward clip of the cross bedding, and the unsilici­
fied feldspathie sand, on the one hand, and the silicified 
quartzose gravel, the poor sorting of the n1aterials, and 
the apparent eoarsening toward the Ozarks, on the other, 
be consistently explained. 

If the assumed uplift took place durin~ the Tertiary 
period, ample ti1ne would be allowed for the cutting of 
the intermediate upland surface and the deep pre­
Pleistocene trench. The assumption of gentle Inove­
ments in the Ozark region as recently as the Tertiary 
period is supported by abundant evidence. (See pp. 
10±--105, 145-1-!6.) The greatest weakness of this hy­
pothesis of loeal uplift see1ns to be the assmnption that 
the quantity of foreign pebbles and boulders in Paleo­
zoic or l\fesozoie roeks ·was adequate to supply all those 
present in the Grover gravel. 

Pre8eJ'z•ation.-Even after the Grover gravel was 
deposited upon the peneplained surface, conditions nlllSt 
have changed in some way so as to permit its preserva­
tion until the present tin1e. Most sedi1nents, whether 
of continental or 1narine origin, will not be preserved 
unless they are soon buried by later aeemnulations. If 
uplifted above the site of deposition, they are soon ear­
riecl away by erosion; if not uplifted, the depositing 
agent itself gradually grinds them away and removes 
them. Burial is required to protect most newly depos­
ited sediments. According to one geologist, '"in order 
that gravel 1nay remain as conglomerate formations, 
either of terrestrial or marine origin, it must be pro­
gressively buried below the zone of erosion." 83 By this 

82 Smith, W. S. T., and Siebenthal, C. E., U. S. Geol. Survey Geol. 
Atlas, Joplin folio (no. 148), p. 8, 1B07. 

sa Barrell, Joseph, l\Iarine and terrestrial conglomerates: Geol. Soc. 
1\.merica Bull., vol. 36, p. 341, 1~25. 

reasoning, it would follow that the Grover gravel must 
have been buried beneath later secli1nents in order to 
protect it frmn abrasion by the streams in whieh it was 
deposited. But, if ever present, any such overlying 
sediments must have been ren1oved after later uplift, 
for there is no record of their former presenee in the 
remnants of upland deposits left today. 

It is by no 1neans certain that any such proteeting 
mantle of sedi1nents was ever deposited upon the Grrwer 
gravel. Gravel is in one important respeet quite unlike 
other sediments. It 1nay be preserved not only by b·uial 
but also by uplift. It is doubtless true that the g"avel 
would have been ground small by rolling or filed ~\way 
by passing sand if the depositing strea1ns had continued 
to flow at the sa1ne level. But if shortly after the g:,·avel 
was laid down, the rejuvenated streams began eutting 
deeper into the peneplain, the gravel would be left a hove 
water level, exposed, it is true, to weathering and ero­
sion, but out of reaeh of the continuous rasp of the 
river's sediment. With additional uplift or d{'~per 
trenching of the streams, the abandoned gravel would be 
left farther ·above water level upon the uplands. Be­
cause gravel is 1nore porous than most other rocks and is 
made up of larger fragments, small streams do not read­
ily gain a foothold nor develop rapidly in it. Fur~her­

nwre, quartzose gravels are a concentrate of the most 
chemically resistant roek types and they de.corrnose 
very slowly under long-continued weathering. E~ence 
quartzose gravels that lie upon an upland surfaee are 
especially resistant to erosion and weathering,84 and it 
is not until the larger streams have cut into and rem0ved 
the upland surfaee itself that the deposits of g:"avel 
disappear. 

In other words, the fact that ren1nants of the Grover 
gravel have been preserved on the uplands certainly 
indicates, and probably proves, that the formation either 
was protected by a 1nantle of sediments or was depo"ited 
by streams that were rapidly intrenching themselves. 
Inas1nuch as there is no evidenee of a former proteeting 
mantle but much independent evidence that the g~.·avel 
was deposited by rejuvenated streams (p. 72), the sec·· 
ond alternative semns mueh more probable. 

Or, reversing the argument, the fact that remnants of 
the Grover gravel are preserved on the present uplands 
converges with other evidenee in indieating that the 
gravels were deposited by rejuvenated strean1s. 

8um·rnary of origin .. -Scattered remnants of the 
Grover gravel, ranging frmn a few feet to 30 fe~t in 
thickness, have been reported in a relatively narrow 
north-south zone more than 100 1niles long and roughly 
parallel to the course of the present ~fississippi R 1ver. 
The thickest and best exposures known are on the rem­
nants of the upland peneplain in western St. I. .. ouis 
County, J\;f,o., where cross-bedded layers dip steeply 

84 Rich, J. L., Gravel as a resistant rock: Jour. Geology, vol. 19, pp. 
-!92-497, Hlll. 
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southward. Gravel, the most conspicuous constituent 
of the formation, consists entirely of quartzose pebbles 
and boulders with 1naxinuun dian1eters of 1 to g feet­
chiefly "bronzed'' chert, well-rounded quartzite, and 
polished quartz but also smne silicified sedi1nentary and 
1netamorphic rocks. The sand grains associated with 
the gravel are composed chiefly of quartz and chert, but, 
unlike the gravel, they include. also son1e fresh feldspar 
and they show no evidence of secondary silicification. 
Stratigraphic and physiographic evidence shows that 
the formation is clearly post-Pennsylvanian, pre-Pleis­
tocene, probably post-Eocene, pre-Pliocene, and possibly 
late Miocene in age. 

A discussion of the origin of the Grover gravel is 
taken up under the headings of ultimate and innnediate 
sources of the materials, agents of transportation, and 
conditions of deposition and preservation. The nearest 
original source of the foreign nutterials that has been 
~ugges~ed is the northern Mississippi Valley, but the 
nnmechate sourr-e of smne of these materials 1nay have 
been pebbles deposited first in Pottsville or late ~iis­
sissippian rocks and rmvorkecl into later gravels. Other­
wise, the apparent coarsening of the pebbles and 
boulders in the Grover southward toward the Ozarks 
contradicts the evidence of their original source and 
the direction of cross bedding. The roundino- of the 
pebbles indicates long-continued abrasion in w:ter, and 
the silicification and the polish tnay possibly suggest 
exposure to weathering or an arid climate. A marine 
a glacial, or a reRidual origin appears out of the questi01~ 
and streatns seen1 the only competent agent of final 
deposition. But it see1ns highly improbable that strea1ns 
flowing nm:mally on a nearly flat peneplain, such as 
that on wluch the fonnation rests, could have carried 
such coarse materials. Even large rivers, like the pres­
en_t Mis~issippi, which flow in trenches between steep 
tnbutanes, carry no boulders as large as those in the 
Grover gravel. And, furthel'lnore, the apparent ab­
sence of a protective cover suggests that this formation 
was preserved by uplift innnediately after deposition. 
Hence, for these two reasons, deposition by rejuvenated 
streams ~emns very probable. To account for the pre­
sumed widespread deposition of the "Lafayette" gravel 
Barrell.snggested increased rainfall at the beginning of 
the Plmstocene, and Chamberlin and Salisbury postu­
lated a neatly adjusted series of uplifts that spread 
gradually do·wnstream. Barrell's explanation 1nakes 
the formation much too young and, if the upland 
gravels are not so widespread as once thought, Chain­
berlin and Salisbury's very special type of wavelike 
uplift is not demanded. An uplift of the Ozarks alone 
might have been sufficient. Pebbles deposited first in 
late Paleozoic rocks could have been mixed with resid­
ual eherts during the long period of Mesozoic and 
Tertiary weatlwring on the Ozark Highlands. A gen­
tle uplift at that ti1ne would have swept these gravels 

northeastward into the ancestral Mississippi, a stream 
that apparently flowed southward along the line of the 
present Grover rmnnants. Feldspathic and unsilicified 
sand 1night thus be deposited along with weathered and 
silicified gravel. 

PLEISTOCENE AND TERTIARY 

RESIDUAL CHERT AND CLAY 

Lying upon many of the Paleozoic fonnations, above 
and below the Grover gravel, and below the Pleistocene 
loess is an irregular covering of residual chert and clay. 
This covering attains a 1naxilnmn thickness of about 
40 feet on the Burlington uplands near Willia1ns Hol­
low and Coon Creek (p. 44) and a thickness of 5 to 10 
feet on uplands and intermediate benches and in sink­
holes in many other places. In parts of the area it is 
absent below the Illinoian till. 

The material consists of nodules and brok€,n frag­
ments o:f chert, from less than 1 inch to 1nor€, than 1 
foot in diamet~r, set in a struetureless n1atrix of red 

' ' 
gritty, noncalcareous, plastic clay. 

This residual chert and clay is the product of long­
continued weathering of the underlying rocks, and it 
therefore. grades almost in1perceptibly into eac\ of the 
fonnations that it overlies. Ahnost certainly it was not 
all formed at the same ti1ne. Its acctunulation rrobably 
began before the completion of the Calhoun peneplain 
( pp. 102-104:) and continued until the uplifted and dis­
sected peneplain was buried by loess. The 1node of for­
mation of this material was identic.al with that of the 
local accumulations of residual chert in the lorer part 
of the Pottsville clay (p. 55) and with the '"gumbo" 
formed on Pleistocene gravel, till, and loess (p)). 75-76, 
80, 89). Where this residual chert and clay have been 
transported very short distances by strean1s or by soil 
ereep, they grade insensibly into the n1aterials here 
classified as Recent and Pleistoeene strean1 deposits, 
slope wash, and talus. In many places these residual 
accumulations appear to grade into the overlying loess. 

PLEISTOCENE 

The divisions of Pleistocene time most wid~ly used 
in North America are listed below : 85 

Recent time. 
Pleistocene time. 

Wisconsin glacial stage. 
Peorian interglacial stage. 

Iowan glacial stage. 
Sangamon interglacial stage. 

Illinoian glacial stage. 
Yarmouth interglacial stage. 

Kansan glacial stage. 
Aftonian interglacial stage. 

Nebraskan glacial stage. 
Pliocene time. 

85 Wilmarth, M. G., The geologic time classifieation of the United 
States Geological Survey; U. S. Geol. Survey Bull. 769, p. 46, 1925. 
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Probably all the Pleistocene stages except the N e­
braskan, Aftonian, and Iowan are represented by de­
posits in the Hardin and Brussels quadrangles. These 
deposits consist of glacial till, wind-blown loess, and 
gra-vel, sand, silt, and elay laid down in ri-vers, small 
streams, and ponds. 

These varied Pleistocene deposits record a history of 
two ice advances into but not aeross the Hardin and 
Brussels quadrangles and of -varying levels of river de­
position and cutting at different times. The area lay 
near the 1nargin of two or three great eontinental ice 
sheets, but the n1ovement of these sheets had been so 
retarded that further advance was barred by the deep 
trenches of Mississippi and Illinois Rivers and by the ' 
uplands of the Lincoln anticline; hence, the Hardin and 
Brussels quadrangles "\Vere not overspread by glaciers 
as were the regions to the west, north, east, and south­
east. (See fig. ±.) The Kansan ice sheet advanced 
southeastward and eastward to and around the Lincoln 
Ridge in Missouri and into the Mississippi River trench; 
there it lay for a time along part of the western edge 
of the Hardin and Brussels quadrangles. The Illinoian 
ice sheet advanced southwestward to the uplands in 
southwestern Jersey County and into the Illinois River 
trench, but it did not encroach upon the uplands of Cal­
lloun County. During both the glacial and the inter­
glacial stages, the area outside the limits of glaciation 
was profoundly affected by the changing regi1nen of the 
rivers and streams. At times the rivers were filled with 
.sediment to elevations as nuwh as 100 feet m· more above 
their present level; at other times they probably cut to 
depths equally far below their present level. 

As in the case of the stratigraphic discussion of the 
Grover gravel, nuwh that follows on the stratigraphy of 
the Pleistocene deposits 1night more logically have been 
included in the section of the report on Physiography. 
However so many of the questions of em-relation, age 
relationships, and origin depend upon physiographic 
facts and inte.rpretations that it seemed more conven­
ient. both for the reader and the writer, to discuss these 
})hysiographie relations in places where their signifi­
-cance is 1nost readily apparent. 

Fossils collected from Pleistocene stream deposits and 
loess in the Hardin and Brussels quadrangles were 
studied and identified by Dr. F. C. Baker. Dr .. J.P. E. 
Morrison. associate curator, United States National 
Museum, kindly brought the nomenelature up to elate 
in H>±S and arranged the na1nes in biologic order as 
given on pages 174-175. 

KANSAN GRAVEL AND TILL ( ? ) NEAR BATCHTOWN 

The earliest Pleistocene deposits in the Hardin and 
Brussels quadrangles that can be dated with any degree 
of assurance are some deeply weathered stream-laid 
sediments here called the gravels in the Batchtown 
channel. These deposits crop out on the western side 

of Calhoun County for about 6 miles along an o1d valley 
that is now crossed and dismembered by present-day 
streams. This old valley runs north and south through 
the to"\vn of Batchtown and essentially parallel to the 
strike of the Paleozoic rocks. It is the belt of Maquo­
keta low lands (see pp. 21-22), and it lies between the 
uplands 1nade by the l{inunswick li1nestone on the vrest 
and the Silurian, Devonian, and Mississippian forina­
tions on the east. At a few places immediately wes~ of 
this old valley there are poor exposures of some boul­
dery deposits that may be either deeply weathered 
gravel or glacial till. 

This gravel was found well exposed in only four 
plaees. The best of these is in a small eastward-drain­
ing gully in the NE:lJ.tSWlh,NE:lJ.t sec. 17, T. 12 S., R. 
::2 W., slightly less than 1 mile south of Batchtown, 
where the gravel extends up to an elevation of al:out 
5±0 feet. The gravel is also exposed about 400 feet 
so11th of this locality in the west bank of the creek anrl 
again about one-half 1nile to the south on the east side 
of the road in the SEJ4NWJ4SEJ4 sec. 17. The cnly 
other good exposure found by the writer was in the 
NE!4SW1!tNW!4 sec. 32, T. 11 S., R. 2 W., 214 1niles 
north of Batchtown. Fragmentary exposures and par­
tially reworked deposits of the gravel at numerous other 
places indicate a more general distribution of the for­
mation. 

At the best exposures the material consists of in•lis­
tinctly bedded gravel and sand which semns to grade 
u pwarcl into a sticky sandy clay or "gumbo." The gravel 
consists dominantly of chert, but there are also many 
pebbles of igneous and metamorphic rocks. Quartz 
pebbles and fragments of coarse- and medium-grained 
ferromagnesian igneous roeks are conspicuous, but 
quartzite, schist, and phyllite also are present. How­
eYer, silicic igneous roeks are noticeably uncommon. 
The pebbles range from well-ro·unded to highly angu­
]ar, hut most o:f them are somewhat rounded, many are 
distinctly facetted, and a very few are striated. Nearly 
all the fragments are pebbles less than 3 inches in diam­
eter, but some are boulders with a maximum diama,ter 
of 1 lj2 or 2 feet. The sand grains between the peb~les 
range from coarse to 1nedium in grain size and vell., 
rounded to sub angular in form. Nearly all the S!1nd 
grains seem to be made of quartz. 

The material was dearly deposited by streams, yet 
the igneous and metamorphic rocks and the numerous 
facetted pe,bbles and the occasional striated peb~les 
virtually prove that the materials were carried by iee, 
probably to within a short distance of the site of 
deposition. 

The gravel and sand is overlain by 8 to 12 fee~. of 
gray to brown sanely clay that contains thin gravelly 
layers and scattered pebbles. In the lower part of this 
clay the pebbles are indistinguishable from and ne1,rly 
as abundant as those in the underlying gravel but they 
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become scarcer, smaller, and finer-grained above, and in 
the upper part they are difficult to find. This more or 
less pebbly sandy clay grades in turn into brown clayey 
silt that is indistinguishable from lo·ess. 

As pointed out to the writer by M. M. Leighton, the 
gravel and the overlying sandy clay in these exposures 
correspond to horizons 3 and 2 in a "poorly drained 
profile of weathering." 86 On this interpretation, the 8 
to 12 feet of sandy clay is "gmnbo graver'~ it and per­
haps son1e of the overlying loesslike silt 'vere formed by 
tlie long-continued weathering and nearly complete de­
eomposition of the original gravel. Thicknesses of 8 to 
12 feet of horizon 3 have been found in the central Mis­
sissi pi Valley region only on ~.arly Pleistocene deposits.87 

Wells drilled in the old valley in the town of Batch­
town failed to reach bedrock at depths of 65 ancl70 feet. 
Aeeording to local reports these wells penetrated fron1 
20 to 36 feet of loess and then encountered water-bearing 
sand, gravel, and clay. They thus indieate that these 
gravels in the Batchto,vn channel probably filled the old 
valley to a thickness of n1ore than 45 feet or to an 
elevation of about 560 feet above sea level. 

The deposits immediately west of the old valley, such 
as those in the NW1,4SW~~ sec. 5, T.12 S .• R. 2 W .. are so 
thoroughly deeomposed that no bedding is preserved. 
This structurele.ss but bouldery gum.bo is poorly ex­
posed, and it is not known whether it was originally 
stream gravel or glacial till. 

Reconnaissance examinations in northern St. Charles 
County, Mo., by M. M. Leighton and the writer and in 
eastern Lincoln County, Mo .• by the writer indieate that 
Kansan till, continuous with that which forms the wide­
spread till plains of northern Missouri, mantles the 
uplands eastward to the river bluffs in southeastern 
Lincoln County, only 4 miles west of the I-Iardin and 
Brussels quadrangles. The eastern 1nargin of the Kan­
san ice sheet here was distinctly lobate, and a large lobe 
extended into the ancient treneh of Mississippi River 
west of Batchtown. (See alsop. 117.) This lobe prob­
ably lay for a time along or against the western bluffs of 
Calhoun County. (See fig. 4.) It seems highly prob­
able, therefore, that the facetted and striated igneous 
and metamorphic pebbles of the gravels near Batchtown 
were deposited by a 1narginal glacial stream that was 
diverted eastward into the old north-south valley by this 
Kansan ice lobe. The southern outlet of this old Batch­
town channel is not known. The diverted waters may 
have erossed Calhoun County over the col in the NW~ 
sec. 34, T. 12 S., R. 2 ,V .. or they may have turned back 
westward in sec. 33, T. 12 S., R. 2 W., into the Mississippi 
River trench. (See fig. 5.) 

86 Leighton, l\I. l\f., and MacClintock, Paul, Weathered zones of the 
drift sheets of Illinois: Jour. Geology, vol. 38, pp. :.!8-53, 1930. 

sr M. l\I. Leighton, personal communication. 

NEBRASKAN AND OTHER PRE-ILLINOIAN DEPOSITS NEAR THI: HARDIN 

AND BRUSSELS QUADRANGLES 

Pre-Illinoian till and gravel have been reported fron1 
several localities outside the main area of Kansan glaci­
ation. Of these, the most definite reeorcl seems to be the 
oecurre.nce of Nebraskan and Kansan tills below Illi­
noian till in a tributary of Illinois River ir Scott 
County, near Winchester, Ill., 25 1niles north of the 
Hardin quadrangle.88 (See fig. 4.) Leverett and Leigh­
ton 89 have found J{ansan and probably Nebrasvan tills 
in the trough of Mississippi River near Quiney, Ill., 50 
miles northwest of the Hardin quadrangle. 

l\iacClintock 90 has cleseribed several other exposures 
of pre-Illinoian till and loess in Scott County, one in 
Morgan County, and one in Greene County. (See fig. 4.) 
This occurrence of Nebraskan or l{ansan till in Greene 
County, only 61niles east of the Hardin quadrangle, was 
reeognizecl by the superposition of 15 feet of uncxidized 
calcareous Illinoian till upon 18 feet of oxidized cal­
careous till. 91 

MacClintock 92 has further suggested that the extrmne 
flatness of the Illinoian till plain may be due to the 
presence of pre-Illinoian drift filling all irregularities 
in the preglacial topography. Under this hypothesis, 
pre-Illinoian drift n1ight be expected to underlie the flat 
Illinoian till plain in the eastern part of the Hardin 
quadrangle. No till or other deposits of pre-Illinoian 
age sufficient to fill these irregularities were recognized 
by the 'vriter in this region. Furthermore, it Inay be 
noted that this hypothesis to explain the flatnees of the 
Illinoian till plain carries with it the corollary that 
the flat Kansan till plain of northeastern ].J:issouri 
should likewise be underlain by pre-l{ansan drift, a 
conclusion which is unsupported by any evidence known 
to the writer. 

Leverett 93 has reported remnants of Nebraskan ( ~) 
drift outside the limits of Kansas glaciation in eastern 
l\{issouri and western Illinois, including "s~attered 
boulders and smaller erraties'' on the highest divides of 
Calhoun County, Ill .• which he thinks "Inay represent 
an earlier glaciation than the Kansan and be redueed 
on that account to a scanty deposit." Frmn detailed ex­
aininations in Calhoun County, the writer feels reason­
ably eertain that the pre-Nebraskan (seep. 70) stream 
deposits of the Grover gravel were 1nistaken for Ne­
braskan ( ? ) drift. And from reconnaissance examina-

ss Bell, A. H., and Leighton, M. M., Nebraskan, Kansan, an1 Illinoian 
tills near Winchester, Illinois : Geol. Society America Bull., YOl. 40, pp. 
481-489, 1929. 

so Leighton, M. M., Personal communication. 
oo MacClintock, Paul.. Recent discoveries of pre-Illinoian drift in 

southern Illinois: Illinois Geol. Survey Rept. Inv. 19, pp. 51-54, 1929. 
91 MacClintock, Paul, op. cit., p. 51 and fig. 10. 
92 MacClintock, Paul, op. cit., pp. 56-57: Physiographic divisions of 

the area covered by the Illinoian drift sheet in southern Illino1'l : Illinois 
Geol. Survey Rept. Inv. 19, pp. 24-25, 1929. 

Da Leverett, Frank, Glacial deposits of Missouri and adjacent districts 
(abstract) : Geol. Soc. Amer. Bull., vol. 34, pp. 91-92, 1923. 
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FIGURE 4.-Glacial map of parts of western Illinois and eastern Missouri. Data outside Hardin anrl Brussels quadrangles based largely on: Todd, 
J. E., Formation of the Quaternary deposits: Missouri Geol. Survey, \'Ol. 10, pl. 12, pp. 140, 183, 207, 1896. Leverett, Frank, The Illinois 
glacial lobe: G. S. Geol. Survey Mon. 38, pl. 6, 1899: Oldest (Nebraskan'?) drift in western Illinois ami southPastern Missouri in relation to 
the "Lafa~·ette graYel'' and drainage development (abstract) : Geol. Soc. America Bull., vol. 35, p. 69, 1924. Bell, A. H., and Leighton, M. M., 
Nebraskan. Kansan, and Illinoian tills near ViTinchester, Ill.: Geol. Soc. America Bull., vol. 40, fig. 1, pp. 484-486, 1929. MacClintock, Paul, Re­
cent discoveril's of pre-Illinoian drift in southern Illinois: Illinois Geol. Suryey Rept. Invl'stig. no. 19, fig. 1, pp. 51-54, 1929. Antevs, Ernst, 
Maps of the Pleistocene glaciation: Geol. Soc. America Bull., vol. 40, fig. 6, p. 643, 1D29. Modification of Todd's mapping between Winfield 
and Louisiana, Mo., based on reconnaissance by "'· W. Rubey. 
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tions in western St. Louis County, Mo., it semns possible 
that a si1nilar 1nisinterpretation was n1ade there. (See 
also p. 117.) 

Fenneman 94 reported three occurrences of pre-Illi­
noian gravel (and till?) in and below the river bluffs 
near Chain of Rocks Waterworks north of St. Louis, 
Mo. (See fig. ±.) :Messrs. Leighton and MacClintock 
and the writer exa1nined two other exposures of par­
tially decomposed pre-Illinoian gravel and silt nearby­
one on the west side of Broadway near the east corner 
of O'Fallon Park, the other on the west side of Riverside 
Drive, one-half mile north of the Chain of Rocks 
Waterworks. 

EARLY PLEISTOCENE CLAY 

In many valleys throughout the Hardin and Brussels 
quadrangles tlwre are small exposures of a peculiar 
hard pitted clay 10 feet or nwre thick that underlies 
the 1nicldle and late Pleistocene loess, the Illinoian drift, 
and the Brussels formation. This clay is massive in 
structure and bluish gray to tan in color, depending 
upon the degree of oxidation. It is essentially non­
calcareous and rather poorly sorted~ it contains some 
sand grains and many particles the size of silt. 

The distinctive characteristics of the clay are its 
hardness and its peculiar pitted surface. So hard is it 
that where its outcrop is crossed by strean1s it com­
nlonly forms a firm rocklike. bed and in a few places 
miniature waterfalls. The peculiar pitted surface is 
caused by the washing away of soft plastic clay that 
fills many long cylindrical holes from 1 to 3 inches in 
dia1neter in the hard clay. The origin of these numer­
ous cylindrical holes is unknown; in some places they 
rese1nble cavities left by the decay of roots, elsewhere 
they are related to concretionary deposits of iron oxide, 
but 1nost comn1only they resemble the borings of some 
small animals, such as crayfish. 

The sand grains washed fron1 three samples of the 
hard clay were found to consist chiefly of well-rounded 
to subangu'Iar grains of quartz and chert frmn 0.1 to 
0.6 n1illimeter in diameter and subordinately of ortho­
clase and sn1all spherules of calcite. Many of the quartz 
grains have crystal faces formed by secondary enlarge­
tnent. 

The exact age of this hard massive clay is not known. 
It underlies and thus is clearly older than the Sanga­
Inon ( ? ) loess, the Brussels formation, and the Illinoian 
till and marginal pond deposits. It is not certainly 
Yarmouth nor even pre-Illinoian, however, for its re­
lationship to the dark gray, calcareous clay in the base 
of the Brussels formation ( pp. 83, 85) is unknown. It 

9~ Fenneman, N. 1\f., Physiography of the St. Louis area: Illinois Geol. 
Survey Bull. 12, pp. 9, 58, 1909 ; Geology and mineral resources of the 
St. Louis quadrangle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, 
pp. 31-32, 46, 1911. Anonymous, Notes on the geology of St. Louis 
and vicinity, accommodated to the text of Le Conte's Compend of Geol­
og;r. St. Louis Uniwrsity, pp. 3-5, 1892. 

may be the leached equivalent of this calcareous clay 
or it may be 1nuch older. 

ILLINOIAN TILL AND ASSOCIATED STRATIFIED DRIFT 

East of Illinois River and north of Otter Creek the 
uplands of the Hardin quadrangle are heavily covered 
witl1 Illinoian till and smne intimately associatrd beds 
of stratified drift. South of Otter Creek the "\Vestern 
margin of these deposits coincides approximately with 
the eastern li1nit of the two quadrangles, thus about 20 
square miles of upland in Jersey County east of Illinois 
Rive.t· and all of the uplands in Calhoun County west 
of Illinois River are driftle.ss. (See figs. 4, 5.) 

Topographic ewpres8ion.-The.se deposits of the Illi­
noian ice sheet fill depressions in a fairly rugged pre­
glacial topography, and they form the flat, nearly fea­
tureless Illinoian till plain that covers about one-half 
of the State of Illinois. Innnediately east of the Jiardin 
quadrangle thi3 till plain is 1nonotonously flat with 
only a few n1orainic or drumlinlike 1nounds scattered 
here and there upon it.95 But within the Hardin quad­
rangle, a few 1niles frmn the former margin of the ice 
sheet, this till plain curves clown into minor strer.tn val­
leys, and, even upon the upland where relatively flat, 
it is interrupted by fairly numerous small and irregu­
larly shaped drumloiclal or kamelike. knolls. (See p. 
118.) 

Within the Hardin and Brussels quadrangles the 
actual margin of the former ice sheet can be observed 
only in the area south of Otter Creekl for elsewhere it 
ext~nclecl into the lowlands of Otter Creek and Illinois 
River where all records have been removed by subsequei1t 
erosion. Where it can be observed 1nost accurately, the 
limit of the glacial till is marked by 1narginal or pro­
glacial ponds (pp. 81-82), but no well-defined terminal 
moraine can be recognized. The Illinoian till plain 
merges almost imperceptibly into the remnants of the 
Calhoun peneplain. (See pl. 20.) 

Near the mouth and on the northern side of both 
Crawford Creek and J{ampsville Hollow (Pearl quad­
rangle), 21j2 and 31j2 miles north of the Hardin quad­
rangle, are conspicuous gravel bars that stand 100 or 
125 feet above the flood plains. The upper surfaces of -
these bars slope westward up the two tributary valleys. 
The reconnaissance nature of the examination of these 
deposits did not permit a detennination of their exact 
origin; they 1nay represent deltas built into the tribu­
tary valleys or bars deposited across the valley mouths. 
Nevertheless, it seems reasonably certain that the gravel 
bars were formed innnediately in front of if not actually 
at the Illinoian ice front, and they therefore s~rve to 
indicate approxin1ately the eastern margin of the "drift­
less area" immediately north of the Hardin quacl.rangle. 

9li Leverett, Frank, The Illinois glacial lol•>e: U. S. Geol. Survey 1\fon. 
38,pp. 38-39,744,746,1899. 
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Thiclt~ne88.-The Illinoian till and associated stratified 
drift vary greatly in thickness within short distances. 
Partial exposures indicate that these deposits are less 
than 20 feet thick at 1nany places on the highest part of 
the uplands, but in the preglacial valleys of s1nall 
streams, and especially along a 1narginal zone that 
extends north-northwest from sec. 3, T. 7 N., R. 13 ,V., to 
sec. 16, T. 8 N., R. 13 vV., they seem to be n1ore than 
100 feet thick. The present average thickness of these 
deposits in the area once overriden by the ice sheet is 
probably not far from ±0 or 50 feet. 

Lithologic character.-The deposits shown on the 
geologic map (pl. 1) as Illinoian till and stratified drift 
consist dmninantly of pebbly till and subordinately of 
clayey till and s1nall bodies of intin1ately associated 
water-laid gravel, sand, and, silt. 

The pebbles and boulders in the till are composed 
largely of chert with son1e limestone and a very small 
amount of dolomite. But they also include exceedingly 
variable but generally small numbers of foreign igneous 
and metmnorphic rocks that "\Vere transported great dis­
tances into the area by the ice. Aside from the chert, 
limestone, and dolomite, the fragments consist of such 
diverse rock types as basalt, diabase, gabbro, granite, 
rhyolite, pegmatite, vein quartz, schists, gneiss, and 
quartzite. According to local reports, a small boulder 
of native copper was found many years ago in the till 
in the northeast part ofT. 7 N., R. 12 W., only a few 
miles east of the Hardin quadrangle. The pebbles and 
boulders range in shape from rounded to angular and 
distinctly faeetted; only a few are sharply striated. In 
general, the smaller pebbles show n1ore rounding, and 
the. larger boulders are n1ore distinctly facetted. 

A few counts and numerous estimates by the writer 
indicate that among the rock fragments more than 3;.:! 
inch in diameter, the proportion of the definitely foreign 
to the possibly local chert and limestone pebbles 
ranges within surprisingly short distances between 
1: 5 and1: 1,000. Probably the average number of defi­
nitely foreign rocks among these. larger frag1nents is 
not more than 2 in 100. However, these larger pebbles 
and boulders range frmn 3;.:! to 12 inches and, very 
rarely, several feet in diameter, and it is a striking fact 
that the lar.ge.r boulders are com1nonly of foreign 
material. 

Among the smaller pebbles quartz is much n1ore 
abundant and, if it could be considered definitely for­
eign to the area, the proportion of foreign 1naterial 
would rise n1uch higher than 2 percent. However, these 
small well-rounded quartz pebbles are so nearly identi­
cal in size, shape, and other peculiarities with those eom­
lnon in the Grover gravel that one is led to believe that 
n1any of them nmy have been deposited in the area as 
gravel and later transported only very short distances 
by the ice. 

The dominant constituent of the till is day or very 
finely ground rock flour. Where fresh, it is bluisl1 gray, 
cmnpact, and calcareous; where weathered, it is reddish 
brown, plastic, and noncalcareous. In most places the 
till is very sandy, but in a few exposures it seems to be 
entirely free frmn grit. 

In many exposures the partially weatl' ~reel­
oxidized and leached-till grades upward into 2 to 4 
feet of brown sticky clay or "gumbotil,"_which C<')ntains 
small scattered pebbles.96 

The small bodies of stratified drift inti1nately asso­
ciated with the Illinoian till were found chiefly in small 
preglacial valleys near the former 1nargin of the ice­
sheet. They consist both of distinctly cross-bedded and 
regularly bedded and of very indistinctly stratified 
deposits of well-soded and poorly sorted gravel, sand, 
and silt (see pl. 11B). An excellent exposure of glacial 
till along the new highway in the SEl;.:! see. 28, T. 8 N., 
R. 13 ,V., includes a lens of this gravelly sand that dips 
steeply eastward against the direction of ice. movement. 
(fig.11A). 

A second mode of occurrence of this stratifie-:l drift 
was seen at a few exposures on the uplands. In these 
the water-laid gravels oeenr inti1nately associated in 
the top of or gradationally above the glacial till. An 
exposure. of this sort near the southwest corner of sec. 
25, T. 8 N., R. 13 W., lj::l1nile south of Fieldon, shows till 
overlain by 10 feet of stratified silt, gravel, and sand, 
which in turn is overlain by 10 feet of loess. It is not 
certain that these. deposits of stratified drift on the 
uplands were for1ned during the period of ic'} oecu­
paney. They may have accmnulatecl as the ice was 
disappearing or at any later time before deposition of 
the loess. These deposits are of interest beeau~e they 
show that at least locally the. upper surfaee of the till 
plain has been cut and filled by currents of water. This 
fact suggests the possibility that smne of the extreme 
flatness of the Illinoian till plain may be the result of 
degradation and aggradation by running water. (See 
pp. 118-J19.) 

St-ratig·raphic a·nd ph.y8iographic 'l'elaifions.-The 
Illinoian till deposits and the till plain that thr.y form 
are the most definitely correlated and elated Pleistocene 
features in the Hardin and Brussels quadrangles. 
Hence the. stratigraphic position and relative age of 
other deposits were. referred wherever possible to the 
Illinoian till and these. stratigraphic relations are 
discussed under the headings of these other dep0sits. 

The physiographic relations of the Illinoian till show 
ele.arly that, someti1ne afte.r the development of the Cal­
houn peneplain and the deposition of the Grover gravel 
and probably long befo·re the invasion of Illinoian ice, 
the region was trenched deeply by a river and many 
small tributaries, the position of which eoincid~d very 

96 Leighton, M. M., and l\facClintocl•. Paul, 'Veathered zm:es of the 
drift sheets of Illinois: Jour. Geology, YOl. 38, pp. 32-33, 1930. 
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elosely with that of Illinois River and its present tribu­
taries. This preglacial topography was very similar to 
that of present time, not only in the po·sition of the 
streams but also in the amount of relief. The chief 
difference seems to have been that the valleys then 
were deeper and narrower than they are today. (See 
pp. 110-113.) 

Fossils.-Rather surprisingly, both invertebrate and 
plant fossils were found in the Illinoian till. 

In a fresh creek bank exposure in the NW1;4SE;,~ 
sec. 28, T. 8 N., R. 13 W., an exceptionally well pre­
served shell o·f the snail, Angu.ispira alternata, was 
found well within-several feet below the upper sur­
face of-the blue-gray pebbly till. (See Coli. 127, table 
on p. 174.) Probably the snail shell was picked up by 
the ice, transported but a short distance, and deposited 
with the till. The unusual feature of the occurrence is 
the fact that the fragile shell was not crushed by the 
ICe. 

At several localities, notably in the NE14,SW1;4 sec. 
21, the NE~SW~ sec. 28, and the NE14, sec. 28, T. 8 N., 
R.13 W., and in the NE1;4NW~ sec. 4, T. 7 N., R.13 W., 
the Illinoian till contains nmnero·us branches and small 
logs up to 8 inches in diameter of black or dark-brown 
partially carbonized wood. This wood was probably 
picked up by the ice as it advanced over forested areas. 

POND DEPOSITS MARGINAL TO THE ILLINOIAN ICE 

Along the eastern edge o'f the Hardin quadrangle and 
Routh of Otter Creek, the 1nargin of the Illinoian till 
is marked by the silted-up basins of several glacial 
ponds or small lakes. At least five of the small valleys 
that flowed northward and eastward from Meadow 
Branch Ridge were dammed by the advancing Illinoian 
ice and formed separate ponds, each o·f which covered 
from 150 to 350 acres or n1ore. Only one of these Illi­
noian ponds, that in the NWlh, sec. 14, T. 7 N., R. 1:3 
W., lies entirely within the li1nits of the Hardin quad­
rangle; the other four lie chiefly in the quadrangle to 
the east. 

Topographic er1:pression.-All but one of these s1nall 
lakes were filled up with clay, silt, sand, and gravel and, 
after disappearance of the ice and subsequent erosion, 
these filled valleys were left as flat elevated swales or 
meadows, which probably gave rise to the local name 
Meadow Branch. 

The ancient lake in the W¥2 sec. 13, T. 7·N., R. 13 W., 
seems not to have been completely filled, or else it hag 
been partially washed a way through underground 
channels, because its center, just outside the Hardin 
quadrangle, is today a small pond, 40 or 50 feet below 
the level of the till and ancient lake surface. Similarly, 
the surface of the ancient lake in the NW1;4 sec. 1±, T. 
7 N., R. 13 W., is marked by a deep but nuwh smaller 
pond, the origin of which is unknown. It may be an 
unfilled depression or kettle in the old lake or a lime-
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stone sinkhole formed long after the Illinoian stage 
of glaciation. (See alsop. 114.) 

The flat loess-covered surfaces of the three northerr_­
most of the old lakes stand at about the sa1ne elevation, 
approximately 650 or 670 feet above sea level. How­
ever the similarity in elevation is probably accidentd 
for there seems to be very little likelihood that the thrf~ 
lakes were ever intercomnntnicating. The surfaces of 
the two southern lakes also stand at about equal elevr:-.­
tions but nu1ch higher, at 760 or 770 feet. Although not 
no-w continuous with one another, these two 1nay por­
sibly at one time have been parts of a single larger lake. 
In the absence of adequate maps, detailed1napping of 
these old lakes that lie chiefly to the east of the Hardin 
quadrangle was not attempted by the writer. 

Lithologic chw·acte·r.-The deposits in the old glacid 
ponds consist of clay, silt, sand, and gravel. A sectio"l 
measured in the north center sec. ::Jl:, T. 7 N., R. 13 W., 
will serve to indicate the diversity of these sedi1nents. 

Level of pond terrace, elevation 650 ± feet. Ff" 
18. Covered________________________________________ 3 
17. Loess; non calcareous, Light-brown (early Peorian ?) _ _ 9 
16. Loess, noncalcareous, purplish-brown. A humus-

stained zone at top. (Late Sangamon ?) _ _ _ _ _ _ _ _ _ 5~~ 

15. Loesslike silt with small scattered chert pebbles. 
Non calcareous, massive, purplish-brown_~_______ 3 

14. Fine-grained gravel, rounded chert pebbles in sandy 
matrix, few pebbles more than% inch in diameter_ 3 

13. Sandy silt, noncalcareoU'S, massive, tan_____________ 9 
12. Sandy silt, noncalcareous, laminated_______________ 2 
11. Covered _______ ·-------------------------------- 5± 
10. Sandy silt, fine-grained, massive, noncalcareous, 

brown at top, tan below________________________ 15 
9. Sand, medium-grained, well-laminated_____________ 3 
8. Varved clay and silt, calcareous___________________ % 
7. Sand and clay, laminated, calcareous______________ 1 
6. Sand, medium-grained, massive___________________ 1% 
5. Varved clay and silt, calcareous. Slumps badly. 

Near base contains a vertical log (pine?) 5 inches 
in diameter___________________________________ 15 

4. Covered________________________________________ 10± 
3. Varved clay and silt, calcareous___________________ 2 
2. Gravel and till, calcareous (Illinoian)_______________ 10± 
1. Hard pitted clay, noncalcareous (early Pleistocene)__ 5± 

The. varved elays and silts, though nowhere as llltlCh 
as half of the entire thiekness, are the most conspicuous 
and characteristic of the pond deposits. Good exposurEs 
of these varved deposits were found in each of the five 
old ponds, but the. 15 feet of beds 1narke.d Unit 5 in 
the foregoing section were examined n1ost carefully 
pl. 110). There. are elsewhere the varved deposits eon­
sist of brownish-gray clay and pale tan, very fine 
grained silt in alternate thin layers. The clay layers 
underlie the silt layers along abrupt and sharply de­
fined bedding planes, but the silt is n1ore or less grad~.­
tional into the next overlying layer of clay. In general, 
the layers of silt are somewhat thicker than those of 
clay. 

Microscopic. examination indicates that the varverl 
clay eonsists ahnost entirely of partieles of clay min-
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erals, but it also contains a few grains of quartz. The 
particles range frmn 1 to 25 and average about 81nicrons 
in dia1neter. The silt layers consist largely of calcite 
and clay with subordinate amounts of quartz, green 
hornblende, and zircon. The material is poorly sorted; 
the angular grains range frmn 2 to 60, averaging about 
15 1nicrons in dia1neter. 

The distinctly laminated clays and silts seem identical 
with the varved clays deposited in glacial lakes in other 
regions.97 If so, each pair of layers is the deposit of a 
single year, the clay layers representing deposition in 
winters when the lakes were covered with ice and the 
silt layers representing open-water deposition in the 
sunnners. 

Each varve or pair of layers is strikingly unifonn in 
thickness but different varves vary greatly. Those ex­
amined by the write\' range between extreme limits of 
1 and 20 millimeters in thickness; they are n1ore com­
monly from 4 to 9, and they probably average about 6 
1nilli1neters thick. In a sample collected 7 feet above 
the base of lTnit 5 in the measured section, 49 varves 
have an average thickness of 7.6 millimeters each. (See 
pl. 12.) In a n1uch smaller smnple collected llh feet 
above the base of this unit 11 varves average 1.8 Inilli­
meters thick. Fairly careful estimates indic.ate that 
the 15 feet of beds in Unit 5 contain approxin1ately 
800 varves. If son1e of the noncalcareous silts, where 
undisturbed by ·weathering and leaching, and some of 
the beds that are not exposed are also varved deposits, 
the total number of varves in this section is at least 
LOOO and may be several thousand. 

The variations in thickness of successive varves are 
generally believed to represent variations in the rate 
of 1nelting and hence in the climate of successive years. 
A detailed examination of the varves in this section 
might therefore afford valuable information on the 
variations in climate at about the time of the 1naximun1 
advance of Illinoian ice. 

The other types of pond deposits are less distinctive. 
Massive or indistinctly laminated sanely silt, sand, and 
gravel are the dmninant constituents. These sediments 
may represent the 1naterial washed into the ponds at 
the times of minor adjustments and n1ovements of the 
ice front. 

Stratigraphic 'relation8.-Remnants of till clams were 
recognized in the NEV! sec. 14, in the east center sec. 14 
and west center sec. 15 and in the NWVt sec. 25, T. 7 N., 
R. 13 W., in front of three of the ancient ponds. Th~ 
pond deposits abut sharply against the till in these clams, 
and they overlie a fairly rugged surface that was de­
veloped in different places upon Illinoian till and gravel, 
hard pitte.d clay (early Pleistocene), and Burlington 
lin1estone. The pond deposits are overlain by from 5 

97 Antevs, Ernst, The recession of the last ice sheet in New England : 
Am. Geog. Soc. Research set·. 11, 1922: Retreat of the last ice sheet in 
eastern Canada: Canada Geol. Survey Mem. 146, 1925. 

to 20 feet of loess, which, according toM. M. Leighton, 
is probably of late Sangamon and early Peorian age. 
(Seep. 89.) 

BRUSSELS FORMATION 

A thick series of well-laminated silts, which locally 
contains n1uch sand and gravel, is widespread through­
out the Hardin and Brussels quadrangles. r_..,hese de­
posits partially fill 'lnost of the small valleys tributary to 
Mississippi River and a few of the larger vatleys tribu­
tary to Illinois River to an elevation approximately 
100 feet above the level of these 1najor streams. Near 
the village of Brussels, especially, these deposits make a 
widespread upland surface, and it is from the excep­
tional development of the constructional surface there 
and the excellent exposures of the sediments a few miles 
to the southeast that the na1nes, Brussels terrace and 
Brussels formation, are proposed. Apparfntly the 
same terrace and deposits can be recognized across Mis­
sissippi River in Lincoln and St. Charles Counties and 
frmn there downstream to St. Louis, Mo. 

Topographic e:1.~pre88ion.-At most places within the 
area eoverecl by this report the Brussels fonnation 
forms a well-defined terrace from 520 to 540 feet above 
sea level. (See pls. 17, 18.) This terraee, like nearly 
all other parts of the area, is mantled by 10 to 20 feet or 
more of loess. Most exposures are such that the Brus­
sels formation cannot be definitely distinguished frmn 
the overlying loess at elevations greater than about 480 
feet, but in a fm-v places it extends somewhat higher. 

Several exposures indicate, but do not afford conchl­
sive evidence, that water-laid sedi1nents in the Brussels 
formation were deposited to an elevationnear~y that of 
the present terrace level. In the NE% see. 28, T. 9 N., 
R. 13 W., regularly stratified sand in the formation~ 
grades upward into clune sands that rise higher than 540 
feet above sea level. In the SW% sec. 12, T. 7 N., R. 13 
W., stratified gravel in the Brussels formation extends 
up to an elevation of 540 feet on the flanks of a till­
eoverecl hill. In the NEll! see. 21, T. 13 S., R. 2 W., 
massive sand, possibly wind-blown, in or at the top of 
the formation rises to an elevation of 540 fee~.. How­
ever, none of these afford eonclusive evidenee. The only 
place where definitely water-laid deposits in the forma­
tion were found higher than 500 feet was in the exeep­
tionally complete exposures in the miniature badlands, 
locally known as "General Brown's Cave-in," in the 
NW% sec. 5, T. 13 S., R. 2 vV., where laminated deposits 
crop out from an elevation of 435 to 510 feet. 

With such ineomplete data on the preeise elevation 
of the upper surface of the Brussels formation, it is 
obviously impossible to determine exactly how n1uch 
or in what direction or directions the forn1ation 1nay 
slope. However, the loess-covered terraee developed 
upon the formation is of remarkably unifonn elevation 
everywhere. No systematic differences of elevation in 
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any direction are recognizable; the irregularities upon 
it are all of the sort, that 1night result solely from local 
differences in the thickness of the overlying loess. In 
view of this apparent flatness of the terrace, it semns 
probable that the Brussels formation also was essen­
tially flat at the time of it deposition and that it has 
not been perceptibly disturbed by later movements. 

In 1nany places the fonnation has been cut by sub­
sequent erosion. Locally it forms a degraded or trun­
cated surface, called in this report the Metz Creek 
terrace (p. 120), that commonly stands about 485 feet 
above sea level. In a few places, where undercut by 
present-day stremns, the Brussels for1nation makes 
nearly vertical bluffs from 30 to 50 feet high. 

Thick~,ness.-At several exposures, such as those in 
the SEY.tNEY.t sec. 31, T. 10 S., R. 2 W., and the SE% 
NEY.t sec. 28, T. 13 S., R. 1 W., more than 50 feet of 
strata belonging to the Brussels formation is exposed. 
The maxinnun thickness observed at any one outcrop 
"'as 75 feet in the NW% sec. 5, T. 13 S., R. 2 W., but 
the true 1naximmn thickness is doubtless nnwh greater. 
Locally the formation extends as much as 100 feet above 
the level of Mississippi River and in the 1najor valleys 
it probably was deposited below the present river 
levels. 

Lithologic characteJ'.-The Brussels formation varies 
greatly in lithologic character from place to place·. In 
general it has a fairly characteristic development in 
each of four regions ·within the Hardin and Brussels 
quadrangles although these different facies or aspects 
of develop1nent grade more or less completely into one 
another. 

The most typical and the Inost widespread facies of 
the fonnation is that developed near Brussels in the 
valleys that slope eastward into Illinois and !-fississippi 
Rivers. Here the lower third or fourth of the fornla­
tion is a massive, calcaerous clay, and the upper part 
an alternating E"eries of laminate.d and massive beds of 
silt, clay, and fine sand. The accmnpanying section, 
nwasured in the SE1,4NE14 sec. 28, T. 13 S., R. 1 W., 
contains 1nuch thicker beds of massive loesslike silt 
(beds 6, 8, and 10) than were seen elsewhere, but other­
wise it illustrates fairly well this typical and widespread 
development o:f the formation (pl. 13A). Numerous 
wells near Brussels obtain their supplies of water from 
the middle or lower part of these beds. 

1\letz Creek terruee level (Elevation 490±). Feet 
13. Covered__________________________________________ 4 

12. Loess, sandy, massive, vertically jointed, buff-colored_ 9 
11. Silt, indistinctly bedded in seven alternating sandy 

and clayey layers_______________________________ 9 

10. Loesslike silt, sandy, massive, vertically jointed, very 
light buffy gray--------------------------------- 4 

9. Fine-grained sand and clayey silt in 11 alternating 
layers__________________________________________ 5 

8. Loesslike silt, coarse-grained, massive, vertically 
jointed, slightly calcareous, pale buffy gray-------- 9 

Feet 

7. Laminated fine-grained sand, calcareous clay and silt 
in six alternating layers. Pule buff. Sand grains 
one-sixteenth to one-twelfth millimeter in diameter, 
subangular. Worm holes ( ?) filled with sand in 
basal layer of calcareous clay____________________ 4 

6. Loesslike silt. claye~', massive, vertically jointed, 
slightly calcarf'ons. Contains snail shells and small 

rootlets ---------------------------------------- 3 
5. Laminated calcareous clay------------------------- 1 
4. Massive silt, slightly calcareous____________________ 1~ 

3. Laminated fine-grained sand and silt, slightly cal-
careous ________________________________________ _ 1 

2. Clay, silt and some sand. Compact, massive, calcare­
ous, and medium gray below; brown and only 
slightly calcareous in upper 3 feeL_______________ 18 

1. Covered _________________________________________ _ 3 
Ct·eek level. 

This facies of the formation is also developed but in 
smaller masses, near Batchtown, along Turner Branch, 
Dixon Hollow, and Madison Creek. The laminated 
silts exposed along Cuivre River in see. 14, T. 48 N., 
R. 2 E., St. Charles County, ~fo.; along Piasa Crf/~k 
in sec. 19, T. 6 N., R. 10 W., Madison Co., Ill.; and in the 
northern part of O'Fallon Park in the city of St. Louis, 
~fo., see1n also to belong to this facies of the Bruss~ls 
formation. 

A second cha;racteristie develop1nent of the fonnation 
is that found in southern Calhoun County in the valleys 
tributary to ~fississippi River from Dogtown Hollow 
southward to Two Branch Hollow. This southwestern 
facies of the formation, as it 1nay be ealled, resembles 
that near Brussels in the occurrenee of massive cal­
careous clay below and of laminated silts above. It 
differs, however, in the eommon development of thick 
masses or lenses of medium-grained sand, which loeally 
make up the entire thickness of the formation. Tl,is 
sand is notably well-sorted, rounded, and commonly 
iron-stained. Although generally massive, the sand in 
many places is indistinctly cross-bedded with the 
oblique la1ninations dipping steeply eastward. Persist­
ent peculiarities of distribution in this southwestern 
region are the relative abundance of the sand on the 
north side as compared to the south side of the west­
ward-flowing tributaries and the fact that most of the 
sand lenses are in coves some distance from the river 
and bounded on three sides by high bedrock walls. These 
details of local occurrence, together with the type of 
bedding and the excellent degree of sorting, strongly 
suggest that the sand was, at least in part, wind-blo"'\"'n 
rather than water-laid. 

A third facies of the formation, developed in the 
valleys of ~facoupin and Otter Creeks, is on the average 
much coarser grained than the others. It consists domi­
nantly of sandy gravel, but in both valleys it .grades 
within 1 or 2 1niles downstrean1 into finer-grained sand 
or laminated silts. The pebbles in the gravel are similar 
in composition to those in the Illinoian till but they are 
somewhat rounded and commonly from 1 to 2 inches in 
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diameter with a few pebbles 1nore than 6 inches across. 
The westernmost exposures of the Brussels formation 

along Otter Creek are water-laid laminated silts essen­
tially indistinguishable from those near Brussels. At 
its westernmost exposures along Macoupin Creek, the 
formation consists entirely of massive and regularly 
stratified beds of medium-grained, rounded, well-sorted 
sand, apparently identical with that in the southwestern 
facies of the formation (see p. Hm). This sand seen1s 
to be in part water-laid and in part wind-blown, for the 
surface of the conspicuous terrace developed upon the 
Brussels for1nation (pl. 17) is surmounted by irregular 
hillocks that seem to be sod-covered sand dunes ( p.119). 

The fourth facies of the formation is widely distrib­
uted in the silted-up valleys along ~Iississi1;pi River 
frmn Mount Victory School north to ~IcNabb Hollow. 
In this area, as elsewhere, the Brussels formation con­
sists of latninated silts and forms a 'Yell-defined terrace. 
However, it is not so thick, and it contains a basal be.d 
of local chert gravel from 1 to 10 feet thick that is 
in1bedded in gray clay and overlain by a persistent bed, 
cmnmonly about 5 feet thick, of dark-gray silt, so highly 
carbonaceous that it resembles peat. 

This fourth facies of the formation mav extend still 
farther northwarct for the valleys nortl~ of ~feN abb 
Hollow also are heavily filled with silt and a few expo­
sures of chert gravel and laminated silt w·ere found in 
them. However, the covering of loess is so thick in th] s 
region that neither any diagnostic exposure 1v1r the sur­
face of the Brussels terrace could be recognized. The.se 
poorly exposed deposits may be equivalent to the Brus­
sels formation or they may be much older, possibly a 
part of the Kansan stream deposits in the Batchtown 
channel. Because of this uncertainty they are included 
with "Undifferentiated strean1 dep~sits,' etc." on the 
geologic 1nap (pl. 1). 

The gravelly, carbonaceous facies of the Brussels for­
mation seems to be represented by the exposures in the. 
Brussels quadrangle east of Illinois River near Hartford 
Church and at the quarry of the ~Iissouri Portland 
Cement Co., at Bellefontaine, St. Louis County, Mo. 

Microscopic examination of eight samples of the silt 
in the Brussels formation reveals that this 1naterial is 
very unifonn in character and almost indistinguishable 
from the silt in the overlying loess. It consists chiefly 
of calcite, subordinately of quartz and orthodase, and 
contains fairly numerous grains of green hornblende, 
zircon, chert, biotite, muscovite, plagioclase, and highly 
birefringent clay. In most of the samples the feldspar 
grains are somewhat kaolinized, and some carbonaceous 
or woody fragments may be recognized. These grains 
range from about 5 to 125 and average about 35 microns 
in diameter; most of them are sharply angular, but a 
small number show smne rounding. 

In general these silts in the Brussels formation seem 
to contain more carbonaceous or woodv material to 

·' ' 

exhibit more kaoliniz.1tion and rounding, ancl to be 
slightly coarser grained and more poorly sorted than the 
silt in the loess. However, the samples vary so nuiCh 
fro1n one to another that none of these average differ­
ences can be used to identify a specimen of unkno,vn 
or1g1n. 

Two san1ple.s of the sand (p. 163) in the Erussels 
formation, collected from widely separated localities, 
were studied by H. B. Willman, of the Illinois State 
Geological Survey. The results of these examinations 
indicate that the two samples are very sin1ilar in grain 
size, sorting (see fig. 6), composition, and physical prop­
erties. (See also molding sand tests, p. 162.) Both 
are well-sorted, medium- to fine-grained sands. about 
90 percent of which consists of quartz. (For a more 
detailed discussion of these samples, see pp. 92-95) . 

F ossils.-The heels of finer-grained silt and of clay in 
the Brussels formation are locally very fossiliferous. 
The collections made during the field work for this 
report were studied by F. c~ Baker, who concluded that 
the fossils in this formation are most closely related to 
those that have been collected from Yarmouth and 
Sangamon deposits in other re.gions. 

Dr. Baker's reports also show that the habitat of these 
fossils was exceedingly varied (pp. 17±--175). Of seven 
lots reported upon at the time of this writing, all of 
which were collected from thin beds well witlin the 
Brussels formation, one contains only water-living spe­
cies, two contain only land-living species, one contains 
both land and amphibious species, two contain boi:h land 
and water species, and one contains all three forms­
land, amphibious, and water. In short, the colhctions 
show an intimate mixture of land- and water-living 
forms. 

At several localities the beds of n1assive loesslike silt 
contain many small vertical plant rootlets. 

Stratigraph-ic 'l'elatio,ns m1d age.-Evidence within 
the Hardin and Brussels quadrangles shows that the 
Brussels formation is younger than parts of the Illinoian 
till and as old or older than the Sangamon ( ~) loess. 
The relation to the Illinoian till is shown clearly along 
Otter and, especially, Maeoupin Creeks, where the for­
mation fills valleys that were cut after at least a partial 
retreat of the ice. 

The relation to the overlying loess is not so readily 
determinable. The contact is well exposed in only a 
few places and the evidence seems smnewhat cortradic­
tory. In the SEVt,NEVt, sec. 11, T. 7 N., R. 13 1~r., oxi­
dized and greatly decmnposed gravel in the to1~ of the 
Brussels formation is overlain by brown (late Sanga­
mon'?) loess, which in turn underlies buff ( ear1y Pe.o­
rian'?) loess (pl. 130). In an exposure near the corner 
of Florissant and Bircher A venues, St. Louis, Mo., 
weathered gravel and silt in the top of the formation is 
overlain with sharp contact by reddish brown (late 
Sangamon ~) loess which in turn is overlain by buff 
(early Peorian ~) loess. At most other exposurr~, as in 
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SW% see. 19, T. 10 S., R. 2 W., the NW1j1 sec. 29, T. 11 
S., R. 2 "\V., the NW% see. 5, T. 13 S., R. 2 W., and the 
NE% sec. 28, T. 13 S., R. 1 W., the formation appears 
to grade into the overlying loess by an interbeclding of 
laminated clay, silt, and sand with massive loesslike silt. 
In these and other exposures where the upper eontaet 
appears gradational, no similar eviclenee was found of 
deep weathering before deposition of the overlying 
loess. It is true that the coarser silt and sand layers 
appear smnewhat less ealcareous than the finer silt and 
clay layers, and this suggests, although it does not prove, 
that the eoarser-grained materials may have been some­
what leached before the loess was deposited upon them. 
The only eonclusion justified by the evidence is that 
loeally the Brussels formation was deeply weathered 
before the loess was laid clown but that in most places 
deposition of the loess was not preceded by an exceed­
ingly long period of weathering. 

Two lines of evidenee indicate that the loess inune­
diately overlying the Brussels for1nation is probably 
of late Sangan10n age. On purely lithologic and strati­
graphic grounds, M. M. Leighton 98 eorrelates the lower 
part of the thick loess mantle in the Hardin and Brus­
sels quadrangles with the late Sangamon loess found 
widespread in other parts of western Illinois. (See 
p. 89.) F. C. Baker reports that 1nany of the fossils 
collected in the area, especially lots 121, 125, and 179 
(pp. 174-175) are of Sangamon age or older and that 
1nost of the loess appears to be Sangamon. 

The stratigraphic relations thus indieate that within 
the Hardin and Brussels quadrangles the formation 
was laid clown shortly after the maxinuun advance of 
Illinoian iee and sometime before and possibly during 
the deposition of late Sangan1on loess. Local evidenee 
outside these quadrangles seems at first thought some­
what contradietory. The Brussels formation may with 
reasonable assuranee be traced by its physiographie ex­
pression and its lithologie character eastward and south­
ward to but not beyond St. Louis, Mo. There it was 
definitely contemporaneous with a lobe of the Illinoian 
iee-sheet that filled the valley and erowded upon the 
western bank of what is now Mississippi River. (See 
fig. 4.) 

In a small valley in the northern part of o•Fallon 
Park in the city of St. Louis, M. M. Leighton, Paul 
MacClintoek, and the writer found excellent exposures 
that show this age relationship clearly. On the east 
side of the s1nall valley, caleareous Illinoian till forms 
a hill or ridge that rises to an elevation of about 530 
feet above sea level. On the west side the laminated 
sand and silts of the Brussels formation 1nake a wide­
spread flat terrace about 510 or 520 feet above sea level. 
Within the small valley the till may be seen to be inti­
mately associated and definitely interfingered ·with lanl­
inated sand, silt, and gravel. 

98 Personal communication. 

However, this evidence that the Brussels formation 
was eontemporaneous with the 1naximum advance C'f 
Illinoian ice in St. Louis County, Mo., but younger than 
the 1naximmn advanee of Illinoian ice in Jersey County, 
Ill., is not neeessarily eontradictory. Even if the 
periods of maximum ice advance are assumed to "b~ 
exactly eontemporaneous in both areas, deposition C'f 
the Brussels formation might have begun during aiYl 
co·ntinued for a short while after this 1naximum glacir,­
tion; or, as seems sommvhat n1ore probable fron1 other 
evidence (p. 87), the Illinoian ice 1nay have retreatei 
smnewhat in Jersey County, before it advaneed to its 
maximum extent in St. Louis County. It is worth 
noting that although neither of these two alternative~, 
preclude the possibility that some of the later sediments 
may have been deposited during the early part of the 
Sangamon interglaeial stage, yet both of them 1nean 
that 1nost of the for1nation was laid down during the 
Illinoian stage of glaciatio11. 

The stratigraphic relations of the formation to the 
scattered remnants of early Pleistocene elay were not 
satisfactorily determined. The hard-pitted clay 
(p. 78) is overlain by the Brussels formation, but its 
exact relationship to the gray calcareous clay in tl'~ 
lower part of the formation is unknown. No exposures 
were found that prove definitely that the hard-pitted 
elay is distinctly older than, rather than si1nply the 
leached equivalent of this calcareous clay. 

Stratigraphic relations within the limits of the Bru~­
sels formation are also somewhat uncertain. In 1nost 
exposures the strata semn conformable throughout, but 
in the SW%SW% see. 34, T. 11 S., R. 2 W., a lens of 
sand cuts sharply into laminated silts in the lower part 
of the formation. In the SE%NE1Jt see. 28, T. 13 f., 
R. 1 W., the upper few feet of the lmver ealeareous ela,y 
member of the fonnation shows evidence of some leach­
ing and oxidation ( p. 83). Si1nilarly, many sandy lay­
ers in the formation semnless calcareous than the under­
lying and overlying finer-grained sediments. This fact 
alone might have no signifieanee but, considered along 
with the presence of both water- and land-living in­
vertebrates and of beds of massive, lo·esslike silt, it 
indicates that during the deposition of the formatio•1, 
periods of flooding alternated with brief periods of 
exposure to weathering. 

0 rigin.-The Brussels fonnation and the conspicuous 
terrace that it makes are widespread and easily re0-
ognized features, and they constitute an important 
datum in the Pleistocene_ history of the Hardin ard 
Brussels quadrangles and of adj aeent regions. as well. 
The present study is far from exhaustive, and Inany 
facts, such as its peculiarities of distribution ard 
changes of lithologie eharacter, cannot yet be explained 
satisfactorily. Nevertheless, as a guide to future in­
vestigations in the region, it appears desirable to state 
here the principal conclusions that have been reache-1. 
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A widespread. silting-up of river and tributary val­
leys, such as that ·which produced the Brussels fornla­
tion and terracej 1uight have been the result of any one 
of 1nany possible causes. Consequently, n1any alterna­
tive hypotheses were considered before it was decided 
to test by a special examination the possible effects of 
a glacial dam at the point where the Illinoian ice sheet 
crossed the trench of Mississippi River at St. Louis, 
Mo. So fortunate and apparently so conclusive were 
the results of this special exa1nination that it seems 
unnecessary to discuss various alternative hypotheses 
such as overloading of glacial stream~ ponding above a 
sedi1nent dan1 built by Missouri River, rise of sea level 
after deglaciation, or earth tilting caused by changes 
of ice load. 

The Brussels formation and terrace are widespread 
along Mississippi River from the Hardin and Brussels 
quadrangles downstrean1 to St. Louis, Mo. Yet recon­
naissance examinations by M. M. Leighton, Paul Mac­
Clintoek, and the writer to the Inouth of Meramec River 
in Missouri and to Columbia in Illinois failed to dis­
cover any re1nnants of either the terrace or the deposits 
south of St. Louis. At the southern terinination of the 
Brussels formation, in the northern part of the city of 
St. Louis, just where the Illinoian ice sheet erowded 
westward across the trench of Mississippi River, the 
deposits and the terrace abut sharply against a thick 
mass of Illinoian till ( p. 85) . It therefore seems safe 
to conclude that the Brussels form.ation was laid down 
at a time when the early Mississippi River was clammed 
by a till or ice dam at St. Louis. 

However, this co·nclusion does not carry with it any 
implieation as to whether the river was merely ob­
structed and thus gradually filled up by secli1nentation 
in slaekened water, or dammed abruptly so as to form 
a long narrow lake that extended many miles above 
St. Louis. No evidence bearing directly upon the rela­
tive probability of these two alternative interpretations 
was found near St. Louis, and at the present stage of 
investigations it is necessary to relie upon minor fea­
tures of the formation observed in the Hardin and 
Brussels quadrangles. 

Nearly all the facts indicate, but none of them prove 
conclusively, that the Brussels fo·rmation was built up 
gradually by aggradation of a flood plain rather than 
abruptly by deposition in a lake. The persistent bed 
of dark carbonaceous silt in the lower part of the forma­
tion (p. 84) suggests swampy eonclitions at the time 
of deposition, although it is of course possible that this 
carbonaeeous 1naterial might have been carried into a 
deep lake and there deposited with the bottom muds. 
The small rootlets observed in certain layers of the for­
Ination ( pp. 83-84) suggest inter1nittent land conditions 
although it is again possible that they may be the 
rootlets of ancient water plants or even the roots of 
large present-day trees grown far clown into the fo1·1na-

tion. The inti1nate association of water, amphibious, 
and land invertebrates ( p. 84) suggests strongly an 
alternation of water and land conditions at th~ time of 
deposition, but it is coneeivable that the shell8 of land­
living species 1nay have been washed into deep water. 

Purely physical criteria also semn to indicate a grad­
ual building up of flood-plain materials. Loeally, 
lenses of sand cut clown into the laminated Fediments 
( p. 85), thus showing that deposition was aecompaniecl 
by at least some erosion. The presenee of thick 1nasses 
of well-sorted sand (p. 83) in protected eoves out of 
reach of swift river eurrents seems to inclieate an accu­
mulation of clune sands above water level, hen~e a very 
slowly rising stream level. Partially leached and oxi­
dized layers within the formation suggest that there was 
an alternation of aggradation and weathering. Most 
impressive to the writer is the striking similarity in 
general type of bedding and lithologic charaeter of the 
sediments of the Brussels formation to those of the 
present flood plains. (See p. 98 ~ pl. 14 B.) Further­
more, the Brussels sediments, though generrlly well­
laminated, are by no· means as unifor1nly and distinctly 
la1ninated as the truly lacustrine deposits in the ponds 
marginal to the Illinoian iee ( pp. 81-82 ~ pl. 11 0). The 
thick beds of massive vertieally jointed silt, in whieh 
occur land fossils and s1nall rootlets ( p. 83), are nearly 
if not completely indistinguishable frmn the wind-blown 
loess on the uplands. It is of eourse coneei vable that 
layers of silt, 4 to 9 feet thick, massive anc1. without 
perceptible bedding, 1night under some conditions be 
deposited in water; but it is difficult to beJ ieve that 
these layers originated in a manner so fundamentally 
different from that of the upland loess. Finally, al­
though any o'J1e of these different features 1night under 
eertai n circumstanees be the result of lacustrine deposi­
tion, it seems that their assoeiation together in one 
fonnation is mueh more probably the result of gradual . 
building up of a river flood plain. 

It is also worth noting that the two apparently con­
tradictory age relationships of the Brussels formation­
its relation to the date of maxinum1 ice advance and 
negligible amount of pre-Sangamon weathering-taken 
together suggest deposition over the entire time-range 
indicated. 

One peculiarity in the areal distribution of the 
Brussels formation seems signifieant. The formation 
is readily recognizable in 1nany valleys along the Mis­
sissippi River and near the mouth of Illinois River, but 
it was found in very few places along Illinois River; 
in fact, it is essentially restricted to the valleys of 
Maeoupin and Otter Creeks, the two largest tributaries. 
It seems to the writer highly improbable that nearly all 
remnants of the formation should have been swept out 
of the small tributaries of Illinois River by subsequent 
erosion but have ren1ained in large 1nasse.s along Missis­
sippi River. It seems 1nuch 1nore probable that the 
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formation was never deposited in great thieknesses 
along Illinois River. If this conclusion is justified~ 
it follows that the greater quantity of silt deposits 
along Mississippi River must be explained as the result 
either of a greater supply of fine sedin1ent and rock 
flour there or of more favorable conditions for deposi­
tion. It appears then that the relative scarcity of these 
deposits along Illinois River might be explained in 
either of two ways: by an exeeedingly brief period of 
deposition or by a very small drainage area within the 
Illinois Basin, frmn which fine sediment and rock flour 
were being supplied. 

As pointed out in a previous paragraph, it appears 
improbable that Brussels formation was deposited rap­
idly in a great lake; it seems more likely that it was built 
gradually by the suecessive floods of an obstructed and 
aggrading river. And if the period of deposition was 
not a very brief one, then the small quantities of Brus­
sels formation mean that the valley of Illinois River 
must have drained only a small area, else it too would 
have been nearly filled with sedi1nent. 

The contmnporaneity of the Brussels formation with 
Illinoian till at St. Louis, the lateral gradation from 
gravel to fine sedin1ents within short distances along 
Maeoupin and Otter Creeks, and the limits of Illinoian 
glaciation in and near northeastern Calhoun County 
(p. 78) suggest that the Illinoian ice sheet nmy have 
stood not far frmn its maximum extent during deposi­
tion of the formation and hence that the valley of what 
is now Illinois River had a very s1nall drainage area at 
that time (fig. ±). If this interpretation is correct, the 
limited distribution of the Brussels formation along 
Illinois River supplements other evidence bearing on 
the age of the formation ( p. 85) and indicates that it 
was deposited almost entirely during the Illinois stage 
of glaciation. 

LOESS 

The most widely exposed deposit in the Hardin and 
Brussels quadrangles is the Pleistocene loess. Only the 
Recent flood plains and the Deer Plain terraee are free 
from this 1naterial; the entire upland, except for rela­
tively small rock exposures in the bluff faces and imme­
diately along the beds of small streams, is 1nantled with 
loess. Furthernwre, so widely distributed are these 
deposits that the small strean1s of the area are still 
cutting almost entirely in loess and their flood plains are 
therefore covered with sediment that is essentially indis­
tinguishable from the original loess. A map of actual 
outcrops in the two quadrangles would be exeeedingly 
difficult to read for it would shmv merely s1nall isolated 
exposures of all the forinations older than the loess. 
Consequently, it semned advisable to indicate on the 
geologic map (pl. 1) only the thickest and n1ost exten­
sive deposits of loess. The loess that mantles the hill 
slopes and locally fills small valleys is arbitrarily omit-
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ted in order to represent diagranunatieally the conti­
nuity of the other formations. (See pp. 5-6.) 

Topographic ea:'pre88ion.-The thick mantle of loESS 
gives to the hill slopes of the area a characteristic shape 
not commonly seen in other regions. As pointed out by 
Fenneman,99 small valleys cut in loess are normally 
bordered by convex side slopes, the steepness increasing 
toward the valleys. Even along larger streams that 
have developed flat flood plains, this convexity of the 
slopes commonly extends much lower than it does in 
regions not heavily mantled with loess. 

Loeally, where the loess has accumulated in great€.st 
thicknesses, it seems to forn1 nearly flat uplands or ter­
raees, which, on the basis of topographic. form alone, 
are indistinguishable from normal stream terraces. 
Along Mississippi River, from Hamburg southward for 
7 miles to Star City, there is a relatively flat upland 
approximately 600 feet above sea level that, frmnnumer­
ous exposures and a few 'vell records, seems to be built 
entirely of loess. 

As stated elsewhere (p. 88) the loess is thickest on 
bluffs along the east sides of Mississippi and Illinc1s 
Rivers, and it thins abruptly eastward. Pronounced 
eastward slopes on many of the loess-covered surfaces 
along the two bluff lines immediately east of both rivers 
are further evidence of this eastward thinning. 

The loess is also eoarser-grainecl along the east sido,s 
of Mississippi and Illinois Rivers than in other parts 
of the area, and loeally it consists in large part of sand. 
In such places, small hillocks or dunes of sand are to be 
found instead of the gentler and more regular eastward 
slopes characteristic of areas where the loess is fin~r 
grained. 

However, the most striking topographic feature of 
the loess is its eapacity, where it has been cut into l'y 
natural or artificial agencies, to stand for a long time 
in nearly vertical walls. Along 1nany streams and 
especially in old road cuts, the loess is exposed in vertic1l 
banks that stand frmn10 to 35 feet high. (See pl.13 B.) 
Because. of the loose. friable texture of the. 1naterid, 
many of these vertical faces are honey-combed with 
nests made by colonies of bank and rough-winged swal­
lows. (See pl. 14 ~1:) 

T hicA~ne8s.-The loess varies greatly in thickness fro'n 
place to place. In general, it is thickest on the bluffs 
immediately east of :Mississippi ailCl Illinois rivers, and 
from these bluffs its thickness decreases eastward, 
abruptly within the first half mile. and then more and 
more. slowly. But, apart from. this eastward thinning, 
the thickness of the loess varies also with topographic 
position~ it is conunonly thicker in minor valleys and 
depressions than it is upon the highest parts of tb~ 
uplands. 

99 Fenneman. N. M., Physiography of the St. Louis area : Illinois Ge'll. 
Survey Bull. 1:!, p. 16, 1909: Geology and mineral resources of the St. 
Louis quadrangle, l\fissouri-Illinois: U. S. Geol. Survey Bull. 438, p. 10, 
1911. 
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In nwst plaees the preeise thickness of the loess is 
diflicult to de.tennine. As the material was obviously 
deposited upon an exeeedingly irregular sm·face, it 
therefore does not suffice to measure merely the differ~ 
enee in elevation between the base of the loess in a bluff 
face and the top of a hill nearby. Judged this way, the 
Loess would appear to be from 50 to 150 or e"en more feet 
thick throughout a large part of the area. However, 
these are maximmn rather than true thicknesses, for 
both direct and indirect evidence indicate that the base 
of the loess rises with, and in many places n1ore rapidly 
than, the slope of the hills. V ertieal seetions fr01n the 
surface of the ground to the base of the loess and well 
borings, if numerous and uniformly distributed, would 
give the desired 1neasurements. However, relatively 
few wel1s have been ch·illed in the area, and 1nany of 
these were not recorded in such terms that the loess can 
be distinguished with certainty from the. 1naterials in 
the Brussels formation. Incomplete vertical exposures 
found here and there along roads and streams afford 
minimmn 'measurements of the thickness of the loess, 
and these, supple1neuted by the 1naximum thicknesses 
just me.ntioned and by approximations based on inter­
polated slopes between observed bed rock outcrops give 
the best estimates that can be 1nade at the present tin1e. 

These estimates indicate that the loess locally attains 
thicknesses of 60 to 80 feet in western Calhoun County 
and in parts of western Jersey County. They also indi­
cate thieknesses of 20 to 50 feet on the divide in Calhoun 
County and in the bluffs of westernmost Jersey and 
Greene Counties and thicknesses of 5 to 20 feet in parts 
~f easte.rn Calhoun County and over most of the uplands 
east of Illinois River. In a number of places on the flat 
uplands of the Illinois till plain the loess seems to be less 
than 5 feet thick, for numerous chert pebbles have been 
uneovered by plowing. Reconnaissance examinations 
indicate that in Lincoln County, Mo., the loess ranges 
fron1 about 5 to 20 feet thick on the bluffs near Missis­
sippi River, but that it is entirely absent a few 'miles to 
the west. 

Lithologic ch.m·acte1·.-The loess in the Hardin and 
Brussels quadrangles eonsists d01ninantly of massive, 
fairly well sorted silt. Yet locally, where the deposit is 
thickest, the material is coarser-grained andmure or less 
laminated and. where it is thinnest, finer-grained and 
elayey. For example, near Mississippi River in the 
SEY4 see. 35, T. 9 S., R. 3 W., the SW% see. 1, T. 10 S., 
R. 3 W., and the N'V% see. 32, T. 12 S., R. 2 W., the loess 
contains 1nueh sand and is distinctly stratified. Along 
the bluffs near Illinois River in the NEl;i sec. 28, T. 
9 N., R.13 W., and the NE% see. 29, T. 8 N., R. 13 W., it 
consists largely of well-sorted sand that has accumu­
lated in dunes. On the uplands near the eastern margin 
of the Hardin quadrangle, the loess is distinctly finer­
grained and more plastic and clayey than it is farther 
west. 

Throughout most of the area, ho"\vever, the loess is 
made up of a relatively uniform silt. This eharacteris­
tic form of the 1naterial is easily recognized; in most 
of its exposures it is massive, fairly open textured, and 
yet firm enough to stand in vertieal bluffs. Because 
of these peeuliarities and its presumed agricultural and 
horticultural value, distinctive na1nes have been applied 
to the loess by the local residents. One of the com­
monest of these, "'ground hog soil," refers to the 
numerous burrows dug by woodehucks in the k~ss. 

Microscope examination of six samples of loess indi­
cate that the silt consists almost entirely of freeh angu­
lar 1nineral grains fr01n 8 to 75 and connnonly about 
25 microns in diameter. Caleite seems to be the com­
nlonest 1nineral, but quartz and orthoclase are al'•mdant, 
and green hornblende, zircon, biotite, ehert, plagioclase, 
and highly birefringent clay are present. Mort of the 
feldspar grains show very little kaolinization. In both 
grain size and composition, this silt greatly resmnbles 
that in the Brussels formation (p. 84). The samples 
examined contain somewhat less kaolinizecl mat€rial and 
fewer rounded grains, and they are slightly finer­
grained and better-sorted than the sa1nples from the 
Brussels formation. However, these differeneer are not 
sufficiently 1narked to serve as criteria for distinguish­
ing the two deposits. Meehanical analyses hr,ve been 
published 1 of samples of the loess fr01n 4 1niles west 
and 3 miles south of Brussels. The analyses indieate 
that these two sa1nples consist chiefly of silt-sized mate­
rial but they are less perfeetly sorted than the samples 
examined by the writer appeared to be. 

Although the loess is usually massive · and without 
pereeptible bedding, it is indistinctly laminated in many 
places. These indistinct layers are eommonly a few 
inches thick and are marked by slight variations in the 
proportion of sand, clay, or calcium carbonate. During 
dry seasons this obseure stratification is easily over­
looked but, following a period of rains, minor differ­
ences in grain size and permeability ar?. made 
conspicuous by alternate wet and dry layers. This 
la1nination or bedding commonly conforms to the local 
hill slopes. Another laminate structure totally unre­
lated to true bedding is developed at n1any exposures 
of the loess. It is a secondary fissility or minute joint 
system that is oriented essentially parallel to th~ face of 
the exposure. It 1nay possibly be the result of incipient 
sliding or slumping of the material; whatever its cause, 
it is probably a factor in the preservation of tll e nearly 
vertical banks so com1non in exposures of the loess. 

The loess is stained various shades of bro"'n, buff, 
and yellow with iron oxides, and it normally contains 
a few ferruginous and calcareous concretions. In some 
places the stains occur as conspicuous brown and tan 

1 Fippin, E. 0., and Drake, .T. A., Soil survey of the O'Fallon area, 
1\Iissouri-Illinois: U. S. Dept. Agric., Bur. Soils Field Operations, p. 823, 
samples 10831 and 10833, 19tH. 
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diffusion bands. The ferruginous concretions are for 
the Inost part small and nodular; some are elongated 
into vertical "pipes," but others are ne.arly perfect 
spheres. The calc.areous concretions are commonly 
smnewhat ironstainecl. They are characteristic of the 
loess for they assume very irregular shapes, and locally 
they coalesce to fonn discontinuous nodular beds of 
impure lim.estone an inch or so thick. 

8t1·a.tigra.phic 1·elations.-The general absence of 
bedding and the difficulty of distinguishing between 
original and reworked loess make the precise strati­
graphic relations within these deposits rather obscure. 
It is clear that essentially all the loess is later than both 
the Illinoian till and the Brussels fonnation and earlier 
than the Deer Plain formation and the Recent flood­
plain deposits. However, beyond his general conclusion 
that the loess is of middle or late Pleistocene age, the 
writer was at first unable to recognize any additional 
age relationships. He is therefore indebte.d to M. M. 
Leighton for calling his attention during field confer­
ences to the fact that an application of the concept of 
weathered zones 2 reveals further stratigraphie rela­
tions within the loess itself. 

Evidence of ancient weathering of the loess can be 
detected by the presence of oxidized, leached, and cle­
cmnposed zones and of fossil soils stained clark by hu­
mus. 'Vith these criteria in mind, it was found that in 
many exposures the loess in the Hardin and Brussels 
quadrangles is divisible jnto a lower reddish-brown 
member, separated by a leached zone from an upper 
light-buff member. In some exposures, as in the 
SEJUNEJU sec. 11, T. 7 N., R. 13 W. (pl. 130), this in­
terpretation is strengthened by the relationship of these 
two members to oxidized and decmnposed zones and a 
fossil soil. At a few places, however, the brown and 
buff members are not separated by a leached zone and 
locally, as jn the SW!;!SE14 sec. 28, T. 8 N., R. 13, W., 
they seem to be c-ompletely gradational into one another. 

It is the opinion of M. M. Lejghton, based on field 
observations of the lithologie character and strati­
graphie relations of the loess in the Hardin and Brus­
sels quadrangles, that the lower reddish-brown member 
and the upper hght-buff member correspond respec­
tively to the late Sangan1on and early Peorian loesses 
seen by him in areas to the east and north.3 Dr. Leigh­
ton also believes that the sandy loess in the valleys near 
Mississippi River in the SElft sec. 35, T. 9 S., R. 3 W., 
and N'Vl;! sec. 32, T. 12 S., R. 2 W., is of Wisconsin age. 
As stated elsewhere, the fossils collected from the dif­
fent loesses in this region seein to confirn1 these 
correlations ( pp. 85, 17 4). 

2 Leighton, M. M., and MacClintock, Paul, Weathered zones of the 
drift sheets of Illinois : Jour. Geology vol. 38, pp. 28-53, 1930. 

3 Leighton, l\I. 1\I., The Pleistocene succession near Alton, Illinois, and 
the age of the mammalian fossil fauna: Jolll". Geology, Yol. 29, pp. 509-
512. 1921 ; A notable type Pleistocene section : The Farm Creek exposure 
near Peoria, Illinois: Jour. Geol., vol. 34, pp. 167-174, 1926. 

If correct, these correlations afford smne additional 
information about the sequence of events in1nidclle and 
late Pleistocene ti1ne. The lower reddish-brown loess 
(late Sangamon '?) overlies and is thus younger than 
the Illinoian till and the Brussels formation. In many 
places it appears to grade imperceptibly into the pebbly 
\Yeathered zones at the.top of the till. Nevertheless, the 
presence of these weathered zones and the topographic. 
position of the contact indicate that a period of weather­
ing and erosion followed the retreat of Illinoian iee and 
preceded deposition of the lower loess. As stated else­
where ( pp. 84-85), no conclusive evidence of a long pe­
riod of weathering between deposition of the Brussels 
formation and the lower loess was found. Only the 
upper or light bluff loess (early Peorian '?) was s~en 
upon the remnants of the Metz Creek terraee ( ser, p. 
120) , and it thus seems probable that this terraee was 
formed sometime after the Sangan1on but before the 
Peorian interglacial stage. The Deer Plain terrae~~ is 
for the nwst part quite free fron1 and thus younger than 
the loess; a thin diseontinuous mantle of loesslike mate­
rial that oeeurs in a few places may be either Wiseorsin 
loess or materials eroded from the loess and redeposjted 
by water or wind. (See p. 95.) Exeept for slope wash 
and redeposited Inaterial, the Recent flood plains of 
the region are entirely free frmn loess. 

Fo8sil8 and origin.-Well-preserved shells of gastro­
pods are relatively abundant in the loess of the Hardin 
and Brussels quadrangles. Collections of these foe-sils 
were studied by F. C. Baker who· reports that they c.on­
sist entirely of land-living forms. He also reports that 
Collections 125 and 179 are probably of Sangamon r.ge, 
that Collection 182 is of either early "\Visconsin or P~or­
ian age, and that all the others are either Peorian or 
Sangamon. The determinations seem to confirm the 
correlations made on purely lithologie and stratigrarl1ic 
grounds by M. M. Leighton. 

It has long been known that loess is a wind-blown 
clepo·sit. The presence of abundant land snails and the 
widespread distribution of the deposit over uplands, 
hillsides, and valleys would essentially establish this 
origin had it not been established previously in other 
regions. The greater thickness and coarseness of the 
loess along the east bluffs of Mississippi and Illinois 
Rivers and the rapid thinning and decrease o·f grain 
size eastward seem to show conclusively that the ma-
-terial was blown frmn the river lowlands by prevailing 
west winds. The angularity, freshness, and small size 
of the mineral grains indieate that the loess was deriYed, 
not from the usual clays and sands carried by stremns 
but, from finely comminuted and unweathered frag­
ments of diverse types of rocks. Very few natural 
agencies are known to produce large quantities of finely 
ground rock flour and of these few agencies, glaciers 
seem to be the most competent. 
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Combining the foregoing conclusions, it seems reason­
ably safe to infer that the ultimate source o£ the lo·ess 
was rock flour that had been produced by glaciers; that 
this rock flour was carried southward from the old 
ice sheets by the major rivers and spread out over the 
flood plains in great mud flats; and that, during dry 
seaso11s, this rock flour was picked up by the wind from 
the flood plains and carried as dust onto the uplands 
and hillsides where it accumulated as great thicknesses 
o£ loess. 

Essentially this same interpretation o£ the loess has 
been held by many geologists.4 It satisfactorily 
accounts for many facts and peculiarities o£ the ma­
terial. It does not, however, explain all features o£ the 
loess. For example, it is not clear to the writer how 
rapidly the material was deposited by the ·wind. Depo­
sition from dust storms was evidently not so excessively 
rapid that it smothered the vegetation on which the 
large nmnbers o·£ land snails were dependent, yet it 
1nust have been sufficiently rapid to prevent noticeable 
weathering o£ the newly deposited dust and leaching 
out of the calcite. 

SCATTERED PEBBLES OF IGNEOUS AND METAMORPHIC ROCKS POSSIBLY 

OF 'VISC'ONSIN AGE 

Igneous and metamorphic pebbles and boulders occur 
at a fmv places on the hillsides and intermediate up­
lands in the Hardin and Brussels quadrangles in po­
sitions where they clearly could not have been reworked 
frmn other Pleistocene deposits, such as the gravel in 
the Batchtown channel, the Illinoian till, or the Deer 
Plain formation. Now here were these pebbles seen in 
sufficient abundance to prove conclusively that they 
are natural deposits; they may possibly have been 
transported to their present positions during either 
historic or prehistoric times by man. Ho·wever~ certain 
peculiarities in their distribution suggest that they are 
natural deposits-they were recognized chiefly along 
Illinois River (sees. 1-l: to 3-l:, T. 10 S., R. 2 W., sec. 26, 
T. 11 S., R. 2 W., see. 35, T. 12 S., R. 2 vV., sec. 1. T. 13 
S., R. 2 ,V., Calhoun County, and sees. 9 and 10, T. 6 
N., R. 13 W., Jersey County, and they occur most 
·abundantly on the upper surface o£ the Metz Creek 
( 485-foot) terrace. (See p.120.) It is true that neither 
o£ these peculiarities of distribution is well defined. 
The areal distribution may be much greater than in­
dicated, for in other parts o£ the region it is difficult 
to distinguish these pebbles from those obviously de­
rived from other Pleistocene deposits. Similarly, the 
vertical distribution may not be restricted to the surface 

4 Carman, J. E., 'l'he Mississippi Valley between Sa>anna and Da>en­
port : Illinois Geol. Suney Bull. 13, p. 73, 1909. Barrows, H. H., Geog­
raphy of the middle Illinois Valley: Illinois Geol. Surw~· Bull. 15, p. 35, 
1910. li'ennE:>man, N. l\I., Geology and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois: U. S. Geol. Surwy Bull. 438. pp. 413-47, 
1911. Sauer, C. 0., Geography of the upper Illinois Valle~· and history 
of development: Illinois Geol. SurYey Bull. 27, pp. 65, 81. 1916. 

o£ the Metz Creek terrace. Erratic pebbles occur at 
lower elevations in many places, but they are indis­
tinguishable frmn those in other Pleistocene deposits; 
and in sec. 9, T. 6 N., R. 13 W., foreign pebbl~s may 
be found at altitudes greater than 485 feet, but in this 
locality they are associated with Indian momYls and 
refuse heaps and other evidences o£ disturbance lyman. 

I£ these scattered pebbles were deposited by natural 
and not by artificial agencies, they are probably of late 
Pleistocene age. The Metz Creek terrace, on the sur­
face o£ which they occur, is, from the physiographic re­
lations, younger than the Brussels (Illinoian) and older 
than the Deer Plain (latest? Wisconsin) terraces. 
Furthermore, the pebbles lie on the upper surface of or 
in the upper few inches o£ the light buff (early Peo­
rian?) loess which covers the Metz Creek terrace. 
Hence, from their physiographic and stratigraphie re­
lations it seems that these scattered pebbles are prob­
ably o£ Wisconsin age. Their occurrence along Illi­
nois River and their probable geologie age suggest that 
they may have been deposited during late Wisconsin 
time when Illinois River is thought to have carrie·l great 
floods 5 of water diseharged from Lake Chicago 6 and 
Lake. J(ankakee. 7 I£ this interpretation is incorrect, 
and i£ these pebbles were deposited in some other way, 
then no record of these late Wisconsin floods dov'n Illi­
nois River was recognized in the Hardin and Frus~els 
quadrangles. (See pp. 9(:), 111, 115.) 

DEER PLAIN FORMATION 

A variable series o£ gravel, sand, and clay covers 
large areas in parts o£ the Hardin and Brussels quad­
t·angles. These deposits occur as a 'vide terrace in the 
lowlands west o£ Illinois River and as small terrace 
remnants elsewhere along Illinois and Mississippi riv­
ers. The name Deer Plain for both the formation and 
the terrace is proposed because o£ the exposuref o£ the 
deposits and the development of the terrace at and near 
the village o£ Deer Plain in sec. 16, T. 13 S., P. 1 W. 
The same terrace and deposits are ·well-developed in 
the lowlands west of Mississippi River frmn vFinfielcl 
to Old Monroe in Lincoln County, Mo. 

Topographi,(J earpression.-In parts of the Hardin and 
Brussels quadrangles the Deer Plain formation makes 
a prominent terrace. (See pl. 19 A, B.) The re·nnants 
o£ this terrace along Mississippi River commonly rise 
to an elevation 450 to 460 feet above sea level 0 1' about 
40 feet above the normal level o£ the river. Tl'9 larg­
est remnants of the terrace lie along the west side o£ 

5 Barrows, H. H., Geography of the middle Illinois Valle~·: Illinois 
Geol. Survey Bull. 15, pp. 48, 53, 57, 1910. Cady, G. H., Lateral erosion 
in the upper Illinois Valley by the Chicago Outlet (abstract) : Ill. Acad. 
Sci. Trans., vol. 9, p. 210, HH6. 

'Leverett, Frank, The Illinois glacial lobe: U. S. Geol. Suryey l\Ion. 
38, pp. 418-428, 1899. 

1 Leverett, Frank, op. cit., pp. 328-338. Ekblaw, G. E., and A thy, 
L. F., The Kankakee torrent (abstract) : Geol. Soc. America Bull., vol. 
36, p. 155, 1925. 
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Illinois River where they extend almost continuously 
frmn Deer Plain northward for about 15 n~iles. The 
southern part of this terrace is a conspicuous feature 
known locally as the "Sand Ridge," but it slopes grad­
ually northward up the valley of Illinois River and can 
be recognized only with difficulty in the northern part 
of the Hardin quadrangle. At the southern e.xtremity, 
in sees. 16, 21, and 22, T. 13 S., R. 1 W., near De,er Plain, 
the terrace stands at a general elevation of about 455 
feet, and old sand bars upon it rise to a 1naximum ele­
vation of about 4 70 feet, approximately 60 feet above 
the mean level of Mississippi River nearby. North­
ward from Deer Plain the surface of the terrace de­
scends, rather steeply in the first 4 or 5 n~iles to an 
elevation of 445 feet, and then more gently in the next 
10 miles to about 435 feet, approxin~ately 25 feet above 
the present level of Illinois River. Scattered remnants 
of the Deer Plain terrace 1nay be recognized here and 
there along both sides of Illinois River at elevations 
that decrease gradually northward. The smaller and 
more northern remnants are shown n~uch more clearly 
on maps of the Engineer Corps, U.S. Army,8 than upon 
the base maps used for this report. The northermnost 
remnant of the Deer Plain terrace that was recognized 
with reasonable assurance lies north of the Hardin 
quadrangle on the east side of Illinois River, opposite 
Kampsville, from sees. 7 to 32, T. 10 N., R. 13 W., and 
rises to an elevation of about 430 feet. 

T kickness.-In many of its smaller remnants the Deer 
Plain formation is fron~ 5 to 20 feet thick, but the true 
1naximum thickness is unknown. Near Deer Plain, the 
fonnation is at least 50 feet thick, for there the terrace 
rises from 20 to 50 feet above the Recent flood plain 
at its base. ...._t\..t a few places small exposures of the 
St. Louis limestone 1nark the base of the terrace and 
hence show the complete thickness, but elsewhere the 
forn~ation 1nay extend below the flood plain to much 
greater depths. For example, the coarse gravel re­
ported in borings in the Recent flood plains of Illinois 
and Mississippi rivers may possibly be part of the Deer 
Plain formation. (See pp. 101, 115.) 

Lithologic character.-The outstanding lithologic 
feature of the Deer Plain formation is the systmnatic 
variation, both geographic and stratigraphic, in the 
grain size of the materials. Along Mississippi River 
and near the mouth of Illinois River the formation 
consists largely of gravel; up the valley of Illinois 
River it becmnes finer-grained and passes within only 
a fe·w miles through sand into silt and clay. There 
also appears to be pronounced vertical change, for at 
all exposures the Inaterial becomes progressively finer­
grained up,varcl. 

8 U. S. Corps Engineers (J. W. Woermann), Map of the Illinois and 
Des Plaines Rivers from Lockport, Illinois, to the mouth of the Illinois 
River, sheets 2, 3, 4, 5, ancl 6, U. S. War Dept., 1902-04. 

The coarser-grained facies of the formation, which 
is developed along Mississippi River, consists chiffly 
of gravel and secondarily of poorly sorted sand. The 
pebbles commonly are from 3_4 to 1 inch in diameter, 
but many of them range up to 4 to 6 inehes and a few 
scattered boulders up to 1 to 4: feet in maximum diam­
eter. Chert pebbles, 1nany of whieh are stained brmvn, 
are the principal constituent, but smaller fragments of 
basalt, quartz, quartzite, congl01nerate, granite, feld­
spar, limestone, sandstone, gneiss, and schist are not 
unconunon. The largest boulders are composed either 
of limestone-probably derived fr01n nearby outerop~­
or of fresh igneous rocks. The. pebbles vary widely in 
shape; those of chert are angular to subrounded, but 
many of the foreign ones are well-rounded. In the 
upper few feet of the formation the granitic rocks z.nd 
the fraginents of feldspar are deeply decayed, a,nd 
many of the chert pebbles are deeply etched by sdu­
tion. The associated sand grains consist chiefly of 
rounded fragments of quartz, but many dark minerals 
also are present. 

At most exposures a horizontal stratification 1nar1recl 
by interla1ninated heels of sand ean be discerned in the 
upper part of the formation. On the open flood plains, 
as in sec. 30, T. 10 S., R. 2 W., Calhoun County, Ill., 
and near Winfield and Old Monroe, Lincoln County, 
Mo., these sanely layers are cross-bedded, the oblique 
laminations dipping southward clown the valley of ~lfis­
sissippi River. However, in several remnants of the 
formation preserved in tributary valleys, the cr1ss­
bedcled laminae clip up these tributaries away fr01n ~1:is­
sissippi River. Still farther up the tributary valleys 
the formation beeomes 1nuch finer grained and for that 
reason cannot be recognized with certainty. Many of 
these remnants have been included on the geologic map 
under the heading of "Undifferentiated stream depos­
its." Locally, in these valleys tributary to Mississjppi 
River as in the NE.n SW.1;4 sec. 35, T. 13 S., R. 2 W., 
the Deer Plain formation eonsists largely of laminr.tecl 
sand, silt, and clay. 

The beds of interlaminated sand and gravel becon1e 
somewhat finer grained upward and grade into a lryer 
of fine alluvial soil from 1 to 2 feet thick at the top of 
the formation, inunecliately below the terrace surface. 
This relationship is very widespread and it semns to 
show clearly that the Deer Plain terrace is not a surface 
cut upon much older sedin~ents but one eontemporane­
ous with the final deposition of the Deer Plain 
formation. 

Northward up the valley of Illinois River the Deer 
Plain forn~ation beeomes progressively finer-grained. 
At several exposures in sees. 27 ancl33, T. 13 S. R. 1 W., 
it is composed largely of gravel, but in the south,vest 
corner of sec. 22, T. 13 S., R. 1 W., it becmnes much 
sandier, and frmn this point northward gravel occurs 
less abundantly and at successively lower elevat:~ms 
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until it disappears below the flood plain north of the 
east center of see. 16. Similarly the sand, which comes 
into the upper part of the fonnation in sec. 22, T. 13 S., 
R. 1 vV., becomes finer-grained northward until in sec. 
25, T. 12 S., R. 2 W., it in turn is replaced by silt, clay, 
and some fissile shale. 

True shale-argillaceous rock with a shaly strue­
ture-is uncommon in beds as young as the Deer Plain 
formation. 9 Ho~wever, not only are the 1negaseopic 
characteristics of this material similar to those of true 
shale, but thin seetions show that the mieroseopie char­
aeteristies also are nearly identieal with those of older 
shales that have been exa1nined by the writer. (See pp. 
22, :38). The shale from the Deer Plain formation eon­
sists dominantly of flat mieaeeous. flakes of colorless to 
pale brown, highly birefringent clay and subordinately 
of quartz with small quantities of organic. matter, iron 
oxides, 1nuscovite, and apatite. The individual parti­
cles range from less than 1 to 1nore than 10 microns in 
1naximmn diameter. The flat clay particles lie roughly 
pa.rallel to one another and are so abundant that thin 
sections eut normal to the bedding or the planes of shaly 
structure show a pronounced aggregate orientation and 
positive elongation. 

Over wide areas the upper few feet of the Deer Plain 
formation seems to be made up of a uniform black clay. 
vVhen clamp, this clay has a peeuliar rubbery eonsist­
eney; when dry, it cracks deeply. It commonly con­
tains smaller nodular concretions of calcium earbonate. 
Over much of its area of outcrop it supports only a 
sparse growth of small oaks and grasses. This blaek 
clay of the Deer Plain formation has been well de­
scribed, and a mechanical analysis of it has been pub­
lished.10 

Yet even where only silt, shale, or clay is exposed, 
the lower beds of the Deer Plain formation semn to 
be made of sand and gravel. A well dug in the 
SEVt,SE14 sec. 25, T. 12 S., R. 2 W., started 8 feet 
below the surface of the Deer Plain terrace and pene­
trated the first thin layers of sand at a depth of 10 feet. 
These layers of sand ~were reported to become thicker 
and coarser-grained with increasing depth until at a 
depth of 40 feet coarse water-be.aring gravel was struck. 

At all its exposures the upper few feet of the Deer 
Plain formation is stained brown by iron oxides and 
leached of nearly all ealcium carbonate. The depth 
to which leaching extends at any locality bears a close 
relation to the grain size and penneability of the !nate­
rial. In see. 25, T. 12 S., R. 2 W., the silt and clay 
are noncaleareous to a depth of 1 or 2 feet below the 
terraee level. ' In see. 21, T. 13 S., R. 1 W., the sand 
is leached to a depth of 4 or 5 feet. Along Mississippi 

9 Lewis. J. V., Fissility of shale and its relations to petroleum: Geol. 
Soe. America Bull., vol. 35. p. 581, 1924. 

1o Fippin, E. 0.. and Drake, .J. A., Soil sun·ey of the O'Fallon area, 
Missouri and Illinois: U. S. Dept. Agr. Field Operations of the Bur. of 
Soils, pp. 833-835. sample 10846, 1904. 

River, within the upper 8 or 10 feet of the forma­
tion, the gravel contains no s1nall pebbles of limestone, 
but in the upper few feet of the fonnation in nearly 
every exposure, there are a few very large boulders of 
limestone. Even below the zone of leaching in this 
gravel phase of the formation, limestone pebblef are not 
abundant. This fact, together with the preservation of 
stratification and crossbedding within the leached sand, 
indicates that limestone fragments were not al~'Indant 
in the fonnation even at the time of deposition. 

Mechanieal analyses of three samples ( pp. 163-165) 
eolleeted from near Deer Plain show wide range in the 
size of 1naterials that 1nake up the fonnation. Sa1nple 
10 may be classified as a sandy gravel. sample 8 as a 
gravelly sand, and sample 9 as a sanely silt.11 (See fig. 
6.) Mechanical analyses of two other samples of the 
formation have been published,12 which indicate com­
positions inter1necliate in grain size between those of 
samples 8 and 9. These five mechanical ana]~rses by 
no 1neans represent the extreme phases of the forma­
tion-nluch finer grained and 1nuch coarser grained 
samples might very readily have been selected. 

Comparison of 8((flnples frmn Dee1· Plain and Bnts­
sels fonnations.-Inasnlnch as analytic data on the 
composition of the Deer Plain and Brussels formations 
are available, it seems worth while to exa1nine thmn for 
whatever light they-may throw on the source and con­
ditions of deposition and upon possible 1neans by which 
the formations may be recognized and discriminated 
in other areas. Two of the Deer Plain samples (Nos. 
8 and 9) ~were carefully examined by H. B. ~Tillman, 
of the Illinois State Geological Survey, and his deter­
Ininations of the cmnposition of these sam~ple.c;< afford 
data for an interesting comparison with the two samples 
frmn the Brussels formation ( pp. 163-165). 

The particle analyses indicate that quartz makes up 
about nine-tenths of the samples frmn the Brussels 
form~ation but only about two-thirds of the sa1nples 
from the Deer Plain forn1ation. Furthermore, frag­
Ineuts of igneous and metamorphic rocks and1ninerals 
from these types of rocks are n1llCh n1ore abundant in 
the Deer Plain samples. 

Detailed cmnparisons bring out other intere~ting re­
lationships. The proportions of eertain eon~tituents 
vary with the average grain size of the different samples 
and seem to be nearly if not quite independent of the 
formation from which the sa1nple can1e. For example, 
the proportion by weight of recognizable chert in each 
sample increases from about 1 percent in sample 9, 
through 3 percent in sample 1 and 4 percent in sample 
16, to 15 pereent in sample 8. This order of the san1ples 
(9, 1, 16, 8) is precisely the same as their order of aver-

n Wentworth, C. K .. A scale of grade and class terms for c'~astic sedi­
ments: Jour. Geology, vol. 30, p. 384, 390, 1922. 

12 Fippin, E. 0 .. and Drake, J. A .. Soil survey of the O'Fallon area, 
Missouri-Illinois: U. S. Dept. Agr. : Field Operations of the Bur. Soils, 
samples 10835 and 10841, pp. 838, 839, 1904. 
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FIGURE 6.-Cumulative curves showing mechanical composition of three samples from the Deer Plain formation, two from the Brussels formation, 
and one from Recent stream gravels. Samples 8, 9, and 10 are from the Deer Plain; samples 1 and 16 are from the Brussels; and samp1e 25 
is from Recent stream gravel. 

age grain s1ze. The estimated median dia1ueters of the 
four samples are : No. 9, 0.05 mm.; No. 1, 0.20 mm.; No. 
16, 0.26 mm.; No.8, 0.81 mm. (See fig. 6.) Therefore 
the abundance of chert appears to vary directly with 
the coarseness of the samples. However, if this com­
parison is restricted to particles of essentially the sa1ne 
size in all samples-in this ease, particles with diameters 
less than 0.589 and more than 0.147 mm., which occur 
in all four samples-the relation between abundance 
and grain size is much less noticeable. Between these 
two size limits, fragments of igneous rocks are 1nuch 
1nore abundant in the two Deer Plain samples, quartz 
is about equally abundant in all four samples, and 
chert is more abundant in the finest-grained san1ple 
(No. 9) and least abundant in the coarsest-grained 
san1ple (No. 8). 

Within each of the four samples, the different con­
stituents tend to occur most abundantly in different 
size fractions. In general, the heavier the different 
constituents, the smaller the size fraction in which they 
are concentrated. For example, if in sample 8 the 
relative percentages of the fragments of "light igneous" 
and ''clark igneous" rock in each size fraction are multi­
plied by the percentages of the total sample in each 
fraction, it will be found that the "light igneous'' rocks 
reach their greatest abundance between diameters of 
1.65 and 3.33 millimeters and the "clark igneous'' be­
tween diameters of 0.833 and 1.65. Si1nilarly, in each 
sample, chert reaches its greatest abundance in larger 
size fractions than does quartz. In other words, within 
each sample, the fragments of heavy rocks tend to be 
small and those of light rocks large. 
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The relative abundance of the heavy minerals in these 
samples varies in some\Yhat the same way. Comparison 
of the Milner frequency numbers assigned by Mr. Will­
Ulan to each heavy mineral species in the four san1ples 
discloses that the general order of similarity between 
the different samples is 9, 1, 16, and 8, and this order 
is precisely the sa1ne as the order of grain size. In 
other words, samples 8 and 9, although both from the 
Deer Plain formation, represent the extreme differences 
in heavy n1ineral assemblages. Upon closer compari­
son it may be noted that, although a few of the 1nineral 
species are more abundant in the two Deer Plain sam­
ples, n1ost of the minerals seem n1ore closely related to 
the average grain size of the samples. Epidote, kya­
nite, andalusite, rutile, and hypersthene are reported as 
progressively 1nore abundant in the coarser-grained 
samples, and magnetite, ihnenite, zircon, muscovite, and 
biotite are reported as progressively 1nore abundant in 
the finer-grained sa1nples. 

The five minerals that are characteristic of the 
coarser-grained samples have specific gravities that 
range fron1 3.2 to 4.2 and average about 3.6; the five 
minerals characteristic of the finer-grained samples 
range from 2.9 to 5.2 and average about 4.1. That is, 
the minerals most abundant in the finer-grained sam­
ples are, in general. heavier, and this difference holds 
in spite o:f the fact that they include muscovite and 
biotite, two minerals that are much lighter than any of 
those characteristic of the coarser-grained samples. 
Furthennore, the heavy fine-grained particles are in 
general relatively soft, and the lighter coarser-grained 
particles are relatively hard. 

The concentration of heavy rock fragments in the 
finer-grained portions of each sample and the concen­
tration of heavy 1nineral grains in the finer-grained 
samples, as found by ~fr. Willman, is a 1natter of con­
siderable interest. A general tendency toward this type 
of size distribution of the different grains might be 
predicted solely as a result of the processes of trans­
portation and deposition. Nevertheless, it seemed de­
sirable to check the results before drawing any con­
clusions. Accordingly, the heavy mineral crops from 
these samples were reexamined by the writer, and Mr. 
Willman's reports were completely confir1ned by all es­
sential n1atters. 

Elsewhere the writer has published a qualitative anal­
ysis of the factors that control the size distribution of 
sand grains of different density.13 In that article it was 
pointed out that, even among the sediments derived 
from exactly the same source rock, the various processes 
of sorting and abrasion materially affect the size distri­
bution of different mineral grains. Small heavy grains 
fall rapidly and are deposited along with larger light 

m Rubey, W. W., The size-distribution of heavy minerals within a 
water-laid sandstone; Jour. Serlimentary Petrology, vol. 3, pp. 3-29, 
1933. 

grains that have the same settling velocity. A1nong 
particles transported equal distances, the heavier and 
softer ones suffer most fron1 abrasion, so that the hard 
light minerals become concentrated in the larger sizes 
and the soft heavy 1ninerals in the sn1aller sizes. 

This brief discussion of the rather con1plex set of 
factors that control the distribution of heavy particles 
in gravels and sands is offered primarily with the object 
of pointing out the caution that is necessary in compar­
ing the rock composition and heavy 1nineral assmn­
blages of different formations. It would be highly de·· 
sirable to know the asse1nblages of minerals and rocks 
characteristic of either the Deer Plain or the Erussels 
fonnation, not only because this information would in­
dicate the types of source rocks, but also bec",use it 
would aid in identifying and distinguishing these for­
mations in isolated or distant areas. However, tl·~ fore­
going discussion serves to mnphasize the necessity of 
distinguishing sharply between those assemblages 
which are clue primarily to differences in sourc:~ rocks 
and those assemblages which owe their pecularities to 
modifications that are dependent upon the distance of 
transportation and the agents of transportation, of 
deposition, and perhaps of subsequent weathering. 

With this qualification in 1nind, there are seen to be 
relatively few significant differences in the comp')sition 
of the samples from the Deer Plain and the Erussels 
formations. Both formations may have been derived 
from essentially the same source rocks, for n1ost of their 
present differences semn to be systmnatically related to 
differences in grain size. The differences in quartz and 
c.hert percentages cannot be relied upon to distinguish 
the two formations. Nor can the presence of a few frag­
ments of igneous and 1neta1norphic rock, which from 
these sam pies would appear diagnostic of th a, Deer 
Plain, be acc.epted in any area where glacial drift 
occurs. 

The relative abundance of only five of the heavy Inin­
erals seems to be independent of the grain size of the 
samples. Of these five, garnet is essentially c~1nstant 
in all four samples. The four remaining Ininera1s were 
recorded as more abundant in the Deer Plain tban the 
Brussels formation: hornblendes as "flood" (Milner 
frequency nun1ber of 9 14

) in the two Deer Plain famples 
and as very conunon to comn1on ( 6 and 5) in the two 
Brussels sa1nples; corunchnu as very scarce to rare ( 3 
and 2) in the Deer Plain and absent in the Brussels; 
leucoxene as common to scarce ( 5 and 4) in the Deer 
Plain and very scarce to absent ( 3 and 0) in the Brus­
sels; tourmaline (a very doubtful difference.) as cmn­
Inon to scarce ( 5 and 4) in the Deer Plain and scarce to 
rare ( 4 and 2) in the Brussels. These. four 1ninerals, 
which seem to be especially characteristic of tl· ~ Deer 

H Milner, H. B .• An introduction to sedimentary petrography, p. 99, 
errata p. 9, 1922 ; Sedimentary petrography, p. 386, 1929. 
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Plain formation~ are only moderately heavy, and their 
average hardness is greater than that of the other 
groups of minerals considered. Hence they are the 
types of minerals that would best withstand abrasion 
and it might possibly be inferred that they have been 
transported farther than the minerals in the Brussels 
fonnation. 

These four Deer Plain 1ninerals might have been 
derived from several types of either metamorphic or 
igneous rocks, nearly all of which types occur in glacial 
drift in the northern part of the Mississippi Valley. 
Similarly the pebbles of basalt, which are relatively 
common in many exposures of the Deer Plain form.a.­
tion, might have come originally from areas in Wis­
consin or Minnesota, but until their distribution in the 
gravel has been carefully traced, it seems unwise to 
hazard opinions about their most probable source. 

Physiographic and stratigraphic 1•ela.tions.-The 
stratigraphic and the physiographic evidence shows 
clearly that the Deer Plain formation is younger than 
the Brussels formation and the loess. Furthermore, 
physiographic relations demonstrate that the Deer 
Plain terrace is younger than the Metz Creek terrace 
and the scattered pebbles of igneous and metamorphic 
rocks that lie upon it. Yet evidence of several kinds 
seem to show conclusively that the Deer Plain fonnation 
is much too old to be included within the latest or Re­
cent stage of earth history. 

Physiographic relations alone are sufficiently clear 
to show the relative age of the Brussels and Deer Plain 
formations, but the stratigraphic relations between the 
two formations may also be seen in a few places, as in 
the SWlJtNW% sec. 5, T. 14: S., R. 1 W. 

The evidence that the Deer Plain formation is also 
younger than the loess is not so direct, but it appears to 
be none the less conclusive. On the uplands and hill 
slopes and on the Brussels and Metz Creek terraces, the 
loess is nearly everywhere more than 20 feet thick. 
Even the upper light buff mmnber (early Peorian ?) is 
more than 10 feet thick at all exposures where it was 
recognized. On the Deer Plain terrace, however, wide 
areas are covered by a black sticky n1ud totally unlike 
the brown silts of the loess. It is true that, in isolated 
patches he.re and there and in narrow strips at the foot 
of the bluffs and along smne of the small streams, the 
soil on the Deer Plain terrace is a brown loesslike silt. 
Yet nearly all this loesslike silt is found in just those 
situations where the great quantities of loess that each 
year are washed fro1n the uplands and terraces would 
be deposited by the minor streams as they spread out 
over the Deer Plain terrace. (See pl. 1.) Even if all 
of this doubtful material should be considered as true 
wind-blown loess, the difference in thickness and con­
tinuity of the loess on the Deer Plain and the older ter­
races rmnains in striking contrast. To the writer the 
conclusion seems inescapable that the Deer Plain terrace 

was developed after all but a very small part of the lc~ss 
had been deposited. 

On the other hand, the Deer Plain formation is al­
most certainly not of Recent age. It stands far ah')ve 
the highest floods that have been recorded within l'is­
torie times. Furthermore the size and compositio11 of 
the materials that make up the gravel phase of the 
formation are very different from those of the materials 
being carried by the present Mississippi and Illinois 
rivers. (See pp. 98-101.) Finally, the depth below the 
upper surface of the terrace to which calcareous mr.te­
rial has been leached from the gravel and the sr.nd 
phases of the forJnation seems n1ueh too great to be 
attributed solely to post-Pleistocene weathering. 

Age and origin.-N o fossils were found in beds of 
undoubted Deer Plain age. Hard silts exposed in the 
bank of Illinois River in the NWVtNW:lJt see. 19, T. 12 
S., R. 1 ,V., contain ntunerous bleached shells of in­
vertebrates (Coil. 44, pp. 174-175). These silts are 
shmvn on the geologie map, pl.1, as Reeent alluvium but 
they may possibly be part of an uneroded remnant of the 
Deer Plain formation. Samples taken from shallow 
depths in borings on the east side of Illinois River at 
the site of the proposed bridge at Hardin were found 
to contain a number of shells. (Coil. 200, pp. 174-175.) 
It seems probable that the river sediments represented 
by these cuttings are of Reeent age, but it is entirely pos­
sible that they n1.ay be part of an uneroded renmant 
of the Deer Plain formation. 

Despite the absence of fossils, it seems from the strati­
graphie and physiographic relations that the Deer Plain 
formation is eertainly post-Illinoian and post-Sarga­
mon, probably post-Peorian, and almost certainly pre­
Recent. That is to say, the fonnation can with rea­
sonable assurance be assigned to the 'iVisconsin stag(~ of 
the Pleistocene. Further eonsiderations, depenc~nt 
upon an .interpretation of the eonditions of deposition 
nnd outlined in the following paragraphs, suggest that 
the formation may have accumulated very late in the 
""riseonsin stage. 

Several peculiar features of the Deer Plain forma­
tion semn to eall for control of denosition by a lr.rge 
stream that flowed in the valley 1)f the present J 1is­
sissipi River. The coarseness of 1 he Deer Plain gravel 
along Mississippi River demantls as a transporting 
agent a stream n1.ore powerful than the present I 1is­
sissippi River (see pp. 71-72, 99-101), and the progres­
sive decrease in grain size of the n1aterialnorthward up 
the valley of Illinois River suggests relatively slack­
water conditions there. This eonclusion is in a 1neasure 
strengthened by the northward slope of the Deer Plain 
terrace up the valley of Illinois River. Terraces that 
slope upstream 1nay of course be fonned by subsequent 
tilting. But there is no evidence of a similar north­
ward slope of the terrace along :Mississippi River, and 
the fonn of the northward slope-relatively stee~) to 
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the south and progressively flatter to the north-is pre­
cisely that which might be expected had a turbulent 
Mississippi River dropped some of its load across the 
nwuth and built a more or less deltalike deposit north­
ward up the flooded valley of Illinois River. The ob­
served relationships can be most readily explained by 
assuming that the Deer Plain formation was deposited 
from abnonnally high flood stages of an ancient 1\'Iis­
sissippi River with virtual ponding and backwater 
for many miles up the lower part of Illinois River. 

It n1nst be pointed out, however, that the exposures 
of St. Louis lin1estone along the inner 1nargin of the 
Deer Plain terrace in see. 36, T. 12· S.~ R. 2 W., sec. 1, 
T. 13 S., R. 2 W., and sees. 6 and 7, T. 13 S., R. 1 W., 
show that the uplands composed of the Brussels fonna­
tion ·were at those places defended terraces 15 and that 
at some time Illinois River actively corroded its right 
bank at approxi1nately the level of the Deer Plain ter­
race. It is conceivable. that the deposition of the Deer 
Plain formation and the. lateral cutting by Illinois 
River mav have been independent events and that their 
coinciden~e of level 1night be entirely accidental. 
Nevertheless, it appears much more probable that the 
two events were essentially contemporaneous and~ if 
this interpretation is correct, Illinois River could not 
have been a n1erely passive, sluggish stream at the tilne 
of deposition of the Deer Plain fonnation. These some­
what contradietory conclusions might be reconciled by 
the hypothesis that detritus frmn Mississippi River de­
fleeted the current of Illinois River and concentrated it 
against the west bank. 

The Deer Plain fonnation is essentially the latest 
record of Pleistocene events in the lower Illinois Valley. 
No exceptionally great flood of waters could have come 
down Illinois River after the deposition of the Deer 
Plain formation without washing it away and burying 
all its remnants. Hence, if there were great floods 16 

down Illinois River during late Wisconsin time from 
Lake Chicago 17 and Lake l{ankakee~18 these floods n1ust 
have antedated the deposition of the Deer Plain forma­
tion. That is~ the Deer Plain formation would then 
be somewhat younger than these late Wisconsin lakes. 
This conclusion obviously depends upon the probability 
that the waters of Lakes Chicago and Kankakee were 
discharged rapidly enough to cause great floods 
throughout the entire length of Illinois River. If, in­
stead, these lake waters were discharged n1ore slowly, 
an interpretation which 1nay be entirely consistent with 

15 Davis, W. M., Geographical essays, pp. 547-5-49, 1909. 
16 Bareows, H. H., Geography of the middle Illinois Valley : Illinois 

Geol. Suney Bull. 15, pp. 48, 53, 57, 1910. Cady, G. H., Lateral erosion 
in the upper Illinois Valley by the Chicago Outlet (abstract) : Ill. Acad. 
Sci. Trans., vol. 9, p. 210, 1916. 

17 Leverett, Frank, The Illinois glacial lobe : U. S. Geol. Survey 1\Ion. 
38, pp. 418-428, 1899. 

18 Idem .. pp. 328-338. Ekblaw, G. E., and Athy, L. F., The Kankakee 
torrent (abstract) : Geol. Soc. America Bull., vol. 36, p. 155, 1925. 

present knowledge/9 then the Deer Plain fcr1nation 
may have been deposited long before the draining of 
the late vVisconsin lakes. 

However, the possibility or the probability, which­
ever it may be, that the draining of these lake:;' caused 
great floods down Illinois River and the fact that the 
coarse materials of the Deer Plain formation were 
brought into the Hardin and Brussels quadrangles by 
an early Mississippi River raise the question of the most 
probable source of a large~ post-Chicago outlet flood 
down Mississippi River. Several possible so'uees of 
a very late 'Viseonsin flood from the Upper Mississippi 
Valley might be considered. M. M. Leighton and Paul 
MacClintock suggested to the writer that th~ abrupt 
drops of lake level recorded in the old beaches of Lake 
Agassiz 20 may have caused great torrents clown the 
Mississippi River. W. C. Alden pointed out to the 

. writer that melting back of the western ice front from 
the drainage basin of Missouri River to that of Sas­
katchewan Rive.r 21 may have abruptly diverted great 
volumes of water southeastward through Lake Agassiz 
and down l\iississippi River. The coarse detritus car­
ried by any such large flood might all have been picked 
up along the river course far south of Lake Agassiz. 

RECENT. AND PLEISTOCENE 

UNDIFFERENTIATED STREAM DEPOSIT'S, SLOPE WASH, ANI' TALUS 

A wide variety of Recent and Pleistocene alluvial 
deposits, which could not be classified readily under 
more specific headings, are here included in f, rather 
miscellaneous grouping called Undifferentiated stream 
deposits, slope wash, and talus. All but a very s1nall 
part of the materials shown on the geologic map under 
this grouping occur in narrow alluvial floors an•l broad 
gently sloping alluvial cones (see pl. 190) alc~1g and 
at the mouths of the streams tributary to Illinois and 
Mississippi rivers. In some of the smaller valleys, such 
as Gresham Hollow and the North and South Prongs 
of Irish Hollow~ older alluvial deposits occur in low 
terraces that could not be eorrelated satisfactorily with 
either the Brussels or the Deer Plain formation, and 
these undifferentiated terrace deposits are included 
under the present heading. Narrow zones of talus­
steep aprons formed by loose blocks of chert ard lime­
stone along the foot of the bluffs and gentle slopBs 1nade 
by accumulations of silt or redeposited loess flanking 
many of the hills-make up an additional part of the 
materials included here. 

The diverse origin of the deposits grouped together 
under this heading accounts in large part for their great 
diversity in lithologic character. Fine silts washed 

10 Sauer, C. 0., Geography of the upper Illinois Valley ancl history 
of development: Illinois Geol. Survey Bull. 27, p. 114, 1016. Alden, 
\V. C., personal communication. 

201 Upham, Warren, The glacial lake Agassiz: U. S. Geol. Survey l\fon. 
2r-. pp. 223-225, 1896. 

21 Upham, Warren, op. cit., pp. 64-65. 
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down from the loess on the uplands is the most abundant 
constituent, ~ut chert gravel and sand along the 1ninor 
streams, chert blocks and limestone boulders in the talus, 
and layers of clay in the alluvium also are common. 
Pebbles of quartz and quartzite from the Grover gravel 
oecur here and there in the Recent stream gravels and 
slope wash. A sample of the. chert gravel ( p. 165) 
that is being carried from the limestone uplands by the 
small stream in the North Prong of Miehael Hollow 
was chosen as representative and sampled by T. B. 
Root and assistant. Tests by the State Highway De­
partment show that this sa1nple is a fairly well sorted 
gravel and consists largely of pebbles between t;3 and 
1~6 inches in diameter. (See fig. 6.) 

A mechanical an,alysis of the loesslike silt deposited 
on the flood plain of one of the smaller streams near 
Brussels has been publishecl.22 

The miscellaneous character of the deposits included 
under the present heading gives rise to a wide variety 
of stratigraphic and age relationships. Most of the 
materials are of Recent age, because they are clearly 
younger than the loess and the Deer Plain formation. 
However, some probably should be correlated with the 
Deer Plain formation ( p. 91) ~ others are certainly older 
than the loess (pl. 14.A) and should be correlated with 
the Brussels or even older fonnations (p. 8±). 

Numerous attmnpts were 1nade to discover some sys­
tem of classification of the alluvial deposits that wot;ld 
avoid this inclusion of Pleistocene sediments with those 
of Recent age, but each of the attempted classifications 
proved impracticable. Up many of the 1ninor valleys 
the Deer Plain terrace merges with and becomes in­
distinguishable frmn this Recent flood plain. Again, 
silt that has been washed from the loess-covered up­
lands and deposited upon the valley floors is essen­
tially indistinguishable frmn the original loess. Hence 
it is impossible to differentiate sharply between alluv­
ium and loess and between postloess and preloess alluv­
itnn. Furthermore, chert and clay derived from the 
'veathering of limestone grades in~ensibly from resid­
ual n1aterials in place to slightly transported talus, 
slope wash, and strean1 alluvium, and in n1any expos­
ures it is difficult to esti1nate. the relative proportions 
of each. 

Very few fossils were found in these Recent and Pleis­
tocene alluvial deposits. In the NWlftNWVtNWVt 
sec. 32, T. 11 S., R. 2 W., nu1nerous pelecypod and gas­
tropod shells (Coli. 39, pp. 174-175) occur associated 
with artifacts in Recent stremn gravel and silt. In the 
center of the SWVtSEVtSEVt sec. 9, T. 6 N., R. 13 W., 
north of Hartford Church, shells (CoiL 129, pp. 174--
175) were found associated with chipped flints and pot­
sherds in hard alluvial silt that fills an old channel cut 

22 Fippin, E. 0 .. and Drake, ;r. A., Soil survey of the O'Fallon urea, 
l\fissouri-Illinois: U. S. Dept. Agr .. Field operations of the Bureau of 
Soils, p. 831, sample 10769, 1904. 

long after the deposition of tlie Brussels formation. In 
both localities the bivalve shells 1nay possibly have b~en 
introduced by lnunan agencies. According to local re­
ports, remains of proboscidean teeth were found years 
ago in alluvium in Salt Spring Hollow, but these reports 
could not be confinned. 

CALCAREOUS TUFA 

Small deposits of calcareous tufa were found at a 
number of localities in the Hardin quadrangle. The 
individual deposits range in size from small 1nas~es a 
few feet in diameter in springs to large cones several 
hundred feet across on hillsides. Six of the deposits of 
tufa are sufficiently large to be shown on the geologic 
map. Of these~ three in the SW14NE% sec 21, T. 11 S., 
R. 2 W., in the NE14NW14 sec. 3, T. 7 N., R. 13 W., and 
in the east center NE14 sec. 8, T. 7 N., R. 13 W. are 
obviously spring deposits, for they are being built up 
at the present time by ac.tive springs. The other three 
in the NE%SW% sec. 26, T. 9 S., R. 3 W., in the 
NE1JtNElj1 see. 16, T. 11 S., R. 2 W., and in the 
NVV14SE% sec. 28, T. 8 N., R. 13 ,V., are no longer 
associated with springsj but their cmnposition, form, 
and topographic position clearly show that they 'vere 
formed in essentially the same manner. All the de~.1os­
its of calcareous tufa that were recognized occur at 
outcrops of the Chouteau or the Hannibal forn1ation. 
Springs are very con11non in the Hardin and Brufsels 
quadrangles along the contact of these two formati(ms, 
but only a very small proportion of these springs are 
depositing calcareous tufa. 

The 1naterial making up the tufa cones is a fairly 
hard but exceedingly porous, brown, impure limestone. 
Distinct i1npressions of leaves and plant stems are 
common, and mam1nillary masses that exhibit both con­
centric. and radial structure are abundant. Thin sec­
tions show that the material consists dominantly of 
coarsely crystalline calcite, much of which has a radial 
structure, and of finer-grained carbonates. Both the 
eoarse and the fine-grained carbonates oecur in layers 
that alternate with thinner and coneentrically curved 
layers made by clay minerals and scattered grain2 of 
angular quartz sand. 

Chemical analysis of a sample ( p. 1571 eollected from 
the tufa cone in the NW14SE14 sec. 28, T. 8 N., R.13 W.: 
indic.ates that about 88 percent of the rock consists of 
slightly magnesian calcite, 8 percent of clay 1ninerals, 
± percent of quartz, and 0.1 pereent of iron sulfide. 
(See pp. 1~17). The sa1nple apparently contains very 
little organic matter. In 1nany respects the chmnical 
composition of the tufa is surprisingly si1nilar to thr,t of 
the samples of Chouteau and Cedar Valley liinest.c1es. 
(See pp. 40 and 3:2.) 

Plant remains are common in the tufa. Not only 
are there many impressions of leaves and stems, but 
at least a part of the concentric and radial structure is 
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apparently due to the former presence of algae. Thin 
sections and polished faces of san1ples from the 
NW;4SE% sec. 28, T. 8 N., R. 13 W., that showed this 
mammillary structure were subn1itted to David "Vhite 
for examination. His report is given below: 

As with the recent deposits, the plant structures are often 
obliterated even close to the surface of actual growth of the 
travertine. The larger specimen, which is gray with irregular 
configuration, is irregularly penetrated with the casts of stems, 
twigs, leaves, and mosses. Solution and recrystallization have 
apparently obliterated microscopical plant structures from much 
of the specimen. In portions, however, the tubes left by fila­
mentous microscopical algae, probably belonging to the blue­
g-reen group, are clearly discernible. In some cases indications 
of the detailed cell structure are present. It is probable, there­
fore, that blue-green algae are responsible for the deposition of 
most of the lime in the deposit, though simpler and smaller 
bacterial forms presumably played an important role as well. 
The general physical, including the mineral characters and 
zoning of the specimen, are in agreement with those found in 
deposits known to be laid down largely through the instrumen­
tality of filamentous blue-green algae in fresh water at the 
present day. Large numbers of filamentous algae tubes are 
visible in portions of two thin sections. 

The brown specimen with the radiating fibrous mineral 
structure has a stalactitic aspect. The other two thin sections 
t·eveal characters common in the deposits made by algae. Some 
of the concentric zoning is characteristic of the work of the 
blue-greens and is traversed by the tubes of the algae exactly 
as they are seen in the deposits now forming, in which the living 
algae are examined in situ. 

So far, therefore, as the travertines are illustrated by the four 
thin sections, they represent typical alga travertines, in the dep­
osition of which the filamentous blue-greens appear to have 
played the major role. 

The only anim.al rmnains found in the tufa were some 
gastropod shells collected in the NE;4NE:14 sec. 16. T. 
11 S., R. 2 W. (Coll. 78, pp.174-175.) 

Most of the calcareous tufa is clearly of Recent age, 
but some of the larger cones are in places overlain by 
loess or loess-like silt. If this overlying material is 
true loess and not rnerely silt that has been washed from 
the original loess and redeposited by streams, then these 
larger tufa cones are in part of Pleistocene age. 

RECENT 

RIVER ALLUVIUM: 

The flood plains of Mississippi and Illinois rive1:~ are 
1 

the surface expression of the Recent alluvial dei)osits 
of these streams. These alluvial deposits occur in great 
volume, for the de~th of fill seems to average between 
50 and 75 feet. and the flood plains range from about 
llh to 5 rniles in width. 

Thick~JW88.-In the Little Silver well, 21j2 rniles north 
of St. Peters, Mo., and in the flood plain of Mississippi 
River, bedrock was encountered at a depth of only 25 
feet. However, in two wells near Orchard Farm, Mo.­
in sees. 16 and 26, T. 48 N., R. 5 E.-in the Mississippi 
flood plain, opposite the rnouth of Illinois River, the 
alluvium was found to be 122 and 125 feet thick; that 

is, the bedrock floor stands at elevations of al":mt 313 
and 309 feet, respectively, above sea level, or approxi­
rnately 100 feet below the low water level of the river. 

Detailed records are not available of the few other 
borings that have been rnade along Mississippi River 
within and near the Hardin and Brussels quacrangles. 
However, the thickness of alluvial fillrnay be cmnpared 
with the thicknesses that have been recorded along Mis­
sissippi River farther north and south. Borings are 
rai·ely so located that they strike the bedrock at its rnax­
imum depth below the river, and furthermore, Missis­
sippi River at several places has abandoned its old 
alluvium-filled course and taken a new channel across 
bedrock. Consequently, a graph of bedrock elevations 
along the river shows great irregularities, and n1ost of 
the plotted points are unquestionably much higher than 
the lowest elevations of the bedrock floor smnewhere 
nearby. In other words the few lowest elevr.tions of 
the rock floor are much more significant than all the 
others. On this basis, the depth to bedrock of approxi­
mately 100 feet below low-water level near Orchard 
Farn1 rnay be compared with depths farther down the 
river of 96 feet at East Saint Louis and 50 feet between 
Fountain Bluff and Thebes, Ill., and with depths far­
ther up the river of 137 feet at Fort Madiscn, Iowa, 
142 feet near Muscatine, Iowa, 166 feet at Fulton, Ill., 
ancl200 feet at St. Paul, Minn.23 

The depth of filling in the trough of Illinois River 
seems to be of about the sarne order of rnagnitude. In 
a series of 5' borings at the site of the proposed railroad 
bridge from sec. 13, T. 6 N., R. 13 W., to sec. 1, T. 13 
S., R 1 W., bedrock was encountered at depths of 57 
to. 87 feet or at elevations of 352 to 320 feet r,bove sea 
level. In a series of 15 borings at the site of the pro­
posed bridge over Illinois River at Hardin, Ill., 9 of 
the holes were drilled through 92 to 101 feet of allu­
vimn without encountering bedrock; in other vords, the 
rock floor there lies at elevations lower than 316 feet 
above sea level. These depths of frmn 87 to more than 
101 feet of fill are to be compared with the depths of ap­
proximately 100 feet below low-water level in the two 
wells near Orchard Farm, at the rnouth o£ Illinois 
River, and with the depths of about 98 feet at Putnatn 
and in the old channel between Princeton r,nd Hen­
nepin.24 

It is noteworthy that the available records indicate 
that the alluvial fill in the valley of Mississippi River 
thickens progressively upstrearn, whereas that in the 
valley of Illinois River semns to rnaintain the same 
thickness frmn near the Great Bend at Hennepin to 
the rnouth of the river. 

Lithologic cha'racfm'.-The cmnposit.ion of the Recent 
alluvial deposits of Mississippi and Illinois rivers rnust 

2:1 Leverett, Frank, The Illinois glacial lobe: U. S. Geol. Survey Mon. 
38, pp. 475-476, 1899. 

24 Leverett, Frank, op. cit., pp. 501, 634; Outline of Pleistocene history 
of Mississippi Valley: .Jour. Geology, vol. :!9, p. 618, 1921. 
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be judged by indirect as 1vell as direct evidence. Fore­
most among the different types of observations are the 
actual exposures of alluvium along Mississippi River 
in cut banks and on sand bars and mud flats. In these 
exposures fine-grained silt or n1ud predmninates. This 
silt is commonly 1nassive, brownish gray, smnewhat 
gritty, and slightly calcareous. In size, texture, and 
massiveness, and in its capacity to stand in nearly verti­
cal banks (pl. 1± B), it greatly resembles the materials 
that make up the loess and the Brussels formation. It 
differs markedly from loess, however, in that it contains 
more clay-sized and carbonaceous material, and it is 
therefore nwre plastic and darker-colored. It differs 
from the materials in the Brussels formation chiefly in 
its darker color. 

Subordinate amounts of sand occur here and there 
interbedded in the silt and upon bars in the river. This 
sand is for the most part medium-grained, fairly well 
sorted, subangular and cmnposed chiefly of quartz. 
Locally~ however, it grades into the finer-grained silt in 
some places and into coarse-grained sand in others. On 
many of the sand bars that are exposed at low stages 
of Mississippi River the sand is heaped in low wide 
waves or ripples that extend at right angles to the elon­
gation of the bar and the course of the river. These 
ripples are from 6 to 18 inches deep, but their crests are 
10 to ±0 feet apart, and of the two slopes the downstrean1 
ones are much the steeper. The coarsest sand is con­
centrated on the crests of these ripples, and the inter­
vening troughs are made of mud or silt. Superimposed 
upon these large ripples are 1nany smaller irregularly 
branching current marks. 

Illinois River is not now actively corrading its banks 
nor is its channel choked with sand bars and mud flats. 
Hence, exposures of alluvium are 1nuch less common 
along this stream. The few exposures seen were made 
up entirely of fine clayey silt. 

Less direct evidence of the lithologic character of 
the alluvial 1naterials is afforded by the soils on the 
flood plains. These soils indicate by their composition 
that along both rivers the fine-grained silts are much 
more extensive areally than the sands. The soils also 
indicate that black clay, indistinguishable frmn that 
found on portions of the Deer Plain terrace ( p. 92) 
is widespread in the undrained marsh lands along Illi­
nois River. This black clay in the Brussels quadrangles 
has been described and a mechanical analysis of it (No. 
10974) published under the name, "'Yazoo clay," in the 
soil survey of the O'F·allon area. 25 

Aside from the actual exposures of the alluvium and 
the character of the- soils developed upon it, two other 
types of observations afford some infonnation about 
the Recent river sediments. One of these consists of 
samples of the deposits in or on the bed of the streams. 

~5 Fippin, E. 0 .. and Drake, J. A., U. R. Dept. Agr. Field operations 
of the Bureau of Soil~. pp. 833-88;), 1904. 

Such samples certainly indicate in a general way the 
nature of the sediments, but it is not certain that they 
represent adequately the true average compositio~1 of 
the materials being transported by a stream. Bo~tom 
smnples frmn a river are likely in two important ways 
to be unrepresentative of the 1naterials that are being 
carried. First, the coarser pebbles carried during tin1es 
of flood 1nay become buried at normal and low stages 
of a river beneath a veneer of finer-grained sedima,nts. 
Hence, unless the sampling ·were clone at times of food, 
the coarsest materials may not be represented. Sec­
ondly, it is conceivable that pebbles 1nuch too large to 
be transported by a given stream1night be dumped into 
it by steep tributaries or by caving banks. Therefore 
bottom samples collected at the n1ouths of tributary 
streams or near Pleistocene gravel terraces might give 
a totally erroneous impression about the size of mate­
rials that the present river is competent to transport. 
These two possible sources of error give rise to opp':>site 
effects, the first yielding sa1nples n1uc.h finer and the 
second samples 1nuch coarser than the true average. 
They may approximately cmnpensate one another, but 
it is nevertheless essential that the very definite limi­
tations of the evidence afforded by botton1 sa1nplcs be 
kept in 1nind. 

No samples from the beds of the rivers were collected 
in the course of the field work for this report. }:row­
ever, during a trip from Hamburg to Alton on the 
Bureau of Lighthouses stean1er W ake-1·obin, brief notes 
were taken on the nature of the bottmn sediments as 
reported by the sounding men. These observations 
seen1 to show that sand is n1ore abundant in the bed 
of Mississippi River than it is in the deposits of the 
flood plains. They also suggest that, in general, the 
coarsest-grained 1naterials occur in intermediate depths 
of '\Yater; that is, the finer silts are found chiefly o~1 the 
shallowest mud flats and in the deepest "pools." This 
distribution of the c.oarsest sedi1nents accords with the 
known fac.t 26 that the fastest currents and hence the 
coarsests sedi1nents in rivers are to be found at the shal­
lows or "'crossings" between the deeps or pools. 

These 1neager observations on the bottom sedin1ents 
of Mississippi River in the Hardin and Brussels quad­
rangles can be supplemented by the nnwh more pr~cise 
data c.ollected by Lugn. Eighteen of Lugn's bottom 
samples were taken from Mississippi River between 
Ha1nburg and the eastern margin of the Brussels cuad­
rangle and three from the n1outh of Illinois River at a 
point about 1 mile east of the Brussels quaclrangle.27 

The detailed data and the plotted histogra1ns of the 
mechanical analyses of these samples show great di­
versity in grain size. Of the 18 samples from Mis-

2s Gilbert, G. K .. The transportation of debris by running water: U. S. 
Geol. Survey Prof. Paper 86, pp. 220-222, 1914. 

21 Lugn, A. L., Sedimentation in the )Iississippi River: Aug··1stana 
Library Pubs., no. 11, pp. 55-59, pls. 5, 14. 15. 1927. 
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sissippi River, 9 may be calleclinoderately well sorted 
coarse sands, 5 moderately well sorted meclitnn sands, 
and 4 poorly sorted sanely silts. Of the three san1ples 
from Illinois River, 2 nmy be called silty clays and 1 
a well sorted medium sand.28 

It is impossible to summarize in a few words the 
details that are contained in a group of mechanical 
analyses, but the general nature of the data can perhaps 
be indicated. Of the 18 Mississippi samples, none con­
tain any particles more than 16 millimeters in dia1neter, 
and less than half contain any particles more than 4 
millimeters in diameter. (See alsop. 71.) Si1nilarly, 4 
of these 18 samples have some grains less than ¥3 2 

millimeter, and 15 samples have some grains less than 
~'8 millimeter in diameter. Twelve of the 18 samples 
range between extrmne li1nits of 8 and %2 millin1eters. 

In a mixture o:f different-sized particles, half of the 
1naterial (by weight) is coarser and half finer than some 
intermediate size, which may be called the median diam­
eter. This median clian1eter, which is probably the most 
significant single measurement in any given mechanical 
analysis, ean be estimated closely by plotting the ordi­
nary Ineehnical analyses in eun1ulative eurves.29 In 
this group of 18 sa1nples from Mississippi River, the 
median diameters, estimated by this method, range from 
approximately 0.68 to 0.015 with a Ineclian value of 
0.40 milli1neter. Again, those diameters that limit the 
quarters (by ·weight) of material next coarser and next 
finer than the 1nedian dia1neter Inay be called the upper­
quartile and lower-quartile diameters. In other words, 
these two quartile diameters are the extreme size li1nits 
o:f the middle half o:f the sample. In this group of 18 
samples, TI1e upper quartile diameters range :frmn ap­
proximately 1.25 to 0.0:32 with a n1edian value o:f 0.6± 
millimeter~ and the lower quartile dia1neters range frmn 
approximately 0.43 to 0.007 with a median value o:f 0.28 
millimeter. The estimates on these 18 samples may be 
summarized as follows : 

Diameters of samples, in millimete·r,<J 

Largl.'st Upper Middll' or Lowl.'r Smalll'st 
particle quartilt> median quartile particle 
le~s than particle particle particle more than 

-------------------------------
Coarsest sample ______________ _ 
Median_----------------------Finest sample ________________ _ 

Hi.O 
4. 0 

. 25 

1. 25 
.1\4 
.032 

0. &! 
. 40 
.015 

0.42 
.28 
. 007 

0.125 
.0625 

? 

Considered as a group, the one most nearly typical 
diameter is 0.4 millimeter. Bottom san1ples 30 collected 
in 1881 in a prolonged series o:f dredgings :frmn the 
Mississippi at Hannibal, Mo., contain no particles with 
diameters greater than ·% ineh ( 19 millimeters), and 

28 'Ventworth, C. K., A scale of grade and class terms for clastic sedi· 
nwnts: Jour. Geology, vol. 30, Il. 390, 1922. 

29 Wentworth, C. K., Methods of mechanical analysis of sediments: 
Univ. Iowa Studies, vol. 11, no. 11, pp. ,l9--51, 1926. 

30 See Vogpl, H. D., Sediment investigations on the Mississippi River 
and its tributaries prior to 1930, U. S. War Dept., Engineer Corps, U. S. 
Waterways Exper. Sta. Paper H. pp. 8:3>---84, 1930. 

the average median, upper quartile, and lower auartile 
diameters are all between %0 and %oo ineh (2.5 and 
0.25 millimeters). 

The three san1ples :fron1 the Illinois River are. eon­
sistently finer-grained than those :frmn the Misfissippi. 
The one sample of sand is finer-grained than f of the 
1± sands from the Mississippi, and the 2 silty elays are 
mueh finer than any o:f the 4 sanely silts from the 
Mississippi. 

The fourth souree of infonnation about the alluvial 
material is the evidenee afforded by drill records and 
well eutting3. No data of this type are avnih\ble for 
the alluvial material o:f Mississippi RiYer within the 
Hardin and Brussels quadrangles, but, accor-=ling to 
local reports, coarse gravel and even large boulders were 
found at depths of 75 to 100 feet in the excavations 
for bridge piers at Louisiana, Mo., and Alton, Ill. In­
formation about the alluvial material o:f Mis-~issippi 
River several hundred 1niles downstreain is given in 
the records of 76 borings along the :Mississippi River 
between Cairo, Ill., and Lake Providenee, La.30

a Sixty­
six of these borings disclosed, at depths eommonly be­
tween 50 and 100 feet, relatively thin beds of gravel 
that eontain some pebbles with dia1neters of 1 ineh or 
more. The median diameter of the largest individual 
pebbles or cobbles found in eaeh of the 66 borings is 
about 1 y8 inel1es; but the associated materir-ls-the 
coarse sand and fine gravel that make up the bulk o:f 
the exeeptionally eoarse grained beds in which these 
largest individual pebbles oceur-have a 1neclian clianl­
eter of only one-fifth inch. The proportion of these 
buried gravels in the lower Mississippi that n1ay be at­
tributed to the deposits of steep tributaries, to talus 
from1narginal bluffs~ and to buried remnants of Pleisto­
eene gravels is not known. 

Fortunately, the borings along Illinois RiYer afford 
fairly definite information about the size and character 
of the materjals eneounterecl at different depths. The 
test holes dug at the site of the proposed railroad bridge 
just east of the Brussels quadrangle penetrated first an 
upper layer of mud less than 10 :feet thick, then :from 
3± to 52 :feet o:f fine-grained and medium-grained sand, 
and, just above the bedrock, :from 17 to 31 :feet of coarse­
grained sand and fine gravel. San1ples examined by 
the writer indieate that this material consists of rounded 
peebles less than three-fourths inch in diameter o:f 
quartz, ehert, and igneous rocks. The test hole nearest 
the bluff on the north side of the river encountered 
larger angular fragments o:f limestone and chert at much 
shallower depths, but these fragments are evidently 
talus from the bluff. The 15 borings put do-wn at the 
site of the proposed hjglnvay bridge at Hardin first went 
through a :fairly definite layer of elay and sand from 5 
to 23 feet thick, but all the lower alluYimn was :found to 

aoa Report of the Mississippi RiYer Commission, 47th Cong., 1st sess., 
S. Doc. 10, 1881. 
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be a rather heterogenous mixture of fine gravel, coarse 
and fine sand, and clay. Samples of the, gravel seen 
by the writer contained no pebbles more than one-half 
inch in diameter. 

The outstanding characteristic of the alluviun1 of 
both riYers, judged by exposures, soils, and bottom 
samples, is the dominance of fine-grained materials and 
the virtual absence of any grains that can properly be 
called pebbles. In this respect the Recent alluviu1n 
contrasts sharply with the Deer Plain formation as ex­
posed along :Mississippi River. The scattered drill 
records and well samples yield the only evidence that 
gravel occurs in the allnviun1 in anything more than 
negligible amounts. This conflicting testimony from 
the different types of evidence certainly might be ex­
plained by the burial, during subsiding stages of the 
river, of the gravels earried during floods. In support 
of this interpretation, it is knmvn that many small 
tributary streams are building into both rivers small 
deltas eomposed in part of coarse chert gravel and that 
at a number of plaees Mississippi River borders rem­
nants of Deer Plain gravel. Without some such inter­
pretation, the absenee of these gravels in the present 
alluvium and on the sand bars is not readily explained. 
(See, however, p. 71.) Furthermore, Mississippi River 
at St. Louis, Mo.,31 and Missouri River at several places 
in Nebraska 32 are reported to scour out their alluvia] 
fills to depths of 60 to 100 feet during times of flood, 
and it is conceivable that Mississippi and Illinois Rivers 
occasionally scour to these depths in the Hardin and 
Brussels quadrangles. 

Nevertheless, certain considerations make it seem im­
probable that all the buried gravels can be interpreted 
in this way. Three successive surveys of the lower 
Illinois River, made since 1900 by the Engineer Corps, 
lTnited States Army, strongly indicate, if they do not 
prove, that the present channel of this river is re­
markably stable. 

Detailed comparisons of the portions of these large­
scale maps and of those lines of soundings that fall 
within the Hardin and Brussels quadrangles disclosed 
no indieation whatever of horizontal or vertical changes 
during a period of more than 20 years. This evidence 
of great stability accords with the statements of river 
pilots that Illinois River does not shift its channel 
perceptibly and also with the writer's observation that 
this stream is not at the present ti1ne actively corrading 
its banks. (See also pp. 123, 125, 129.) It appears ex­
tremely i1nprobable that the present river is capable of 
handling the gre.at thieknes~es of sand and fine gravel 
that overlie its bedrock floor. The inference therefore 

31 Fenneman, N. M., Physiography of tllP St. Louis area : Illinois Geol. 
Survey Bull. 12, p. 30, 1909. See, however, Shaw, E. W., Newly discov­
ered beds of extinct lakes in southern and western Illinois and adjacent 
States : Illinois Geol. Survey Bull. 20, p. 153, 1915. 

32 Todd, J. E .. The moraines of southeastern South Dakota: U. S. 
Geol. Survey Bull. 158, pp. 150-153, 1899. 

seems justified that the processes of scour and fill, which 
are believed to be effective agents on other streams nfar­
by, have been of only negligble importance on Illinois 
River during historic times. 

On Mississippi River, conditions are different. Til ere 
the channel shifts somewhat at each flood; new l::ars 
are constantly forming, and old ones are cut away. 
Scour and fill . are therefore active processes, and the 
only questions are the depth to which they extend and 
the maximmn size of the materials that are being 
moved. On these questions there. are unfortunately 
very few direct data. However, indireet evidence sug­
gests that eve.1i at tin1es of extrmne floods the part of 
the river that borders the Hardin and Brussels quad­
rangles is unable to transport cobbles and boulders. 
As stated elsewhere in this report {p. 71), the higl'9St 
mean channel velocities that have been recorded on 
Mississippi River above St. Louis, Mo., are approxi­
mately the same as the bottom velocities at which peb­
bles about 31f2 inches begin to move. Henee it appears 
highly probable that any eobbles and boulders 1rore 
than 4 or 5 inches in diameter, such as have been re­
ported at Louisiana, Mo., and Alton, Ill. (p. 100), 1rust 
have b:.=-en brought to their resting places by streams 
more pow·erful than the present Mississippi River-that 
is to say, by a much 1nore vigorous Pleistocene river or 
by steep lateral tributaries. 

Both considerations-the stability of the channel of 
Illinois River and the maxinnun flood velocities of 
l\1ississippi River-point to the conclusion that some 
at least of the deeper and coarser 1naterial within the 
alluvial fill nn1st have been deposited there when the 
rivers were more pm-verful than they are today. It is 
indeed possible that, after the deposition of the r~~r 
Plain formation and before historic times, these ri1-rers 
have undergone fluctuations of discharge great eno•1gh 
to account for all of the more deeply buried eoarser 
material, but it seems n1ore probable that n1uch of this 
buried alluvium may properly belong with the D]er 
Plain and even older formations ( p. 115). 

The conclusion that the very coarsest 1naterials, re­
gardless of their exact age, probably are not being 
transported by the present-day rivers leads to an in­
teresting eorollary : the largest cobbles and boulders 
dumped into both rivers from steep tributaries and un­
de,rcut banks of Deer Plain gravel very probably are 
being reduced to manageable dimensions by a procm~s of 
wet-blasting or abrasion from the finer-grained Sf\nd 
that is swept over and past them at all times of the 
year.33 

PHYSIOGRAPHY 

The description and interpretation of the land fw·n1s 
of an area may be cast into either of two very different 

33 Barrell, Joseph, Marine and terrestrial conglomerates: Geol. Soc. 
America, vol. 36, pp. 330-331, 335-336, 338, 1925. 
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n10lds. The method of treatment 1nay be primarily 
empirical or primarily interpretative. In the empirical 
1nethod the different features are described systmnati­
cally according to their geographic or some other type 
of distribution, and an effort is made to reduce to a 
n1inimum all interpretations of their origin and sig­
nificance. Under the interpretative method the conclu­
sions regarding the origin and significance of the 
different features becmne the guiding principle in their 
discussion, and the descriptions merely supplement and 
support the conclusions. Both methods have their de­
sirable and their undesirable qualities. The descriptive 
1nethod is much the safer, but its procedure is tedious, 
and its listing of uncoordinated facts becomes monot­
onous. The interpretative 1nethod is nmeh more easily 
read beeause it emphasizes significant facts and focuses 
attention upon eritical observations. However, it like­
wise has serious defects~ the facts believed at one time 
to be of greatest significance may in the light of acldi­
tional information seem of only secondary importanee. 
Also, by its e1nphasis upon interpretations, it leaves no 
proper plaee for unexplained features, and these fea­
tln·es. having no place. are too readily neglected. 

The present treatment of the land fonns in the 
Hardin and Brussels quadrangles follo\YS neither of 
these two methods strictly. The interpretative 1nethod 
is adopted to the extent that a chronologie order of 
elassifieation and discussion is attempted. But under 
the suecessi ve ehrouologic headings the discussion is pri-
1narily descriptive. This combined type of treatment 
is adopted because it affords the basis of interpretation 
requisite for a coherent presentation of the descriptions 
and because it accords with the historical order of 
events followed in the sections on Stratigraphy and 
Geological History. 

As stated elsewhere, n1uch that might more logi­
eally have been restricted to this seetion on Physiogra­
phy has in the interest of continuity been included in 
the section on Stratigraphy. 

THE CALHOUN PENEPLAIN (MIDDLE OR LATE 
TERTIARY) 

The long interval of time between the withdrawal 
of the Pennsylvanian seas and the advance of the first 
Pleistoeene glaciers left very little stratigraphic record 
in the central Mississippi valley region. Ahnost the 
only evidence of the geologic events during that long 
interval of time are the land forms that were produced 
then. This evidenee from the land forn1s consists pri-
1narily of an upland level, which is here interpreted as 
an old erosion surfaee and which, from its partial pres­
ervation in Calhoun County, Ill., is called the Calhoun 
peneplain. 

THE SKYLINE SURF ACE 

It may be true, as some geologists belien~, that the 
concept of partial peneplains and of multiple erosion 

cyeles has been carried to extreme limits in eertain re­
gions. However, it seems equally true that an overly 
skeptical attitude founded on this belief may lead to an 
unjustifiable denial of the existence of any penrnlana-­
tion whatever in regions where the hypothesis is sup­
ported by many facts. The re1nnants of the upland 
surface in and near the Hardin and Brussels quad­
rangles seem rather elearly to be the re1nnants of an old 
peneplain. The old land surfaee is very flat, it bevels 
across rock structures, and it is very widespread. If, 
furthermore, loeal coverings of deeply weathered resid­
uum and of stream gravels are additional erit~ria of 
peneplanation, then this identifieation seems to be 
eonfirmed. 

The upland surface in this region, particulr,rly in 
Calhoun County, Ill., and St. Louis County, Mo., ap­
pears remarkably flat. It is true that it slopes gently 
and that its elevation is not the sa1ne over widr areas, 
but the departures frmn true horizontality are not ap­
parent to the unaided eye. 

This flat upland surface also bevels across roc1~ struc­
tures. In northern and central Calhoun County it lies 
at different places upon the Sedalia, the Burlington, 
or the l{eokuk formation, and its flatness is not notiee­
ably affected by differenees in the hardness or resistance 
to erosion of the underlying roc.k. In western Jersey 
County and southwestern Greene County, the precise 
relations are somewhat obscured by a eovering of glacial 
till, but the flat upland surface of the bedrock clearly 
euts aeross the Chouteau, Sedalia, Burlington, l(eokuk, 
and Warsaw formations. Minor folds, like the Mep­
pen syncline in the southern part ofT. 12 S., R. 2 W., 
involve these for1nations, but they are not refle':'ted in 
the flat upland surface. (See pl. 10 ...4. ~ fig. 3 D.) Frmn 
southern Calhoun County southward aeross St. Charles 
County and into western St. Louis County, the flat up­
land cuts across successively older beds from the Penn­
sylvanian MeLeansboro formation to the Mississippian 
Burlington limestone (pl. 10 .A.), and farther to the 
southwest it appears to cut down onto still older for­
Inations. A structure section drawn westward along 
the synclinal axis from Brussels, Ill., to Troy, Mo., 
would show that the upland surface also bevels this 
san1.e sequence of beds in an east-west direction.34 

The upland surface is very extensive. From his own 
observations the writer believes that it can be traced 
with reasonable eertainty for at least 60 n1iles north and 
south and 25 miles east and west through and beyond 
the Hardin and Brussels quadrangles. How much 
farther it 1nay extend is not known. It is proha,bly the 
san1.e surface as the upland peneplain along Mississippi 

34 Potter, \V. B., Geology of Lincoln County: Missouri Ged. Survey 
prelim. Rept. iron and coal fields, 1872, pt. 2, pl. 8, 1873. L. S. Geol. 
Survey, topographic map of O'Fallon quadrangle, 1\Iissouri-Ill'nois. 
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River near St. Louis, Mo.,35 and in Carroll County, Ill.36 

and that along the upper Illinois River.37 (See also 
pp. 66, 109-,110.) 

The occurrence of old stream gravels on the upland 
surfaee has been discussed nuwh more fully in the 
stratigraphic deseription of the Grover gravel. The 
rmnnants of this old gravel that have been found lie 
ehiefly within a relatively narrow north-south zone 
roughly parallel to the eourse of Mississippi River (p. 
62) . The thick aeemnulations of residual chert and 
elay ( p. 7 4) that underlie the upland surface in the 
Hardin and Brussels quadrangles might possibly be cited 
as additional support of the interpretation that this up­
land surface is an old peneplain, for these residual ma­
terials are evidenee that the surfaee has been subjieeted 
to prolonged weathering. 

If the upland is an old peneplained surface it repre­
sents the product of long-continued erosion. Lands 
that once stood higher were cut clown by streams until 
nearly the whole region was reduced to a broad flat 
plain. The only hills seen by the writer that seem to 
rise above this old upland surfaee are the so-called ''Lin­
coln Hills'' or Lincoln Ridge 38 in northeastern Lincoln 
County, Mo. These hills stand only 100 to 200 feet 
above the general upland level but, so flat is the upland 
elsewhere, they are conspicuous landmarks for many 
miles. They may possibly be monadnocks or residual 
hills that were left unreduced by the streams that cut 
the peneplain. 

RELATION TO PRE-PENNSYLVANIAN UNCONFORMITY 

The volume of roek removed in the production of the 
Calhoun peneplain would be difficult to estimate. 
Throughout most of the region the Burlington to Mc­
Leansboro formations underlie the surfaee of trunea­
tion, but in parts of Calhoun County, Ill., and Lincoln 
County, Mo., the surfaee almost certainly extended 
onto Ordovician roeks. If all of these formations had 
been truncated after the Pennsylvanian deposition, it 
would be a relatively simple matter to estimate from 
the known thickness of the different formations the 
volume of rock removed during the develop1nent of the 
peneplain. However, 1nany of these formations had 
been truncated much earlier by post-Mississippian, pre­
Pennsylvanian erosion. In fact, so nearly doe:s the 
level of the Calhoun peneplain eoincide over wide areas 
with the average level of the unconformity between 
the Mississippian and the Pennsylvanian roeks that in 

35 Fenneman, N. l\1., Physiography of the St. Louis area : Illinois Geol. 
Survey Bull. 1::!, p. 52, 1909 : Geology and mineral resources of the St. 
Louis quadrangle, Missouri-Illinois : U. S. Geol. Survey Bull. 4,38, pp. 
43-44, 1911. 

36 Carman, .T. E., The Mississippi Valley between Savanna and Daven­
port : Illinois Geol. Survey Bull. 13, p. 28, 1909. 

37 Sauer, C. 0., Geography of the upper Illinois Valley: Illinois Geol. 
Survey Bull. ::!7, pp. 55-56, 1916. 

38 Shepard, E. 1\I., Underground waters of Missouri : U. S. Geol. Sur"\'"ey 
Water-Supply Paper 195, pp. 8, 10~11. 1907. 

some places the peneplain might be eonsiderecl an ex­
humed or resurrected pre-Pennsylvanian land surface. 

Howe.ver, the correspondence between the two sur­
faces holds only in a general and not in a detailed way. 
All available evidenee indi-eates that the pre-Pennsyl­
vanian surface was one of eonsiderable local relief 
(pp. 55-56) whereas the peneplain is strikingly fla.t. 
In some plaees, as in eentral Calhoun and mueh of Lin­
coln Counties, the peneplain cuts down below the dee:"J­
est valleys and sinkholes on the old pre-Pennsylvani~-,n 
surfaee. In other plaees, as in southern Calhoun 
County, it lies well above the Mississippian and ell­
tirely within Pennsylvanian rocks. But in most of the 
area, as in northern Calhoun, western St. Louis, ard. 
parts of Lincoln Counties, the peneplain was stripp£-f} 
to a level intern1ediate between the highest hills ard 
the lowest valleys and sinkholes in the pre-Pennsy 1-
vanian surface. Hence, remnants of Pennsylvanir,n 
rocks are left seatterecl here and there on and immed i­
ately below the peneplain surface. (See pls. 10 A, B, 
20 ~fig. 3D.) Apparently the erosion that produeed the 
Calhoun peneplain eonsistecl in large part of the re­
moval of the Pennsylvanian sediments. In some plaC'?,S 
the streams cut a way only a part of these sediments~ 
elsewhere they removed all the Pennsylvanian and son1e 
of the older rocks. 

This general correspondence between the two sur­
faces suggests that the regional base level of the streams 
that developed the peneplain may have been controlled 
at least in part by the di:fferenee in hardness of tl'~ 
Pennsylvanian and the older rocks. The streams mr.y 
have cut readily through the Pennsylvanian sediments 
till they encountered the more resistant older rocks, ar ~ 
thus at many places the loeal base level would be held 
up near the uneonformity. Had there been no deforma­
tion after withdrawal of the Pennsylvanian seas, tb~ 
completed peneplain would probably have come to coin­
eide almost exactly over the entire area with the level 
of the deepest valleys in the pre-Pennsylvanian sur­
face. But this simple stripping off to the level of the 
unconformity was prevented by warping sometime after 
Pennsylvanian deposition and before the eompletion of 
the peneplain (fig. 3 B) . On the uplifts the streams 
bevelled deeper than this level, but in the sunken aren,s 
they were unable to cut clown as far as the base of tbe 
Pennsylvanian. 

AGE OF THE PENEPLAIN 

The geologie date at which the old surface was finally 
ent most nearly to a plain must be estimated by inclire~t 
methods. The peneplain euts across and so is dearly 
later than the Pennsylvanian }lcLeansboro formation. 
It is also distinctly pre-Pleistocene, for Nebraskan till 
is found not far a way in valleys cut well below it (pp. 
65, 76, 1101.. The intermediate postmature upland sur­
face, cut after the Calhoun peneplain was uplifted, is 
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likewise pre-Pleistocene, and it seems necessary. in order 
to allow adequate time for the development of this 
surface, to conclude that the peneplain must be as old 
or even older than the earliest Pliocene ( p. 109). Fur­
thennore. the apparent relationship between the Mis­
sissippi embayment and the drainage pattern on the 
peneplain, if correctly interpreted (pp. 108-109), would 
mean that the peneplain could not have been completed 
until long after the Cretaceous period ~when the embay­
ment came into existence. Finally, the GroYer gravel, 
which lies upon the pene.plain, has yielded very fe,v 
fossils, but the few that have b~.en reported indicate a 
Tertiary age, and deposits similar to those of the Grover 
gravel overlie Eocene rocks at the head of the Missis­
sippi embayment ( pp. 65-66) ; that is, the various lines 
of indirect evidence all converge to indicate that the 
Calhoun peneplain attained its flat surface sometime 
within the Tertiary period, probably earlier than the 
Pliocene epoch and later than the Eocene. 

ORIGIN OF THE TROUGHS OF MISSISSIPPI AND 
ILLINOIS RIVERS 

EVIDENCE OF DRAINAGE PATTERNS 

The courses followed by streams are the result of the 
rock structure of a region and the geologic processes 
that have operated there-the tern1 "rock structure'' is 
here used in the broad sense. of gross arrangement of 
materials under which W. M. Davis includes original 
distribution and stratification and subsequent disloca­
tions and fracturing. If the bedrock materials are es­
sentially hmnogeneous, if the local geologic processes 
have operated with relative uniformity. and if all later 
diastrophic changes have taken place gradually, the 
major streams may hold courses that were established 
soon after the first uplift of a region. However, ~with 
greater irregularities of rock material, greater alta·a­
tions of the. local processes, or more abrupt or intense 
diastrophic disturbances, nwdifications of the original 
drainage become increasingly probable. As exa1nples 
of the geologic processes, glaciation and n1arine plana­
tion may greatly modify previous surfaces and develop 
new land forms which come to influence the courses of 
later streams. Similiarly a peneplain, inasmuch as it 
develops at the expense of previous surfaces, means the 
destru::'tion of nearly all traces of earlier land forms. 

If peneplanation necessarily means absolutely com­
plete lateral planation so that strean1s could meander 
freely oYer the entire area, then of course all evidence 
of earlier stream courses would be effaced. Peneplana­
tion, however, does not necessarily imply this final stage 
of widespread lateral planation. In fact, the attain­
ment of such a degree of ultimate planation over wide 
areas seems highly improbable in nature. ......tn area of 
Yery gentle relief-a peneplain but not a pediment (see 
p. 70)-might be fonned mueh more readily by simple 
downcutting in many valleys and the continued reduc-

tion of hill slopes in interstream areas. Accordingly, 
many streams on old erosion surfaces of very go,ntle re­
lief may have held the same courses or parts of the 
same courses throughout the long period of downcut­
ting. Consequently, even though all the preexistent 
surfaces should have been destroyed, the courseE of those 
streams that flowed upon the peneplain, if they can be 
identified, will still give some clue to the general topo­
graphic relationships before the peneplain was cut. 

However, the determination of the former drainage 
pattern upon a peneplain may be very difficult. The 
early streams, after peneplanation and rejuveration of 
the region, may have been able to 1naintain orly parts 
of their original courses because of subsequent deforma­
tion or burial. In that event the resultant drainage 
pattern will contain elements of both the old and the 
new which are difficult to identify and disentangle cor­
rectly. It is therefore necessary, in order to interpret 
the e.arlier history of a stream, to know first tbo, subse­
quent modjfications it has undergone. so that the. newer 
elements may be separated from the old. And it is obvi­
ous that, for this purpose, the chronologie order of 
treatment and discussion followed throughout this re­
port must be temporarily reversed. 

In many regions. diversion of stremns is a common 
accompaniment of continental glaciation. and many of 
the smaller streams in Illinois and Missouri have been 
thrown out of their channels by suecessive advances of 
the ice. Near the Hardin and Brussels quadrangles, 
however, the ~Iississippi and Illinois river2 follow 
courses that seem clearly to have been established before 
the region was glaciated (pp. 65, 76, 110). In fact, 
throughout the region much of the present courses of 
these two rivers and parts of Missouri River 39 seem to 
have been inherited from the streams which trenched 
into and dissected the peneplain; and, in turn, some or 
parts of these. dissecting streams probably inherited 
their courses from stremns that flowed upon and fash­
ioned the peneplain. The problem thus becom~s one of 
identification of those parts of the stream courses that 
have been inherited frmn the peneplain. 

POSTPENEPLAIN DIVERSION OF STREAMS 

Before the first advance of the ice, the Calhoun pene­
plain had been uplifted and deformed. It is not cer­
tain whether the Grover gravel was deposite-:l chiefly 
before, during. or immediately after this deforn1ation, 
but a comparjson between the pebbles and boulders 
deposited in this for1nation and those earried by 
present-day streams leads to the conclusion ( pp. 70-73) 
that the coarsest of these gravels probably were t,l~ans­
porte-d by streams that were being rejuvenated by the 

ao Todd, J. E .. Formation of the Quaternary deposits: 1\fi~souri Geol. 
Rurvey, vol. 10, pp. 204-212, 1896 Hinds, Henr;\', and Greene, F. C., 
U. S. Geol. Surve;y Geol. Atlas, Leavenworth-Smithville folio (no 206), 
p. 10. 1917. Leverett, Frank, Outline of Pleistocene history of Missis­
sippi Valley: Jour. Geology, vol. 29, p. 617, 1921. 
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uplift. Nevertheless, the peneplain and the·gravel that 
lies upon it were undoubtedly deformed and it semns 
eertain that at least part of this defonnation was dis­
tinctly later than the deposition of the gravel. In 
western St. Louis County the gravel is cross-bedded 
'vith oblique laminae that dip steeply southward (p. 
63), yet this gravel and the wide plain on whieh it 
rests now slope about 7 feet to the mile northward 
aeross St. Charles County into southern Calhoun 
County. There, at the Cap au Gres flexure, the old 
peneplained surface rises abruptly about 175 feet onto 
the Lincoln antieline, frmn which it again slopes gently 
northward or northeastward. (See pl. lOA.) 

In the region near the Hardin and Brussels quad­
rangles, the deformation of the peneplain was a re­
newed movement of preexisting structural units (pp. 
145-146). As a result, in practically every area in Cal­
houn, Jersey, and Greene Counties, Ill., and Lineoln, St. 
Charles, and St. Louis Counties, Mo., where both topo­
graphic and structural data are available,40 the slope of 
the upland peneplain and the clip of the underlying 
rocks are in the same direction, but the angle of the slope 
of the peneplain is much less than the angle of dip 
of the rocks. The mere directions of dip and slope, 
therefore, do .not serve to distinguish stream courses 
that may have been established on the original uplift 
from those that have been disturbed and nwclified by 
subsequent defonnation of the peneplain. 

Nevertheless, a purely empirical classifieation of pres­
ent river eourses, based upon the angle between the 
directions of strean1 flow and the directions of bedrock 
dips and upland slopes, tends to simplify the eomplex 
relationships and avoids the sometimes p!·emature or 
a1nbiguous conelusions forced by rigid adherenee to 
the well-known genetic elassifieation. And for these 
reasons the empirieal classification is useful in the pres­
ent discussion. Strean1s that flow essentially straight 
down the beclroek dip-which in this particular area are 
also those that flow down the direetion of upland 
slope-may be said to have ''clip'' valleys. Local ex­
amples are the Missouri River from Labadie to St. 
Charles, Mo., and the Meramec River from Moselle to 
the big bend at Valley Park, Mo. (See fig. 7.) The 
special but important ease of clip valleys in whieh 
streams flow clown the axes of pitching synclines may be 
ealled "synelinal pitch'' valleys. Loeal examples are 
parts of Cuivre River in Lincoln County, Mo., and the 
Mississippi from the mouth of Illinois River to Alton, 
Ill. (See figs. 7, 8 B.) Dip valleys and synclinal pitch 
valleys follow the lines of readiest stu·face and ground 

40 Marbut, C. F., Ph~·sical features of Missouri: Missouri Geol. Survey, 
vol. 10, pl. 1, 1896. Illinois Geol. Survey, Geologic map of Illinois, Hll 7. 
Krey, Frank, Structural reconnaissance of the Mississippi Valley area 
from Old Monroe, Mo., to Nauvoo, Ill. : Illinois Geol. Survey Bull. 45, 
pl. 1, 19~4. Missout·i Bur. Geology and Mines, Geological map of Mis­
souri, 19~6. l.i. S. Geol. Survey, topographic maps of the O'Fallon. St. 
Louis, St. Charles, Brussels, Hardin, Pearl. Nebo, and Roodhouse quad­
rangles. 

water discharge, but they have no certain and unique 
genetic significance. They n1ay have been establisho.d 
immediately after the first uplift of the region or the 
later warping of the peneplain and have maintain~d 
their courses through a long period of down cutting, 
or they 1nay have developed these courses much later 
by progressive heaclward erosion back up the clip. 

Streams that flow in the opposite direetion, up the 
dip and up the pitch, may be said to have "eounter dip" 
valleys and ''eounter pitch" valleys. The lower part of 
Otte.r Creek, which flows up the axis of the Otter Cre~k 
syncline (see pl. 2), the Illirtois River above MeredoE'ia 
and, apparently, the Mississippi River from East f't. 
Louis to Valmeyer, Ill., which flow up the regional clip, 
are local examples (fig. 7). Counter eli p valleys may 
have been established by relatively rapid tilting in a di­
rection opposite to that of the principal movements of 
the region or, 1uore probably, by progressive piraey of 
old dip valleys, as the result of headward erosion of 
later streams. 

Streams that flow essentially parallel to the strike of 
the underlying rocks may be said to have "strike', val­
leys. Local examples are the Mississippi River frcm 
Hannibal, Mo., to Belleview, Ill., from Alton to Erst 
St. Louis, Ill., and fron1 Valmeyer, Ill., to Ste. Gene­
vieve, Mo., the Missouri River from the mouth of Osage 
River to Labadie, Mo., and the Meramec from the big 
bend at Valley Park to its Inouth. (See figs. 7, 8 F.) 
These rivers follow courses that coincide with the 
belts of outerops of less-resistant rocks; hence these 
eourses probably developed someti1ne after disseetion 
of the original uplift had begun, but whether immedi­
ately after the original uplift or the later warping or 
long subsequent to both movements is a more diffieult 
question. 

Streams that flow neither parallel nor at right angles 
to the dip of the rocks and the slope of the upland 
surface may be said to have "structurally oblique'' val­
leys. The Illinois River frmn Meredosia to its n1outh 
and the Mississippi River frmn Belleview to Dogtm''ll 
Landing-and probably to the mouth of Illinois 
River-are examples. The rivers 1nay possibly haYe 
established these oblique courses by Inore or less acr~i­
dental headward erosion, but it seems much n1ore prch­
able that. they acquired them while flowing upon very 
flat surfaces and maintained then1 during gradual up­
lift and tilting or during downcutting frmn smne ser~~s 
of unconfor1nable sedin1ents. 

It is an interesting and perhaps significant faet that 
the present rivers show the least relation to the under­
lying structure and the upland slopes in the general 
vicinity of the Lincoln anticline. It is true that both 
of the rivers cross the Cap au Gres flexure approxi­
mately at right angles but, viewed regionally, they cer­
tainly are not adjusted to the rock structure. Had 
Mississippi River continued southeastward in a strike 
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valley from Belleview nearly to Alton it would have 
found not only a more easily excavated but a 1nuch 
shorter path. (See fig. 7.) Instead, its valley turns 
southward near Belleview, cuts obliquely across older 
rocks to the Cap au Gres flexure, then swings through 
a wide semicircle in younger formations before joining 
the synclinal pitch valley at the mouth of the Illinois 
River. Si1nilarly. Illinois River flows southward, 
obliquely across the strike of the rocks and parallel to 
the Mississippi until near its 1nouth it turns abruptly 
eastward clown the pitch valley. 

So obvious a lack of adjustment between the stremn 
courses and the underlying structure strongly suggests 
partial inheritance fron1 earlier strea1ns, and the in­
direct, devious courses seem to imply 1nodifications of 
these earlier streams. 

This inference based upon the drainage pattern is 
strengthened by other and n1ore direct evidence bear­
ing on the positions of the streams that flowed on the 
Calhoun peneplain-that is. by the geographic distri­
bution of the Grover gravel. The rmnnants of this 
forn-"~.ation lie in a relatively narrow north-south belt 
that coincides roughly with the present course o£ Mis­
sissippi River (p. 62). In a general way, this linear 
belt occupies the area in which Mississippi and Illinois 
rivers now follow oblique and indirect courses, and it 
extends southward approximately in line with these 
structurally oblique valleys of Mississippi and Illinois 
rivers and with the lower strike valley of Meramec 
River. This linear distribution, together with the evi­
dence of the cross bedding, 1nakes it appear highly 
probable that the principal stream or streams that de­
posited the Grover formation once flowed nearly 
straight south (see pp. 63, 68) through the area of the 
Hardin and Brussels quadrangles, across western St. 
Louis County and into the valley of Mississippi River 
near Valmeyer, Ill. (See fig. 8A.) 

If these inferences frmn the drainage pattern of the 
region and frmn the distribution of the Grover gravel 
are correct, it then becomes necessary to consider the 
changes whereby the ancestral rivers 1night have been 
diverted frmn their former direct southward course into 
their present roundabout channel past Alton, Ill., and 
St. Louis, Mo. (See fig. 7.) Several possible expla­
nations might be offered. The region along which the 
warping of the Call~oun peneplain was n1ost abrupt­
the Cap au Gres flexure and the nearby Troy-Brussels 
syncline-lies nearly at right angles to the supposed 
courses of these ancestral rivers. If this warping took 
place more rapidly than the rivers could adjust their 
gradients, they might have been diverted sharply east­
ward down the Troy-Brussels synclinal axis into a 
southwestward flowing tributary-the counter dip val­
ley from Alton to Valmeyer-which was not equally 
disturbed. (See fig. SA.) As another possibility, if 

the warping were more gradual, the northeastward tilt­
ing of the region south of the Cap au Gres flexure, fnp­
plemented perhaps by heavy sedimentation at the me nth 
of an ancestral Missouri or Osage River, which would 
have been rejuvenated by this tilting, 1night have so 
handicapped the two rivers that a lower subordinate 
tributary, not equally handicapped, was enabled to work 
back by headwarcl erosion frmn Alton along this fyn­
clinal axis and behead the two rivers. And, once di­
verted into this roundabout course by either tilting or 
piracy, the ancestral stream might readily have l'o,lcl 
its course during the subsequent dissection of the pene­
plain and the development of the present topography. 

The foregoing interpretation n1ay be summarized in 
terms of the genetic classification by statements that 
the lower Illinois River nearly to its mouth and ~fis­
sissippi River frmn Belleview to Dogtown Landing and 
from Alton to Valmeyer, Ill., are thought to be ante­
cedent 41 to the postpeneplain uplift; the Mississippi 
River from Dogtown Landing nearly to the moutl' of 
Illinois River is thought to be superimposed 41 from 
the Calhoun peneplain and the Grover gravel; and the 
Mississippi River from the mouth of Illinois River to 
Alton, Ill., is thought to be consequent 41 upon the 
trough formed by the postpeneplain deformation. 

DRAINAGE PATTERN ON THE PENEPLAIN 

If this interpretation affords a reasonable exphLna­
tion of the diversion of the ancestral Mississippi River 
eastward around the St. Louis County "peninsula," it 
then becomes possible to reconstruct with son1e degree 
of confidence the general pattern of major strea1ns that 
flowed upon the Calhoun peneplain. Two la,rge 
streams-the ancestral Mississippi and Illinois Rivers­
semn to have flowed south through structurally oblique 
valleys across the Lincoln anticline and the Tr0y­
Brussels syncline. Which of the two streams was then 
the larger is not known. The valley of Illinois River 
may then, as at a later period (p. 115), have carried the 
drainage of the present Rock River and upper ~fis­
sissippi Valley, and this, together with the greater 
distance along which the Illinois River flows in an 
oblique valley, seems to indicate the greater size of the 
ancestral Illinois. 

On the other hand, two considerations suggest that 
the ancestral Mississippi may then have been the larger 
stream. First, the remnants of the Grover gravel are 
essentially restricted to the uplands bordering the JVGs­
sissippi, thus indicating that the Illinois transported 
less, or at any rate finer-grained, detritus. Secondly, 
it has been tentatively suggested 42 that Salt River in 

41 Davis, W. l\L, The rivers of northern New Jen;ey with notes or the 
classification of rivers in general: Geographical Essars, pp. 485--487, 
1909. 

42 Todd, J. E., Formation of the Quaternary deposits: Missouri Geol. 
Surw~', vol. 10, p. 212, 1896. 
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Misouri and Kansas River 43 in Kansas may once have 
been parts of a single drainage line and that this line 
may have been but one of a group 44 of parallel eastward­
flowing streams, which before they were integrated by 
the spreading ice sheets into the Missouri River system, 
drained from the Tertiary High Plains of Kansas and 
Nebraska eastward into the Mississippi (fig. BA). With 
such a large drainage area the ancestral Mississippi 
may well have been a larger river than the ancestral 
Illinois. The parallel aliuement of these two trunk 
streams as they flow southward through the area of the 
Hardin quadrangle might possibly, under this inter­
pretation of the ancient drainage, be explained as the 
result of natural levees built between converging 
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head of the Mississippi e1nbayment along a strike valley 
on the eastern flank of the Ozarks. (See fig. BA.) 

According to this interpretation, most of the major 
drainage on the Calhoun peneplain was not inherited 
from the original uplift. The ancestral MisEissippi 
and related rivers flowed, not straight out into the Illi­
nois coal basin as the original streams may have clone, 
nor westward toward the interior Cretaceous S'~a, but 
southward onto and then high along the eastern flank 
of the Ozarks. Streams that were ancestral to the 
Meramec and other rivers that like it radiate outward 
frmn the present Ozark Highland and, possibly, a 
stream ancestral to Cuivre River 1nay still have fol­
lowed courses upon the peneplain that were taken im-

FIGURE 8.-Schematic diagrams: A_, Hypothetical drainage pattern on the Tertiary peneplain; B, Major drainage pattern at present time. 

streams much as Mississippi and Missouri Rivers are 
now forced to flow parallel to one another for many 
miles before they join. 

The two streams from the north were probably joined 
by a stream, ancestral to the lower Missouri or the 
Osage River, that flowed east along a general strike 
valley on the northern flank of the Ozark area. Below 
the juncture of the three streams the drainage appar­
ently continued south-ward or southeastward toward the 

43 Hinds, Henry, and Greene, F. C .. U. S. Geol. Survey Geol. Atlas 
Leavenworth-Smithville folio (no. 206), p. 10, 1917. Greene, F. C., 
Preliminary sketch of the history of the lower Missouri : Bull. Geol. 
Soc. America, vol. 32, pp. 83-86, 1920. 

44 Upham, Warren, Age of the Missouri River: Amer. Geologist, vol. 
34, pp. 84-85, 1904. Todd, J. E., The Pleistocene history of the Missouri 
River: Science, new ser., vol. 39, pp. 265-269, 1914. 

mediately after the original post-Pennsylvanian up­
lift. However, most of the drainage had been m')dified 
perhaps several times into a very different pattern long 
before the peneplain was con1pleted. 

The story of this profound modification of the earlier 
consequent drainage into the later drainage on the 
peneplain is now badly obscured, if not hopelessly lost, 
through the destruction of evidence. It is, hcwever, 
possible to deduce from the accepted laws of strean1 
development a probable sequence of events that \Vould 
account for the known facts. The initial strerJns on 
the post-Pennsylvanian uplift must have cut into the 
underlying, tilted rocks and eventually have developed 
tributaries along strike valleys. Nothing whatever is 
known about modifications of this first drainage system 
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during Permian~ Triassic and Jurassic ti1nes ~ but in 
the Cretaceous period 'varping, intrusion, and prob­
ably faulting brought into existence the Mississippi 
embayment.45 The structural disturbances at this time 
might readily have given an advantage to those trib­
utary streams that happened to flow n10st directly 
into the head of the embayment and, with this ad­
vantage~ a new drainage system could have extended 
itself far northward by successive captures of the pre­
existent strike valleys. (See fig. 8 A.) 

By this interpretation, the early ~Iesozoic drainage 
system, whatever it may have been, is now all but hope­
lessly lost; only the merest fragments of it now re­
main. HoweYer, the Calhoun peneplain must, by the 
same interpretation, be distinctly younger than Cretace­
ous. for the streams which finally cut it low did not 
establish themselves until after the Mississippi embay­
ment had been blocked out. 

DISSECTION OF THE PENEPLAIN 

Inune~iately after the deformation and uplift of the 
Calhoun peneplain, the strean1s started entrenching 
themselves and dissecting the land surface. This dis­
section proceeded in two distinct cycles of downcutting, 
the first of which has left in the present land forms only 
such dim records as the sloping upland spurs, but the 
second cycle still dominates the landscape and geo­
graphy as the 1na.jor trenching of the region, and it 
has left evidence of a complex series of events. 

INTERMEDIATE UPLAND SURFACE (PLIOCENE?) 

The upland spurs or interfluves that extend frmn the 
Calhoun County divide west toward Mississippi River 
and east toward Illint>is River and from the uplands 
in Jersey and Greene Counties west toward Illinois 
River slope gently but unmistakably from the divide to­
ward the two rivers. The angle of these slopes is diffi­
cult to 1neasure accurately because of the thick mantle 
of loess and glacial till on the uplands. but it seems 
to average from 25 to 50 feet to the mile along the pres­
ent ]ength of the spurs (pls. 10 B, (!, 20), being steepest 
in the southern part of the Hardin quadrangle where 
the uplands are highest. If these slopes are extended 
frmn both sides out over the flood plain of Illinois 
River, they meet very irregularly at elevations from 125 
to 250 feet below the surface of the Calhoun peneplain 
but fairly uniformly at an elevation of about 125 to 
150 feet above the present river level. In other 'vords, 
the intermediate surface occurs at a relatively constant 
interval above the level of the present strea1;1s, but its 

45 Stf'phenson, L. "T·· and Crider. A. F .. Geology and ground waters 
of northeastern .-'u·kansas: IT. S. Geol. SurYey "·ater-Supply Paper 399. 
pp. 34-35, 124, 1fl16. Stephenson. L. W .. :Major features in the geology 
of the Atlantic and Gulf Coastal Plain: Wash. Acad. Sci. Jour., vol. 16, 
pp. 466--!67, pl. 1. 1936 : :Major marine transgressions and regressions 
and structural features of the Gulf Coastal Plain: Anwr. Jour. Sci., 5th 
Rer., YOl. Hi, pp. 281-2D8, 1928: Structural features of the Atlantic and 
Gulf Coastal Plain: Gt>ol. Soc. Amer. Bull .. yol. 39, pp. 887-!}00, 1!)28. 
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position seems to be quite unrelated to that of the pene­
plain. True, this extrapolation of the interflnve slopes 
yields only uncertain results, but it serves to indicr,te 
that the intermediate upland slopes were cut sometime 
after the deformation, tilting, and uplift of the Cal­
houn peneplain. 

The intennediate upland surface was clearly foru eel 
later than the deposition of the Grover gravel for 
remnants of this gravel are now found on the crests of 
the highest divides. (See pls. 10 B, C, 20.) The long 
gentle slopes of this intermediate upland surface in•li­
cate that dissection of the uplifted Calhoun peneplain 
had progressed far beyond the stage of si1nple trench­
ing. The existing data do not permit a precise resto1'a­
tion of the intermediate surface~ but they seem to show 
clearly that the development of the valleys had pro­
gressed somewhat beyond the stage of 1naturity and 
possibly well into old age. Stated another way, the cut­
ting of the river trenches had apparently proceeded at 
least as far and probably much farther in a cycle of 
erosion before the first advance of Pleistocene ice tl: an 
it has since then. The time required for the develop­
ment of this postmature surface must have been very 
great; just how great is not known, but inasmuch as 
Nebraskan till is found in valleys cut far below the 
upland (pp. 65, 76, 110), it semns reasonable to emfclude 
that the intermediate upland surface and the subsequent 
trenching required a large part it not all the Plioeene 
epoch for their development. This intermediate sur­
face therefore affords some information bearing on the 
age of the still older Grover gravel and Calhoun 
peneplain. 

The presence of the intermediate postmature surface 
both north and south of the Cap au Gres flexure con­
siderably strengthens the conclusion (pp. 64--65) that 
the Calhoun penepla-in was deforn1ed along this flexure 
after the deposition of the Grover gravel. If there were 
no evidence of the intermediate upland surface south of 
the flexure, it would be necessary to weigh carefully 
the evidence for and against the possibility that the 
gravel-covered upland of southern Calhoun County was 
equivalent to, even though not at the same elevation as, 
the intermediate surface north of the flexure. But eYen 
had this been the ease, there would still remain the 
northeastward slopes of the upland surfaee throughout 
the entire region to prove that there had been some sub­
sequent tilting of the gravel-eovered peneplain. The 
presence of these interfluve slopes south of the flexure 
thus affords independent confirmation of the correla­
tion of the Calhoun peneplain and Grover gravel to the 
north and to the south of the flexure. 

Two upland levels have been reported in the Ozark 
region by Hershey .r6 and ~farbut 47 and in southern 

<u Hershey, 0. H., Peneplains of the Ozark Highland: Amer. Geolo­
gist, ,-ol. 27, pp. 29-39, 1fl01. 

47 ~Iat·but, C. F .. The geology of ~Iorgan County: Missouri Bur. Geol­
ogy and MineR, :.!d ser .. vol. 7, pp. 8-10, 1908. 
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Illinois by Shaw and Savage~48 and Trmvbridge 49 

has summarized the evidence for two upland plains in 
the Driftless Area of the northern Mississippi valley. 
Marbut found that the difference in elevation between 
the two npland·surfaces in the Ozark region decreases 
northward until on the north-central rim of the high­
lands the two are difficult to distinguish. In the eastern 
part of St. Louis County, lVIo., the Grover gravel 
caps low hills that rise about 50 feet above the genera] 
upland surface. 5° (See p. 62.) It is possible. or e.ven 
probable that the Calhoun peneplain is equivalent to 
the upper and the intermediate postmature surface is 
equivalent to the lower of the two upland plains re­
ported by these observers. 

LATEST PREGLACIAL DISSECTION AND TRENCHING 

...._\_second rejuvenation of the rivers. apparently with­
out rnuch tilting or ·warping. follmved the development 
of the intermediate upland surface. This rejuve.nation 
resulted in deep trenching and dissection of the old up­
land surfaces, and it established the major and minor 
drainage patterns in essentially their present form. 

The available evidence indicates strongly that this 
trenching extended to essentially its present depth be­
fore the first Pleistocene glaciers invaded the region. 
Bell and Leighton 51 report two definitely pre-Illinoian 
tills far belo·w the upland in a tributary of Illinois 
River. near 'Vinchester~ 25 miles north of the Hardin 
quadrangle, and Leverett and Leighton 52 found sim­
ilar relations in the trough of Mississippi River near 
Quincy, 50 miles northwest of the Hardin quadrangle 
(see p. 76). Hence, it seems clear that portions of the. 
trenches now occupied by Mississippi River and other 
streams of the region we.re excavated at least to the 
depth of the present flood plain before the Nebraskan 
stage. It does not of course follow that all parts of 
these trenches are necessarily of pre-Nebraskan age 
throughout. Trowbridge 53 concluded that the Driftless 
Area of the northern Mississippi Valley was not up­
lifted and dissected until the first interglacial stage 
but in this conclusion he has not been follo·wed by Lev­
erett 54 and Thwaites.55 Leverett believes that the val-

48 Shaw, E. W., and Savage, T. E., U. S. Geol. Survey Geol. Atlas, 
l\Iurphysboro-Herrin folio (no. 185), p. 1, 1912. 

49 Trowbridge, A. C., The erosional history of the Driftless Area : Univ. 
Iowa Studies, vol. 9, no. 3, pp. 84-95, 1921. Howell, J. V., The it·on 
ore deposits near 'Yaukon, Iowa: Iowa Geol. Survey, vol. 25, pp. 54-62, 
1916. 

sn Fenneman, N. ::u .. Geolog~· and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, pp. 9, 31, 
1911. 

" 1 Bell, A. H., and Leighton, l\I. l\I., Nebraskan, Kansan, and Illinoian 
tills near Winchester. Ill.: Geol. Soc. America Bull., vol. 40, pp. 481-489, 
1929. 

52 Leighton, l\L l\I., personal communication. 
53 Trowbridge, A. C., The erosional history of the Driftless Area : 

Univ. Iowa Studies, vol. 9, pp. 123-127, 1H20. 
54 Leverett, Frank, Outline of Pleistocene history of :Mississippi Valley : 

Jour. Geology, vol. 29, p. 621, 1921. 
55 Thwaites, F. T., Pre-Wisconsin terraceR of the Driftless Area of 

\Visconsin: Geol. Soc. Ameriea Bull., vol. 3H, pp. 640-641, 1928. 

leys in the Driftless Area were eroded before the first 
glacial stage. 

It is of interest to summarize here the succe2sion of 
events between the development of the Calhoun pene­
plain and the first advance of Pleistocene ice as deduced 
from evidence in and near the Hardin and P-russels 
quadrangles : 

1. Development of the Calhoun peneplain (rnid-
clle? Tertiary) . 

2. Deposition of the Grover gravel (late Miocene'?). 
3. Deformation, tilting, and uplift. 
±. Deepening of valleys and developrnent of inter­

rnediate post-mature upland surface (Plio­
cene?). 

5. Vertical uplift, trenching, and dissection. 
6. First stage of glaciation (Nebraskan) . 

This succession may not be as absolute as the tabular 
form of presentation implies; a certain arnount of over­
lapping is not only possible but very probable. Never­
theless. the general order of events seems tc be un­
mistakable, and this in itself indicates that the Cal­
houn peneplain and the Grover gravel cannot be of the 
very latest Tertiary age ( pp. 103-10±, 109). 

VALLEY WIDENING-RECESSION OF THE BLUFFS 

The preglacial valleys were not only as deep as or 
deeper than the present one, but they were also rnuch 
narrower. This fact is attested by the abundant evi­
dence that the river valleys have been greatly widened 
by recession of the bluffs. It is true that the most obvi­
ous \Yidening has occurred within Recent and late Pleis­
tocene times, but it seems probable that the widening 
began much earlier, perhaps before the first ice advance, 
and has continued without irnportant interruption to 
the present time. 

The evidence of this bluff recession may readily be 
seen in the strikingly parallel alinement of the river 
bluffs and in the pronounced topographic unconfornli­
ties between the upland surface. the bluffs, and the 
river flood plains. True, the topographic unconform­
ity probably has been accentuated smnewhat by aggra­
dation of the flood plains. Nevertheless, the aline­
rnent of the bluffs is independent of structural control; 
the intervalley spurs have been trimmed back to a 
nearly straight line without regard to structural ir­
regularities such as the Hardin syncline and the anti­
clinal axis at Cap au Gres. 

Minor details of land form support the conclusion 
that the valleys have been widened. Back of many of 
the bluffs, the hills slope away from the river (fig. 9), 
thereby demonstrating that the parts of these l'ills that 
formerly extended riverwarcl have somehow been re­
moved. Many tributary valleys, such as that of Madi­
son Cree.k, Bond Hollow, the one at Martin's Landing, 
Hardin Hollow, and Lead Hollow, maintain their rela-
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.I<'IGURE 9.-A hill that slopes landward from bluff along Illinois River. Evidence 
of lateral erosion by river. Three miles north of Hardin. 

ti vely narrow and steep-sided cross-section to their 
nwuths at the river flood plains; they do not widen 
perceptibly downstream. In traveling down these 
valleys, one is surprised at coming so abruptly onto the 
flat aluvial plain; the more-open lower reaches that 
would normally be expected are not there. The tribu­
tary valleys also exhibit a pattern that displays the 
dismemberment they have undergone. Many groups of 
the small valleys, like those of Two Branch Hollow, 
the two streams near Martin's Landing, Turner Branch 
and Dixon Hollow, McNabb Hollow, Gresham and Irish 
Hollows, De Gerlia and French Hollows, Lincoln 
Valley, and the streams near Grafton, lie in courses 
which converge toward points now on the 1nargin of or 
well out into the present river flood plains. Supple­
lnentary evidence, such as the exposures of fresh rock 
in the bluffs and the asymmetry of the Calhoun County 
upland, the occurrence of late Pleistocene alluvial 
cones, and a few cases of piracy, lend additional sup­
port to the conclusion that the river bluffs have re­
treated landward. 

CAUSE OF THE BLUFF RECESSION 

An essentially straight line of sharp topographic un­
conformity that is independent of rock structure might 
be produced by wave erosion, by faulting, by longi­
tudinal scour, or by lateral planation. '\Vave erosion 
and faulting are clearly inadequate to explain the lines 
of bluffs that border Mississippi and Illinois Rivers. 
Barrows 56 and Cady 57 concluded that longitudinal 
scour by floods through the Chicago outlet (pp. 90, 96, 
115) straightened the valley walls of the upper Illinois 
River. However, it seems extremely improbable to the 
writer that this process was an important factor in the 

56 Barrows, H. H., Geography of the middle Illinois Yalle:v : Illinois 
Geol. Survey Bull. 15, pp. 48, 53, 54, 57, 1910. . 

57 Cady, G. H., Lateral. erosion in the upper Illinois Valley by the 
Chicago Outlet (abstract) : Illinois Acad. Sci. Trans., vol. 9, p. 210, 1916. 

bluff recession along the lowe1" Illinois River. Long~­
tudinal scour, in order to be effective, would require 
huge torrents as wide as the present trough and very 
deep. With so much water and such rapid erosion, 
tributary valleys should have been filled with detritus 
to the highest flood level; but no such deposits ar~ 
found. Further1nore, any sueh torrential scour 1nurt:. 
have preeedecl the deposition of the Illinoian Brussels 
formation, else the -widespread de,posits of that formr,­
tionnear Brussels would have been entirely swept away. 
Hence, longitudinal scour, if ever effective, could not 
have been caused by the Chicago outlet in late "\Viscon­
sin time. Finally, if longitudinal scour is required to 
explain the parallel walls of the Illinois trough, it must 
logically be called upon to explain also the similar but 
even 1vider walls of the Mississippi trough. 

On the other hand, lateral planation by strean1s no 
larger than the present rivers seems entirely c01npetent 
to have produeed the straightening of the valley walls. 
As a stream cuts deeper toward its base level, it is 
compelled to expend progressively n1ore and n1ore of 
its energy in lateral cutting. Jutting headlands ar~ 
repeatedly undercut and the walls are gradually 
trinuned back, just as Mississippi River is even now 
trimn1ing its walls along southern Calhoun County. 
This process, if continued, would eventually give nearly 
straight valley walls. 

EXTENT OF VALLEY WIDENING 

The amount of bluff recession can be estimated very 
roughly by several different methods. Minimum esti­
Inates 1night be n1ade by restoring the complete fonn 
of those hills that slope landward behind the bluffs. 
However, estimates that are believed to be more signif­
cant can be 1nade by other methods. 

Restorations of the groups of valley courses thrt 
converge upon points within the present flood plains 
suggest that at one time the Calhoun County upland 
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extended at least half a mile farther westward into 
the Mississippi flood plain and11nile farther eastward 
into the Illinois flood plain. This criterion does not 
afford any dependable measurmnent of the for1ner west­
ward extent of the uplands of Jersey and Greene 
Counties. 

Another and quite independent method of estimation 
may be based upon the length of uninterrupted bluff 
lines. It seems fair to assume that evenly trimmed 
spurs or interfluves, like those north of MeN abb Hollow, 
south of Dixon Hollo,v, between West Point and Dog­
town Hollows, southeast of Two Branel1 Hollow, be­
tween Monterey and 'union schools, south of Lincoln 
Hollow, and south of l\1:acoupin Creek, once extended 
at least one-half as far riverwarcl as the present length 
of the uninterrupted bluff line. (See fig. 10.) If this 

- .... 

0 

FIGURE 10.-Method of estimating a probahle minimum distance of bluff 
recession. X= one-half of the present length of uninterrupted bluff 
line. 

assumption is warranted, it then appears that the Cal­
houn County upland, and especially the eastern side of 
this upland, has suffered more loss by recession of the 
bluffs than have the uplands of Jersey and Greene, Coun­
ties. Mississippi River seems to have cut eastward in 
many places and Illinois River westward in many places 
at least three-quarters to 114 1niles, whereas the valley 
of Illinois River shows evidence of widening eastward 
in only a few places, a conclusion accordant with that 
based on the groups of converging valleys. 

The asyrnmetrie profile of the Calhoun County up­
land also suggests that the eastern side of this upland 

has lost more by bluff retreat than the western side. In 
the Hardin quadrange the divide between Mississippi 
and Illinois Rivers is consistently closer to the margin 
of the Illinois flood plain, despite the fact that this flood 
plain is somewhat lower than that of Mississirpi River. 
In the Brussels quadrange, south of the Car au Gres 
flexure, the asymmetry of the profile is rever::ed ~ there 
the divide lies much closer to Mississippi River. In­
asmuch as this asymmetry south of the Car au Gres 
flexure is the one that might be expected frmn the dip 
of the rocks, it affords no sound basis for e::timation. 
But the asym1netry in the Hardin quadrangle is pre­
cisely the opposite of that which the dip of the rocks 
would indicate. Hence, it seems fair to assum~ that the 
upland in the Hardin quadrangle once extercled east­
ward into the Illinois Valley at least as far at it now 
extends westward toward the Mississippi Valley. 
J udgecl by this criterion the Calhoun County upland 
once extended at least lh to 1 lj2 miles farther eastward 
than it does today. 

Still another method of estimation gives simply a 
maximum measures of the amount of bluff recession. 
The slopes of the intermediate upland surface, if ex­
tended frmn both sides out over the flood plain of Illi­
nois River, meet near the eastern bluff line. Estimated 
by this method, therefore, the western wall of the Illi­
nois Val1ey seems to have retreated from 2 to 3 n1iles 
whereas the eastern wall has retreated only% to 1 mile. 

The several lines of evidence considered all indicate 
that the valleys of Mississippi and Illinois Rivers have 
widened at the expense of the uplands. The western 
wall of Illinois Valley appears to have receded most 
and the eastern wall least, and the eastern wall of 
Mississippi Valley an intermediate amount. Estimates 
indicate that the western wall of Illinois Valley has re­
eeded at least % to 114 miles and possibly af much as 
2 to 3 miles-that is, that Illinois River seems to have 
encroached upon its western bank far more than upon 
its eastern bank. 

DATE OF VALLEY WIDENING 

Obviously, this bluff recession postdates tlw develop­
ment of the intermediate upland surface and at least the 
initial stages of the trenching, that followed. Most of 
it probably took place within Pleistocene time but where 
l\Essissippi River now impinges sharply against the 
bluffs, as at the Cap au Gres, it is still continuing. The 
western wall of Illinois Valley shows evidence of very 
extensive and relatively recent undercutting. but even 
here this lateral planation antedates the end of the 
Pleistocene epoch, as is shown by the presence of the 
Deer Plain terrace at the foot of the bluffs. (See geo­
logie map, pl. 1.) Almost all the present bluff lines in 
the Hardin and Brussels quadrangles seem to have been 
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cut since the deposition of the Illinoian till. the Brus­
sels formation, and the Sangamon ( ? ) loess. But frmn 
Hamburg to Batchtown there is a double line of bluffs, 
the outer one of which is younger and the inner one 
older than the Brussels fonnation. The older of these 
two bluff lines is now greatly dissected, but the remain­
ing headlands fall into smooth curves that suggest a 
bolder bluff line sometime in the past. The older bluffs 
may possibly have been cut during the Kansan stage of 
glaciation or they may have been formed much earlier. 

TRIBUTARY VALLEYS 

\Vhile the ancestral Mississippi and Illinois Rivers 
were cutting first the intermediate upland surface, then 
the deep trenches, and finally widening their valleys. a 
complex system of tributary valleys was developing. 
The larger tributaries of the region. such as Cuivre 
River. Salt River. Macoupin Creek, Otter Creek, and 
Bay Creek, may have. inherited part or all of their 
courses from streams that flowed on the Calhoun pene­
plain~ but most of the smaller streams probably devel­
oped their own courses by headwarcl erosion. 

That headward erosion was an important factor in 
the development of the tributary valleys is evidenced by 
the tendency of these valleys to follow preexistent lines 
of weakness. Dogtown Hollow and Greenbay Hollow 
are strike valleys along the Cap au Gres flexure. The 
two valleys that enter Mississippi River in sec. 17 and 
in sec. 27. T. 13 S., R. 2 W., seem to be exhumed or 
resurrected pre-Pennsylvanian valleys. because they fol­
low lines where contact between the Mississippian lime­
stone and the Pennsylvanian formations is lowest. 

A number of valley courses semn to be controlled by 
the joint systems in the limestone bedrock. In the 
NE1,4 sec. 2. T. 10 S., R 3 W., the stream in Gresham 
Hollow follows the prevailing joint system in the 
Silurian limestones. In the NE%NW% sec. 22. T. 9 
N .• R. 13 \V., a valley tributary to Tar Hollow is ob­
viously controlled by joints in the Burlington limestone. 
Similarly, parts of Haushalter Hollow in the 
NW%SE1,4 sec. 14 and parts of the valley in the N\V1,4 
sec. 24, T. 8 N., R. 13 W .• follow closely the dominant 
joint system in the Burlington li1nestone. 

The obvious relation between these valley courses and 
the joint systems suggests that the northeast-southwest 
alinement of minor drainage that is so striking in parts 
of Jersey, Greene, and Macoupin Counties, Ill.,58 1nay 
be in part the result of headward erosion of the pre­
glacial streams along joint lines. Ho,vever, the paral­
lelisin of this alinement with the direction of Illinoian 
ice nwvement Inakes it appear more probable that 
glacial erosion of parts of preexistent valleys was the 
dominant factor. (See p. 118.) 

58 Illinois Geol. Suryey, geologic map of Illinois, 1917 ; topographic 
map of Roodhouse, Illinois, triangle. 

TOPOGRAPHIC EXPRESSION OF DIFFERENT HOCK 
LAYERS-STRATUM BENCHES 

The Calhoun peneplain was dissected by the brancl:-­
work of tributary streams and carved, probably before 
the first advance of Pleistocene ice, into a rugged mature 
land surface. In this dissection many different Paleo­
zoic formations were uncovered and, as the rocks of 
these different for1nations vary widely in their resist­
ance to erosion, they strongly influenced the resulting 
land forms. 

The stratigraphic section in the Hardin and Brussels 
quadrangles consists essentially of an alternating series 
of five resistant units of limestone separated by four 
soft units of shale. The resistant units are the Ordovi­
cianlimestones. dolomites, and sandstone, the Silurian, 
and Devonian limestones and dolomites, the lower MiF­
sissipian limestones, the middle :Mississippian lime­
stones, and the Pennsylvanian limestones. These units 
are separated by the relatively nonresishtnt Maquoketr, 
Hannibal, Warsaw, and Carbondale formationf', 
Where the rocks dip perceptibly, the shale units have 
been excavated into strike valleys and the )imeston~ 
units into longitudinal ridges and euestas ~ where th~ 
rocks are flat lying, the shale units have forn1ed slopes 
and lowlands beneath the plateau eaps and stratum 
benches made by the limestone units. "Structural ter­
race'' and "rock terrace,'' two terms that have been 
applied to the :features here called "stratum benches," 
seem unsatisfactory because they are used with very 
different meanings by some geologists. And within 
each unit, the different formations and the different 
beds are characterized by differing degrees of resist­
ance to erosion. These individual differenees of tope­
graphic expression have been discussed smnewhat more 
fully in the stratigraphic description of the Paleozoic 
formations. The characteristic topographic expref'­
sions of the different formations were found very usE>­
fnl in the geologic mapping of the two quadrangles, 
because it permitted recognition and tracing of th~ 
units even "\vhere the rocks are covered by a mantle of 
loess. 

SINKHOLES 

Locally, the uplands and stratum benches developer! 
on the Kimmswick, Brassfield, Burlington, and s~. 
Louis li1nestones are pitted with depressions known as 
sinkholes. These depressions are nor1nally circular (J r 
elliptical in plan, and they range from about 25 to 2,000 
feet in dia1neter and from less than 10 to 1nore than 
60 feet deep. A few of then1 have steep sides with 
exposures of porous li1nestone in their deepest parts, 
and these Inay still be in the process of enlargement; 
but most of the sinkholes are now gentle grassy swale~, 
and smne, the drainage of which has cmnpletel,Tr 
stopped, have formed ponds. 

The most conspicuous groups of these sinkhole de­
pressions are on the St. Louis limestone in and aroun<l 
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sec. 3, T. 13 S., R. 2 W., and sec. 33, T. 12 S., R. 2 1V., 
and on the Kimmswick limestone in and near sees. 8 
and 20, T. 12 S., R. 2 W. (See pl. 15 B.) The group 
of sinkholes in the NW'% sec. 20 and the SW14 sec. 17, 
T. 12 S., R. 2 W., 1nay be the intakes of a subter­
ranean drainage systen1 that emerges frmn the l{inuns­
wick limestone at the "Cave Spring'' along Madison 
Creek. A large spring at the base of the bluff of Plattin 
limestone in the SEV1 sec. 7, T. 12 S., R. 2 1V., may 
drain the group of sinkholes in section 8. 

A cave spring in l\icNabb Hollo,v, si1nilar to the 
one along Madison Creek, discharges a strean1 of water 
from a small cavern in the Brassfield limestone. No 
Rinkholes were noted along the outcrops of the Brass­
field limestone nearby, but elsewhere they are devel­
oped in this formation. These two springs from cav­
erns in the Kimmswick and Brassfield li1nestones sug­
gest that other springs of the region 1nay also be out­
lets of sinkhole drainage. However, .most of the 
springs in the Hardin and Brussels quadrangles seem 
unrelated to such sinkhole drainage, for the Chouteau 
limestone, the principal source of the hillside springs, 
is nowhere pitted with these depressions. 

One of the ponds marginal to the Illinoian ice cer­
tainly, and another one possibly, is connected with an 
underground drainage systen1 ( p. 81). The till dams 
at both of these ancient ponds seen1 to show that the 
underground drainage cannot be the cause of the ponds, 
and it seen1s much more probable that the underground 
drainage at these two places was caused by the stand­
ing water in the glacial ponds. 

It is probably significant that the sinkholes are devel­
oped only upon formations 1nade up of fairly pure cal­
cite and that they occur in positions where the limestone 
beds are relatively flat lying. The sinkhole or karst 
topography on the St. Louis li1nestone coincides ap­
proximately in its distribution ·with the broad flat 
trough of the Troy-Brussels syncline. This relation 
holds in spite, of an apparent identity of composition 
of the rocks along the axis of the syncline and on its 
flanks. It may possibly indicate smnething of the con­
ditions of ground wate,r circulation at the time the sink­
hole cavities were formed. 

Although the sinkholes are developed above rela­
tively flat-lying ledges of fairly pure limestone, yet 

as surface features nearly every one of them is sunk 
its entire depth in loess and not in limestone. Inas­
much as loess is for the 1nost part insoluble in water, 
this common relationship suggests that the sinkholes 
have been formed by the falling and washing clown of 
loess into solution cavities and crevices in tb~ under­
lying limestone. 

According to the generally accepted interpretation, 
the cavities below sinkholes were fonned by the solu­
tion of limestone in descending ground water~ during a 
time when the region stood above the ground-water 
level. By this interpretation the cavities were dis­
solved sometime after the uplift of the surfaces on 
which they are now found. This orthodox interpreta­
tion of the origin of limestone caverns ha8 recently 
been questioned by W. M. Davis,59 'vho believes that 
much of the solution may take place below the water 
table. If this alternative hypothesis is correct, the 
cavities below sinkholes in the Burlington limestone 
on the narrow upland in Tps. 11 and 12 S., R. 2 W., 1nay 
have been fonned before the Calhoun peneplain was 
uplifted, and the cavities below the sinkhol~s in the 
l{immswick, Brassfield, and St. Louis lime;:;<tones in 
other parts of the area may have been formed son1e­
ti1ne later but before the lower surfaces were uplifted. 

The correct interpretation is not known. The re­
siduum-filled sinkholes at the Mississippian-Pennsyl­
vanian contact ( pp. 55-56) are distinctly pre-Pennsyl­
vania in age, but they 1nay possibly have been formed 
before the post-Mississippian uplift. The abundance 
of sinkholes along the trough of the Troy-Brussels syn­
cline might possibly be interpreted as evidence in favor 
of Davis' hypothesis that nnlCh of the limeftone was 
dissolved below ground-water level. 

PLEISTOCENE MODIFICATIONS OF THE LAND 
SURFACE 

With the exception of the Grover gravel, the entire 
record of post-Pennsylvanian, pre-Pleistocene events 
in the Hardin and Brussels quadranges is one of erosion. 
Ho,ovever, with the beginning of Pleistocene tin1e concli­
tions changed again, and most of the important Pleisto­
eent events are recorded by deposition instead of by 

59 Davis, W. 1\L, Origin of limestone caverns: Geol. Soc. America Bull., 
vol. 41, pp. 475-628, 1930. 

EXPLANATION OF PLATE 15 

Airplane photographs taken March 1926 by the Air Service, U. S. Army for use by the U. S. Geological Survey. Scale, approximately 1:62,501. 

A. Part of Mississippi River and unglaciatPd uplands. At left, a part of Mississippi River and its flood plain and of Mozier Island and Thomas Chute. Ligh';-colored areas 
are sand bars along island and shoals behind wing dams. In center and at right, unglaciated uplands and slopes of Calhoun County. Pancake Holl1w and North 
Prong of Irish Hollow in center and Crater Creek at right. 

B. Mississippi River and sinkholes near Batchtown. At extreme left, uplands of Lincoln County, Mo. At left and in center, flood plain and channel of Mississippi River, 
showing part of Sandy Island, head of Sarah Ann Islant1, Sand Bay, and a series of flood-plain swales. At right, uplands of Calhoun County, Ill., showing sinkholes in 
Kimmswick limestonP, a part of Batchtown channel, and the town of Batchtown. 

C. Partially dissected till plain near Fieldon. At left, fiat flood plain of Illinois River (sees. 19, 20, 29, and 30, T. 8 N., R. 13 W.). In center and at right, dissected remnants 
of Illinoian till plain northwest and northeast of Fieldon. 

D. Illinois and l\fississippi flood plains and DPer Plain and Bru~sels tPrraces. At extreme upper left corner, town of Brussels on Brussels terrace. In lowPr center, town of 
Deer Plain on DPer Plain terrace. In center, fiat flood plain of Illinois River, showing Flat Lake and a part uf Gilbert Lake. At right, bars and swales on Mississippi 
River flood plain. 
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cutting. Nevertheless, outside the li1nits of actual gla­
ciation and of stream deposition and even within the 
area subjected to temporary aggradation, dissection 
continued throughout the Pleistocene. 

Both the Ii:ansan and the Illinoian ice sheets ad­
vanced into but not across the area of the Hardin and 
Brussels quadranges and, as a result, the preexistent 
land forms were greatly modified. The major streams 
of the region were forced ont of their courses by the. 
ice and beca1ne choked with glacial debris, the intricate 
pattern of smaller valleys was almost completely 
masked out by thick deposits of till, and, during inter­
glacial stages, the uplands were heavily mantled with 
loess. 

At the time of the Kansan glaciation and possibly in 
earlier periods as well ( p. 107 and fig. SA) the region 
now drained by the present Rock River and the lTpper 
Mississippi River seems to have discharged its waters 
through the valley of Illinois River,60 and at that time 
the valley of the present Mississippi immediately above 
the mouth of Illinois River was drained by a much 
shorter stream. Ho·wever, the Illinoian ice sheet a p­
parently forced this northern drainage weshvarcl into 
the valley of the early Pleistocene or preglacial Iowa 
River 61 and, with only minor modifications, this course 
seems to have been maintained ever since. 

The maturely dissected preglacial land surface was 
cmnpletely changed and levelled up to a ne\v plain by 
filling of the valleys with iceborne debris. After the 
glaciers melted away these till plains began to be dis­
sected by streams and the resulting youthful topo­
graphy now stands in sharp contrast to the mature 
topography of the unglaciated parts of the region. 

Even outside the limits of actual glaciation the modi­
fications were great. The quantity of water and the 
volume of detritus being discharged into the streams 
were tremendously increased and the rivers were com­
pelled to build up and cut down their bed levels alter­
nately in adjustment to the changing conditions. 
No doubt the climatic environment also fluctuated 
sharply 62 and the unglaciated uplands were subjected 
to alternate periods of increased precipitation and heavy 
clustfalls. 

DATE OF DEEPEST SCOURING AND POSSIBLE CAUSES 
OF AGGRADATION 

Stratigraphic evidence seems to show that the major 
streams had cut their valleys essentially to present 
depths below the upland before the beginning of the 
Pleistocene epoch. However, this evidence tells almost 
nothing about the date at which the deepest parts of 
the bedrock floors of these streams were cut. These 
deepest parts of the rock floor are discovered only by 

6" Leverett, Fmnk, The Illinois glacial lobe : U. S. Geol. Survey ~Ion. 
38, pp. 467, 484, 1899; Outline of Pleistocene history of Mississippi 
Valley: Jour. Geology, vol. 29, pp. 615-626, 1!l21. 

61 Leverett, Frank, op. cit., p. 617. 
6~ Br~·an, Kirk, Glacial climate in non-glaciated regions: Amer. Jour. 

Sci., 5th ser., vol. 16, pp. 162-164, 1928. 
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drilling and the age of the immediately overlying de­
posits is rarely if ever determinable. If the present 
rivers occasionally scour to their bedrock floors, the 
deepest cutting may be entirely of Recent age. If, 
however, the lower part of the alluvial fill is of Pleisto­
cene age, the valleys may have been cut deepest during 
times of great stream flow in the Pleistocene or at an 
even earlier time when the streams first trenched to 
lmver levels. The conclusion \Yas reached in anot}ar 
part of this report ( pp. 70-72, 101) that within the 
Hardin and Brussels quadrangles the present Mis8is­
sippi and Illinois Rivers very prcbably are not scouring 
their deepest alluvimn and therefore that the deepr:>st 
parts of the bedrock floor n1ust have been cut by earlier 
streams. This conclusion accords with that of many 
other writers,63 but it does not indicate the exact date of 
deepest cutting. 

The very low gradient of the bedrock floor of the 
lmver Illinois River ( pp. 98, 129, 136) has a bearing on 
the date of deepest cutting there. Several writers 64 lu~ve 
suggested that this cutting may have been accomplished 
by the waters discharged from Lake Chicago. An ex­
amination of the profile of the river 65 n1akes this ex­
planation appear rather improbable. The remarkably 
flat gradient of the present river and the depths of r,p­
proximately 100 feet to bedrock are essentially re­
stricted to that part of the river between the n1outh and 
the Great Bend at Hennepin (p. 98). About 15 miles 
east of the Great Bend the gradient steepens abrup~ly 
and bedrock comes to the surface. It is therefore diffi­
cult to understand how floods competent to scour out 
the lower valley could have flowed through the upper 
valley without also flattening the gradient there. 

The very low elevation of bedrock at Princeton,66 

about 10 miles north of the Great Bend and in the old 
valley of the pre-Illinoian ~iississippi and Reek 
Rivers,67 seems to indicate that, at least near the Great 
Bend, the rock floor was cut to its greatest depths lo1lg 
before the Chicago Outlet. This suggests that the vn~y 

63 Leverett, Frank, the Illinois· glacial lobe: U. S. Geol. Survey Mon. 
38, p. 476, 1899; Outline of Pleistocene history of Mississippi Vall<>y: 
Jour. Geolog~·. vol. 29, pp. 618-620, Hl21. Carman, J. E .. The 1\Iis.-is­
Rippi Valley between Savanna and Davenport: Illinois Geol. Survey B"'ll. 
13, p. 28, 1909. Shaw, E. \V., Newly discovered beds of extinct lakes 
in southern and west('rn Illinois and adjacent States: Illinois G<>ol. 
Suney Bull. 20, pp. 153, 156, 1915. Sauer. C. 0., Geography of the 
upper Illinois Valley and history of development : Illinois Geol. Survey 
Bull. 27, p. 89, 1916. Trowbridge. A. C .. op. cit., The erosional histoQ' 
of the Driftless Area: Univ. Iowa Studies, vol. 9, pp. 119-120, 1£20. 

6! Cooley, L. E., The Lakes and Gulf waterway, pp. 2-3, 61, 1f91. 
Barrows. H. H., Geography of the middle Illinois Valley: Illinois G<>ol. 
Survey Bull. 15, pp. 4, 47-48, 53, 57. 1910. Leverett. Frank, Outline 
of Pleistocene history of Mississippi Valle~·: J"our. Geology, vol. 29, p. 
626, 1921. 

65 Leighton, M. 0., Pollution of Illinois and l\fisRiRsippi Rivers by Chi­
cago sewage: U. S. Geol. Survey Water-Suppl~· Paper 194, pl. 2, H'07. 
Sauer. C. 0 .. Geography of the uppeL· Illinois Valley and history of 
denlopment: Illinois Geol. Survey III, Bull. 27. p. 18, fig. 3, 191f. 

66 Leverett, Frank, The Illinois glacial lobe: U. S. Geol. Suney l\1on. 
38, pp. 500-501, 1899. 

67 Leverett. Frank. op. cit., pp. 466-467, 484; Outline of Pleistocene 
history of Mississippi Valley: Jom·. Geology, vol. 29, fig. 2. p. 625, 11:121. 
Alden, W. C .. The Quaternary geology of southeastern Wisconsin: U. S. 
Geol. Surve~· Prof. Paper 106, pp. 113-115, pl. 2, 1918. 
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low gradient on the rock floor from Princeton to the 
mouth of the river may also have been cut by the com­
bined waters of the ancient Mississippi and Rock Rivers 
sometime before the Illinoian and possibly before the 
earliest stage of glaciation. 

The factors that may have led to later aggradation 
upon the old rock floors of both Mississippi and Illinois 
Rivers are many. Several writers have attributed the 
filling to glacial debris, but Trowbridge 68 concludes 
that the initial trenching of the streams was followed 
by a period of subsidence and possible tilting. 
Leverett,69 however, points out that the gradual exten­
sion of the Mississippi delta gulfward and the heavy 
load of sediment carried by Missouri River might ae­
count for the difference in altitude of the rock floors 
and the present rivers. 

The aggradation 1night also be explained in any one 
of several other ways. Davis 70 cites factors that cause 
a stream, while developing normally from youth to 
matutity, to aggrade its valley, and this process 1nay 
explain much of the aggradation in the Mississippi 
and Illinois Valleys. Still another possible explana­
tion is that of world-wide changes of sea level clue to 
glaciation-the lowering of sea level that is believed 
to accompany widespread continental ice sheets and 
the resulting rise when the ice has melted.71 

Of these various possible interpretations, those of 
more local nature, such as uplift and warping or the 
load of detritus carried by ~fissouri River, seem less 
adequate to account for the general aggradation than 
those, like glacial debris, the advance of the delta, or 
changes of sea level, that are more regional in their 
effects. Whatever factors may have eontribute.d, the 
apparent thickening of the alluvial fill up the valley 
of Mississippi River (pp. 98, 136) seems to show 
that this stream has built up a steeper slope by aggra­
dation, and this suggests that at least part of the aggra­
dation was caused by some change, such as a decrease 
of volume or an increase of load, which lowered the 
transporting power of the river. 

But it is fruitless to search for some one si1nple 
explanation of the aggradation of the valleys. There 
is clear evidence, both stratigraphic and physiographic, 
of at least four cycles of alternate cutting and filling 
in Pleistocene and Recent time~ and it is quite unlikely 

68 Trowbridge, A. C., op. cit., pp. 119-120. 
6~ Leyerett, Frank, The Illinois glacial lobe: U. S. Geol. Survey l\fon. 

38, p. 476, 1899: Outline of Pleistocene history of 1\:lississippi Valley: 
J"out·. Geolo~r. vol. 29, pp. 618-620. 1921. 

' 0 Davis, \V. l\1., Rock floors in al'id and humid climates: J"our. Geology, 
,-oi. 38, pp. 138-141, 1930. 

a Barrell. Joseph, Factors in movements of the strand line and their 
results in the Pleistocene and post-Pleistocene: Amer. J"our. Sci. vol. 
40, pp. 1-22, 1915. Antevs. Ernst. Quaternar~· marine terraces in non­
glaciated regions and changes of level of sea and land: Amer. J"our. Sci. 
5th ser., vol. 17, pp. 35-49, 1929. Dal~·. R. A., Swinging sea level of 
the Ice Age: Geol. Soc. America Bull., vol. 40, pp. 721-734, 1929. Cooke, 
C. \Y., Correlation of coastal terraces: J"our. Geology, vol. 38, pp. 577-
589, 1930. 

that the aggradation in each of these periods YYas due 
to precisely the smne cause. 

THE KANSAN TILL PLAIN 

To those who have not grown too accustomed to them 
by everyday familiarity, perhaps the 1nost striking 
topographic features in the central Mississippi Valley 
region are the widespread prairies or flat till plains. 
These plains make up the landscape of the greater part 
of Illinois and northern Missouri. Along all stremn 
courses and particularly near the larger rivers these 
till plains have been intricately dissected, and only nar­
row remnants are left along the divides to show their 
former extent. But back from the strean1s, the very 
gently undulating flat surfaces are monotonously 
widespread. 

The l(ansan till plain, which lies west of Mis:;-issippi 
River, is older and more thoroughly dissectf.d than 
the Illinoian till plain east of Illinois River, but the 
remnants of it are no less plainlike. Viewwi from 
the general level of the remnants, the n10re r~cently 
cut valleys become inconspicuous, and the eye uncon­
sciously restores the original plain. Even in an area 
of considerable dissection, such as that along Bryant 
Creek in northern Lincoln County, Mo., the remnants 
of the Kansan till plain are readily recognized by 
their topographic fonn alone.. However, the fact that 
this considerably dissected flat surface is actuallv that 
of an ancient till plain is abundantly shown by the 
exposures of deeply weathered till. 

Todd 72 reported that throughout n1ost of its extent 
the ICansan iee sheet was bordered by relatively high 
land. A significant exception to this rule. was roted by 
him in St. Charles County, Mo., where a lobe of the 
glacier extended southeastward down the gentle slope 
to an indeterminate margin. Todd's mapping shows a 
narrow unglaciated strip in eastern Lincoln and Pike 
Counties, Mo., north of this southeastern lobe. 73 

Reconnaissance examinations by M. M. Leighton and 
the writer in southeastern Lincoln and western St. 
Charles Counties and by the writer in eastern Lincoln 
and southeastern Pike Counties seem to show that south 
of the Cap au Gres flexure the l{ansan till plain extend.s 
over the entire upland, but that north of there, or more 
exaetly north of Apex, a narrow strip of upland along 
the Mississippi River bluffs has not been glaciated. 
This region coincides roughly with the unglaciated area 
reported by Todd, but the approximate lin1itf shown 
on fig. 4 outline an area much smaller than that indi­
cated by him. 

The reconnaissance examinations also see1n to show 
that the margin of the l{ansan ice sheet :was excr~clingly 
lobate. In the rough topography of eastern Lincoln 

72 Todd, J. E .. Formation of the Quaternary deposits: Misrouri Geol. 
Suryey, vol. 10, pp. 125-126, 1896. 

73 Todd, J. E., op. cit., pl. 12. 
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and Pike Counties the till plain has a very irregular 
margi1~ with long and relatively narrow tongues ex­
tending down several of the larger valleys. No sug­
gestion of tenninal moraines was noted. (See p. 
119.) Furthermore, in at least three localities the 
ice sheet near its margin semns to have lapped cmn­
pletely around low isolated hills, thus leaving nuna­
taks (fig. 4). However, investigations m_uch n1ore de­
tailed than those the writer ·was able to 1nake would be 
necessary to establish this fact.. 

The southeastern limits of the St. Charles County 
lobe are unknown. In figures .4 and 5 they have been 
extended~ on the basis of examinations by Leverett, 
Leighton, and the writer, somewhat beyond the limit.:s 
shown by Todd. This extension raises a question about 
the date of the diversion of Missouri and possibly of 
Mississippi Rivers in northeastern Franklin County, 
Mo. Leverett 74 has suggested that, during the N ebras­
kan (?) glaciation, Mississippi River, and with it the 
Missouri, were diverted westward into the Meramee 
and Big River basins, near Labadie, Mo., across the col, 
pointed out by Todd,75 at Gray"s Summit. (See fig. 4.) 
However, if the Kansan ice sheet extended only a short 
distance farther southeastward than it has thus far 
been 1napped~ Missouri River alone 1night have been 
diverted southward at Gray's Sunnnit into Meramec 
River. 76 Hence, until the southeastern limits of Kan­
san glaciation in northern Missouri have been more ac­
curately mapped, it seems unnecessary to postulate the 
extension of Nebraskan ice westward across St. Louis 
County in order to aecount for this diversion.77 

BATCHTOWN CHANNEL (KANSAN) 

Scattered e.xposures of a thiek deposit of deeply 
weathered gravel (pp. 75--,76) were found at several 
places near Batchtown along a valley like depression de­
veloped upon the outerop of the Maquoketa shale. The 
gravel is eoarse-grained and, though some of the. peb­
bles are facetted and striated, the bedding and inter­
laminated sand layers show that the 1naterial was 
water-laid. The topographic position in which this 
gravel oeeurs is such as virtually to demand an ancient 
strean1 through the valley like depression. 

The evidenee of the gravel seems to be confirmed by 
that of the physiographic relations. Although the de­
pression is elongated essentially parallel to the strike 
of the rocks, a closer examination reveals that it cuts 
obliquely across the strueture. The 600- and 650-
foot elevations on the headlands on both sides of 
the depression fall into s1i1ooth gently eurving lines 

74 Leverett, Frank, Oldest (~ebraskan ?) drift in western Illinois and 
southeastern Missouri in relation to ''Lafayette gravel" and drainage 
development (abstract) : Geol. Soc. America Bull., vol. 35, p. 69, 1924. 

~5 Todd, .T. E., op. cit., pp. 140, 183, 200, 207. 
76 Shepard, E. 1\L, Underground waters of Missouri: U. S. Geol. Survey 

Water-Supply Paper 195, p. 155, 1907. 
~7 Antevs, Ernst, l\Iaps of Pleistocene glaciations: Geol. Soc. Amer. 

Bull .. vol. 40, fig. 6, 1929. 

that delimit a valley with essentially parallel walls. 
These lines sweep southward across minor irregulari-

. ties of structure, touch roeks of different ages, and 
finally cross the present divide at the col in the NW14 
see. 34, T. 12 S., R. 2 W. The restored 600-foot con­
tour line on the western wall of the old valley, extended 
southeastward frmn the col, coincides closely with the 
northeasternmost 600-foot elevations on the Penns:rl­
vanian uplands in southern Calhoun County. This 
fact suggests that an ancient stream n1ay have crosfed 
the present divide and eontinued southeastward ~Lp­

proximately along this line.. This interpretation is 
strengthened by a minor detail of the topography : 
the right-angled turn from a southward to a westward 
course of the small stream in the NElli, sec. 33 sugge;;-ts 
that Dogtown Hollow may have worked back along 
the strike of the Cap au Gres flexure and eaptured part 
of an old south-flowing drainage system. However, it 
is possible that the observed relationships of gravel, 
valley walls, and roc.k structure might be- accounted 
for equally well by a strean1 which, instead of contin­
uing southeastward, turned back westward down whtt 
is now Dogtown Hollow and rejoined the Mississippi 
trough (fig. 5). 

Reeonnaissanee examinations seem to show that a lobe 
of the l{ansan glacier entered the trough of Mississippi 
River in ·western St. Charles and southeastern Lincoln 
eounties. Hence, an obstruetion and dan1n1ing, eitb~r 
partial or eomplete, of the stream that drained the nn­
glaeiated area north of this lobe would be expeeted (fig. 
4) . No unmistakable till was found assoeiated with 
the gravels in the Batchtown channel, and it is there­
fore uneertain whether or not the lobe actually en­
eroaehed upon the eastern side of the Mississippi 
trough. However. the regional relationships seem to 
point clearly to the conelusion that the obstruction 
eaused by the ice was sufficient to divert the strean1 
eastward through the tmnporary spillway. The g~~n­
eral coincidence of the old valley with the belt of 
l\{aquoketa lowlands would, under this interpretation, 
be aeeounted for as the diseovery by the ponded stream 
of the lowest pass aeross the uplands. 

The presence of coarse strean1 gravels in the Batch­
town ehannel affords some information bearing on the 
age of the cutting and filling of the Mississippi and 
Illinois troughs, a problem discussed in other parts of 
this report (pp. 76,110, 136) .• If, as seems likely, the 
Mississippi trough was cut to near its present depth dur­
ing pre-l{ansan times. then the gravels in the Bateh­
town channel indicate that, in this locality at least, 
the principal aggradation of the trough-to an eleva­
tion of about 130 feet above present strea1n levels-Y"as 
accomplished during the l{ansan stage of glaciation. 

ILLINOIAN TILL PLAIN 

The till plain fonned by the Illinoian ice sheet iE in 
all important respects similar to that formed by the 
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Kansan ice sheet. However, it extends into the area 
covered by this report, and it is of more recent age and 
so is less dissected. Hence, its minor surfaee features 
ean be deseribed in smnewhat greater detail than was 
possible for the plain formed by the older ice sheet. 

The Illinoian till plain slopes gently northward and 
northeastward from an elevation of about 850 feet in 
sec. 5, T. 7 N., R. 12 W., 1 mile east of the northeast 
corner of the Brussels quadrangle, to about 575 feet 
in the southwest part of the Roodhouse quadrangle, 4 
1niles east of the northeast corner of the Hardin quad­
rangle. \Vithin the Hardin quadrangle its elevation 
commonly ranges between the narrow limits of 700 and 
660 feet, but near its margin it slopes westward clown 
many of the snmller valleys. 

On the upland ~where it has not been dissected the 
surface of the plain is monotonously flat. However, it 
is not so absolutely featureless as in n1any other parts 
of Illinois. Minor swales and gentle billows can be 
seen upon careful inspection, and here and there dis­
tinct drumlinlike mounds rise above the plain as con­
spicuous land marks. Yet the general aspect is that 
of a very flat surface, and the local irregularities serve 
merely to aceentuate this dominant characteristic. See 
pl. 15C, 16B.) 

Between Otter and ~Iacoupin Creeks there are anum­
ber of broad low knolls that rise from 20 to 4:0 feet 
above the plain. They seem to be arranged crudely 
into two general trends-several groups on the stream 
divides trending east-northeast, presumably parallel to 
the direction of iee movmnent, and two groups trending 
north-nortlnvest, approximately parallel to the former 
iee front. North of Macoupin Creek the mounds are 
less numerous but more systematic in their shape and 
arrangemBnt. The most eonspicuous one, Witachek 
l\1ound, in the NW. Vt sec. 14, T. 9 N., R. 13 W., is a 
fairly typieal drumlin. 77 It rises about 75 fe,et above 
the till plain, is narrow and elongated Bast-northeast 
with a stee,p northeastward and a ve,ry gentle south­
-westward slope, and the partial e,xposures indicate that, 
below a thin mantle of loess, it is composed entirely of 
glacial till (pl. lOB). N ortheast\vard from Witachek 
Mound, for 4 mile,s along the strean1 divide, the,re are 
several other smalle,r drmnloidal knolls. 

Throughout most of the, Hardin quadrangle, the 
1nargin of the iee sheet lay in the, low lands of Illinois 
River and Otter Cree,k where all records of its e,xaet 
position have been lost. South of Otter Creek, how­
ever, a part of the upland was not overspread by the ice, 
and there the old margin can be traced with reasonable 
assurance. The limits of the maxinnun advance of the 
Illinoian ice shee,t upon this unglaciated area are 
1narked by the silted-up basins of several ponds that 
were fonned by till dams in small valleys (pp. 81-82). 

n Alden, W. C .. , The Quaternary geology of southPastern 'Wisconsin: 
U .. S .. Geol. Survey Prof. Paper 106. pp .. 253-254, 1918. 

'V'ithin this region there is no suggestion of a te,rminal 
moraine at the, extrmne margin of the till plain. 

The till plain is aln1ost solely the result of glaeial 
deposition. Minor valleys were covered with greater 
thicknesses of glacial debris than the intervening ridges, 
and the irregularities of the, pre-Illinoian top'lgraphy 
we,re thus filled up to a flat plain. Major valleys like­
\vise eontrolled the thickne,ss of the till, but their fonner 
positions are still indicate,d by broad gentle swales and 
elongate de,pre.ssions in the surface of the plain. 

There is very little direct evidence of erosio'l by the 
ice. The mantle roek-the residual chert and clay 
present in great thickness on the uplands in the un­
glaciated parts of the area-was largely removed before 
the de,position of the till, hut no e,vidence of ice abra­
sion of the bedrock was noted anywhere. The domi­
nance of chert fragments among the coarser constitu­
ents of the till also suggests that residual chert prob­
ably made up a large part of the materials erockd by the 
ice. However, the con1mon occurrence of undecom­
posed carbonates in the, fine-grained portion of the till 
shows that some limestone was eroded. The o~1ly phy­
siographic evidenee of erosion by the Illinoir.n ice is 
admittedly suhjeet to alternative interpretations. It 
is the drainage pattern characteristic of parts of Jersey, 
Greene, and Maeoupin Counties where n1.any of the 
stream valleys trend northeast-southwest parallel to 
the direction of ice movement. As stated elsewhere in 
this report ( p. 113) it seems possible that this drainage 
may be preglacial and eontrolled in part by jointing. 
Hmvever, exeavation of those preglacial valleys that 
happened to lie parallel to the direction of ice move­
ment and the filling of those that lay athwart that 
direction may have been the principal factor. 

At least two features of the Illinoian till plain 1nerit 
son1e further discussion. The deposits left in other 
regions by late Pleistocene continental glacif..'rs eonl­
monly form an irregular hummocky topography, and 
the extreme flatness of the Illinoian till plain i~ difficult 
to explain. MacClintock 78 has attributed thi~· flatness 
to the filling of all irregularities in the preglacial to­
pography by pre-Illinoian drift. As pointed out in 
another part of this report (p. 76), this suggestion 
carries with it the corollary that the equally flat and ex­
tensive Kansan till plain must likewise be widely under­
lain by pre-I{ansan drift, a deduetion that see•ns to be 
supported by no independent evidence. A few observa­
tions made within the Hardin and Brussels quadrangles 
1nay possibly have some bearing on the origin of the 
flat surfaee of the till plain. 'Vater-laid gravel, sand, 
and silt overlie the till gradationally at several places 
(p. 80), and these deposits suggest that the upper sur-

78 MacClintock, Paul, Recent discoveries of pre-Illinoian drift in 
southern Illinois: Illinois Geol.. Smvey Rept. Inv. 19, pp .. 56-57, 1929: 
Physiographic divisions of the area covered by the Illinoian drift sheet 
in southern Illinois: Illinois Geol. Suryey Rept. Im-. 19. pp .. 2-l-25. 1929 .. 
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face of the drift sheet may once have been more ir­
regular but that subsequent erosion and filling may 
have reduced these irregularities to a plain. 

Another physiographic feature of the Illinoian till 
plain. the absence of a terminal moraine, may be merely 
a special case of its general flatness. If the edge of the 
iee sheet at any time represented a balance between the 
!'ate of supply and the rate of wastage of the ice and 
if the edge remained long in some one general position, 
then the debris transported by the 1noving iee supply 
should have accumulated at this line of wastage. Ab­
sence of such an aceumnlation of debris at the 1nargin 
of the till must mean ( 1) that the balance between 
supply and wastage represented by a stationary ice 
margin was maintained by son1e process other than 
movement of the iee, or ( 2) that the ice edge did not 
remain long at the position of its maxinuun extent, or 
(3) that whatever terminaln1oraine may have been de­
posited \vas removed by subsequent erosion. 

The common assumption that the balance between 
supply and wastage was maintained by bodily move­
Inent or flow of the ice seems thoroughly justified by 
the occurrence of well-marked terminal moraines at the 
limits of Wisconsin glaciation in many parts of North 
America. But the belief that continental glaciers 
generally have retreated by a eontinuation of this same 
proeess has recently been challenged by Flint,79 who 
eontends that in many places stagnant rather thai~ nlov­
ing ice has controlled the waning phases of glaciation. 
It is not clear to the writer vd1ether or not an appli­
cation of the concept of stagnation to the Illinoian ice 
sheet would adequately account for the absence of ter­
minal moraines. 

The possibility that the Illinoian ice sheet did notre­
main long enough at its position of maximum extent 
to build up a terminal moraine must also be considered. 
The relationships of the Illinoian till to the Brussels 
formation in the Hardin quadrangle and at St. Louis, 
~lo .• seem to show that the maximum extension of the 
ice was not strictly synchronous throughout the region 
(pp. 84-851. The glacier may have advanced a fmv 
miles at one place ·while only a short distance away it 
was retreating. If these advances and retreats occurred 
frequently, the detritus that otherwise might have ac­
cumulated as a terminal moraine may have been scat­
tm-ed over a belt several miles wide. On the other hand, 
the varves or annual layers in the silts of the marginal 
pond deposits seen1 to show that, in the Hardin quad­
rangle, the ice edge stood for at least 800 and possibly 
several thousand years ( p. 82) in approximately the 
same position. 

The third alternative mentioned, the possibility that 
a terminal moraine may have been deposited and then 

79 Flint, R. F., Pleistocene terraces of the lower Connecticut Valley : 
Geol. Soc. America Bull., vol. 39, pp. 955-984, 1928: The stagnation 
and dissipation of the last ice sheet : Geog. Rev., vol. 19, pp. 256-289, 
Hl29. 

removed by subsequent erosion, seems equally unsat=s­
factory. The coarse materials that would be dump~d 
at the edge of the ice should forn1 a ridge that would 
be unusually resistant to erosion 80 and it might logi­
cally be expected that portions of the moraine would 
persist even longer than the till plain itself. The cor­
rect explanation of the absence of marginal deposits 
remains unknown. 

BRUSSELS TERRACE (ILLINOIAN) 

The extensive and ·well-defined surface (pls. 15D, 
17, 18) for which the name Brussels terrace is proposed, 
has been described sommvhat more fully along with the 
Brussels formation ( pp. 82-83). The surface of the 
Brussels terrace lies at an eleYation of from 520 to 5-!0 
feet above sea level, but it is n1antled by 10 to 20 feet 
or more of loess, and at no place were the water-h'jcl 
deposits of the Brussels formation found to extend 
higher than about 510 feet above sea level or approxi­
mately 100 feet above the present river levels. The 
terrace can be recognized at essentially the san1e eleva­
tions in St. Charles and St. Louis Counties, Mo. 

At its inner or landward margins. the terrace rises in 
long gentle slopes onto the sides of tlie older and higl,~r 
uplands. These gentle slopes seem to be largely there­
sult of deposition of younger loess, supplmnented some­
what by slope wash, and not to be graded slopes built 
at the time the Brussels formation was accmnulating. 
Small gentle knolls. from a few feet to 10 feet in height, 
are not uncommon on the surface of the Brussels ter­
raee, but they seem to be composed entirely of loess and 
so were formed sometime later than the terrace. Sand 
dunes, now made immobile or "fixed" by the vegetation 
that grows upon them, are numerous on the surface of 
the Brussels terrace in the NE:JA sec. 28, T. 9 N., R. 
13 W. At this locality they extend up to elevations of 
more than 600~feet above sea level, and at one place tl'a.y 
have dammed up a valley so as to fortn a small pond. 
The age of the dunes at this locality is uncertain. Tl,~y 

are probably, like the loess, distinctly younger tl;.an 
the Brussels terrace. However, the presenee of sands 
belieYed to be dune sands interlaminated with the mate­
rials of the Brussels formation in parts of the area sug­
gests that these dunes may have formed at the time the 
terrace was built. 

The Brussels terrace is clearly the result of aggrada­
tion. The water-laid silts are at least 75 feet and, if 
they extend below present stream levels. probably n1nch 
more than 100 feet thick. Hence. between the time of 
deposition of the gravels in the Batehtown channel ~ncl 
the completion of the Brussels terrace there was in some 
places at least 130 feet and possibly 250 feet of excava­
tion and at least 100 feet. possibly 200 feet, of filling. 

so Rich, J. L., Gravel as a resistant rock: Jour. Geology, vol. 19, pp. 

492-506. 1911. 
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A widespread and easily recognized terrace formed 
in actual contact with the edge of a continental glacier 
would seem to afford an exceptionally favorable oppor­
tunity for detecting any minor warping of the crust 
or "peripheral bulge" that may have been caused by 
the load of ice. 81 The thick mantle of loess decreases 
the value of the Brussels terrace for this purpose but 
the distances over which the terrace can be traced cmn­
pensate smnewhat for the uncertainty of its elevation 
at any particular point. A careful examination of data 
gathered with this possibility of ·warping along the ice­
front in 1nind revealed no evidence of Illinoian warping 
or of post-Illinoian recovery. Crustal movements of 
this sort may have occurred but, if so, they probably 
were not great enough to be shown by 20-foot contour 
lines or even to disturb perceptibly the gradients of 
the larger streams of the area. 

METZ CREEK TERRACE (lOW AN OR WISCONSIN) 

Along 1nany of the valleys tributary to ~fississippi 
and Illinois Rivers, the Brussels terrace and other parts 
of the uplands slope gently clown to narrow points or 
spurs. These spurs, which are particularly well 
1narked along Metz Creek in sees. 1 and 2, T. 1:3 S., R. 
2 vV., seen1 to be remnants of a onee, more extensive 
surface that is here called the Metz Creek terrace. The 
level at which these spurs accord and therefore the level 
of the terrace is about 485 feet above sea level. 

The Metz Creek terrace, like the Brussels terrace, is 
everywhere covered by loess but only by the upper 
light-buff member (of early Peorian'? age) ; at no place 
was the lower reddish-brown (late Sangamon'?) mem­
ber of the loess recognized upon it. This stratigraphic 
evidenee appears to eon firm the evidence of the physio­
gra phie relations that the Metz Creek terrace is dis­
tinetly younger than the Brussels terrace. At several 
places along Illinois River, the Metz Creek terrace car­
ries on its surface, or more strictly, within the upper 
part of its mantle of loess, seattered pebbles of igne­
ous and metamorphic rocks (p. 90). The signifi­
eance of these scattered pebbles is unknmvn ~ they n1ay 
have been transported to their present resting places 
by man or they 1nay have been deposited by Illinois 
River in Wisconsin ti1ne. This uncertainty affects also 
the question of the age of the Metz Creek terrace. If 
it was cut at the time of deposition of the scattered 
pebbles, it probably is of Wisconsin age; if it was cut 
before deposition of the Peorian loess, then its age is 
Iowan. 

Unlike other terraces of the region, the Metz Creek 
is the result not of filling, but of erosion. Its surface 

81 Bat-rell, J"oseph, Factors in movements of the strand line and their 
results in the Pleistocene and post-Pleistocene: Amer. J"our. Sci., vol. 40, 
pp. 1-22, 1915. Daly, R. A., Oscillations of level in the belts peripheral 
to the Pleistocene ice caps: Geol. Soc. America Bull., vol. 31, pp. 303-
318, 1920: Post-glacial warping of Newfoundland and Nova Scotia: 
Amer. J"our. Sci., 5th ser., vol. 1, pp. 381-391, 1921. 

cuts across older formations, but it seems to b3 devel­
oped only upon easily exeavated materials such as the 
silts of the Brussels formation. 

ALLUVIAL FANS 

The cutting "represented by the Metz Creek terrace 
was but part of an era of clown eutting that followed 
the deposition of the Brussels formation. In parts of 
the area and especially along the eastern line of bluffs 
that borders Illinois River from sec. 29, T. 8 N., R. 
18 W., north to the northern limit of the Hardin quad­
rangle, there are 1nany alluvial fans that head at the 
bluffs at elevations of approximately 500 feet above sea 
level and spread with gentle slopes over the lowland. 
(See pl. 19C.) These fans all seem to be depo"its ear­
ried from small valleys or ravines. The gradients of 
these sma.ll valleys are concave upward until they 
reach the bluff line but there they steepen abruptly and 
become convex upward. It seems very probable that 
these small streams flowed into Illinois River when its 
level accorded with that of either the Brussels or the 
~fetz Creek terrace and that the river fell to lower 
levels more rapidly than these small strean1s e~"Juld cut 
down their valleys. 

There is some evidence of minor stream eapture 
along the bluffs, and this suggests that the lack of 
adjustment that eaused the alluvial fans may be n1ore 
largely the result of lateral reeession of the bluffs than 
of vertical lowering of the river. In the SE~{t see. 4, 
T. 8 N., R. 18 W., a steep-sided ravine now slopes di­
rectly westward into the lowlands of Illinois River 
and in doing so it drains uplands that seem once to 
have been the headwaters of a larger stream that still 
flows northward through the SE14 see. 83, T. 9 N., R. 
13 W., into Maeoupin Creek. Diversion of this sort, 
beheading by a mere ravine, can most readily be ex­
plained as the result of lateral retreat of the bluffs and 
consequent oversteepening of the small ravines that 
drained the bluff faee. Frmn other evidence (p. 111), 
lateral retreat of the bluffs probably was the principal 
factor in the widening of the river lowlands. This re­
treat of the bluffs would remove the lower parts of 
small valleys and so might cause the develop•nent of 
alluvial fans. However, it would not satisfactorily ac­
count for the common level of about 500 feet ~Lt. ~hieh 
many of the fans head. 

Other alluvial fans, nnlCh larger and presumably 
much younger than these, are numerous in the Hardin 
quadrangle along all three of the 1najor bluff lines. 
Most of these large fans are wide accumulations of 
detritus built at strean1 1nouths and spread as very 
gently sloping cones over the remnants of the Deer 
Plain terrace. (See pl. 1.) 

DEER PLAIN TERRACE (WISCONSIN) 

The topographic feature known locally as th~ "Sand 
Ridge," or the "first bottoms'' on the southwest side 
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of Illinois River in the Brussels quadrangle, is here 
chosen as the type locality of the Deer Plain terrace 
(pls. 15D, 1HA, B), remnants of which are found in 
many other parts of the area. This terrace is described 
much more fully and its age and the conditions of its 
formation discussed in the section of this report that 
deals with the stratigraphy of the Deer Plain forma­
tion ( pp. 90--96). 

Along _M_ississippi River the terrace is made. up of 
deposits of coarse gravel, and it stands at an elevation 
of about 40 or 45 feet above the mean level of the river 
and 30 feet lower than the Metz Creek terrace. In the 
valle.y of Illinois River, the materials of the Deer 
Plain formation become finer-grained, and the surface 
of the terrace slopes gently northward. Near the town 
of Deer Plain the remnants of the terrace that have 
been preserved from erosion are sufficiently wide to 
show many features of the original surface. Old sand 
bars still stand 5, 10, even 15 feet above the flat of 
black mud that constitutes the general level of the 
terrace. 

The Deer Plain terrace can readily be recognized 
along the west side of Mississippi River between Win­
field and Oldl\1onroe, in Lincoln County, Mo. The two 
conspicuous terraces, 10 miles southeast of the Brus­
sels quadrangle, along the southeast side of Missouri 
River, opposite St. Charles, l\1o.,82 may correspond to 
the Deer Plain and Metz Creek surfaces. 

The Deer Plain terrace, like the Brussels terrace, is 
a record of aggradation. In the trough of Illinois 
River and, to a lesser extent, in the trough of Mis­
sissippi River, it represents the most recent period 
of extensive filling. The parallel lines of bluffs that 
border both troughs and the topographic unconfol'lnity 
between bluffs and bottomland. although not dependent 
upon the presence of the Deer Plain tei'race~ are greatly 
mnphasized by it. 

At the lanclward margin of the Deer Plain terrace 
the Brussels terrace was defended locally ( p. 96) by 
outcrops of the St. Louis limestone and at the landward 
1nargin of the Recent flood plain the Deer Plain terrace 
is similarly defended by outcrops of St. Louis lime­
stone. in sec. 22, T. 13 S., R. 1 vV. and sec. 16, T. 6 N., 
R.13W. 

TERRACES ALONG MACOUPIN CREEK 

The systmn of three terraces-the well-defined ter­
races of aggradation, Brussels above and Deer Plain 
below, and the poorly defined Metz Creek terrace of de­
gradation between them-fits the evidence of old strea1n 
levels throughout most of the Hardin and Brussels 
quadrangles very well. However, this sin1ple system 
is at best exceedingly difficult to recognize in the emu-

82 Topographic map of part of Bonfils and Alton quadrangles : Missouri 
Bur. Geology and Mines, 1925. l!~enneman, N. M., Geology and mineral 
resources of the St. Louis quadrangle, Missouri-Illinois : U. S. Geol. 
Survey Bull. 438, p. 10, 1911. 

plex group of terraces that are developed in the valley 
of Macoupin Creek. 

The distribution of deposits of till shows that Macon­
pin Creek now flows in an inherited or resurrected pre­
Illinoian valley. The large 1neander of Macoupin 
Creek in sees. 25, 35, and 36, T. 9 N., R. 13 W., and sec. 
1, T. 8 N., R. 13 W., only a part of which is included 
within the Hardin quadrangle, see.ms also to be largely 
of pre-Illinoian age. This meander exhibits several 
characteristics which indicate that it is probably an 
incised rather than an intrenched meander.83 If so, 
the. stre.am course has be.cmne progressively 1nore 
crooked, both before and after glaciation, as the valley 
has deepened below the upland surface. There is some 
evidence in the topography of the uplands south of 
Macoupin Creek that a still earlie.r valle.y once extended 
westward from the center sec. 2 to the ce.nter sec. 4, T. 
8N.,R.13 W. 

'Vhen the Illinoian ice sheet advanced into the re­
gion it completely cove.red all these older valleys, and 
the new streams that developed as the ice disappeared 
were unable to follow precisely the ancient stream 
eourses. Lee 84 reports that, near its headwaters, I fa­
coupin Creek has found for itself a course somewhat 
cliffe.rent from its pre-Illinoian valley. 

Shortly after the retreat of the ice, during the time 
when the Brussels terrace 'vas being built, Macoupin 
Creek seems to have flowed to the north and east of 
Spankey Hill. This conclusion rests not only upon 
the position of the old detritus-filled valley, the ele­
vation of its surface, and the lithologic character of 
the deposits (pp. 83-8!) but also upon the northward 
slope of the till-covered surfaee near the present mouth 
of the creek. The diversion, which eventually cut off 
Spankey Hill from the uplands south of Macoupin 
Creek, probably took place soon after the Brussels ter­
race was built, and it may have been caused by lateral 
erosion of the bluffs by Illinois River. 

The identification of the Brussels terrace seems rea­
sonably well established. But from elevations of about 
530 feet on the Brussels terrace in the SE1;4 see. 21. 
renuu1.nts can be traced of a surface that slopes south­
\vard toward well-defined terraces at about 490 fee~ in 
sees. 34 and 35, T. 9 N., R. 13 W., on the southvrest 
side of Macoupin Creek. Furthermore these well­
defined terraces on the southwest side of the creek, al­
though they are at an elevation about that of the Metz 

sa For discussions of the distinctions between these two t~·pes of mean­
ders, see Marbut, C. F., Physical features of l\Iissom·i: :Missouri Geol. 
Survey, vol. 10, pp. 98-109, 1896. Davis, W. M., Incised meandt>ring 
valle~·s. Phila. Geog. Soc. Bull., vol. 4, pp. 1-11, 1906. Rich, J. L., Cer­
tain types of stream valleys and their meaning: Jour. Geology, vol. 22, 
pp. 469-497, 1914. Tarr, \V. A .. Intrenched and incised meande·:s of 
some strPams on the northern slope of the Ozark Plateau in Missouri: 
Jour. Geology, vol. 32, pp. 583-600, 1924. Moore, R. C., Origin of 
inclosed meanders on streams of the Colorado Plateau: Jour. Geo1 <lgy, 
vol. 34. pp. 44-46, 1926. 

&~Lee, Wallace, U. S. Geol. Survey Geol. Atlas, Gillespie and l\fount 
Olive folio (no. 220). n. 11. 1926. 
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Creek surface in other parts of the region, can be 
correlated with no terrace of corresponding ele.vation 
on the north or east side of the creek. The next ter­
races belmv the southward slope that truncates the 
Brussels formation are at an elevation of about 470 
feet in sees. 27. T. 9 N., R. 18 \V., and 1, T. 8 N., R. 1:3 
\Y., on the north and east sides of the creek. Finally, 
the Deer Plain terrace, "\Yhich can be identified by care­
ful tracing at accordant levels all the way up Illinois 
River, occurs on the south side of Macoupin Creek 
at an elevation of about 4:35 feet. 

In other words, the record of old stream courses, both 
pre-Illinoian and post-Illinoian, near the n1outh of 
Macon pin Creek is very complex. No postglacial ter­
race can be traced from one side of the creek to the other 
and there seen1 to be at least two terraces between the 
Brussels and Deer Plain levels. It seems that this 
system of post-Illinoian terraces must be interpreted, 
as Davis 85 interpreted similar systems of nonaccordant 
terraces in Nmv England, by the slow degradation of 
Macoupin Creek as it swung from one side of its valley 
to the other. By this interpretation neither of the two 
intermediate terraces need correspond precisely with 
the Metz Creek terrace of other parts of the area ~ they 
would represent mere passing and accidentally pre­
served stages in a continuous process of down cutting. 

FINAL STAGES IN DEVELOPMENT OF PRESENT 
TOPOGRAPHY 

Most of the signifieant modifications of the origin a 1 
upland were accomplished during the Pleistocene 
epoch, but analogous processes have continued on a 
smaller scale into Recent time. As stated on page 9, 
the present topography of the Hardin and Brussels 
quadrangles can conveniently be considered as falling 
into two Inajor divisions: the uplands and the lowlands. 
On the uplands there have been only 1ninor topographic 
changes since the Pleistocene. Dissection had pro­
duced a mature surface and a ramifying drainage sys­
tenl before the Recent epoch, and the subsequent de­
velopments have been merely a continuation of these 
processes. In the lowlands the Recent geographic modi­
fications are more conspicuous. They too are similar 
to changes that occurred often during the Pleistocene, 
but they are recorded in the wide flood plains of two 
large rivers and so are more easily recognized. 

UPLANDS 

The dissection that started with the uplift of the 
Calhoun peneplain was interrupted many times during 
and before the Pleistocene epoch. Many valleys that 
had been cut before the advance of the Illinoian ice 
sheet were nearly obliterated by the deposits of Illi­
noian till, Brussels formation, and loess. Subsequent 

85 Davis, W. 1\I., River terraces in New England: Geographical Essays, 
pp. 51-!-563, 190H. 

erosion in late Pleistocene and Recent time has tended to 
reexcavate parts of these pre-Illinoian valleys by re­
moving some of the Pleistocene deposits and rediscover­
ing the old bedrock floors. Many examples of this 
rediscovery of small pre-Illinoian valleys may he seen 
in the northwestern part of Jersey County and in the 
southwestern part of Green County. · 

Within historic times minor but intense trencl'ing of 
the upland valleys has continued. On many steep slopes 
the loess is ra piclly being eroded, as is shown by numer­
ous undercut fences, orchard trees, and roads. Small ra­
vines in loess are commonly traversed by a central steep­
walled "'gully,'' which during each season of heavy 
rains lengthens at its head. A gully of this typ<> from 
20 to 25 feet deep, in the center SW1;1 see. 10, T. 6 N., 
R. 1:3 \Y .• is reported to have receded headward at an 
average rate of about 15 feet each year for the past 30 
years, despite efforts to stop the erosion with piles of 
brush and debris. This trenching within historic times 
may be the result of a rejuvenation. of the streams by 
some natural process. such as increased rainfall~ but it 
seems much more likely that it has been caused by the 
activities of man in the deforesting and cultivating the 
land.86 

FLOOD PLAINS 

Since. the retreat of the Kansan and Illinoian ice 
sheets, the topography of the lowlands in the J-lardin 
and Brussels quadrangles has been controlled by the 
work of l\lississippi and Illinois Rivers. The present 
features of the flood plains show that the.se two rivers 
have cut vertically and shifted laterally since the Deer 
Plain terrace was built. However, it is impossible to 
state with complete assurance whether these streams 
at the present ti1ne are dominantly cutting or filling or 
simply maintaining their channels. 

This uncertainty about the normal regimen cf Mis­
sissippi and Illinois Rivers is due largely to the dis­
turbing effect of the '"river training'' or rivl:'r engineer­
ing that has been applied more or less successfully dur­
ing the past 75 years to improve navigation on these 
and other major streams of the region. In Illinois 
River, sand bars were dredged as early as 1852,87 a sys­
tem of dams 88-the lowest of which is at Kampsville, 3 
miles north of the Hardin quadrangle.-was built to 
deepen the water. and since 1900 large quantities of 
water have been diverted into the river from Lake 
Michigan through the Chicago Drainage Canal. 89 The 
engineering works on Mississippi River have been far 
more extensive and much less successful. A great many 
wing dams or spur dikes have been built, only a few 

8& Sauer, C. 0., Geography of the upper Illinois Valley and lJ istory of 
its development: Illinois Geol. Survey Bull. 27, pp. 140-143, 1916. 

87 Cooley, L. E., The Lakes and Gulf Waterway, p. 4, 1891. 
ss Le\'erett, Frank, The water t·esources of Illinois: U. S. Geol. Survey, 

71th Ann. Rept., pt. 2, pp. 744-745, 1896. 
89 Richmond, ,V, S., in 'Varren, J. G., and others, Diversion of water 

from the Great Lakes and Niag;ara River, p. 176, 1921. 
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A. VIEW NORTHWARD FROM SPANKEY lULL SHOWING FLOOD l'LAIN OF ILLINOIS RIVER AND UPLANDS OF SEC. 21, T . 9 N., R. U W. 

B. VIEW SOUTHEAST AND SOUTH FROM SPANKEY HILL SHOWING LOWER PART OF VALLEY OF MACOUPIN CREEK AND ILLINOIAN TILL PLAIN UPLAND 
AS THE DISTANT SKY LINE. 
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A. VIEW SOUTHWARD FHOM NWJiSEJi SEC. 21, T . 9 N., H. 13 W., SHOWING PART OF 13RUSSELS TEHHACE IN FOREGHOUND AND SPANKEY 
HILL AND FLOOD PLAIN OF ILLINOIS RIVEH I N BACKGROUND. 

B. VIEW SOUTHEAST, SOUTH, AND SOUTHWEST FROM NE~SW!4 SEC. 22, '1'. 9 N., H. 13 W., SHOWING BRUSSELS TERRACE OR ABANDONED STREAM CHANNEL IN 
FOREGROUND AND VALLEY OF MACOUPIN CREEK AND SPANKEY HILL IN DISTAKCE. 
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A. A PART OF BRUSSELS TERRACE VIEW SOUTHWESTWARD FROM TOWN OF BRUSSELS. 

B. MARGIN OF BRUSSELS TERRACE, VIEWED WESTWARD FROM DEER PLAIN TERRACE IN EAST 
CENTER SE~ SEC. 17, T. 13 S., R. l W. 
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A. EAST MARGIN m· DEER PLAIN TEHHACE TN l\"E~ SEC. 21, '1' . 13 S., R. l W. 

B. EAST MARGIN OF DEER PLAIN TEHRACE, VIEWED NOHTHWARD FROM RECENT FLOOD PLAIN 
IN S\V~ SEC. 22, T. 13 S., H. l W. 

C. GENTLY SLOPING ALLUVIAL l' ANS AT FOOT OF DLUFFS ON EASTERN SIDE OF FLOOD PLAIN 
OF ILT.INOJS RIVEH. VIEW NORTHWARD FROM CENTER NE~ SEC. 20, T. 8 N., R. 13 W. 
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of which are shown on the topographic. map of the 
Hardin quadrangle, and miles of river bank have been 
revetted with riprap in an effort to force the river into 
a narrmver. deeper. and more stable channel. The 
natural regimen of both rivers has been nwre or less 
upset, and it is consequently difficult to decide just 
which parts of the present features are the result of 
natural agencies and how much they have been modi­
fied by the river improvement. 

The tenn "regimen" has been used with three dis­
tinct 1neanings : ( 1) The condition of final equilibrium, 
or grade. toward 'vhich all streams tend to adjust thenl­
selves; (2) the general laws or rules of stre.am dynamics 
which apply alike to an streams; and ( 3) the particular 
reactions of a given strea1n to these general laws. The 
first and second 1neanings seem adequately covered by 
other more familiar words or phrases, but the last one 
needs a convenient name and it is a conce.pt for which 
the word '"regimen'' has frequently been used. There­
fore regi1nen is here applied simply to the habits or 
characteristics of individual streams-their particular 
reactions to the general laws of stream work, whether or 
not the streams have attained to the condition of equilib­
rium. One river may have a very different regi1nen 
from another bec.ause the bvo streams have responded 
differently to the same fundamental laws. Their veloc­
ities of flow, the slope of their water surfaces, the shape 
of their channels. or their habits of cutting, filling. or 
of stability may differ because the conditions of run­
off, load, or bank resistance are not the san1e in the two 
drainage basins.90 

Both Mississippi and Illinois Rivers flow in wide 
flood plains between natural levees. Along the Illi­
nois the natural levees stand higher above the river. 
and the bordering swamps behind the levees are lower 
than those along the Mississippi. This difference. in 
height of the levees may be the result of a fundamental 
difference in the regin1en of the t'vo streams. At each 
flood Mississippi River cuts in some places and fills in 
others. and it is eonstantly shifting its channel ( p. 
1011. It has had this unstable habit for many years as 
is shown by eountless flood-plain bars and swales.91 

which record former positions of the channel. (See pl. 
15.) Illinois River, on the other hand, is remarkably 
stable at the present tin1e (p. 101) and, although it once 
eut and trimmed the Deer Plain terraee by lateral pla­
nation. there are no bars and swales on its present flood 
plain to show that it has shifted laterally for many 
years. It seems probable that the height of the natural 
levees is a funetion of the permanence of the river chan­
nels. The levees along Illinois River have grown high 

9° For yarious uses SPe Davis, ,V. l\1., BaRe-level, grade. and peneplain, 
in Geographical EsRays, pp. 390-391, 1900. BrJ·an, Kirk. EroRion and 
sedimentation in the Papago Country, Arizona: U. S. Geol. Survey Bull. 
730, p. 8!), 1922. 

91 Johnson, Dougias, Meanders in tidal streams: A review and discus­
sion : Geog. Review, vol. 19. [)p. 136, 138, fig. 1, 1029. 

by repeated additions in one place; whereas those r.long 
Mississippi River have been seattered over the entire 
flood plain and henee have not been built so high. 

This eontrast in the surface features of the two flood 
plains is particularly notieeable where Missis.'ippi 
River has built its levee across the. mouth of Illinois 
River and forced that stream to turn northeastward to 
the bluffs before it enters the larger river near Grafton. 
(See pl. 15 D.) The northwestward limit of th~ de­
posits of Mississippi River 1nay be recognized by this 
difference in eharacter of the two flood plains and can 
be indicated by a line that extends northeastward from 
the salient point of the Deer Plain ten·aee near Deer 
Plain to near 1\farshall Landing in the SEtA sec. 3, T. 
13 s.,R.1 w. 

ALLUVIAL ISLANDS AND CHUTES 92 

In the strict meaning of the tenn, neither the l\iissis­
sippi nor the Illinois, in the general region of the 
Hardin and Brussels quadrangles, are n1eandering 
rivers. The only truly 1neandering strea1n eourses and 
ox-bow lakes are those of tributaries like. Cuivre F,iver. 
Peruque, Otter, 1\facoupin, and Apple Creeks, and the 
stream that drains Michael Hollow. The two rivers are 
much more nearly emnparable with braided or anasto­
mosing than with meandering streams; they follow 
somewhat crooked courses, it is true, but the curve,s are 
due not to meander growth but to division of the channel 
by large alluvial islands. 

The importance of islands in the history and natural 
economy of large streams like the Mississippi and Mis­
souri Rivers has been neglected by n1ost writers, per­
haps because their exaet funetion is not yet unders~ood. 
However, alluvial islands make up such a large part 
of the linear distanee of both rivers in the area eoYered 
by this report that they eannot be ignored. (See pl. 15 
A. B.) The term "alluvial islands'' is intended1n~rely 
to discriminate between the two eommon types of river 
islands: rock islands composed of bedrock and alluvial 
islands eomposed of alluvium. This discrimination 
seems important because the two types may have very 
different origins. Except for short reaches along the 
Cap au Gres and perhaps near Gilead Landing and 
Hamburg. that part of Mississippi River included 
within the Hardin and Brussels quadrangles is almost 
a network of islands and subordinate channels. Nor is 
this a purely loeal feature; for many miles upstrean1 
and dmvnstrean1 l\llississipi River maintains the same 
habit. and the lower Missouri River is even mc1·e a 
labyrinth of islands than the Mississippi. Islands are 
less numerous along Illinois River, bu~ because of the 
greater stability of the ehannel there, they are even 
more impressive than those on the. Mississippi. There 
are no rock islands in the immediate vicinity. 

92 Rubey, "·· W., AIIU\·ial islands: their origin and effect upon stt·eam 
regimen (abstract 1 : Washington Acad. Sci. Jour., vol. 22, p. 458, 1932. 
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If these rivers were clearly examples of heavily ag­
grading streatns. perhaps the significance of the islands 
would be too obvious to merit any conunent. Or, if 
on the other hand, these rivers were known to be sharply 
trenching their alluvium, perhaps the islands might be 
explained as the result of the same process which is 
belie-ved to produce rock islands. However, the lower 
Missouri has been cited as the type example 93 of a 
graded stream. Furthermore, the remarkable stability 
of the channel of Illinois River (pp. 101, 129) indicates 
that this strea1n is in almost perfect equilibrium with 
its banks. The Mississippi River in this region may 
possibly be scouring its bedrock floor at times of flood 
( p. 101) or it may be very slowly aggrading ( pp. 98, 1H3, 
136) but, in either case, it is changing so very slo·wly 
that. it, too, may be said to be essentially at grade. The 
presence of the alluvial islands in these graded streams 
therefore calls for some discussion. 

In local terminology, the "main river'' divides at an 
island into a wide ''steamboat channel" or simply "chan­
nel,~' and a narrower "chute.'' Old chutes which, be­
cause of silting up, no longer carry flowing water except 
at high stages of the river are commonly called 
"sloughs." However, n1ost of the chutes show no evi­
dence of silting up and some, like the Dardenne Chute 
south of Dardenne Island in Mississippi River, are 
said to be. gradually deepening as the channel on the 
opposite side of the island becomes shallower. Around 
a few islands the two branches of the river are of so 
nearly the stnne size that it is difficult to decide which 
should be called channel and ·which chute. For ex­
ample, Dark Chute on the ·west side of Diamond Island 
in Illinois River is narrower but also proportionately 
deeper than Light Chute on the east side of the island. 

It is probably a significant fact that the islands are 
larger ancl1nore numerous at the mouths of tributary 
streams. In 1\fississippi River, Cuivre Island is at 
the mouth of Cuivre River, Peruque Island at the 
mouth of Peruque Creek, and Dardenne Island at the 
mouth of Dardenne Creek. Simila.rly, in .Illinois 
River, Diamond, Tip, Macoupin, and Mortland islands 
are at the mouth or mouths of Macoupin Creek, and 
Helmbold and Twelvemile islands are at the 1nouth of 
Otter Creek. 

This exceptional development of islands at the 
1nouths of tributary streams suggests two possible ways 
in ·which the islands may have been for1necl. A tribu­
tary like Cuivre River or Dardenne Creek, which nov: 
discharges into a chute behind an island, has in time 
of local flood two outlets into the river: One clown and 
the other up the chute. Tributaries such as these may 
once have been forced by the gro-wth of a natural levee 
to flow· parallel to the river for some distance and 

93 Gann(;'tt, Henry, U. S. Geol. Survey Topog. Atlas, Ph~·siographic 
t~·pes: folio I no. 2). 1900. Davis, W. l\I.. Geographic Essa~·s, p. 397, 
1909. 

then, at a time of high flood on either the tril'•1tary 
or the river, the narrow strip of land between tl'a. two 
strean1s 1night have been cut across so as to fo:>:"nl an 
island. There is some doubtful support for this inter­
pretation in the local tradition that Dardenne Island 
was once part of the Missouri mainland, but this tra­
dition is not confir1ned by any of the early maps avail­
able to the writer. 

An alternative interpretation ex1?lains n1ost of the 
islands much tnore satisfactorily. Tributary streams 
conunonly have steeper gradients and carry more debris 
per unit volume of water than the river; hence they 
deposit part of their load as deltas and as subr1erged 
bars across the tributary mouths. Smne of the sand 
bars and flats built at times of flood stand well above 
the water level at low and normal stages of the river. 
It is true that most of the bars built in Mississippi 
River are temporary features. Nevertheless, a few 
escape erosion during the next few floods, become Jnud­
coverecl, and support a growth of willow trees. They 
then become. in local terminology, "'villow ba1·s.'~· Wil­
lmv bars, being protected by vegetation, are son1ewhat 
more resistant to erosion, and they cheek the currents 
n1ore effectively and cause the deposition of n1ore debris 
than do the sand bars. Consequently, a. few of the 
willow bars are able not only to escape cmnplete de­
struction by occasional floods but also to grow gradu­
ally larger. With each layer of 1nncl added during 
floods, a gro~wing bar is built higher above the normal 
stages of the river and, the longer it escapes d~struc­
tion. the more firmly are its materials held together by 
ramifying tree roots and so protected against future 
floods. As a result, some. of the willow barr grow 
larger and higher until they become "timber islands," 
the surface of which is built to the level of the lll9,inland 
flood plain and covered with dense growths of large 
hardwood trees. Once an island reaches this stage it 
becomes an essentially per1nanent feature. Occ1sional 
floods 1nay scour away part of its upstream end but this 
loss is cmnpensated by new deposits and gro,vths of 
willow trees at the lower end. 

This interpretation of the normal history of river 
islands is based largely upon the presence. in Mississippi 
and Missouri Rivers of all stages and sizes in a complete 
sequence of sand bars, mud flats, willow bars, and 
wooded islands. It is also supported by the f9.ct that 
the high wooded islands in Illinois and Mississippi 
Rivers are nearly all bordered by natural levees. which 
indicates that, whether or not any of the original island 
nuclei were ever cut away frmn the mainland by floods, 
most of the islands have been enlarged by aggradation. 
It therefore seems probable that the abundr,,nce of 
islands at the mouths of tributary strean1s may be ex­
plained as the result of repeated deposition of bars 
there and the consequent likelihood that, on Eome of 
these bars, trees would gain a foothold. 
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As an island grows wider, the chute and channel be­
come farther apart, one of the two mainland banks is 
forced back, and the river is deflected laterally. How­
ever, the development of islands across the mouths of 
tributary streams only shifts the site of deposition out 
to the ends of the chutes, and consequently, new bars 

• begin to build up within the deflected channel. Some 
of these bars likewise escape erosion and grow to be­
come large islands that deflect the river channel even 
more. Hence the river is crowded farther and farther 
away from the mouths of tributary streams. Probably 
the first islands tend to migrate slowly downstream and 
to become gradually smaller as they get farther from 
the source of supply. But this tendency is masked by 
the more rapid growth of new islands. The continued 
deflection of the river channel eventually causes part 
of the original chute to fill up with sediment, and the 
first islands therefore become part of the mainland. 

The result of continued island growth may be seen 
very clearly in airplane photographs that show the 
plexus of old sloughs or silted-up chutes in the flood 
plain of Illinois River near the nwuth of Macoupin 
Creek and in the Mississippi flood plain near the mouths 
of Bobs and McLean Creeks-shown on the topo­
graphic map of the O'Fallon quadrangle-and Bry­
ants Creek, which enters the river west of J(ritesville, 
Ill. The results of this process are also shown at 
Hardin, where Illinois River has been forced against 
the west wall of its trough by the islands at the mouth 
of Macoupin Creek, and, even more conspicuously, 
where Mississippi River is crowded against the inner 
or Illinois ·wall rather than the outer or 1\fissouri wall of 
its curving trough opposite the mouths of Cuivre River 
and Bobs, Peruque, and Dardenne Creeks. 

An apparent exception to this general conclusion de­
serves some attention. Marbut 94 pointed out that there 
are several examples in J\::Iissouri where major streams 
are deflected toward or even a short distance into the 
mouths of tributaries. An examination of maps of the 
Missouri, Mississippi, and Illinois Rivers in the States 
of Illinois and Missouri shows that this relationshp 
holds at the mouths of several of the larger tributaries. 
However, opposite the gaps in the bluff line where the 
s1nall and medium sized tributaries debouch onto the 
flood plains, the rivers are commonly deflected away 
from the tributaries. The exceptions to the general 
rule may probably be explained as the result of the lower 
gradient of the larger tributaries and the consequent 
likelihood that many of the larger and more gently 
sloping tributaries that drain limestone areas may carry 
a lesser load per unit volume of water than the main 
rivers and that consequently erosion predominates over 
deposition at the mouths of such large tributaries. 

94 l\Iarbut, C. F., Physical features of l\Iissouri: l\Iissouri Geol. Suney, 
\'Ol. 10, p. 104, 1896. 

Whether or not the foregoing interpretation cor­
rectly sums up the ordinary sequence of events in island 
growth, a distinct and a more intangible problem re­
nlains in the ultimate effect of the islands upon the 
regimen of the streams. The general conception of 
graded streams ( p. 129) would lead us to believe that 
no changes can be permanent that do not somehow in­
crease a strea1n's stability or aid it to maintain an 
approximate balance between erosion and deposition. 
In other words, a stream adjusts itself to an inereased 
load by building a steeper slope or by making some 
other change that increases its power of transport a­
tion. Hence, a strean1 that received a proportiorate 
increase of load from tributaries and thus became so 
heavily loaded that it built up permanent islands within 
its channel should theoretically, by this splitting up, 
have made for itself a 1nore efficient channel in order 
to take care of this increased load. But it is not 
immediately apparent why a river that in building- an 
island has divided into two smaller streams and has 
been deflected into a more roundabout course, is then 
any more efficient as an agent for the transportation of 
its load than it was before. Nevertheless, the possible 
alternative, that the river is then less efficient and that 
island making is not an approach to but a greater de­
parture from the condition of equilibrium, would m~an 
that island growth and channel subdivision, cnce 
started. would continue to increase without limit. 

The problem involves a consideration of 1nany fac­
tors. and a more detailed knowledge of the river condi­
tions near islands is needed before any explanation can 
be considered as proved. Nevertheless, one hypotho,sis 
may be offered. The islands in the part of Illinois 
River within the Hardin and Brussels quadrangles are 
far more stable in their outlines and areas, and hfnce 
they are perhaps nwre significant, than those in the 
l\{ississippi. In fact, very few changes in their out­
lines can be detected on comparing maps 1nacle in 1842 
with those made in recent years. (See also p. 101.) 
Accordingly, measurements were made from a -very 
detailed map of Illinois River 95 of the dimension~ of 
cross section at flood or bankfull stages of the chutes 
and channels and of the undivided river above and 
below the six large islands in the area (Hurricane, 
Diamond, Mortland, Helmbold, Twelvemile, and eix­
mile). These measurements indicate that on the average 
the river above and below the islands maintains approxi­
mately the same width and 1nean depth and conse­
quently the same area of cross-section. Inasm.uch as 
the volume of water remains essentially the same ab')ve 
and below the islands, the mean velocity of the river 
also remains unchanged. The tributary streams, in­
cluding even the very large Macon pin Creek, that enter 

95 Woerman, J. W., U. S. Corps Engineers, l\:Iap of the Illinois and Des 
Plaines Riyers from Lockport, Ill .. to the mouth of Illinois R'ver, 
sheets 2, 4, and 6, U. S. War Department, 1902-190·1. 
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near these six islands are not normally large enough 
to increase the total discharge of the river more than 
about 3 percent. Ho-wever~ the measurements dis­
close several significant changes through the chutes and 
channels opposite the islands. The total width of the 
two branches is increased about 16 percent, and the 
mean depth is decreased about 10 percent. Hence, 
the total area of cross section is increased about 4 per­
cent and the mean velocity consequently decreases about 
4 percent. The mean depth-width ratio of the divided 
stream, considered as one ·whole, is decreased about 22 
percent but this ratio in each of the two branches is in­
creased about 55 percent. Si1nilarly, the total wetted 
perimeter of a divided stream-roughly, total 
width+± X mean depth-is increased about 18 percent 
and the mean hydraulic radius (area~ perimeter) is 
decreased about 12 percent. Prof. L. G. Straub of the 
lTniversity of Minnesota infonns the writer that the 
changes in channel dimensions near islands in l\rlissouri 
River in the vicinity of Kansas City, l\Io., are very 
similar to those noted here. 

The detailed river map from ·which these measure­
ments WPre taken does not sho'v clearly any significant 
changes in the slope of the water surface opposite the 
islands, but it suggests that, on the average, the slope 
opposite islands is steeper by something like 5 or 10 
percent. This suggested steepening of slope is not, as 
might at first appear, inconsistent ,,rith a slight de­
crease in velocity. In fact, theoretical considerations 
would lead us to expect a steepened slope opposite the 
islands in order to overcome the increased frictional 
resistance if the wetted perimeter increases much 1nore 
rapidly than the area of cross section. (See p. 131.) 

The channel measurements given above indicate that, 
where the river splits into two branches, it makes two 
changes large enough to be considered unmistakable 
and important: first, the relative depth (the depth­
width ratio) in each of the two branches, considered sep­
arately, becomes much greater than it was in the un­
divided river, and second, the total wettea perimeter 
of the two branches becomes somewhat greatm· than 
the wetted perimeter of the undivided river. Even 
without these measnreinents, there semns to be little 
question that, as a river divides, the relative depth of 
each branch and the total wetted perimeter of the 
stream must increase. An inspection of maps of near­
by parts of Illinois, l\fississippi, and Missouri Rivers 
shows that the total width of water on both sides of 
islands is generally equal to or somewhat greater than 
the width of water on the undivided river. Conse­
quently, unless the area of total cross section opposite 
the islands becomes much smaller-that is, unless the 
water that passes the islands flows n1uch more swiftly 
than that above and below-the mean depth must re­
main nearly the same and, with division of the width, 
the relative depth of each branch and the total wetted 

perimeter of the two branches 1nust increase. Fur­
thermore, it can readily be shown from the accepted 
laws of flow in open channels that, if the discharge and 
slope o:f a stream remain constant, the velocity of the 
water must decrease as the perimeter increaser. The 
fundamental question, therefore, is: If the velocity 
commonly decreases opposite islands, can the same load ... 
be transported there? 

The changes noted above may possibly afford some 
basis for interpreting the part played by alluvial islands 
in the regimen of a stream. Division of the channel 
greatly increases the depth-width ratio in each of the 
two branches. Gilbert 96 found that the load a stream 
can carry varies as some power of the n1ost efficient 
depth-width ratio; that is, he found that the erciency 
of a stream as a transporting agent increases with the 
adjusted proportionate depth. (See pp. 1H2~133). 
Therefore~ it is conceivable that the transporting power 
of a graded and adjusted river might be increased oppo­
site islands merely by the proportionate deepening or 
relative. narrowing of each branch. (See also pp. 129-
136.) However, the complete explanation is probably 
not so simple, for the volume of water in each of the two 
branches is obviously less than that in the undivided 
river, and the slope is probably somewhat different. 
Therefore, some other important factor must also be 
operative. · 

The 1neasurements offer sonle suggestion of what this 
other important factor 1nay be. Division of th~ chan­
nel seems to increase the wetted perimeter of tl~ cross 
section; that is, it brings the same volume of water 
into contact with a larger surface of channel walls. 
An increased rubbing surface increases the friction and 
so reduces the velocity of flow; but, according to the 
formulas used by hydraulic engineers (p. 131), the 1nean 
velocity decreases only as smne fractional power of the 
wetted perimeter. That is, the wetted perimeter in­
creases at a .. greater rate than the velocity decreases. 
If, for exa1nple, quadrupling the perimeter reduces the 
velocity by only one-half, then a given quantity of 
water in the retarded strean1 is still brought into con­
tact with a doubled channel surface. And, if tl'e chan­
nel walls are nlade of erosible 1naterials, this increased 
exposure to the effects of running water would presmn­
ably cause some erosion. Or, in smnewhat c1ifferent 
terms, lengthening the wetted perimeter of a stable 
stream would, it is true, decrease the mean velocity of 
the entire strea1n, but it would not necessarily decrease 
the marginal velocities near the channel 'valls. Hence, 
despite the decreased mean velocity, the crowding of 
water filaments against a larger channel surface 1night 
give a net effect of increased erosion. 

This tentative conclusion, basecl1nerely on the unmis­
takable increase of wetted perinleter opposite islands, 

96 Gilbert. G. K., The transportation of debris by running water: U. S. 
Geol. Survey Prof. Paper 86, pp. 129-130, 135-136, 1914. 
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suggests a possible explanation of another but much less 
conspicuous change that was indicated by the measure­
ments. The relatively slight increase in the total area 
of cross-section opposite the islands must, if the river 
is substantially in equilibrium with its banks. mean 
that at some time tlwre has been either actual erosion 
or at least nondeposition opposite the islands. Conse­
quently, this slightly increased area of cross section and 
the proportionately decreased velocity opposite the is­
lands ma:y be just sufficient to balance the increased 
channel perimeter there. In other words, the ex­
ceptional stability of the channel of the Illinois River 
may mean that the velocity of flow and hence the trans­
porting ability of both the divided and the uncli vided 
portions of the river are neatly adjusted to any differ­
ences in channel cross section such as the total length 
of wetted perimeter. 

This interpretation may be tested by several inde­
pendent methods. Formulated mathe1natically, it is 
somewhat as follows: 
Let 

Pu=wetted perimeter of the undivided river. 
Pi= total wetted perimeter opposite the islands 

Pi/Pu= 1.18 
l'u=mean velocity of the undivided river 
'Vi= mean velocity opposite the islands 

t'.ifl'lt = 0.96 
If the ability of the stream to transport debris varies 

as some power, n, of the mean velocity, and the total 
load carried varies as the product, P1J0

, then, in adjacent 
sections of a graded stream where the load remains 
constant, 

and ~=(~)n 
Pu V; 

or 1.18=(o.~6) n 

Therefore n=4.2 

That is to say, the measurements, thus interpreted, 
would mean that the ability of the river, per unit width, 
to transport debris varies approximately as the fourth 
power of the mean velocity. 

This calculated value of the exponent n may be cOin­
pared ·with the values of the "'synthetic index ''/"-a 
measure of the average exponent relating the variation 
of load to mean velocity-found by Gilbert 97 in labora­
tory experiments. The arithmetical average of the 171 
published values of this exponent is 4.3, but other and 
perhaps 1nore nearly representative methods of averag­
ing give means of 3.2, 3.7, and 4.0.98 The individual 
values vary widely from the average or averages, and 
they vary in systematic relation to the slope, discharge, 

97 Gilbert, G. K., op. cit., pp. 157, 159-160. 
98 Gilbert. G. K., op. cit., pp. 11, 161. 

grain size. and proportionate depth of the artificial 
streams. These systematic variations are such tll at, 
on Illinois River, the grain size and discharge would 
lead us to expect an exponent smaller than the a verr ge 
by some unknown amount~ whereas, the slope and 
depth-width ratio would indicate an exponent larger 
than the average by some other unknown amount. The 
comparison merely indicates that the value, ..J..2·, of the 
exponent is of about the right order of magnitude. 

The interpretation may also be tested by a compari­
son with l{ennedy's formula 99-or rather, by a modifi­
cation 1 of this formula in terms of mean hydraulic 
radius instead of mean depth-for the design of non­
silting, noneroding canals. According to the modif4Clcl 
Kennedy formula, the velocity of mean flow required 
to maintain a stable channel in canals varies as R 0

·
5

, the 
square root of the mean hydraulic radius. From the 
inverse relation of wetted perimeter to mean velocity 
found to apply on Illinois River, it can be sho,vn that, 
in graded streams with constant discharge and load, 

the velocity would vary as R 4 _2
1
_J: or R 0

·
31

, approximately 
the cube root of the mean hydraulic radius. 

The interpretation may also be compared with the 
simplification of Gilbert's empirical equation of g~~n­
eral stream equilibrium presented on page 132 of this 
report. Starting with the relation L ex: P'l'm 4~~, sub­
stituting for ·l' 111 from the Chezy formula and from the 

definition Vm= ~, and taking ~Y, the proportionate 

depth, as essentially equal to ~= ~2 in natural channels, 

L% 
the equation 8~Y1 6 ex: Q56 may be derived. using the 

notation adopted on pages 131-132. The general form 
and even the value of the exponents in this derived equa­
tion are si1nilar to those of the empirical equation based 
on Gilbert's experiments, except that D, the diameter of 
the particles making up the load, is omitted. 

COMPARISON OF REGIMEN OF MAJOR RIVERS OF AREA 

The volume of water carried by rivers like the Illi­
nois, :.Missouri, and Mississippi varies greatly with dif­
ferent stages. In the lower Illinois River, the dis­
charge or volume of water has been known 2 to vary at 
Pearl, Ill., from a maximum of 115,000 cubic feet per 
second at extreme flood stages to a minimum of 11.000 
cubic feet per second at very low water. In the lower 
Missouri River the proportionate variation is even 
greater, maximum and minimum discharges of 546,000 
and 24,000 cubic feet per second having been recorclecl 2 

99 Kennedy, R. G .. The prevPntion of silting in irrigation canals; Inst. 
Civ. Eng. Proc., vol. 119, pp. 281-290, 1895. 

1 LacPy, Gerald, Stable channels in alluvium: Inst. Civ. Eng. Proc., 
vol. 229, pp. 262-268, 1930. 

2 Mississippi River Commission. RPsults of discharge observations, 
Mississippi Rh·er and its tributarips and outlets, 1838-1923, pp. v, vii, 
viii, 1925. 
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at St. Charles, :Mo. Maxinmm and minimum dis­
charges 1neasurecl at different times,2 in Mississippi 
River at Hannibal, l\Io., above the mouth of Illinois 
River, are 273,000 and 22,000 cubic feet per second; at 
Grafton, Ill., below the Illinois and above the Missouri, 
366,000 and 25,000 cubic feet per second~ and at St. 
Louis, Mo., below the mouth of Missouri River, 1.146,000 
and 24,000 cubic feet per second. 

'Vith these extreme fluctuations in flow between flood 
and low water, there are related changes in the velocity, 
load, grain size, slope, and channel dimensions, and it 
is difficult to choose figures that give a basis for a fair 
comparison of the normal habits of the different 
streams. It is a truism among geologists that the chief 
work of a stream is done during times of flood~ the 
general character of the channel is established then, 
and between floods the stream is able to make only minor 
and temporary modifications. But the high floods that 
come regularly each year probably exert more of a 
controlling influence upon the general character of the 
channel than the great floods that come only once in a 
decade or once in a century. Perhaps the fairest basis 
that might be chosen for a comparison between different 
streams is the bankfull stage or the approximately 
equivalent average yearly flood. 2a 

However, no assembled data on the average flood or 
bankfull stages of the rivers of the region were found, 
and it was necessary to adopt some other basis of com­
parison. The only readily available data that seemed 
useful for this comparison are those on the average 
yearly discharge. This average stage, thougl' much 
less significant than a normal flood stage, can he com­
bined with other information to determine alJproxi­
mately the mean width, depth, and velocity of the dif­
ferent streams. The accompanying table gives these 
data together with the average slope and suspended 
load. No quantitative determinations seem to have 
been made of the bottom load-the amount of material 
rolled along the bottom of the rivers-and tl'o,. only 
precise information that was found about the mean 
grain size of transported material was in Lugn 's size 
analyses of the sediments of Mississippi River (pp. 99-
100). The suspended load may indicate very roughly 
the bottom load, but the writer would estimate that the 
Illinois River carries less detritus than the upp~r Mis­
sissippi instead of slightly more as the published data 
indicate. Judged by the materials exposed in river 
banks and on sand bars, l\Iissouri River carries the 
coarsest-grained and Illinois River the finest-grained 
detritus. 

Normal clwraeteri8tics of parts of major streams of area 

Illinois River from Kampsville, Ill., to mouth ______________________ 
Missouri River, from St. Charles, Mo., to mouth ____________________ 
Mississippi River from Quincy, Ill., to mouth of Illinois River_ _____ 
Mississippi River from mouth of Illinois River to mouth of Missouri 

River ___________ --------------------------------------------- ____ 
Mississippi River from mouth of Missouri River to Jefferson Bar-

racks, Mo __________ ---------- _______________________ ------- _______ 

Average rlis­
charge 1 (OJ 
or volume 

of water (cu. 
ft. per sec.) 

5 15,000 
8.3, 000 
77,000 

92,000 

180,000 

t Dole, R. B., and Stahler, H., Denudation: U. 8. Geol. Survey Water-Supply 
Paper 234, pp. 87, 89. 1909. Data for some modification of the figures used in this 
column of the table are given in a paper-Vogel, H. D., Sediment investigations on 
the Mississippi River and its tributaries prior to 1930, War D~>partment, Engineer 
Corps, U. S. Waterways Ex per. Sta. Paper H, p. 76, 193o--which came to the writt>r's 
attention after this report was written. However, the relation of these data to nor­
mal flow of the rivers is uncertain, and no revision has been attempterl. 

~ Data on relationships prior to 1900 of discharge, area of cross ~>ection, and mean 
velocity from Results of discharge observations, Mississippi River and its tributaries 
and outlets, 1838-94, p. 116, Mississippi River Commission, 1895: idem, 1838-1923, 
pp. 46-.59, 228, 237-24C, 1925. 

The table gives only approximate values but it serves 
to bring out several significant relationships. The ap­
parent correlation between steep slopes and large 
suspended loads is particularly striking. The table 
also indicates that in many respects the lower Illinois 
and the lo·wer Missouri represent the two extren1e types 
of the different stretches of river considered here. The 
velocity and slope of the Illinois River are very low, 
whereas its cross section is relatively deep; the velocity 
and slope of the Missouri River are high, ·whereas its 
cross section is relatively flat. These differenees are 
associated with greatly different discharges, suspended 

2a Coole;\'. L. E., The Lakes and Gulf Waterway, p. 51, 1891. 

Mean veloc­
ity (z•l at 

average dis­
charge 2 (ft. 

per sec.) 

1.3 
4. 4 
2. 4 

2.3 

3.8 

Normal 
surface 

width 3 (w) 
(ft.) 

1,100 
2, 700 
3,000 

2, 900 

2, 600 

Mean depth Average form Av~rag~."mud-
(d) at aver- ratio .or pro- dmess ( U) 

age discharge portiOnate or suspende.d · ' ( d) load per umt 
velom.ty, depth 100- ' discharge I 

and width . w (parts per 
(ft.) m percent million) 

11.0 1.0 140 
7. 0 .3 1, 900 

11.0 .4 120 

14.0 . 5 7 120 

18.0 .7 960 

Average 
slope 4 (S) 

(in. per mile) 

6 1 
9 
6 

6 

10 

3 Scaled from topographic maps. 
4 Gannett, Henry, Profiles of rivers in the United States: U. S. Geol. Survey 

Water-Supply Paper 44, pp. 39, no. 69, 1901. 
5 Corrected tor diversion from LakE Michi~an through Chicago Drainage Canal. 

[Richmond, W. S., iu 'Varren, J. G. (Division Engineer, Corps of Engineers\ and 
others, Diversion of water from the Great Lakes and Niagara River, p. 176, 1921.1 

s Horton, A. H., Water n·sources of Illinois: Illionis Rivers and Lakes Commission 
Rept. p. 318, 1914. 

7 Estimated from suspended load in Missis<>ippi and Illinois Rivers. 

loads, and mean grain sizes, and also with very different. 
Pleistocene histories, but it is diffieult to determine just 
which of these different factors has been most effective 
in controlling the velocities, slopes, and cross s~etions. 

PECULIARITIES OF ILLINOIS RIVER 

Upon comparison with other sti·eams, the regin1en of 
Illinois River is seen to be abnormal in many respeets. 
The n1ost outstanding peculiarity of the river is its 
extremely flat gradient or slope. In its lower 228 or 
2G1 miles, frmn Utica 3 or Peru 4 to the Mis~issippi, 

3 Horton, A. H., Water resources of Illinois: Illinois Rivers and 
Lakes Commission Rept., pp. 318-319, 1914. 

4 Gannett, Henry, Profiles of rivers in the United States: U. S. Geol. 
Surve;\' Bull. 44, p. 60, 1901. 
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Illinois River has an average slope of less than 11/2 

inches to the mile.5 This gradient is flatter than that 
of the lo-wer Mississippi River, which in its lower 862 
miles, £r01n Memphis, Tenn., to the Gulf, has an average 
slope of more than 2 inches to the mile.6 

Two other unusual features o£ Illinois River make 
this exceptionally flat gradient seem all the n1ore re­
markable. The flatness is clue not at all to a Ineander­
ing, roundabout stremn course. Instead, the river is 
noticeably straighter and n1ore direct in its route than 
any o£ the other major streams of the general region. 
Furthermore, the current as marked by the main chan­
nel or deepest part o£ Illinois River has the almost 
unique characteristic o£ flowing, not like most streams 
against the outside, but close against the inside o£ the 
curves in the river's course. This peculiar feature is 
well exemplified at Mortland Islan~l, at Helmbolcl and 
Twelvemile Islands, and at the large curve south o£ 
Gilbert Lake, where the main channel follmvs the most 
direct line possible by hugging the inside o£ the bends. 

The channel o£ Illinois River is proportionately much 
deeper than the channels o£ any o£ the other rivers 
of the region. 'Vithin the Hardin and Brussels quad­
rangles the normal channel width o£ the Illinois is 
only about one-third that of the Mississippi, yet the 
mean depths o£ the two streams are approximately 
equal. In fact the deepest water anywhere in the area 
is reported to be usually in the upper part of Dark 
Chute in Illinois River, where depths o£ more than 20 
feet remain throughout the driest seasons. 

As a result of the flat gradient, the ·water in Illinois 
River nonnally flows much more slowly than that in 
Mississippi and Missouri Rivers. This lmv velocity no 
doubt explains at least in part the remarkable stability 
of channel mentioned else-where ( pp. 101, 123, 125). 
However, it is difficult to decide whether the fineness of 
the material carried by Illinois River ( pp. 98, 100, 128) 
is a result or a partial cause o£ the lo,.-v gradient and 
velocity. 

Several possible explanations o£ these abnonnal fea­
tures may readily be. dismissed as inadequate. These 
features clearly are not the result o£ diversion of water 
from Lake Michigan into the river or o£ dredging and 
dam building, because the reports of early travelers 
and surveyors show that the present peculiarities were 
recognizable long, before river improvement began.7 

Furthermore, the possibility that the river is entirely 
out of adjustment with its present slope and cross 
section may also be dismissed. I£ this ·were true, that 
is, i£ the present river were simply a ponded slough 

5 Leighton, :\I. 0., Pollution of Illinois and Mississippi rivers by Chi­
cago sewage: U. S. Geol. Smvey Water-Supply Paper 194. pl. 2, 1907. 
Barrows, H. H., Geography of the middle Illinois Valle~· : Illinois Geol. 
Survey Bull. 15, fig. 7, p. 7, 1910. Sauer, C. 0., Geography of the upper 
Illinois Valley and history of development: Illinois Geol. Survey Bull. 
27, fig. 3, p. 18. 1916. 

6 Gannett, Hem·y, op. cit., p. 39. 
7 Cooley, L. E., The Lakf's and Gulf "\Vatenva,\·. p. 58, 18Hl. 

through which water flowed sluggishly in a channel 
inherited from some earlier stream, it seems that. the 
river should now be depositing heavily upon its old 
floor and building up a steeper gradient competent to 
transport the present load. However, even though the 
absence o£ erosion and the presence of natural lr.vees 
and 1narginal swamps indicate that the river is now 
probably aggrading some-what, there is no evidonee 
that it is building for itself a steeper slope. Its ehan­
nel is remarkably stable. The river flows in a chan­
nel o£ its own deposits frmn above Hennepin to its 
n1outh, and the maximum depths to the old bedrock 
floor, unlike those along Mississippi River, seem to be 
about the same throughout this distance ( p. 98). And, 
entirely aside from the evidence of the bedrock f,'Jor, 
this possible explanation meets other grave difficulties. 
It demands either that the earlier river had a gradient 
even flatter-and therefore n1ore difficult to explain­
than the present one or that the earlier stream was 
tilted north ward by movements that did not dis~urb 
the gradient 'of tl1e parallel Mississippi River. It 
therefore seems necessary to conclude that, sinee the 
time that the bedroek floor was eut~ the aggracla tion 
in the upper and lower parts o£ the valley has been 
essentially equal and eonsequently that the pre;oent 
river is approximately graded or adjusted to the slope 
on which it flows. 

CONCEPT OF ADJUSTED CROSS SECTIONS OF STREAM 
CHANNELS 8 

The conclusion that the present Illinois River is not 
perceptibly out of adjustment with its slope, velocity, 
and cross section or, in other words, that the river is 
essentially graded, may be examined in the light o£ 
some general principles o£ hydraulics and o£ sonu. ex­
perimental studies and observations o£ strean1 work. 

The concept o£ the graded slopes of streams was n1acle 
familiar by Gilbert's classic essay.9 For exa1nple, an 
underloaded stream te.nds to cut into and lo-wer its bed, 
thereby increasing its load and lowering its slope and 
velocity until the load becomes as great as can be trans­
ported. A strictly analogous concept o£ adjusted 
cross sections o£ stremn channels is n1ore elusive and 
for that reason probably not equally familiar~ but it 
is no less vital to a proper understanding o£ the la w.s 
of riYer work. The concept has been discussed in a 
later paper by Gilbert/0 and it has played an in1portant 
part in the theory and practiee o£ canal design.11 

s Rubey, W. "T·· The Illinois Rh·er, a problem in channel equilibrium 
(abstract): Washington Acad. Sci. Jour., vol. 21, pp. 366-367. 1931. 
~Gilbert, G. K .. Report on the geology of the Henry Mountains: 

"G. S. Geog. and Geol. Survey Rocky Mountain Region, pp. 102-114, 1877. 
1o Gilbert, G. K .. The tranSllortation of debris by mnning water: U. S. 

Geol. Sun-ey Prof. Paper 86, pp. 120-136, 190-192, 222-223, 1914. 
11 Kf'nned~·. R. G .. The prevention of silting in irrigation canals: Inst. 

Civ. Eng. Proc., vol. 119, pp. 281-290, 1895. Griffith, W. M., A theory 
of silt and scour: Inst. CiY. Eng. Proc., vol. 223, pp. 243-314, 1927. 
Buckle~·. R. B .. Irrigation Pocket Book, 4th ed., pp. 167-170, 207-215, 
1928. Lacey, Gt>rald, Stable channels in alluvium: Inst. Civ. Eng. Proc., 
vol. 22H, pp. 25£1-384, 1£130. Ramser, C'. E., Erosion and siltirg of 
dredged drainage ditcht>s: G. S. Dept. Agri. Tech. Bull. 184, 1930. 
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The concept of adjusted cross-section is essentially 
the concept that a stream tends to 1nake for itself a 
channel that is neither too deep nor too shallow. 1:V ater 
flmving in a channel, the depth of which is much greater 
than the width (fig. 11, sec. A), is dragged against and 

c 

A 

B 
FIGURE 11.-Three channel cross sections of equal area. St:>ction C 

contains this area within the smallest possihle wetted perimeter, and 
it therefot·e opposes the least frictional surface to the running water. 

so tends to erode a much larger side-wall surface than 
an equal volume of ·water flowing in a channel sonle­
what wider and shallower. If the too closely crmvded 
walls are made of erosible material, the channel conse-­
quently becomes wider; but there are limits to this 
widening. The frictional resistance bebveen the chan­
nel walls and floor and the flmving water not only causes 
erosion but lowers the velocity. Hence, 'vater flowing 
in an exceedingly wide and shallow stream (fig. 11, 
sec. B) con1es in contact with and so has its velocity 
checked by a larger frictional surface than an equal 
volume of water flowing in a somewhat narrower and 
deeper stream. Inasmuch as the water in the shallowest 
margins is checked most by the friction, it drops its 
load there and makes the channel narrower. In other 
words, a stream tends to adopt a cross section of some 
proportion intermediate between extreme depth and 
extreme width. 

It can be demonstrated mathematically that a chan­
nel of semicircular cross section (fig. 11, sec. C) has the 
largest possible hydraulic radius, that is, it opposes 
the least rubbing surface per unit area; and, within 
nonerosible walls, water flows fastest and most effi­
ciently in a channel of this shape. Howeve.r. a stream 
flowing with any perceptible current between erosible 
banks is unable to maintain so narrow a cross section. 
The enertia of water moving in irregular crooked chan­
nels and the greater velocity of the current near the 
surface of a stream-the vertical velocity curve 12 cause 

12 Unwin, W. C., Hydraulics, in Encyclopedia Bt·ittanica, 9th ed., vol. 
12, pp. 496-498, 1892. 

lateral erosion, and consequently, natural streams in 
erosible banks tend to develop cross sections many 
times wider than the theoretical semicircle. The 
stream makes for itself the channel of maximum hy­
draulic radius or maximum efficiency of flow that it 
is able to maintain under its conditions of character 
of bed, amount of load, and other controlling var: abies. 

The usual statement of the adjustment of ftream 
slopes to changes of load 1night then be extended to 
include the adjustment of cross sections, as follows: 
An underloaded stream tends to erode either at the 
bottom or at the sides of its channel, or in both places; 
consequently. the load is increased. Cutting on the 
bottom increases the load of downstrean1 parts of the 
stream and so eventually lowers the slope and decreases 
the velocity. Cutting at the sides widens the cross 
section, thereby decreasing the relative depth, Pnd so 
reduces the efficiency of the stream. In either cr.se the 
load increases and the capacity decreases until an ap­
proximate balance is struck between the two. Con­
versely. an excessive load causes deposition on tl'~ bot­
tom or at the margins of a stream or at both places. 
Deposition on the bottom, being greater upstream than 
down, tends to steepen the slope and thus to ircre.ase 
the velocity. Deposition at the sides of the channel, 
such as sand bars, mud flats, and natural levees, nar­
rows the cross section, thereby increasing the IY~lative 
depth, and so increases the efficiency of the stream. 

The problem may be approached from another angle. 
The factors that control slope and cross section are 
many. A stream flowing in an alluvial channel-one 
n1ade of materials approximately the same size as the 
debris being carried-must adjust itself to a certain 
set of conditions or duties over which it has ver:-r little 
control. These imposed conditions are, essentia.Hy. the 
volume o£ water and the quantity and texture c £ load 
that n1ust be carried. The volume of water to be dis­
charged from a drainage basin is clearly an imposed 
duty over which the stream itself has very little if 
any control; whatever changes the stream may undergo 
have very little effect upon the discharge of the drain­
age basin. Although the relationship is not so direc.t 
and immediate, the quantity and texture of lo"',d are 
likewise imposed upon a strean1 by its enviro'lment. 
A stream may for a time receive more and coarser 
detritus than it is able to transport and by dropping 
part of this detritus, it may be said to control, but only 
for a time, the volume and size of its load. The very 
fact that this deposition tends ulti1nately to adjust the 
streams to its excessive load shows that, in terms of 
geologic time, load1nay be considered a controlling in­
dependent factor. 

It is true that each of these various factors may vary 
seasonally or even daily and therefore that the stream 
may never actually attain con1plete aclju~tn1ent. 

Nevertheless, with changing conditions, the str~am is 
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constantly cutting or filling and modifying its slope, 
velocity, and cross section so as eventually to accom­
plish the imposed work with the least expenditure of 
energy. The recurrent floods of each season carve out 
or build up a channel that the strean1 is unable to 
destroy at lower stages. For example, the longitudi­
nal profile of many streams at low water is an irregular 
succession of pools and riffles, but the highwater profile 
is commonly a smooth curve that suggests an essential 
adjustment. In short, the stream constantly ap­
proaches. even though it rarely attains and even then 
is unable to 1naintain, a condition of equilibrium in 
which the capacity for and resistance to corrasion 13 

or the cutting and filling are exactly equal. This equi­
librium, which the stream constantly approaches, is 
one in which the imposed load is transported ·without 
either gain or loss. 

This cmnplex system of adjusbnents of slope and 
cross section to discharge and load is accomplished by 
simultaneous changes in the velocity of the water and 
in the width and depth of the channel. The given con­
ditions of water volume and of quantity, size, and sort­
ing of detritus determine not only the distribution of 
velocities at the bottom, sides, and surface of the ·water 
but also the extent of erosion or deposition on the 
bottmn and sides of the channel. The erosion or depo­
sition control the slope and cross section of the stream 
channel and these in turn affect the velocities. Smn­
marizing, if discharge, load, grain size, and sorting are 
considered the controlling factors, then velocity, slope, 
width and depth of channel are dependent variables 
that are affected not only by the independent variables 
but also by one another. 

The complex interrelations among these dependent 
variables 1nay be simplified somewhat. 

First, by definition, 
Q=A.vm='Wdm 'l'm • • • • • • . • . ••••• (1) 

where Q=discharge 
A= area of channel cross section 

·l'm =mean velocity 
•to =surface width of channel 

dm =mean depth of channel. 
That is, for a given discharge and a given velocity there 
is only one area of cross section. 

Secondly, the two dimensions of the channel 1nay be 
combined as the proportionate depth of cross section, 

.X=~ . .................... (2a) 

or as the mean hydraulic radius or depth, 
A R=-p ...................... (2b) 

"~here P=wetted perimeter, 'vhich for rectangular 
cross sections, 

=w+2dm. 

13 Gilbert, G. K., Report on the geology of the Henry :Mountains: u. s. 
Geog. and Geol. Suney Rocky l\Iountain Region. p. 113, 1877. 

It is in1portant to note that in very 'vide flat streams 
R becomes essentially equal to dm. Furthermore, for 
channels of known shape-whether rectangular, smni­
elliptical, or any other-if A and either ..cY or R are 
known, so a1so are the width and the depth. 

Thirdly, 
'L'm=cyRS .................... (3) 

where S==slope of water surface 
c =a constant. 

This is the funclan1ental Chezv formula of hvdr~ulic 
engineers.H Qualitatively it I~eans that vel~eity in­
ereases as either the 1nean hydraulic. depth-the dis­
tance frmn the frietional surface-or the slope increases. 
But, inasmuch as frictional resistanee becmnes greater 
at higher velocities, the exponent of R and S is less 
than unity. Theoretically, this exponent is %, but the 
values found in many empirical studies of open streams 
and eanals range frmn approximately 1h to·% with the 
exponent of R somewhat greater than that of 8.15 Yet~ 
despite this uncertainty about the preeise value of the 
exponent, the equation represents a fundanwntal rela­
tion between l'm• RandS. 

By combining the three equations, ( 1), ( 2a) or ( 2b), 
and (3), the group of dependent variables-width. 
depth, veloeity, and slope-can be reduced without se­
rious error to only two. Some writers have implie'l or 
assumed that the several dependent variables are not 
truly interrelated, that for any given discharge and 
load there is one and only one solution, and that the 
velocity, cross section, and slope of a stream are de­
termined separately. However~ it seems impossible to 
the writer to reduce the number of mutually dependent 
variables, as this assumption demands, to less than two. 

The conclusion that there n1ust be two or more de­
pendent variables, both or all of which are determined 
not separately but jointly, is in fact consistent with the 
beliefs commonly held by geologists and river Engi­
neers. If the dependent variables ·were determined 
separately, diastrophic movements that did not ap­
preciably alter the discharge and load of a stream and 
any differences in rock resistance along a stream course 
would have no effect upon the graded slopes; for, then, 
the graded slopes would be the san1e whether the region 
were drowned or uplifted or made of quartzite or clay. 
Likewise, if the dependent variables were actually de­
termined separately, river engineering would be nearly 
useless, because rivers with a certain discharge and load 
would require certain slopes, velocities, and cross see­
tions that no amount of improvement would be able 
to alter. 

14 Humphrers, A. A., and Ahbott, H. L., Report upon the physic's and 
hydraulics of Mississippi River: U. S. Corps Engineers Prof. Paper No. 
13. pp. 214-215, 1861, reprinted 1876. Buckley, R. B., Irrigation Focl{et 
Book, 4th eel., PI). 174-::!06, Hl28. 

15 Lacey, Gerald, Stable channels in alluvium: lust. Civ. Eng. Proc .. 
vol. 229, pp. 372-375, 1930. 
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The validity of this conclusion and of the generalized 
statements upon which it is based may also be tested by 
the results of experimental studies and observations of 
streams. The relationships found by Gilbert 16 in his 
extensive experiments on the transportation of debris 
by small streams in artificial troughs may be sununar­
ized approximately in the formula 

LbDc 
SGa-"""'fA=K0 · · • · · • 

where 

(4) 

8a=graded slope of the strean1 or ·water surface, 
measured after adjustment to load, dis­

charge, and other controlling variables,17 

.. "'f.1 =optimum form ratio, the proportions of ad­
justed cross section. or the depth-width 
ratio, which gives to a stream its greatest 
capacity for traction,18 

L =the stream's load, the quantity transported 
through any cross section in unit time, 

D=average diameter of particles that make up the 
load, 

Q=vohune of water discharged through any c.ross 
section in unit tin1e, 

[{,a, b, c, and e=constants. 
The steps by ·which Gilbert's general equation/9 

C ( m X) =b(SG-u)n(Q-K) 0 (F-cp)P 1- -- -T- Xm 
m+1 X.4 ' 

has been thus simplified and transposed so that slope 
and cross section become the .clepenclen~ variables 
are outlined herewith. The constant K obviously be­
cmnes less important as Q increases. The constants 
(]' and <P are found to decrease as Q becomes larger.20 

Also, the term 

( 
rn X)T ~ T 

1- m+1 XA Xm= (1-aX)Xm, 

where 1n and a are numerical constants,21 can be simpli­
fied for natural streams because if wide streams with a 
very low ratio of depth to width, instead of narrow 
troughs, are considered, a..:Y is negligibly small, and the 
tenn recluees to ....::Ym. Or, if an adjusted instead of an 
imposed cross section is used-that is, if ~Y = ~Y.1-then 
the term becomes 22 

1 
m+1 XAm• 

Hence, for large and essentially adjusted streams, 
c KtSGnQoFP .... YAm, approximately, 

where C=eapaeity of a stream for traction of debris, 
determined as the quantity transported 
through any cross section in unit time ; 23 

therefore here equal to the load L; 

16 Gilbert. G. K., The transportation of debris b~' running water: U. S. 
Geol. Survey Prof. Paper 86, 1914. 

17 Gilbert, G. K., op. cit., p. 22. 
18 Gilbert, G. K., op. cit., pp. 129-130, 135-136. 
19 Gilbert, G. K., op. cit., p. 191. 
20 Gilbert, G. K., op. cit., pp. 66-67, 153. 
21 Gilbert, G. K., op. cit., pp. 125, 129-130. 
22 Gilbert, G. K., op. cit., pp. 129-130. 
23 Gilbert, G. K., op. cit., p. 24. 

F =linear fineness of debris or the reeipr-:lcal oi 

average diameter, that is,(~} 
and 

K1, n, o, p, and m= constants. 

Substituting L for 0 and b for F and takirg Gil­
bert's experinumtal values of the exponents,24 

KJSGI.59Q1.02 X .40.47 

L=- no.ss 

or 
S0~2QX A 

11
2 • I 

L= K1 D1.2 ' approximate y. 

Transposing and squaring, 
VD . 

S0
3XA=K1 Q2' approximately. 

The effect of differenees in the degree of sorting is 
omitted from this equation, but Gilbert found that well­
sorted debris behaved much as if it were coarser­
grained. 25 

This empirieal formula 1nay be used as a convenient 
basis for discussion of the relations between dependP.nt 
and independent variables. It states that, when form 
ratio is constant, the graded slope increases with in­
crease of load or grain size or with deerease of dis­
charge, and it is therefore merely a restaten1ent of the 
familiar conditions of the slope of equilibrimr. The 
analogous increase of the adjusted fonn ratio or pro­
portionate depth, when slope is constant, with increase 
of load or grain size or with decrease of discharge is 
less familiar~ it simply n1eans that as a strea1n ~~eomes 
Inore heavily loaded, lateral erosion beeomes l9ss im­
portant, the ehannel is torn out less frequently, and 
a narrower eross section, one approaching more nearly 
to the theoretieal semicircular shape, can be built up. 

The general validity of the formula 1nay br, tested 
roughly by con1parison with the nor1nal behavior of 
natural streams. Frmn head to mouth clown 1nost 
streams, the load, grain size, and discharge gradually 
change. Because of the confluence of tributaries, the 
cliseharge of a stream increases downstream. Pecause 
of decreasing loeal relief, the load that is being added 
per unit volume of water tends to cleerease clown~tream. 
And because of 1nutual abrasion and attrition, the 
particles transported by a stream tend to beeom9 finer­
grained downstrean1. Hence, as discharge increases 
and grain size decreases, the graded slope tends to be­
come flatter downstream, provided the form ratio re­
Inains approximately constant. Si1nilarly, the propor­
tionate depth tends to become less dmvnstream, or the 
proportionate width greater, provided the slope re­
mains constant. Nearly all natural streams beeome 
flatter downstream; unquestionably, Inost streams also 
become wider and probably a great many becmne pro-

24 Gilbert, G. K., op. eit., pp. 132-134, 187. 
25 Gilbert, G. K.. op. cit., pp. 11. 169-185. 
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portionately wider downstream, although data bearing 
on this point are not as cmnplete as might be wished. 
It thus appears that. if either slope or proportionate 
depth alone is considered, the empirical formula ac­
cords in a general ·way "\Vith normal stream behavior. 

But the formula also indicates that a given value of 
load, grain size, and discharge may be satisfied by an 
almost infinite number of possible combinations of 
slope and cross section. If the load, grain size, and 
discharge remain essentially constant, any change of 
the slope is made at the expense of the proportionate 
clepth, and, in that case, a flattening of slope must be 
accompanied by a deepening of cross section. The 
formula thus accords with the previous conclusion that 
slope and cross section are determined not separately 
but jointly by the independent variables. 

Earlier experimental studies 26 had also shown that 
the adjusted channel becomes shallower and broader 
as the graded slope increases. Gilbert explained 27 the 
relationship as follows: 

·rhe two factors which, in ultimate analysis, determine capacity 
for traction are velocity of cm·rent along the ued and width 
of bed. When discharge and slope are such as barely to 
afford competence with the most favorable form ratio, that 
ratio is one giving the highest velocity, namely, 1: 2. The 
other factor, width of bed, is evidently favored hy lower values 
[of the form ratio] ; and therefore, as the conditions recede 
from the limit of competence, the optimum form ratio becomes 
smaller. This line of reasoning might, in fact, have been used 
to show a priori-what has actually been shown by the experi­
ments-that the value [of the optimum form ratio] varies 
inversely with slope, discharge, and fineness. 

The relation 1nay also be interpreted qualitatively by 
cmnbining equations ( 1) and ( 3). ( p. 131) the defini­
tion of discharge and the Chezy formula, which gives 

Q=c w dm-JRS=c w dm? 28\ approximately. 
That is to say, in portions of a large stream, where Q 
and 10 are approximately constant and R is essentially 
equal to dm. it is obvious that depth and slope 1nust 
vary inversely. 

Artificial canals are scoured out or filled up until 
the dimensions of cross-section and the slopes become 
adjusted to the discharges. silt-sizes, and silt-loads that 
must be carried. Therefore, old canals that have been 
in operation long enough to establish stable channels 
afford data on the conditions of equilibrnm. Many 
studies have been made of the canals in India, Burma, 
and Egypt and several e1npirical relationships between 
different variables offered as a guide in engineering 
practice. In a recent sumn1ary of these studies, it is 
reported 28 that the following general relationship 
holds: 

(4a) 

28 Parker, P. a M., The control of water, p. 770, London, 1913. 
27 Gilbert, G. K., The tmnsportation of debris by running water: 

U. S. Geol. Survey Prof. Paper 86, p. 136, 1914. 
28 Lacey, Gerald, Stable channels in alluvium : Proc. Inst. Civ. Eng., 

vol. 229, pp. 283, 373, 1!)30. 

That is, if the silt size is constant, the slope and mean 
hydraulic depth vary inversely. Inasmuch as R is 
roughly comparable with .. Y, this accords with there­
sults of Gilbert's experiments. 

Observations on natural streams and rivers that fl0w 
in alluvial beds also seem to show the same inverse 
relation between slope and proportionate depth. It 
is true, however, that this type of evidence is always 
open to dispute; no two natural streams are exactly 
alike, and all have had complex histories. Therefcre, 
almost any relationship that may be cited fails to dem­
onstrate conclusively beeause it is possible to att.rib1te 
the example to son1e special features or irregularities 
in the histories of the particular streams chos~n. 

Nevertheless, if a general relationship is found to hold 
true on 1nany different streams in different regions, 
it cannot be dismissed lightly as aceidental. 

The table on page 128 indicates that, among the dif­
ferent sections of Mississippi, Missouri, and Illinois 
Rivers compared there, slope tends to vary invers~~ly 
with proportionate depth. Likewise, early data 29 on16 
sections of Illinois River frmn Utica to the n1outh show 
that, as the slope changes smnewhat irregularly fr01n 
one section to another, the same general relationsl'ip 
holds. On 8 sections 30 of the Mississippi frmn St. 
Louis to the mouth of Ohio River at low-water, 1nean, 
and bankfull stages in 188±-89 and 1907, the skpe 
changes irregularly from section to section, and these 
changes are accompanied by commensurate inverse 
changes in the proportionate depth. That this inverse 
relation between slope and depth is not an unconnnon 
one is indicated by the familiar fact that in streams of 
all sizes the quiet reaches or pools tend to be deep and 
flat whereas the riflles tend to be shallow and steep. 

Most natural strean1s probably become proportion­
ately wider downstream, but observations indicate that, 
beyond a certain point, many rivers begin to beco'ne 
proportionately deeper again as their slopes continue 
to decrease. The mean dimensions of cross section of 
Mississippi River in four sections from the n1outh of 
Ohio River to the Gulf show 31 that, before extensive 
improvements were attempted, the river became pro­
gressively narrower downstream and that the depth 
increased more than the width decreased. Hen"e, 
while the slope became flatter downstream, the propor­
tionate depth increased severalfold. More re.eent 
n1easurements 32 of the mean depths and slope.s in fve 
sections of the same river from St. Louis to New Or-

29 Cooley, L. E., The Lakes and Gulf Waterway, p. 60, 1891. 
3o U. s. Engineer Corps, Survey of Mississippi River from St. Louis, 

::O.Iissouri. to its mouth: 61st Cong., 1st sess., H. Doc. 50, pp. 76-77, 1909. 
3t Humphreys, A. A., and Abbott, H. L., Report upon the physics and 

hydraulics of the Mississippi River: U. S. Corps Engineers Prof. Pal)er 
n~. 13, pp. 107, 122, 1861, reprinted 1876. 

3ll u. s. Engineer Corps, Survey of Mississippi River from St. Louis, 
Missouri, to its mouth : 61st Cong., 1st sess., H. Doc. 50, pp. 11, 34, 1919. 
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leans also show the same relationship. Barton 33 indi­
cates that on Brazos River in Texas the depth increases 
as the slope decreases. Griggs 34 reports that the Buf­
falo River in Minnesota has a relatively shallow 
channel and meandering course where the slope is 
steep but that clownstrean1 it changes to a deep, rela­
tively straight, and canallike stream where the slope 
flattens. 

It is reported 35 that in many rivers, especially those 
of India, the velocity remains approximately constant 
throughout the middle and lower reaches and the pro­
portionate depth increases as the slope flattens.36 

This apparent contradiction-the gradual 'viclening 
downstream to some point, then a reversal and progres­
sive deepening farther downstream-demands a brief 
consideration that involves son1e of the fundamentals 
of stream dynamics. If we ignore for the n10ment any 
effects of change of proportionate depth, then the 
graded slope at any point along a stream's course de­
pends upon the volume of water and the amount and 
kind of load being carried there. (See p. 1:32.) None 
of these factors is inflneneed by the distance from or 
elevation above the stream's base level, and the graded 
slope at that point is therefore determined, not by the 
conditions downstream but by duties imposed from up­
stream. And, inasmueh as the longitudinal profile of 
a stream is simply a continuous series of all the slopes 
at different points, the shape of the entire profile is 
likewise detennined not by the distanee from or ele­
vation above base level but by these imposed duties, dis­
charge and load. Here the objection may quite prop­
erly be raised that a stream is necessarily graded with 
respeet to its ac.tual base level. This is of eourse cor­
reet but only in the sense that the altitude rather than 
the shape of the curve, or in 1nathematical terms the 
eonstant of integration, is fixed by the altitude of the 
local base level. The slopes at different points and the 
shape of the profile are controlled by duties imposed 
from upstream, but the elevations at each point and 
the actual position of the profile are determined by the 
base level downstream. (See fig. 12.) This distinetion 
1nay seem merely academic but its importanee lies in 
the corollary that the profile of a graded stream 1nay 
intersect the base level at an appreciable angle. In 
fac.t, it would rarely happen that the profile graded to 

33 Barton, D. C., l\Ieamlering in tidal streams: Jour. Geology, vol. 36, 
pp. 622, 628, 1928. 

34 Griggs, R. F., The Buffalo River: an interesting meandering stream: 
Amer. Geog. Soc. Bull .. vol. 38, p. 168, 1906. 

35 Ward, Sir Thomas, in discussion of The works for the augmentatiOn 
of the supply of \Vater to the city of Capetmvn, South Africa : Inst. Civ. 
Eng. Proc., vol. 216, p. 352, 1923. Lillie, G. E., Discharge from catch­
ment-areas in India, as affecting the waterways of bridges: Idem, vol. 
21~ pp. 302-303, 1924. 

36 Griffith, "·· l\L, A theory of silt and scour : Idem, vol. 223, pp. 251-
252. 312, 1927; Discussion b;v J. l\I. Lacey: Idem, p. 295, 1927. Elam, 
"'· E., Discussion, Flood control with special reference to the Mississippi 
River; a symposium: Amer. Soc. Civ. Eng. Trans., vol. 93, pp. fl45-946, 
Hl29. 

fit the imposed duties, discharge and load, would also 
happen to approach the base level asymptotically. 

However, a sharp angle at the intersection bebveen 
the graded slope above and the base level below ob­
viously cannot be maintained. Where the slope be­
comes zero, the water ceases to flow and so damE' up the 
river above, thereby raising the water level just enough 
to maintain the flow. The effects of this clamming die 
out gradually in both directions from the intersection 
and a transition curve is developed. Or, stated in other 
words, water flo,ving clown an appreciable slope has a 
greater velocity than this sa.me water after it has 
reached the horizontal base level and, with a greater 
velocity, the same volume in cubic feet per second then 
occupied a narrower or a shallower ehannel. That is, 
the slope of the water surface controls the velocity 
( v o: S%), which in turn detel'lnines the area of cross 
section ( wd=Q/c); but the changed area nwcljfies the 

BASE LEVEL 

FIGFRE 12.--Relationship of profile of eqniliLrium to b'lse level. 
Although the graded slopes of a stream and the shape of its profile 
may be determined by the volume and load, the actual elevations and 
position of the profile are fixed by the base level. A group of possible 
profiles all of which satisfy the conditions of grade, but only one, 
profile C, that meets the actual base level at the point m. 

original slope and velocity and so on until ther~ is de­
veloped a transition curve that merges into tho: water 
surface on the graded slope above and the base level 
below. (See fig. 13.) This transition curve or the 
slope of the water surface above any kind of obstruction 
or dam is known to engineers as the "backwater curve'' 
and several formulae 37 have been proposed fo1· calcu­
lating it. 

The significance of this transition or ''backwater'' 
curve in the present connection is the fact that it is not 
actually a part of but is distinctly different from the 
graded stream profile as detenninecl by the discharge 
and load. The part of the stream's eourse affected by 

31 Unwin, ,V, C., Hydraulics, in Encyclopedia Brittanica, 9th ed., vol. 
12, pp. 499-501, 1892. Buckley, R. B., Irrigation Pocket BoC'k, 4th ed., 
pp. 89-104, 1928. 
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the backwater eurve would be 1nacle flatter than the 
graded slope. (See fig. 18.) The,refore if slope were the 
only dependent variable, this lower portion of the 
stream ·would no longer be able to transport the load de­
livered to it by the upper stream, and deposition would 
result. 

BASE LEVEL 

FIGURE 13.-"Backwater curve" transitional between graded slope and 
base level. 

If slope were the only dependent variable this deposi­
tion would necessarily result in building up the slopes, 
first near the mouth and then progressively back 
upstream, until the whole stream had been aggraded by 
an equal amount throughout so that the graded profile 
would exactly approach the level as its asymptote. But 
if proportionate depth is also a dependent variable, 
then the graded eondition can be maintained by pro­
portionate deepening in that part of the stream which 
has been overflattened by the backwater curve. The 
proportionate deepening in the lower parts of many 
rivers may therefore be explained as the result of over­
flattening by the backwater curve and adjustment of 
the channel eross section to this imposed slope. 

The observations of canals and streams that have been 
eited seem to be consistent with the results of experi­
mental studies. Apparently slope and proportionate 
depth are determined jointly and not separately. If a 
stream is made unduly wide and shallow by a floor of 
rock or large boulders, friction along this floor builds 
up an increase of slope that tends to maintain or ap­
proach the equilibrium between capaeity and resistance. 
On the other hand, if the slope is overflattened by drown­
ing, by approach to base level, or by the building for­
ward of a delta, the equilibrium between cutting and 
filling can be maintained most readily by deposition at 
the edges of the stream. so that the proportionate depth 
inereases. That is, either slope or cross section may 
locally or temporarily become a controlling faetor and 
thus be a more or less independent instead of a truly 
dependent variable. 

It is not improbable that the precise fonn taken by 
the adjustment is governed by something like the prin­
ciple of least work and depends upon whether equi­
librium can most readily be maintained by a change of 
slope or a change of cross section. Change of slope is 
aceomplished by a greater deposition or a greater 
seouring upstream than clown, whereas change of cross 
section is accomplished by essentially equal deposition 
or scouring throughout the stream. It seems probable 

868804-50--11 

that local conditions would determine which of these 
two ehanges could be accomplished most readily. 

Missouri River, for about 2,000 miles from Great 
Falls to its mouth, has a s1nooth profile 38 and appears 
to be essentially graded 39 yet, despite local compliea­
tions and variations, the river flows throughout this 
distance at approximately the same interval below the 
older uplands that border it. One is forced to believe 
either that the discharge and load of the present Mis­
souri River are such that they almost exactly fit the 
slopes of these old upland surfaees, which obviou~ly 
were cut by an earlier stream, or, as seems more likely, 
that the profile of the present strean1 has been greatly 
influenced by the slope of the earlier surfaces on whieh 
it began its work. It likewise seems possible that the 
Platte River of Nebraska, notorious for its width, 
shallowness, and steep gradient, may be an example 
not so much of a stream that flows through a region of 
unconsolidated strata,40 which is "overloaded" by wafte 
from mountains and by aridity,41 and which loses water 
to underground drainage 42 but rather of a stream so 
greatly oversteepened by the pre-existent slope in­
herited frmn earlier stream~ that equilibriun1 can mere 
nearly or more readily be attained by the develop1nent 
of a very shallow cross section than by the erosion of a 
flatter gradient. 

If there 'vere no such possibility of alternative solu­
tions, and if the slope of a stream. were determined in­
flexibly by the discharge and load, streams would be 
unable to adjust themselves as closely as they do to 
structural slopes and to earlier land surfaces. Withcut 
some such a means of adjustment to preexistent slopeE­
if a certain discharge and load neee.ssarily meant a. 
certain stream profile-it seems that the flat slopes til at 
would be required for some streams would make gorg~s 
and canyons far more numerous than they actually 1:1 re 
in many regions and, eonversely, that n1any rivers 
would be cmnpelled to build steep slopes that would 
raise their banks high above the intennediate lowlands 
which they traverse. 

The concept of the adjusted cross section of strer,m 
channels thus seems to carry with it the corollary that 
graded slopes are not determined solely but only within 
rather broad limits by the imposed eonditions of dis­
charge, load, grain size, and degree of sorting. Even 
if these imposed conditions are precisely the same for 
two streams, it does not necessarily follow that their 
graded slopes must be equal. Hence it seems an ahnost 

38 Gannett, Henry, Profiles of rivers in the United States: U. S. G~ol. 
Survey Water Supply Paper H. pl. 8, 1901. 

39 Gannett, Henr;v. U. S. Geol. Survey Topog. Atlas, Physiographic 
types folio (no. 2). 1900. 

4o Gilbert, G. K., The Colorado Plateau province as a field for geolog­
ical study: Amer. Jour. Sci., 3d ser., vol. 12, pp. 100-101, 1876. 

41 Gan~ett, Henry, U. S. Geol. Survey Topog. Atlas, Physiographic 
types folio (no. 2), 1900. 

42 Lugn, A. L., Ground-water hydrology and Pleistocene geology of 
the Platte River Valley and adjacent areas in Nebraska: Nat'l Research 
Council, Amer. Geophys. Union Trans., p. 225, 1931. 



136 GEOLOGY AND MINERAL R:E1SOURCES, HARDIN AND BRUSSELS QUADRANGLES 

hopeless task to attempt to deduce the former conditions 
of discharge and load when only the old slope, and not 
the cross section, of a stream is known. 

APPLICATION OF CONCEPT TO ILLINOIS RIVER 

The preceding discussion of the adjusted cross section 
of streams affords a basis for reconsidering the abnor­
mal features of the regi1nen of the lower Illinois River. 
If graded stremu slopes are determined within only 
broad limits by the discharge and load and if the ad­
iusted cross section is actually another variable in the 
equilibrium, then the very lmv gradient but excep­
tional stability of Illinois River is susceptible of a 
rational interpretation. Essential equilibrimn is Inain­
tainecl, despite the extreme flatness, by the greater pro­
portionate depth. 

Yet by itself the concept of n1utual dependence and 
inverse relationship between slope and cross section 
does not explain why one of these variables dominates 
over and controls the other, why stability is attained 
more readily by building a narrow and deep channel 
than by building a steeper slope. Ho·wever, the cle.pth 
to the bedrock floor beneath Illinois and Mississippi 
Rivers furnishes an additional clue. The maximum 
thickness of the alluvial fill in the Illinois Valley seems 
to remain approximately constant from near the Great 
Bend at Hennepin to the n1outh of the rivm\ whereas 
the alluvial fill in the Mississippi Valley seem.s to be­
come progressively thicker upstrean1 (p. 98). 

This relationship suggests that, since the time that 
the bedrock floor was cut, Mississippi River has grad­
ually built up a steeper slope, and in doing so has raised 
the base level or drowned the mouth of Illinois River. 
By this interpretation the Illinois River, flowing on or 
near its very gently sloping bedrock floor, was checked 
1nost and so deposited n1ost he.avily in its lowermost 
reaches. Heavy deposition in the lowennost reaches 
of a strea1n would tend to fonn an even flatter rather 

than a steeper slope, and therefore a narrower channel 
would be built. But Illinois River was already flow­
ing on a gradient so low that further flattening would 
be difficult to compensate. Hence deposition in the 
lower reaches would cause deposition in the 1niddle and 
eventually in the upper parts of the stream. That is, 
the river would build up its bed vertically throughout 
its course and n1aintain essentially the sa1ne gradient 
that it had before its base level was raised, because the 
new backwater curve (pp. 134-135) approxi1nately 
coincidQ.Cl with the preexistent gradient. 

According to this interpretation, Illinois Piver in­
herits its low gradient frmn the much earlier stream 
that established the flat bedrock floor. However, the 
di1nensions of the old channel are not known, and it is 
impossible to deduce n10re than the most general con­
clusions about the nature of the earlier stream and the 
conditions under which it flowed. It was unlike the 
present lower Illinois River in that it scoured the bed­
rock floor and therefore probably carried a smdler or a 
finer-grained load <Dr a larger volume of water. Of these 
three possibilities one seems most probable. That it 
carried a 1nuch finer-grained load seems very unlikely, 
and a smaller quantity of detritus seems almos-~:. equally 
improbable. However, at the times when the pre-Illi­
noi~n Mississippi and Rock Rivers and again when the 
late Wisconsin Lakes Chicago 43 and l{ankr,kee dis­
charged through Illinois River (pp. 96, 115), it very 
probably carried n1uch larger volmnes of water. The 
earlier river was probably larger than tll€, present 
strea1n, but 'vith present knowledge it is impossible to 
say whether it was a very large, wide, and fl~Lt torrent 
or only a 1noderately large but narrow and deep river. 

The following table summarizes in a very arbitrary 
forn1 the geologie history of the region as rec'1rded by 
physiographic evidence. 

43 Barrows, H. H .• Geography of the middle Illinois Valley : Illinois 
Geol. Survey Bull. 15, pp. 48, 53-54, 57, 1910. 

Physiograph-ic 1·econ1 of geologic et1ents in and near the Ha1·din and Br1tssels ·qttadrwngles, Illi-nois 

Period Epoch Stage Erosion Deposition 
---

Recent Dissection of the uplands; lateral planation by Flood plains the streams 

I» Wisconsin. (1). Deer Plain terrace. .. Wisconsin(?) and Peorian. (1). Deposition of loess. 
Clil a> 

= = Wisconsin or Iowan. Metz Crrek terrace. .. a> Sangamon. (1). Deposition of loess. 
a> Q - 0 Sangamon (?) and Illinoian. (1). Brussels terrace. 
Clil .... 

lllinoian. Dissection of the unglaciated uplands. Deposition in ponds marginal to tl e illinoian ice. 
:I 

flJ ·- Illinoian till plain. 
C1 a> Yarmouth. ? ? .... 

~ Kansan. Dissection of the unglaciated uplands. Kansan till plain and Batchtown channel. 
Aftonian. ? ? 
Nebraskan. Dissection of the unglaciated uplands. Deposition of Nebraskan drift. 

Pliocene (?). Sharp trenching and dissection. 

to Intermediate postmature upland surface. 

~ Miocene(?). Deposition of stream gravels (Grover gravel). 
a> Miocene or Calhoun peneplain. 

E-< Oligocene. 

1 Dissection of the uplands and lateral planation by the streams probably continued in parts of the area. 
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STRUCTURE 

The rock strata of the central Mississippi Valley 
region dip away from the broad Ozark dmne into the 
coal basins of northern Missouri and central Illinois, 
but throughout most of the region their angles of in­
clination are much too gentle to be detected by the 
unaided eye. Locally, however, these very gentle clips 
are interrupted by s1nall folds and faults and in a few 
places by narro·w zones of nwre intense deformation. 
One of the most sharply defined of these narrmv zones 
of deformation 44 lies along the northeast flank of the 
Ozarks and makes the south limb of a large asymmetri­
cal anticline in northeastern Missouri and west-central 
Illinois. This narrow zone of deformation, the Cap 
au Gres faulted flexure, crosses the Brussels quadrangle; 
and the large anticline of which it is a part brings to 
the surface the older Paleozoic rocks that are exposed 
within the area. 

STRUCTURE-CONTOUR MAP 

Relatively si1nple geologic structure like that of the 
rocks in the central Mississippi Valley can be shown 
more clearly by structure-contour maps than by any 
other method of representation. Accordingly, a struc­
ture-contour map of the Hardin and Brussels quad­
rangles (pl. 2) was prepared from the data gathered 
in preparation of the areal geologie map. Elevations 
of the contacts between Paleozoic formations were de­
tennined at many places by Locke levelling frmn points, 
such as roads and upland ridges, 'vhe.re the elevations 
shown on the topographic. maps had been established 
by traverses rather than by sketching. These relatively 
accurate elevations were supplmnentecl by a few baro­
Inetrie readings in the less accessible parts of the area. 
All of the elevations of the contacts between different 
formations were then reduced-by adding or subtract­
ing the thickness of iuteiTening beds-to the elevation 
of the one contact that is nwst widely exposed through­
out the area-that bet\veen the l{inderhook and Osage 
groups. The final elevations reduced to this key bed 
are probably accurate within about 25 or 35 feet. In 
the uplands 'vhere bedrock is exposed the key bed eleva­
tions "\vere rather closely spaced-approxin1ately five 
to the square mile-and structure. contour lines, drawn 
frmn these elevations and from loeal clip and strike 
rNtdings, are believed to be not more than 50 feet iit 
error. However, in the river lowlands roc.k exposures 
qnd horings are very searee, and the contour lines are 
little ::tnore than one individual's interpretation of what 
the structure there may be. 

,In order to show the regional setting of the struc­
tural features of the Hardin and Brussels quadrangles, 
and especially to show the relationship to the struc-

44 Weller, Stuart. The geological map of Illinois : Illinois Geol. Survey 
Bull. 6, p. 12, 1907. 

ture iu Lincoln County, Mo., the completed structure­
contour map of the two quadrangles was reduced to 
the scale of Krey's reconnaissance structure. nmp of the 
region;15 Figure 14 is a portion of Krey's map ex­
tended to include and modified to fit the structural dr.ta 
gathered in and near the Hardin and Bruss~ls 

quadrangles. 

GENERAL STRUCTURE 

The structure-contour maps shmv that the area of 
the Hardin and Brussels quadrangles falls naturally 
into three structural units-two extensive areas in which 
the rocks are inclined gently northeastward separated 
by the third unit, a narrow east-west zone, in which 
the rocks dip steeply soutlnvard. The northern unit 
covers the Hardin quadrangle and the northern edge 
of the Brussels quadrangle. In it the roeks dip north­
eastward at an average inclination of about 45 feet to 
the mile, but this regional dip is interrupted by many 
small anticlines, synclines, and other structural irregu­
larities. In general, the dip becmnes flatter and more 
easterly to the north. The southern unit includes most 
of the Brussels quadrangle. In it the roc.ks clip about 
20 feet to the mile in an east-northeastward direction, 
and no irregularities of structure, such as those in the 
northern unit, were recognized. The narrow zone of 
steep southward dips extends nearly due east through 
the northern part of the Brussels quadrangle. Along 
it the beds dip at angles ranging from 5° to vertical 
and are even overturned; and there are also numerous 
large and smaJl strike faults. 

The general structure of the Hardin and Bruss~ls 
quadrangles may also be summarized in other terms. 
The northern unit of gentle but irregular clips is part 
of the wide northern limb of the Lincoln anticlin~,46 

upon ·which are. superposed 1nany minor folds. The 
southern unit of even gentler and much more unifo~~m 
east-northeastward dips 1nake.s the wide southern limb 
of the Troy-Brussels syncline.47 The intervening zone 
of steep southern dips, the Cap au Gres faulted flexure, 
is the narrow south li1nb of the Lincoln antieline and 
the north limb of the Troy-Brussels syncline. 

MINOR FOLDS ON LINCOLN ANTICLINE 

The rock exposures within the Hardin and Brussels 
quadrangles are far too ineomplete to permit a rec,'Jg­
nition of all the smaller structural features of the 
area, yet those 1ninor folds that were found superpo~ed 
upon the flank of the Lincoln anticline seem to fall 
into fairly systematie groups. 

•s T(tey, Frank, Structural reconnaissance of the Mississippi V3'1ley 
area from Old Monroe, Mo., to Nauvoo, Ill.: Illinois Geol. Survey P•1ll. 
45, pl. 1, 1924. 

4& Krey, Frank, op. cit., pp. 45-46. 
4; KrP-v, Frank, op. cit., pp. 46, 49-50. 
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There are irregularities along the Inain anticlinal 
axis. In the vicinity of Dogtown Landing and West 
Point Ferry, near the crest of the anticline, the rocks 
dip about 5° ENE. No rocks are exposed immediately 
to the westward, and the apex of the subordinate anti­
cline there n1ay lie only a few hundred feet to the west 
under the Mississippi River or it may lie several miles 
farther west in the larger anticline near Foley in Lin­
coln County, Mo. Near the northeastern corner of 
the Brussels quadrangle, the crest of the regional anti­
cline rises again in a 1ninor fold that is here called the 
Deer Lick clon1e. Between Dogtown Landing and this 
Deer Lick dmne the crest of the anticline sags down 
into a saddle about 2 1niles south of a shallow basinlike 
depression that for convenience is designated the Mep­
pen syncline. The structure of the eastern portion of 
this syncline is hidden underneath the alluvial valley 
of Illinois River. 

About 7 miles north of and roughly parallel to the 
main anticlinal axis is the Otter Creek syncline, a gentle 
eastward-plunging fold which is recognizable on both 
sides of Illinois River. Immediately north of this syn­
cline lies a group of fairly well defined "en echelon,' 
antielines and synclines that are elongated about N. 35° 
W. or approximately at ±5° to the axis of the Lincoln 
anticline. lTnfortunately not one of these folds is cmn­
pletely exposed in the uplands~ all extend out into 
the river valleys so that their exact form cannot be de­
termined. The most conspicuous fold in this group 
is the Hardin syncline, on the flanks of which the rocks 
dip at angles of frmn 5° to 12°. Parallel to this syn­
cline but on the opposite side of the Illinois River is 
the much gentler sided N utwood anticline. Rock ex­
posures on the western side of the Calhoun County up­
land, supplemented by the records of a few borings 
nearby, semn to show the presence there of an analogous 
pair of folds, the Gilead anticline and the l{ritesville 
syncline. The distribution of l{eokuk and Burling­
ton faunas in the limestones of the Osage group inl­
Inediately north of Fieldon indicate the presence, of a 
synclinal depression several miles east of Illinois River, 
which 1nay be a me1nber of this group of folds. 

The en echelon folds appear to die out about 6 miles 
north of the Otter Creek syncline. Just north of the 
Hardin syncline two other structural irregularities were 
noted. One is the largest fault found on the north 
flank of the Lincoln anticline; it trends about N. 80° 
W., essentially parallel to the Otter Creek syncline and 
the axis of the Lincoln anticline, and it is downthrown 
about 40 feet on the northern side. The other struc­
tural feature lies about 1 1nile farther north-in Poor 
Farn1 Hollow. Its exact character is not known; the 
rock exposures there Inay be explained by the presence 
of either a fault or a narrow steep-sided syncline, the 
trend of which is also roughly parallel to the axis of 
the Lincoln anticline. In the main, however, the rocks 

in the are.a north of the group of en echelon folds 
appear to lie relatively undisturbed, and they dip rather 
nniforn1ly east-northeastward at an inclination of ab')ut 
30 feet to the 1nile. 

TROY-BRUSSELS SYNCLINE 

The rocks that lie south of the Cap au Gres flexurf. in 
the Brussels quadrangle and adjacent regions are 
heavily Inantled with Recent alluvium, Pleistocene 
strea1n deposits, and loess, and consequently the stric­
ture of the area is known less perfectly than that north 
of the fle.xure. Nevertheless, the available exposures 
seem to show definitely that the strata dip ve.ry gently 
and uniformly east-northeastward into an extrmno,ly 
asym1netric syncline that plunges eastward. De~p­
well records near Orchard Fann, Mo., and Grafton, 
Ill., appear to confirm the evidence of the rock outcrops 
that this synclinal axis plunges eastward more steeply 
in the eastern than in the western part of the area. 

The failure to find minor flexures along the south 
limb of the Troy-Brussels syncline 1nay possibly be the 
result of an extensive overlap of Pennsylvanian To~ks 
in that region. However, it seems more probable that 
it is the result of an actual absence of these minor flo,x­
ures and a real differe.nce in the type of defor1nation 
north and south of the Cap au Gres flexure. 

CAP AU GRES FAULTED FLEXURE 

The most varied and interesting assemblage o:f strlc­
tural features within the Hardin and Brussels quad­
rangles are those along the Cap au Gres monoclinal 
flexure. This flexure extends continuously frmn west­
ern Pike County, Mo., southeastward through Lincoln 
County, then east across southern Calhoun County, Ill., 
and into south western Jersey County at least a 1nile 
east of the Brussels quadrangle, where it disappears 
benen.th the broad alluvial valley of the Mississippi 
River. Throughout its length the flexure is a narrow 
zone along which the rocks clip steeply southward or 
southwestward. Its average trend across the BrusFels 
quadrangle is nearly clue east-west-about N. 87° W.­
but it curves gently to either side of this average tr€nd 
and, at1east locally it is offset by sn1all transverse faults. 

The total uplift or "structural relief'' along the flex­
ure-the difference in elevation of a given bed on the 
anticlinal axis to the north and in the synclinal axis 
to the south-averages about 1,000 feet, but it var1es 
frmn place to place, apparently in systematic relation 
with the variations in trend of the zone. · Near Dog­
town Landing the structural relief is about 1,100 or 
1,200 feet and near Deer Lick dmne about 1,000 or 
1,100 feet, and at both places the zone is gently convex 
to the south. But between these two places, along the 
saddle opposite the Meppen syncline, the structural 
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relief is only about 750 feet, and the zone 1s concave 
to the south. 

FOLDING 

The horizontal distance bet,veen the axis of the Lin­
coln anticline and the trough of the Troy-Brussels 
syncline is approximately a mile, but the zone in which 
the rocks clip at angles steeper than about 5° is only 
about 1.000 or 1.500 feet wide. The steepest dips in 
the flexure normally lie near the 1nidclle of this nar­
rower zone. Throughout most of the length of the 
flexure, the steepest clips noted were about 65° or 70°. 
However, in the Nlh see. 34, T. 12 S., R. 2 ,V., opposite 
the Meppen syncline, no dips steeper than 20° were 
found, whereas in the NWlj1 sec. 32, T. 12 S .• R. 2 W., 
near Dogtown Landing, and in the NW14NW1j._1 sec. 
13, T. 6 N., R. 13 W., near Deer Lick dome, the rocks 
locally dip at angles of 85° or 90° and in the SE14SE14 
see. 11, T. 6 N., R. 13 W .. on the west side of Deer Lick 
Hollow, they are o-verturned so that they clip about 65° 
northward. (See pis. 21A, 70.) 

An interesting minor feature of the folding is the 
abruptness with which the steep dips flatten at the 
southern limit of the flexure. Along the river's e.dge 
near Dogtown Landing and in the bluffs half a 1nile 
north of Winfield in Lincoln County, Mo., the beds in 
the St. Louis lin1estone flatten abruptly frmn clips of 
more than 20° to less than 5° within a horizontal dis­
tance of only a few feet, yet there is very little fractur­
ing of the rock at either exposure. 

FAULTING 

Along part and perhaps along most of its length the 
monoclinical flexure is broken by faults. Incomplete 
exposures 1nake it exceedingly difficult to determine the 
extent and continuity of these faults, but it is interest­
ing to note the progressive change of interpretations as 
successive geologists have studied the structure in 
greater and greater detail. Worthen 48 apparently con­
sidered the entire flexure as one continuous fault. 
Weller 49 recognized that the disturbance is represented 
by "a monoclinical fold in the southwestern corner of 
the bluffs in Jersey County," 50 but he concluded that 
the folding near Dogtown Landing was caused by drag 
movement along a "'great fault." I\:rey's 51 interpreta­
tion of the structure restricted the extent of the faulting 
along the flexure even farther, for he. found the rocks 
unbroken in sec. 9, T. 6 N., R. 13 ,V., Jersey County, 
and very slightly if at all broken on the eastern side of 
Calhoun County. 

43 Worthen, A. H., Geology and paleontology of Illinois; Jersey 
County: Illinois Geol. Survey, vol. 3, pp. 104-105, 1868; Idem, Calhoun 
County, vol. 4, p. 2, 1870. 

49 \Veller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, pp. 220-221, 1907 ; The geologieal map of 
Illinois: Illinois Geol. Survey Bull. 6, p. 12, 1907. 

50 Weller, Stuart. op. cit., p. 220. 
51 Krey, Frank, Structural reconnaissance of the Mississippi Valley 

area from Oltl 1\Ionroe, Missouri, to Nauvoo, Illinois: Illinois Geol. Sur­
yey Bull. 45, p. 47, 1924. 

The disturbed zone is marked throughout its entire 
length by steeply inclined strata, and at least locally 
these abruptly folded strata are unfaulted; ]'<:>nee the 
writer purposely adopted the conservative policy of 
mapping a fault only where the presence of one is de­
manded by local exposures. This policy 1nay tend to 
1ninimize the extent of faulting along the flexure~ yet 
it is a more discriminating method, and it seem" to yield 
more dependable results than the extrapolation of a 
few observed faults throughout the entire length of the 
flexure. 

A detailed example of the application of this method 
will serve to show the criteria that were considered ne­
cessary to prove the presence of a fault. The alluvial 
valley of Dogtown Hollow lies along and ol)scures a 
critical part of the flexure. At the river's edge the 
St. Peter sandstone is exposed immediately r orth and 
the Chouteau limestone immediately south of this a]­
luvial cover. Worthen 52 found "the exact line of this 
fault hidden in the valley of a s1nall stream.'' Weller 53 

interpreted the southern edge of the alluviun1-the 
northern limit of the Chouteau exposures-as the posi­
tion of a fault. Krey 54 reported an actual contact be­
tween St. Peter sandstone and Maquoketa shale at the 
northern edge of the alluvium. Careful search in 1928 
and 1929 failed to reveal any actual exposure of such 
a fault anywhere in the immediate vicinity, and it seems 
possible that the Recent or Pleistocene clay in contact 
with the St. Peter sandstone may have been mistaken 
by Krey for the Maquoketa shale. 

Followed eastward for about 1,500 feet the alluvial 
valley of Dogtown Hollow becomes narrower, but no 
evidence of a fault could be found. The Plattin lime­
stone is exposed immediately to the north, and a steep 
ridge which probably marks the outcrop of the Silurian 
dolomite bounds the southern margin. 

In the absence of actual exposures of a fault plane, 
the probable presence or absence of a, fault at each lo­
cality a]ong the flexure was decided from the local clip 
of the strata on both sides of the covered interval and 
the horizontal distance and normal stratigraphic inter­
val between these strata. Near Dogtown Landing the 
southernmost exposures of the St. Peter sandstone dip 
about 12° southward~ the northernmost exp'.lsures of 
the Chouteau li1nestone dip about 75° southy:ard ~ the 
horizontal distance between the two outcropE: is about 
875 feet; and, from measurements nearby, tl'"~ normal 
stratigraphic interval between the two beds is about 
475 feet. 

If the clip were the same on both sides of the covered 
interval it would be a simple matter to determine 
whether or not the normal stratigraphic interval could 

52 Worthen, A. H., Geology and paleontology of IllinCiis, Calhoun 
County : Illinois Geol. Survey, vol. 4, p. 2, 1870. 

53 Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey, Bull. 4, pp. 221, 227, 1907. 

54 Krey, Frank, op. cit., p. 47. 
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be included between the two exposures. If the 12° 
dip on the St. Peter sandstone continued soutlnvard 
across the valley to the Chouteau exposure, it could 
readily be detennined that a fault with a vertical throw 
of 300 feet and downthrown on the south side must lie 
between the two exposures. If, on the other hand, the 
75° dip on the Chouteau limestone continued northward 
across the valley to the St. Peter exposure, computation 
would show that the two exposures must be separated 
by a fault with a vertical throw of 1,-!00 feet and down­
thrown on the north instead of the south side. 

However, it is certainly more logical to adopt some 
interpretation intermediate between these two extremes, 
one ·which takes into account the clips on both sides of 
the alluvial valley. Actually, the beds of St. Peter 
sandstone can be seen to curve so that the clip becomes 
progressively flatter northward from the alluvial valley 
and, for a short distance, the dip also becomes progres­
sively steeper southward from the Chouteau exposure. 
Hence, the 1nost accurate estimate of the concealed 
structure could probably be made by continuing these 
obsmTecl curves beneath the alluvial valley. But this 
method, if applied to each exposure, would require an 
inordinate amount of cmnputation or of difficult 
graphic construction, and it was not considered worth 
while to atten1pt it. 

The method adopted was the one commonly used for 
determining the thickness of folded strata. 55 This com­
mon method is based upon the fairly well established 
generalization that the folding of strata takes place 
with the least possible internal defonnation of the 
rocks. This generalization is expressed in two corol­
lary assumptions: ( 1) that strata tend to be folded into 
eurn:~s of the longest possible radii-in other words, ap­
proximately circular ares between any two points of 
obseJTation-and (2) that the thickness of strata tends 
to remain constant during folding-in other ·words, 
that the folding is of the parallel or concentric type. 

It is obvious that neither of fhese two assumptions 
ean be rigorously exact. Between two exposures the 
clip may actually change abruptly rather than uni­
formly along a circular arc as assumed, and so the 
eomputecl interval would be. much greater or mueh less 
than the true interval. Furtherm_ore. ineompetent 
strata are eomn1only thinned where folded~ that is, they 
are thrmvn into similar instead of parallel folds.56 Al­
though the eompetent limestones in the Hardin and 
Brussels quadrangles appear to maintain their normal 
thicknesses where steeply folded, the relatively incom­
petent Maquoketa and Hannibal shales seen1 to be 

55 Hayes, C. W .. Handbook for field geologists, pp. 31-32, 1909. 
Hewett. D. F., Measurements of folded beds: Econ. Geology, vol. 15, 
pp. 368-369, 1920. 

56Tan Hise. C. R., Principles of Korth American pre-Cambrian geology: 
U. S. Geol. Survey 16th Ann. Rept .. pt. l. pp. 599-600, 1896. Rubey, 
1V. ·w .. Determination and use of thicknesses of incompetent beds in oil 
field mapping and general structural studies: Econ. Geology, vol. 21, 
pp. 333-351, 1926. 

greatly thinned. Consequently, even though two out­
crops should be too close together to include the normal 
stratigraphie interval betw.een thmn, it is still possiHe 
that the beds are not broken by a fault, but simply 
stretched and thinned. Nevertheless, despite these un­
certainties, the assumptions commonly 1nacle in lneasur­
ing thicknesses of folded roeks seem to be the saff'st 
ones to make in the closely related problmn of testing 
the presenee of faults. 

One finds by this method of calculation that as nnwh 
as 710 feet of strata could be included between the 
southernmost outerop of the St. Peter sa:ridstone and 
the northernmost outcrop of the Chouteau limestone at 
the nwuth of Dogtown Hollow without an abrupt 
change of clip or a fault. Inasmuch as the norm~l 
stratigraphic interval between these beds is about 475 
feet, it follows that no fault is required to explain the 
observed relationships. Si1nilar computations made at 
sections across other parts of the alluvial valley of Do~­
to·wn Hollow like-wise showed no neeessity for a fault. 
Hence it is concluded that present exposures do ll':>t 
prove the existence of any large strike faults along the 
valley of Dogtown Hollow, and the beds are therefore 
interpreted as unfaulted on the geologic map (pl. 1) 
and in the structure section 0' -C' (pl. 21C). 

STRIKE FAULTS 

Along parts of its length the Cap au Gres flexure 
is broken by faults that trend parallel to the strike o£ 
the rocks. "fhe longest one of the faults that could be 
traeed 'vith reasonable certainty lies just south of De~r 
Lick dome. It is downthrown on the southern side and 
has an average trend of N. 80° W., but it is gently co:'1-
ca ve to the south. It extends from the small valley in 
the SW:t;! sec. 11, T. 6 N., R. 13 W., at least as far as 
the line of borings at the proposed site for a railror d 
bridge in the NEt;! see. 13, T. 6 N., R. 13 W. Through 
this distance of 2 miles no aetual exposures of the fault 
plane itself were recognized with eertainty, but t]'~ 
presence of a fault is shown clearly by the omission of 
strata in four valleys and by the drill cores from tl'~ 
line of borings. The stratigraphie displaeement along 
this fault-the component of n1ovement 1neasured nor­
mal to the bedding-is directly determinable and ranga,s 
frmn about 125 to 250 feet. The fault is clownthrovrn 
on the south side, and the vertical throw, determined 
from the stratigraphic displacement and from recon­
structions of the fold, seems to be about 250 or 300 feet. 

Another and probably 1nuch less extensive fault was 
recognized near Twin Springs in the NW:t;!SE:t;! sec. 
D, T. 6 N., R. 13 W. Here the actual fault is exposed 
as a chert breccia that cuts aeross the Burlington and 
Sedalia formations and curves down the steep hillside 
in such a way as to show that the fault surface is either 
gently concave in horizontal plan to the south or more 
sharply concave in vertical section to the north or is 
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curved both in plan and section. This fault is clown­
thrown on the south side. the stratigraphie displace­
Inent is only about 65 feet, and the vertical throw is 
probably about 150 feet. (See pl. 21 B.) 

West ward along the flexure, the next fault recognized 
is opposite the Meppen syncline in the N. eenter sec. 
34, T. 12 S .• R. 2 W., Calhoun County. It trends about 
N. 85 o E. and is down thrown only about 40 feet but on 
the north instead of on the south side. 

Weller 57 reported a minor fault "a few rods south of 
the major fault line upon the bank of the Mississippi 
River" near Dogtown Landing "where the shaly beds of 
the Warsaw formation should be exposed." Exposures 
at this locality in 1928 and 1929 showed a small strike 
fault that cuts at an acute angle across the bedding 
planes in the lower part of the Spergen limestone (pl. 
210). This fault appears to be a s1nall reverse bedding 
fault that probably was caused by slippage between 
beds near the abrupt southern margin of the flexure. 

Reconnaissance examinations in Lincoln County, 
Mo., de.monstrate to the writer that faulting along the 
Cap au Gres flexure is also discontinuous there. In the 
Wlj3 sec. 13, one mile north of Winfield, and in the Wlj2 

see. 9 T. 49 N .• R. 2 E .• half a mile north of Argentville, 
the beds are broken by a fault along which there has 
been a stratigraphie displacement of about 325 to 400 
feet and a vertical throw, down thrown on the south 
side, of approximately 450 feet. However, in the SE1,4 
see. 35, and the SE1,4 see. 34, T. 50 N., R. 1 E., half a mile 
east and west, respeetive1y, of Brussels, Mo., the beds 
appear to be unbroken. 

A huge slump block in the SW1,4SW1,4 sec. 8, T. 6 N .• 
R. 12 W., Jersey County, 11;2 miles east of the Brussels 
quadrangle, was at first thought to be a part of the Cap 
au Gres flexure. However. careful exa1nination re­
vealed the fact that the northward clips of from_ 30° to 
60° in the Silurian and Devonian rocks there are clearly 
the result of superficial sliding of a large block which 
broke off frmn the bluffs above and slid down over the 
exposure of Maquoketa shale. 

)Vith the single exception of the small beclcling fault 
near Dogtown Landing, all of the strike faults observed 
along the Cap au Gres flexure clip at angles steeper than 
45°. However, their exact angle and even the direction 
of their inclination are very difficult to determine, and 
the meager evidence that is available appears to be con­
tradictory. The chert breccia along the fault at Twin 
Springs (pl. 21B) is nearly vertical, but it appears to 
curve so that it dips steeply southward in the upper 
part of the exposure and steeply northward in the lower 
part of the exposure. At two localities the evidence 
suggests a n1oderate southward inclination. In the 
NE=!-4NE1,4 sec. 14 and the NW1,4NW=!-4 see .. 13, T. 6 
N., R. 13 W., exposures of brecciated rock near the 

57 \Yeller, Stuart, op. cit., p. 221. 

position of the fault dip frmn 50° to 60° SSW. How­
ever, only a short distance away, on the west side of 
Deer Lick Hollow, in the SW=!-4SEVt, sec. 11, T. 6 N., R. 
13 W., the expos~u·es strongly suggest that the fault 
plane dips about 60° or 70° NNE. 

There is one general relationship between the strike 
faults and the flexure that suggests a steep northward 
dip of the fault plane. At each exposure wl'l':~re the 
flexure. appears to be broken, t.he fault breaks across the 
fold several hundred feet north of the place where the 
dips are steepest, and detailed reconstructions of the 
fold at each of these exposures show that the emergence 
or surface trace of the fault eoincides very clos~ly with 
the emergence of the axial plane of the flexure. If this 
relationship is really a general one and the fault there­
fore lies in the axial plane, it means that the strike 
faults are high-angle reverse faults that dip about 60° 
northward. This possible interpretation seens to be 
supported by the related fact that, the older the beds 
exposed along the crest of the anticline nearby, the 
older the beds through which the fault cuts. IIowever, 
no evidence was found that is sufficiently eonclusive to 
establish the general inclination of the strike faults, 
and it seems safer to adopt the noncommital interpre­
tation that all are essentially vertical. A poFsible in­
terpretation of the apparently eontradictory evidence 
bearing on the direetion of inclination of the fault 
planes is mentioned on page 150. 

Two other possible relationships of the strike faults 
seem worthy of mention even though neither of them 
can be proved definitely frmn the observations made. 
The first is the relative amount of uplift along the 
flexure that is attributable to :folding and to faulting. 
At no place does a strike fault account for 1nore than 
about one-third of the total amount of uplift. Fur­
thermore, it is an interesting and perhaps signifieant 
fact that at every exposure where a strike fault was 
recognized, approximately 750 or 800 feet of the loeal 
struetural relief is clue to folding and the re'nainder, 
if any, is clue to the vertical throw of a fault. This 
empirical observation suggests, though it by no means 
proves, that there may be a hidden fault at tho"e places, 
sueh as Dogtown Hollow, where the structural relief 
exceeds 800 feet. 

The other possible relationship is based upon very 
few observations. However, it is interesting to note 
that the differenees in elevation, north and south of 
the Cap au Gres flexure, of land surfaces bElieved to 
represent the Calhoun peneplain in southern Calhoun 

11 

County and southwestern Jersey County, Ill., and in 
southeastern Lincoln County, Mo., are approximately 
equal to the amount of vertical throw along the strike 
faults. This possible relationship therefore suggests 
that the folding occurred before and most of the fault­
ing after the peneplain was formed. 
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TRANSVERSE FAULTS IN DEER LICK HOLLOW 

At the mouth of Deer I_Jick Hollow in the S\V1,4SE1,4 
sec. 11 and the NV2NEI!t, sec. 14:, T. 6 N., R. 13 lV., a 
group of small transverse faults has broken directly 
across the Cap au Gres flexure and the rocks on the 
west side of the valley are offset so that they now crop 
out about 200 feet farther north and somewhat higher 
than those on the east side. The large strike fault that 
cuts the flexure is offset somewhat n1ore than 300 feet 
horizontally, and the rocks im1nediately south of the 
strike fault and west of the group of transverse faults 
are overturned so that they dip about 65° north-north­
eastward (pl. 21A). 

One fairly large transverse fault and many very s1nall 
breaks parallel to it are exposed on the ·west side of 
this valley. The fault. surfaces strike between N. 25° 
E. and N. 35° E. arlCl dip frmn 40° to 50° NW. Recon­
structions of the folds show that the west side of this 
group of transverse faults has 1noved relativelv north­
·ward and upward. The horizontal componm;t of the 
motion appears to have been 1nuch greater than the 
vertical and the net or cmnbined motion about 500 feet 
northeastward obliquely up the fault plane at an angle 
of approximately 20°. The transverse faults the.refore 
seem to have been flaws-the loci of essentially hori­
zontal move1nent-that broke somewhat obliquely 
across the flexure about opposite the crest of the Deer 
Lick dome. 

PERIODS OF DEFORMATION 

The rock strata of the central Mississippi Valley have 
nwved gently but repeatedly, and their clefonnation 
n1ight be said to have continued inter1nittently through­
out the Paleozoic and into later times. Yet in smne 
localities and at some periods the movements were more 
intense. Local evidence shows that the area of the 
Hardin and Brussels quadrangles shared in this cmn­
mon structural history. Gentle preliminary warping 
in the middle Paleozoic cubninated there with sharp 
folding in the late Paleozoic and waned with 1ninor 
movements in the Tertiary or the Mesozoic and 
Tertiary. 

There has been some confusion about the exac.t age 
of the folding in this general region. The earliest in­
vestigators recognized only one period of disturbance­
that "anterior to the coal epoch.'' 58 Most later 
writers 59 have seen clearly the evidence of repeated 

58 Worthen, A. H., Geology and paleontology of Illinois; Calhoun 
County: Illinois Geol. Survey, vol. 4, p. 3, 1870. Potter, W. B., Geology 
of Lincoln County : Missouri Geol. Survey, Prelim. Rept., Iron Ores and 
Coal Fields, p. 222, 1873. 

59 Buckley, E. R., and Buehler, H. A., The quarrying industry of l\Iis­
souri: Missouri Bur. Geology and Mines, 2d ser., vol. 2, pp. 58-59, 1904. 
Weller, Stuart, Notes on the geology of southern Calhoun Count;r: Illi­
nois Geol. Survey Bull. 4, pp. 229-230, 1907. Fenneman, N. M., Geology 
and mineral resources of the St. Louis quadrangle, l\Iissouri-Illinois: 
U. S. Geol. Survey BulL 438, pp. 42-43, 45, 1911. Hinds, Henry, and 
Greene, F. C., The stratigraphy of the Pennsylvanian series in :Missouri: 
Missouri Bur. Geolog;~' and l\Iines, 2d ser., vol. 13, pp. 20!J, 213-214, 
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1novements, but the fact that Pennsylvanian strata ~r~ 
smnewhat disturbed and the concept of widespread and 
simultaneous diastrophism led a few to conclude that 
the period of principal folding throughout the entire 
region came after the close of Pennsylvanian deposition. 

This conclusion is demonstrably false within the 
Hardin and Brussels quadrangles. The principal fold­
ing along the Cap au Gres flexure was post-St. Lo'Iis 
(Mississippian) and pre-Pottsville. (Pennsylvanian), 
but there were other movements at both earlier and 
later periods. Krey 60 reported steeply dipping Penn­
sylvanian shale along the road in sec. 14, T. 6 N., R. 
1:3 W., and concluded therefrom that the principal fold­
ing was post-Pennsylvanian. To the writer the dis­
tance of these exposures of Pennsylvanian shale, in the 
NW:J4NW1,4 sec. 14 and the NE1,4NE1,4 sec. 15, T. 6 N., 
R. 13 W., frmn the flexure and their extremely variable 
clip and strike prove conc.lusively that the dips of from 
15° to 25° are merely the re.sult of superficial slumping. 
But whether or not this interpretation is valid and eYen 
if Pennsylvanian rocks should later be found involYecl 
in the folding of the flexure, the evidence cited by 
\Vorthen 61 and vVeHer 62-the overlap of Pennsylvanian 
rocks from the St. Louis limestone south of the flexure 
onto the Burlington limestone north of the flexure­
dearly demonstrates that most of the defonnation V 7::tS 

pre-Pennsylvanian. It is true, as was first pointed out 
by Weller,63 that there was also post-Pennsylvanian 
movement along the flexure, but this later n1ovem.ent 
was distinctly subordinate. (See fig. 3B, C.) 

Nor does it follow that, the principal folding alc~1g 
the Cap au Gres flexure being determined as post-St. 
Louis and pre-Pottsville, therefore the principle folding 
of other structures in the general region n1ust be of the 
same age. In. fact, careful studies 64 show that the 
most nearly comparable structural feature in the region, 
the approximately parallel faulted zone in Ste. Gene­
vieve County, Mo., 75 miles to the south, underw~nt 
two periods of 1najor deformation-late Devonian ~ud 
post-Pennsylvanian-neither of which were contein­
poraneous with the 1najor deformation of the Cap au 
Gres flexure. 

1915. Cady, G. H., The structure of the La Salle anticline: Illinois 
Geol. Survey Bull. 36, pp. 175-176, 1920. Wilson, M. E., The occurrence 
of oil and gas in Missouri: 1\Iissouri Bur. Geology and Mines, 2d ser., 
vol. 16, p. 28, 1922. Branson, E. B., Paleozoic formation margin'l in 
Missouri: Amer. Jour. Sci., 5th ser., vol. 8, pp. 321-322, 1924. Krey, 
Frank, Structural reconnaissance of the Mississippi Valley area from 
Old Monroe, Mo., to Nauvoo, Ill. : Illinois Geol. Survey Bull. 45, pp. 5()-
52, 1924. Weller, Stuart, and St. Clair·, Stuart, Geology of Ste. G4>ne­
vieve County, Mo. : Missouri Bur. Geology and Mines, 2d ser., vol. 22, 
pp. 299-311, 1928. Rube~'. W. W., Structural history of the Car au 
Gres faulted flexure, Illinois (abstract) : Geol. Soc. America Bull., vol. 
41, pp. 52-53, 1930. 

so Krey, Frank, op. cit., p. 47 ; pl. 12.4.. 
61 Worthen, A. H., op. cit., p. 3. 
62 Weller, Stuart, op. cit., pp. 229-230. 
63 w·ener, Stuart. op. cit., pp. 229-230. 
6" Weller, Stuart, and St. Clair, Stuart, op. cit., pp. 264-265, 299. 

311-312 ; fig. 3. 
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PRELIMINARY WARPING 

The evidence of pre-St. Louis deformation in the 
Hardin and Brussels quadrangles is almost entirely 
stratigraphic, and it has been described in the discussion 
of Paleozoic stratigraphy. Nevertheless, smne of the 
general conclusions stated in that discussion will be re­
peated here in order to bring into proper sequence the 
structural history of the region. 

Early Paleozo-ic tilting.-Rocks older than the Ma­
quoketa shale are not exposed over sufficiently wide 
areas and well records are too widely scatter~.d and 
difficult to correlate in and near the H~rclin and Brus­
sels quadrangles to afford reliable infonnation about 
regional variations in thickness. Hence, little or noth­
ing is known about the location and direction of the 
early Paleozoie tilting or warping that is indicated by 
unconformities in the stratigraphic section. 

The Maquoketa shale, however, thins greatly south­
westward through the area of its exposures, and well 
records indicate that, where buried in the Troy-Brus­
sels syncline, it continues to thin progressively toward 
the Ozark uplift. This systenutic variation in thick­
ness suggests that there was regional tilting away frmn 
the Ozark dome immediately before, after, or during, 
the Maquoketa deposition and also that the Lincoln 
anticline had not yet come into existence. 

Silu:rian ~waPping.-The Edgewood limestone thins 
southward and northward toward a central broad area 
that lies 5 to 10 miles north of the Cap an Gres flexure. 
Stratigraphic relations and unconformable contaets 
seem to show that this broad area was being warped 
both at the time of Edgewood deposition and during 
the interval between Edgewood and Brassfield deposi­
tion. (See fig. 2A.) 

Del'Onian 01Jerlap.-The overlap of Devonian strata 
from the Joliet limestone southwestward onto the Brass­
field and at one loeality onto the Edgewood limestone 
shows that there was uplift and truncation of at least 
40 feet of strata son1e time after Joliet and before 
Cedar Valley deposition. This conclusion is confirmed 
by the increasing sandiness of the Devonian strata 
toward the southwest and by the fact that the Devonian 
sandstone fills deep joint cracks in the underlying 
Silurian dolomite. (See fig. 2B.) 

Dez,onian ·wcu·ping.-The Cedar Valley limestone 
thickens northward and southward toward a narrow 
central zone and the stratigraphic relations suggest 
that this clo·wnfolding occurred during the deposition 
of the fonnation. The position of this narrow zone 
of thickest Devonian rocks coincides rather closely 
with the center of the broad area in which the Edge­
wood fonnation is thinnest, a fact which seems to show 
that the area of broad upwarp in Silurian time became 
the site of downfolding in the Devonian. (See fig. 
2B.) 

K inderlwok o·verlap.-N o evidence was found that 
the Lineoln anticline had come into existence before the 
beginning of Kinderhook time. The Silurian and De­
vonian rocks show merely that there was regional tilt­
ing northeastward, presmnably away from the Ozarks, 
and irregular local warping in the area that later was 
to become the northern flank of the Lincoln a.nticline. 
There is no evidence that the Troy-Brussels syncline 
had yet begun to yield as a structural unit separate 
frmn the Lincoln anticline. Hence Branson's 65 inter­
pretation that the earlier uplifts in Lincoln, F:ke, and 
Ralls Counties, Mo., were along the southwes~ side of 
the Cap au Gres belt might also be applied in the Hardin 
and Brussels quadrangles. 

But with the beginning of l{inderhook time the pat­
tern of deformation began to change smnewhat. The 
local warping conspicuous in the Silurian and Devon­
ian had virtually ceased, and the area beca1ne inte­
grated into a larger structural unit. The presence of 
the Glen Park formation on opposite sides of the Lin­
coln anticline, the thickness relations of the Chouteau 
limestone, and the distribution of early Kinderhook 
faunal provinces indicate that by that time the Troy­
Brussels syncline had begun to sink and the Lincoln 
anticline to stand intennittently as a barrier separat­
ing the seas to the north and south. 

The Kinderhook fonnations overlap progressively 
south westward upon the flanks of the Lincoln anticline, 
so that the Hannibal, which overlies the Glen Park 
and Louisiana fonnations in the northeastern part of 
the Hardin and Brussels quadrangles, eome2 to rest 
directly upon the Devonian and Silurian rocl-s on the 
higher parts of the anticline. (See fig. 20.) 

Weller 66 concluded frmn a study of the faunas "that 
in early l{inderhook ti1ne there were two distinct faunal 
provinces within the present Mississippi Valley region, 
a northern province and a southern province, f~parated 
by an east and west line at a point near the 1nonth of 
the present Illinois River." Branson 67 called this line 
the St. Louis barrier. Williams 68 has propm·ed to ex­
plain the distribution and stratigraphic relations of the 
Louisiana limestone in the area north and west of the 
Har,din quadrangle by its deposition in the basin north 
of the Lincoln anticline and south of the Pittsburgh­
Hadley anticline. 

Kinderhoo!t~ warping.-Not only do most of the 
Kinderhook formations exhibit overlap relations onto 
the anticline, but they also~hicken northeastward clown 
its flank in such a way as to show that there n1ust have 
been further upwarping of the fold between tlp cleposi-

65 Branson, E. B., Paleozoic formation margins in Miss1uri: Amer . 
.Tour. Sci., 5th ser., vol. 8, pp. 321-322, 1924. 

66 Weller, Stuart, Kindet·hook faunal studies, IV; The fauna of the 
Glen Park limestone: St. Louis Acad. Sci. Trans., vol. 16, p. 468, 1906. 

61 Branson, E. B., Geology of Missouri: Missouri Univ. B·'ll., vol. 19, 
no. 15, Eng. Exper. Sta. ser. 19, pp. 64, 66, 1918. 

68 Williams, .T. S., Stratigraphy and fauna of the Louisiana limestone 
of Missouri : U. S. Geol. Sm·vey Prof. Paper 203, pp. 49-52, 1943. 
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tion of the Louisiana. Glen Park, and Hannibal for­
mations. (See fig. 20.) The distribution, thicknesses, 
and lithologic character of the Hannibal and Chouteau 
formations seem to indicate (pp. 40-41) that when 
these formations were being deposited the sea was again 
shallower over the crest of the anticline than it was to 
the north and south. 

Osage ll'arping.-Complete thicknesses of formations 
younger than the Kinderhook are not widely exposed in 
the Hardin and Brussels quadrangles. Consequently, 
regional variations in thickness of these younger beds, 
which might suggest the sites of differential warping, 
cannot be determ.ined readily. Nevertheless. other 
stratigraphic evidence indicates rather definitely that 
there were recurrent movetnents of the Lincoln anti­
cline and the Troy-Brussel syncline. In the eastern 
part of the area there is at least locally a slight angular 
unconformity along the Cap au Gres flexure between 
the Chouteau and Sedalia formations and in the same 
area the Fern Glen formation seems to pass laterally 
into the lower beds of the Budington limestone along 
the line of the flexure. Furthermore, the Burlington 
and Sedalia formations are much thicker far down 
the northeastern flank of the anticline than they are 
along the flexure near the crest of the anticline. 

MAJOR FOLDING 

Exposures of the l{eokuk, Warsaw, and Spergen 
formations are not sufficiently widespread to show 
whether or not there was continued movement durinrr 

' b 

the tin1e of their deposition, but the areal distribution 
and lithologic character of the St. Louis and Ste. Gene­
vieve limestones suggest that the position of the Troy­
Brussels syncline was established and the uplift of the 
Lincoln anticline well started before the end of the 
Mississippian period. These formations thicke1i east­
ward down a trough that is essentially indistinguish­
able from that of the present syncline. The beds of 
conglmneratic, fragmental, and sandy limestone in the 
St. Louis formation, together with the appearance in 
the upper part of the unit of sand grains from some new 
source, seems to indicate that movenient had become 
relatively rapid before the end of St. Louis deposition. 

Local evidence does not permit a very exac.t elating 
of the actual culmination of folding. The St. Louis 
limestone is the youngest fonnation clearly involved in 
the steep folds, and the Pottsville formation is the first 
one later than this folding that overlaps onto the anti­
cline. It is not known whether the Ste. Genevieve liine­
stone or any of the overlying Chester formations ·was 
ever deposited within the area and if so whether these 
beds were earlier or later than the main folding. 

It is interesting to note that the folding along the 
Cap au Gres flexure must have taken place under very 
shallow cover. Even if the Ste. Genevieve and overly­
ing Chester formations were once present in the area, 

their total thickness could hardly have exceeded N)O 
or 600 feet. It is indeed difficult to understand why 
beds of brittle limestone under such a light load of 
superincumbent strata should have been clefonned by 
folding rather than by breaking and brecciation. 

During or after the period of 1najor deformation, 
streams cut deeply into the liinestone uplands, removing 
nil fonnations younger than the Burlington limestone 
frmn the crest of the Lincoln anticline and cutting nr,r­
row valleys into the St. Louis li1nestone south of the 
flexure. 

WANING STAGES 

The later uplifts along the Cap au Gres flexure, like 
those that followed the periods of n1ajor deformation in 
many other regions, are recorded largely in the land 
forms and in physiographic relations and only sr b­
ordinately by stratigraphic evidence. They have there­
fore been treated at some length in the chapter on 
Physiography but, at the risk of needless repetition, 
they are again summarized here to n1ake a coherl'nt 
statement of the structural history of the region. 

Po8t-Penn8yl·van:ia, prepe·ne plain 11wverne·nt.-Some 
time after the overlap onto the Lincoln anticline of the 
Pottsville, the Carbondale, and presumably the Mc­
Leansboro formations, but before the final cutting of 
the Calhoun peneplain, there were one or more pericds 
of renewed uplift. This later movmnent is shown by 
the fact that the Calhoun peneplain bevels across the 
edges of tilted Pennsylvanian strata (pl. lOA) and by 
the fac.t that the remants of Pottsville and Carbondale 
north of the flexure now stand at much higher elera­
tions than the main body of these forinations south of 
the flexure (pl. lOA.; fig. 30). The exact date of this 
movement cannot be determined from local evidenn.e. 
Deformation is reported in other parts of the MisEis­
sippi Valley region during and at the close of the 
Pennsylvanian and in the Cretaceous, and the. renewed 
uplift of the Lincoln anti dine may have taken place at 
either or both of these periods or at some other time. 
The amount of uplift during this movement was much 
less than that during the post-:Mississippian. pre-Penn­
sy I vanian deformation. 

Late Tertiary ( ?) 1no·ve1nent.-A second period of re­
newed or post-Pennsylvanian uplift is shown by the 
abrupt displacement of the Calhoun peneplain a1;d the 
Grover gravel along the Cap au Gres flexure, by the 
warping of this surface and gravel north of the 
flexure in Calhoun and Jersey Counties, Ill., and by 
their northeastward tilting. against the direction of 
cross beclcling, in St. Louis County, ~io. (pp. 104-105). 
It seems possible to elate this nwvement Inore clos~ly 
than the one that preceded it. Certainly nwst of it took 
place after the deposition of the Grover gravel (Mio­
eene?), for strea1nlaid gravels of this formation occur 
on the highest parts of the uplift. Nevertheless, there 
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are reasons for believing that the uplift started during 
the deposition of the Grover (pp. 72-73) and the present 
attitude and elevations of the intel'lnediate postmature 
upland surface (Pliocene n, which apparently was un­
affected by this warping, indicate that it did not con­
tinue for so very long the.reafter. The amount of up­
lift at this tilne was approximately equal to that of the 
post-Pennsylvanian, prepene.plain movement, and the 
combined effect of these two periods of subsequent up­
lift seems to have been distinctly less than that during 
the major post-Mississippian, pre-Pennsylvanian de­
formation alone (fig. 3B, 0, D). 

Late Tertiary to Recent ez,ents.-Another late Ter­
tiary rejuvenation follmvecl the development of the in­
termediate upland surface and brought about the pre­
N ebraskan trenching. This very late Tertiary move­
Inent seems to have been not a renewed uplift of the 
Lincoln anticline but a rejuvenation that affected the 
entire area equally. It may have been part of a broad 
regional uplift or it 1nay have been caused by a general 
climatic change or a lowering of sea level. 

No evidence was found within the area of any de­
formation of Pleistocene deposits such as Shaw 69 re­
ported in southern Illinois and southeastern Missouri. 
It is true that there ·were alternations of trenching and 
filling and that the widespread and thick mantle of 
loess might readily obscure differences in elevation of 
a few feet or even a few tens of feet of the earlier 
Pleistocene land surfaces. Nevertheless. the Brussels 
terrace seems to stand no higher on the crest of the 
Lincoln anticline than in the trough of the Troy­
Brussels syncline; also, the distances over which this 
terrace can be traced make it seem improbable that 
there were significant crustal1novements or a "periph­
eral bulge,' caused by the loading and unloading of 
Illinoian ice. Furthermore, the surface of the Deer 
Plain terrace, which is not covered by loess, seems to 
continue undisturbed across the line of the Cap au Gres 
flexure in the NEVt sec. 36, T. 12 S., R. 2 W. 

Earthquakes in histo-ric time.-The Mississippi 
Valley from New Madrid north to St. Louis, Mo., is 
one of the most active earthquake regions in the United 
States east of California. Until recently there were 
inadequate facilities for instrumental measuren1ent of 
the seismologic activity in this region, and the records 
are therefore largely dependent upon the testimony of 
eyewitnesses. Normally, the quakes of this region af­
fect very wide areas with nearly uniform intensities. 
This characteristic, generally believed to indicate deep­
seated movements, makes it difficult to locate the posi­
tion of epieenters accurately from newspaper reports. 
A careful study of the available records led Finch 70 to 
conclude that one recent earthquake in this region had 

69 Shaw, E. lV., Quaternary deformation in southern Illinois and 
southeastern Missouri: Geol. Soc. America Bull., vol. 26, pp. 67-68, 1915. 

7° Finch, R. H., The Missouri earthquake of April 9, 1917: Seis. Soc. 
America Bull., vol. 7, pp. 91-96, 1917. 

probably centered along the fault zone of Ste. Gene­
vieve County, Mo. 

An examination of the published record of larger 
earthquakes in the Middle West 71 suggests that several 
of the quakes may have centered north of ~f;. Louis 
along the line of the Cap au Gres flexure. Specifically, 
these are the earthquakes of October 8, 1857, Septem­
ber 27 and Oetober 15, 1882, January 24, 1902, Febru­
ary 8 and November 4, 1903, July 18 and August 16, 
1909, and ~fay 1, 1920. Inquiry of residents in the 
area and at newspaper offices added nothing to the pub­
lished record. Quakes of moderate intensity have been 
felt near Hardin and Jerseyville, Ill., but no report 
that clearly indicates a local epieenter was found. 

MECHANICAL INTERPRETATION OF THE 
STRUCTURE 72 

The narrmv zones of deformation, such as the Cap 
au Gres flexure, are of especial interest to structural 
geologists not only because they are uncom1non but also 
because they are the structural features of grer,test dis­
turbance -,vi thin the central Mississippi Valley region. 
Hence any information or generalizations that bear 
upon the mechanics of their origin have an especially 
significant bearing upon the interpretation of the struc­
tural history of the region. 

Faulted fle;r~uJ'e ~'n·sus drag along fau1ts.-Some 
geologists have interpreted the narrow belts of steep 
dips, of which the Cap au Gres zone is an exan1ple, as 
the result of drag along normal faults. But to the 
writer the evidence seems to be entirely opposed to this 
interpretation and to suggest instead snbordimr,te fault­
ing along a 1nonoelinal flexure that was caused by hori­
zontal con1pression. 

The concept of drag along normal faults attributes 
the steep clips to plastic deformation caused by friction 
along the fault surface. However, thick lhnestones 
like those involved in the Cap au Gres flexure are not 
plastic at ordinary pressures: and so they would not 
yield readily to this type of deformation. These roeks 
have much greater strength under eompress:~m than 
under tension, and the 1nere faet that they hav~~ forn1ed 
steep folds under very light loads along suggests con1-
pression rather than tension. 

If the steep dips were caused by drag n1ovements 
along the fault, it semns that folding should be dis­
tinctly subordinate to faulting. Instead, faulting is 
everywhere subordinate to folding, and at least locally 
the flexure seems to be unbroken or even downthrown 
on the north or wrong side to account for the drag 
(p. 142). The relative amount of folding and faulting 

n Heck, N. H., Earthquake history of the United States exclusive of 
the Pacific region : Dept. Commerce, Coast and Geod. Survey Spec. Pub. 
149, pp. 35--48, 19:!8. 

72 Rubey, W. W., Structural history of the Cap au Gres farlted flexure 
[abstract] : Geol. Soc. America Bull., vol. 41, pp. 5:!-53, 1930. 
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suggests not that the faulting preceded and caused the 
steep dips but that the n1onoelinal flexing canu~ first and 
was broken somewhat later by strike faults here and 
there. 

Similarly, the concept o£ drag semns to demand that 
the steepest dips should lie im1nediately alongside the 
fault surface. Actually, however, the observed faults 
all break through the flexure several hundred feet north 
o£ the steepest clips. 

I£ the Cap au Gres flexure were caused by drag along 
a normal fault, there n1ust have been a net horizontal 
extension or pulling apart o£ the strata. This exten­
sion would 1nean either great stretching and thinning 
o£ the folded strata or else that the heave or horizontal 
pulling apart along the fault nwre than compensates 
the shortening taken up by folding. The first o£ these 
two alternatives clearly does not apply. The an1ount of 
thinning o£ folded beds that is necessary merely to 
1naintain the original horizontal span without any ex­
tension whatever is much too great. Dips o£ 60° or 
more would demand thinning to 50 percent or less. and 
a clip o£ 45° a thinning to 71 percent o£ the original 
thickness.73 The only thinning found along the Cap 
au Gres flexure was in two shale formations; nearly 
all the rocks involved in the folding 1naintain their 
nonnal thicknesses even where overturned. 

The second alternative-that the rocks may have 
pulled apart along normal faults more than they have 
been shortened by folding-can be tested only by care­
ful 1neasurements along the reconstructed fol~ls. A 
series o£ such 1neasurements indicate that the shorten­
ing by folding at different parts o£ the flexure was at 
least 250 to 400 feet. (See p. 150.) The pullin~~ apart 
along norn1al faults that would be necessary to offset 
this shortening depends, o£ course, upon the inclina­
tion o£ the fault plane. With reverse faults there 
would be shortening, with vertical faults the shorten­
ing or extension would be zero, and with flatter and 
flatter nonnal faults the extension would becmne pro­
gressively greater. Inaslntwh as the exact inclinations 
of the fault planes are unknown it was considered 
safest for the purposes of this test to assmne the flattest 
normal faults consistent with the local observations. 
For 1nost o£ the structure sections this was an inclina­
tion of about 45° southward. But even under these ex­
trmne assumptions-the minimum shortening by fold­
ing and the 1uaximmn possible extension by normal 
faulting-the estimated extension by faulting at no 
place exceeded one-hal£ o£ the minimum estimate o£ 
shortening by folding there. In other wonls. e.areful 
measurmnents semn to show dearly that the Cap au Gres 
flexure was caused by horizontal cmnpression and not 
by tension. 

73 Rubey, \V. W., Determination and use of thicknesses of incompetent 
beds in oil field mapping and general structural studies: Econ. Geology, 
vol. 21, pp. 338-339, fig. 2, 1926. 

Fnrthennore, the field relationships o£ minor struc­
tural features also point to cmnpressional rather than 
tensional deformation. The details o£ structure in the 
zone of steep dips, such as beds overturned 25° past the 
vertical, the transverse faults or flaws in Deer Lick 
Hollow, and the parallel folds superposed upon there­
gional anticline, are all most simply explained as the 
result of compressional disturbance. 

In summary, the type o£ rocks involved in the fold­
ing. the discontinuity and relative subordination o£ 
faulting, the horizontal shortening instead of horizontal 
extension o£ the strata, and the field relationships of 
1ninor structural features 1nake it see1n impossiblE. to 
explain the Cap au Gres flexure as the result o£ drag 
awng a norn1al fault. Instead this evidence seemf to 
prove that the structure is the result of compresfive 
stresses, and it suggests that the faulting 1nay be smne­
w hat later than the folding. 

Po8sibility of a deep-8eated 'l'eveNse fau1t.-It is 
noteworthy that none o£ the foregoing argumf'"'lts 
against attributing the flexure to drag along nor1nal 
faults would apply as arguments against clefor1uation 
along steep reverse faults. In fact, some o£ thmn S£'P,n1 
greatly to favor that interpretation. High-angle thrust 
faults have been reported frmn nearby parts o£ 1\fis­
souri 74 and it 1nay semn probable that similar features 
would be expected along the Cap au Gres flexure. 
Nevertheless, despite the several indirect suggestions 
~hat some o£ the faulting in this area is of the revm·se 
type (p. 142), it seems nn1ch safer to follow the rrore 
de.finite evidence that some o£ the faults are of the 
steep nonnal type and for the· purposes of this dis­
cussion to assume that all o£ the breaks are essentially 
vertical. 

However, this conclusion does not eliminate the pos­
sibility that the observed faults 1nay be merely super­
ficial breaks and that the zone o£ steep flexure may mark 
the emergence £rmn the deeply buried rocks o£ a ste.ep 
reverse fault or a zone of such faults. In fact, sev1~ral 
bits o£ evidence seem to support this interpretation. 
The tilted-block character o£ the Lincoln anticline and 
the Troy-Brussels synelin~ and the straightness and 
aheuptness of the intervening Cap au Gres flexure 
strikingly resemble the surface expression o£ two tilted 
blocks. Furthennore, the apparent correlation be­
tween the amount of "structu1~al relief" along the flex­
ure and the direction o£ curvature of the zone in plan 
(pp. 139-140) suggest that the Lincoln .anticline block 
is bounded on the south by a sur£aee or zone that dips 
northward. 

If there is such a deeply buried fault or zone o£ weak­
ness, it must have cut the basen1ent rocks far beneath 

7* Flint, R. F., Thrust-faults in southeastern Missoud: Amer. J"our. 
Sci., 5th ser., vol. 12, pp. 37-40, 1926. Weller, Stuart, and St. Clair, 
Stuart, Geology of Ste. Genevieve County, Mo. : Missouri Bur. Geology 
and Mines, 2d ser., vol. 22, pp. 264, 1928. 
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the cover of Paleozoic sediments. Any structural in­
homogeneities in these older basement rocks-planes 
of weakness bloeked out long before the earliest Paleo­
zoic. roc.ks were deposited-would tend to loc.alize the 
lines of fracturing and deformation much later in the 
Paleozoic. The parallelisn1 of the Otter Cree.k syncline 
to the Cap au Gres flexure and the elongation of the 
en eehelon folds at an angle of about 45° to these two 
lines seem to suggest that there were such preexistent 
lines of weakness in the region and that Paleozoic. or 
later defonnation may have caused differential nwve­
ments horizontally or vertic.ally along them. 

S·m·face-•?)Olume relations of defoJ'm.ed blocks.-The 
eonclusion that the Cap au Gres flexure and the Lincoln 
anticline were formed by horizontal eompression and 
yet that most of the strike faults along the flexure are 
probably vertical or nonnal faults does not of necessity 
carry with it the eorollary that the structural history 
is therefore one of compression followed by a later pe-
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FIGURE 15.-Changing relationships of volume and upper surface in a 
deformed rectangle. 

riod of cmnplete relaxation and change to erustal exten­
sion. Sueh an inference could be made only upon the 
assumption that normal faulting is neeessarily incon­
sistent ·with continued horizontal compression. 

The structural history of the Lincoln anticline-the 
preliminary 'varping, the culmination of folding, and 
the reeurrent uplifts later-suggests that the deforma­
tion was all part of one process. intermittent it is true, 
but cumulative in its effects. A meehanical hypothesis 
that involves this idea of the normal continurtion of 
some one general proeess rather than of abrupt alterna­
tions of cmnpression and tension would seem to afford 
the simplest explanation of present observations. 

Theoretically. tensional faults may be caused by the 
stretching of surficial beds across the arch of a rock 
mass that has been squeezed upward by horizontal com_­
pression. Figure 15 represents diagrammatically the 
changing relationships of volume and surfaee of a bloc.k 
that is being deformed by lateral squeezing. If the 
volume or, in eross section, the area of a bloc.k remains 
eonstant but the horizontal extent decreases, th~ bloek 
must lengthen vertically. During this vertical length­
ening the surfaee area or, in cross section, the surficial 
perimete.r of the block changes greatly. Taking the 
heavy black line as the original surfaee length, it can 
be seen that progressive squeezing of the. block n1akes 
this original length at first nnwh too long for the area 
of rock volume squeezed up, then at son1e ono, width 
just long enough. and finally too short to contain the 
uplifted area. If this heavy line be taken as tho, length 
of a rock stratum, it ean be seen that eontinuecl hori­
zontal compression results first in thrust faulting or 
folding and finally in tensional faulting. 

No one would expeet folded rocks to unfold after the 
period of maximmn ermnpling. ·in the manner implied 
in figure 15. Considering the low tensile strength of 
rocks. it seems mueh more probable that normrl fault­
ing would start as soon as the stage of maximum crump­
ling was passed. Figure 16 has been drawn with this 
probability in mind. In it the surfaee of the de.formed 
block is bounded by eurves or folds instead of by 
straight lines, but the principle is the sa1ne. The po­
sition of the base is held eonstant, and all the vertieal 
lengthening is assumed to be upward. The original 
line is first teo long for the. area uplifted. and the sur­
faee-volume relations are therefore 1naintained by fold­
ing. but with eontinued compression the area uplifted 
finally becomes too great to be contained within the 
original line and tensional faulting ensues. The po­
sition and inelination of the normal faults shown in fig­
ure 16 are purely diagrammatic. They are drawn so 
as merely to satisfy the geometrieal requirements of a 
eertain volume uplifted and a given length of the line 
AB. These requirements 1night have been satisfied 
equally well by larger vertical faults or by putting all 
the movement on one fault or distributing it among 
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FIGURE 16.-Diagrammatic representation of the changing surface-vol­
ume relationships of a deformed block. 

twenty. Figure 16 is intended to illustrate also a corol­
lary of this postulated mechanism-that the noni1al 
faults due to this stretching 'vould die out with in­
creasing depth. 

:Many other modifications are necessary before the 
idealized block could be made to simulate an actual mass 
of deformed rocks. All thickening of the compressed 
block has been assumed to be up-ward. It instead. there 
is isostatic. compensation and therefore sinking as the 
block narrows and thickens. the period of crumpling 

would continue much longer before tensional faulting 
became necessary, but eventually the effect is the sane 
(fig. 17). Many other necssary 1nodifications doul'~­
less eome to mind, but those that have been discuss(~cl 
may serve to illustrate the fundamental principle that 
is involved and to indicate that further modifications 
do not necessarily alter these surfaee-volume relations. 

The critical feature of this hypothesis is the eventual 
change from surficial crumpling to surficial tension and 
normal faulting as a block is bulged upward by eon­
tinned squeezing. The point at which this change takes 
place obviously depends upon the relative width and 
depth of the block that is being deformed. A very 
wide but shallow plate would need to be cmnpress1~d 
tremendously before the stage of 1naximmn ermnpling 
is passed and that of surficial tension reached. On the 
other hand, compression of a narrow but very deep 
block might cause almost immediate tensional faulting. 
It thus appears that the conditions under which these 
surface-volume relations would hold true are not merely 
those of some one special case. They would apply so 
long as the gross volume or rock density of a deformed 
mass and the stratigraphie thicknesses-and therefore 
lengths- of even a fe,v of the more competent beds re­
main essentially unehanged. In other words, these sur­
faee-volume relatioi1s would apply to the Inechai)-ism 
that is commonly cited 75 to explain folding and uplift 
by horizontal cmnpression. 

The Lincoln anticline is sharply delimited along only 
its southwestern flank, and for that reason it cannot be 

75 Becker, G. F., in Willis, Bailey, Physiography and deformation of 
the Wenatchee-Chelan district, Cascade Range: U. S. Geol. Survey Prof. 
Paper 19, pp. 95-97, 1903. Chamberlin, T. C., and Salisbury, R. D., 
Geology, vol. :.!, pp. 1!.!5-126, 1906. Chamberlin, R. T., The Appalachian 
folds of central Pennsylvania : Jour. Geology, vol. 18, pp. 228-251, 1910. 
Chamberlin, R. T., The building of the Colorado Rocldes: Jour. Geolo~, 
vol. 27,pp. 145-164,225-251,1919. 
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compared directly with the idealized blocks just dis­
cussed. Yet, if the syncline southwest of the Pittsfield­
Hadley anticline 76 is taken as its northeastern limit, 
then from the width of the Lincoln anticline the volume 
of rock uplifted can be calculated, and a fair analogy 
with the idealized block can be made. Theoretically, 
it is possible to determine, from these two quantities 
and from the amount of shortening represented by the 
folded strata, the remaining element of the deformed 
block-the depth to which the rocks are involved in the 
folding. Actually however, it is very difficult to cle­
tennine this depth of folding with any accuracy. For 
one thing, the amount of shortening, a quantity re­
quired in the calculation, is measured from small-scale 
reconstructions of the folded beds, and comparisons 
show that the apparent or measurable shortening de­
pends to a great extent upon the scale of these recon­
structions. From actual measurements of the. length 
of folded beds on structure sections of areas in Illinois 
and Wyoming, the writer finds that the apparent short­
ening is significantly greater on structure sections 
plotted on larger scales than it is on smaller-scale struc­
ture sections of the same areas. This paradoxical re­
sult arises fron1. the unavoidable smoothing out of minor 
irregularities in plotting and from the neglect of other 
irregularities in measuring the length of folded beds on 
the smaller scale structure sections. Almost certainly, 
the largest scale structure sections that were used in 
these 1neasurmnents still involve the same error-a 
s1noothing out of structural irregularities that are ae­
tually present in the field. The measurements of short­
ening from structure sections are therefore simply Inini­
tnum estimates. Even if the a1nount of shortening 
could he measured accurately, it remains uncertain how 
much should be allowed for possible ehanges of density 
of the deformed rocks and how much for isostatic sink­
ing of the deformed block. 

However, the practical difficulties that prevent an 
exact determination of the depth of the deformed block 
do not stand in the way of a qualitative application of 
the concept of surface-volume relations. Applied thus, 
the concept semns to afford a possible basis for interpret­
ing the structural history of the Lincoln anticline. It 
would mean that the region, acting as a segment of the 
earth's crust at least several1niles thick, was subjected 
to horizontal compression repeatedly during Paleozoic 
and later times. As would be expected under this hy­
pothesis, the earliest 1nbvements resulted in local warp­
ing ·with very little vertical uplift. Later these local 
areas became integrated into a larger structural unit, 
and the Lincoln anticline began to rise. Near the close 
of the Mississippian period the folding reached its cul­
Inination, and vertical uplift became conspicuous for 

76 Krey, Frank, Structural reconnaissance of the Mississippi Valley 
area from Old Monroe, Mo., to Nauvoo, Ill.: Illinois Geol. Survey Bull. 
45, p. 49, pl. 1, 1924. 

the first time. Decreased compression in the region or 
increased rigidity of the deformed block made the sub­
sequent n1ovements less intense, but in each sul'<;'equent 
n1ovmnent the vertical cmnponent predominated over 
folding, and tensional fractures 1nay have dr.veloped 
then along the zones of earlier crmnpling. 

There remains to be pointed out one important corol­
lary of this hypothesis of normal faulting clue to con­
tinued horizontal compression. N onnal faults devel­
oped along the 1nargin of ~ rising uplift would thmn­
selves be tilted and overturned by continued compres­
sion. Hence the curved fault plane ( pp. 1 4:1-142) and 
the apparent alternation back and forth along c1e fault 
frmn a steep nonnal to a steep reverse character (p. 
142) 1nay be the result of local deformation of an 
earlier normal fault. 

GEOLOGIC HISTORY 

In its broadest sense, the geologic history of a region 
might mean a systematic statmnent of all that is known 
about the geologic events that have taken place in or 
near the region; but, as commonly used, the term 1neans 
both n10re and less than this. History is not 1nerely 
ehronology; it seeks to recount the events with some 
regard to their relative i1nportance or signifieance. 
And it is just this selection of the particularly 
important that is n1ost difficult. It is perplexing 
to choose the incidents of greater significanee when 
the geologic record is known to be extretnely frag­
Inentary, when 1nany of the observed faets arr, subject 
to eonflicting interpretations, and when the Yery cri­
teria of what is most significant vary smnewhat frmn 
one writer to another. Geologic history is at l',~st only 
partial, incomplete history. 

Nevertheless, the broad outlines of geologie history 
in the central Mississippi Valley region, particularly 
of the Paleozoic era and of the Pleistocene epo~h, have 
long been known; and to this knowledge n1any workers 
are each year adding the results of further investiga­
tions. The history of this general region starts with 
an obscure record of the events in pre-Cambrian time; 
it includes a complex story of 1nany alternating ad­
vanees and retreats of the sea during the Paleozoic era; 
it then is broken by a 1nissing interval of erosion dur­
ing 1nost of Mesozoic. and Tertiary time ; and it ends 
with an elaborate chronicle of several ice sheets that 
in the Pleistoeene epoch, immediately before the geo­
logical Recent, suceessively advaneed into and 1nelted 
a way frmn the region. The earlier train of events was 
dominated by the gradual growth and uplift of the 
Ozark dome and related structural features, and that 
of the later history by the development of the Missis­
sippi River and its systmn of tributaries. 

The area covered by the Hardin and Brussels quad­
rangles shared in this regional history. However~ the 
local record is chiefly that of the subordinate Lincoln 
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anticline-its integration and rise in the Paleozoic, its 
rejuvenation in the Mesozoic and Tertiary, and its re­
sistance throughout late Tertiary and Pleistocene to 
carving by the rivers and to overriding by the conti­
nental ice sheets. The geologic events that pieced to­
gether 1nake up this local history have been discussed, 
along with the evidence on which they are based, in the 
preceding chapters on Stratigraphy, Physiography, and 
Structure. In this section of the report the nwre-out­
standing events are brought together somewhat arbi­
trarily so as to form one continuous story. The criti­
cal reader will readily detect in this summary a con­
siclerable mixture of inference with fact, a severe prun­
ing of most details, and perhaps an overemphasis of 
others; he is referred to the preceding chapters for a 
somewhat 1nore discriminating treatment of the evi­
dence. 

Pre-Cambrian tim-e.-The oldest rocks exposed in 
the Ozark region are 1nainly of igneous origin. That 
is, they represent chiefly great masses of onc:e-nwlten 
rock, some of which flowed out upon an early land sur­
face and some of which were intruded in among even 
older rocks. At a few places there are remnants of 
old water-laid sediments within this igneous complex. 

The fonnation of these pre-Cambrian rocks was fol­
lowed by a prolonged period of erosion during which 
thicknesses of many hundreds of feet of igneous and 
n1etamorphic rocks 1nust have been removed :frmn the 
regwn. 

OattnbJ•ia·n pe1iod.-Erosion continued for a ti1ne into 
the Paleozoic era, cutting clown the older rocks to a flat 
peneplain in the northern Mississippi Valley region 
but leaving a rough hilly land surface in the Ozarks. 
Then in the later part of the Ca1nbrian period the sea 
spread into the region and drowned the valleys and 
lower hills so as to n1ake te1nporarily an archipelago 
of s1nall islands. Many of these islands persisted until 
they were cut away by erosion and the intervening 
straits became filled with sand. Limy muds then were 
deposited widely over the flat sea floor. These sands 
and muds eventually hardened into rocks: sandstone, 
dolmnite, and shale. 

Ordovician period.-After deposition of the Cam­
brian sediments, the region was 1noderately uplifted, 
and the sea withdrew. However, it soon returned, and 
a thick series of limy n1uds and sands began to be laid 
clown in the shallow sea. This sedimentation ·was in­
terrupted by frequent oscillations of sea floor or sea 
level, which 1nay have been early stages in the growth 
of the Ozark uplift. The oscillations brought the sea 
floor sometin1es well above water level and into the realm 
of active erosion, and at other times they 1nerely shal­
lowed the sea so that further deposition was for a while 
prevented. These secli1nents, upon hardening, became 
layers of cherty dolomite and sandstone that are sur-

1nounted by beds of pure limestone, the whole totalling 
1nany hundreds of feet in thickness. 

The oldest of these rocks brought to the surface in 
the Hardin and Brussels quadrangles is the Cotter (?) 
dolomite in its upper few feet. Above this formation 
lies a thick unit made up ahnost entirely of rounded 
sand grains that are nearly uniform in size: the well­
known St. Peter sandstone. This sand probably was 
derived in large part fron1 Cambrian sandstones that 
cropped out in the northern Mississippi Vn1ley region, 
and it 'vas swept southward and was deposited in a 
shallow sea. The deposition of the St. Peter sandstone 
was sueeeeded by that of the J oaehi1n clolmnite and the 
Plattin limestone. Near the elose of Plattin deposition 
much organic matter was laid down along with the 
li1ny oozes. and this material gave rise to the brown. 
strongly petroliferous Decorah limestone. The seas 
that followed next were the home of a great many t'mall 
animals, such as brachiopods, and these seas laid down 
deposits of a nearly pure lime ooze, which became the 
fossiliferous I\:in1mswick limestone. Near the elose 
of the Ordovician period eonditions changed and more 
clay and sand were swept fron1 some uplifted land. sur­
face and began to be deposited within the region. In 
the Hardin and Brussels quadrangles these deposits 
make up the Maquoketa shale, but farther south they 
formed the Thebes sandstone. 

Silu,,1'ian period.-Uplift near the close of the Ordo­
vician period seems to h~ve established an upland sim­
ilar in the position of at least its eastern 1nargin to that 
of the present Ozark uplift. At any rate, the earliest 
Silurian seas semn to have advanced northward up a 
troughlike depression that was limited on its we?tern 
side by the present Ozarks. The oldest deposits of 
these Silurian seas that are left in the Hardin and Prus­
sels quadrangles are those of the Eclgewooclli1ne~tone. 
This formation thickens and thins irregularly within 
the area, and at least loeally it includes several uncon­
formities, so that it appears highly probable that local 
\varping had started within the area by earliest Silurian 
time. The sea that laid down the Edgewoodlime~tone 
withdrew, and there was an interval of pronounced 
erosion before it returned and deposited the Bras;:ofielcl 
limestone. This sea again withdrew, or it at least 
became so shallow that deposition was prevented, until 
much later in Silurian time when the Joliet lime:;<tone 
was laid down. 

In the northern part of the Hardin and Brussels 
quadrangles these Silurian fonnations consist largely 
of limestone, but in the southern part of the area they 
are ahnost entirely dolomite. It is possible that this 
dolomitization occurred at the time of deposition, but 
it seems somewhat more probable that it was the result 
of later changes brought about by waters carrying 
magnesium and iron that circulated through the rocks 
near the Cap au Gres faulted flexure. 
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De 1-'0nia.n pel'iod.-Some time after the deposition of 
the early and middle Silurian formations and before 
late Devonian time, the area of the Hardin and Brussels 
quadran~les was again subjected to warping and ero­
sion. Then in late Devonian time, an ann of the sea 
that had lain to the northwest in what is now the state 
of Iowa spread into the area. Its deposits were chiefly 
impure limestone that contains a great many fossil 
brachiopods and corals. While these sedi1nents were 
being deposited, the area underwent some further warp­
ing, and a narrow trough was formed across the Hardin 
quadrangle. When this trough had become filled with 
sediments, the sea began to spread southwestward up 
the slope, depositing a sand made up of grains that 
probably were derived frmn outcrops of the St. Peter 
and similar sandstones in the Ozark region. 

Oarbonifero-u8 ( 1Jfi"<s8i8sip1Jia.n) period.-During or 
not long after the late Devonian deposition, the warp­
ing of the area began to he localized along lines that 
eventually marked out the Lincoln anticline. The early 
Mississippian or Kinderhook sea cam.e in gradually 
from the north and probably also from the south across 
an eroded surface of very low relief. and in doing so it 
deposited argillaceous and c.alcareons sediments. At 
first this sea was divided by the barrier of the early Lin­
coln anticline-the Louisiana limestone seems to have 
been laid clown only on the northern side and the Glen 
Park formation on both sides but not across the anti­
cline. Later, however, the l(inderhook sea encroached 
farther up the flanks, and during the deposition of the 
Hannibal shale the entire area seems to have become 
covered. There may have been other islands or penin­
sulas in this sea, for throughout this general region the 
IGnderhook sediments are- very irregular in their dis­
tribution and character. The Hannibal shale, for in­
stance, now grades northward into sanely beds and 
southward into an argillaceous limestone that is part 
of the overlying Chouteau limestone. 

At the close of Kinderhook deposition, there was, at 
least locally, moderate folding along the axis that later 
became the Cap an Gres flexure, and some of the folded 
rocks were bevelled off by erosion. Then the sea re­
turned again and laid clown a thick series of limy muds. 
To the south and the east, red and green clays, perhaps 
derived from the Ozark uplift, were mixed with these 
muds and gave rise to the Fern Glen formation; but to 
the north and west of the flexure, the waters were much 
clearer, sea anemones grew in abundance, and relatively 
pure calc.areous oozes were deposited. These sediments 
hardened into the Sedalia limestone, the crinoidal and 
cherty Burlington limestone, and the Keokuk li1nestone. 

Again clayey material was swept into the entire area, 
and the argillaceous Warsaw formation and the son1e­
what dolomitic Spergen limestone were deposited. 
These were in turn succeeded by lilny sediments that 
exhibit evidence of increasing local disturbance and 

shallow-water deposition: ripple n1arks, som~what 

oolitic textures, limestone conglomerates, and finally 
cross-bedded sandstone. These, the youngest ~lissis­
sippian sediments now exposed in the area cf the 
Hardin and Brussels quadrangles, make up tl'~ St. 
Louis limestone. This formation thickens. eas~ward 
down the trough of the Troy-Brussels syncline until 
near Alton it is overlain by the even n1ore oolitic and 
sandy Ste. Genevieve limestone. Still farther south­
eastward, late Mis.sissippian Chester formations, con1-
posed of limestone, shale, sandstone, and conglmrerate, 
overlie this Ste. Genevieve lin1estone. 

Whether or not the Ste. Genevieve limestone or any 
of the overlying Chester formations were ever depos­
ited within the area of the Hardin and Brussels quad­
rangles, it appears probable that local uplift had sL,artecl 
again by the close of St. Louis deposition. This n1ove­
ment continued and produced the major defonnation 
of the region~ the Lincoln anticline was uplifted S'~veral 
hundred feet and the Cap au Gres flexure was steeply 
folded. During and immediately after this uplift, 
streams cut deeply into the limestone uplands, strip­
ping off at least several hundred feet of rocks from the 
crest of the anticline and whatever fonnations younger 
than the St. Louis limestone that may have been de­
posited south of the flexure. 

Ow·boniferous (Penn8yl,oanian) period.-The uplift 
and erosion had produced a broken land surfacf, with 
narrow valleys and sinkholes from 50 to 100 feet or more 
deep. However, in early Pennsylvanian time condi­
tions changed, and the valleys began to fill up with the 
residual chert, sand, silt, and fine clay that today 1nake 
up the Pottsville formation. Eventually, all depres­
sions on the old land surface were filled, and the area 
became an extensive swamp in which accmnuhLted a 
widespread deposit of peat that later was converted 
into coal. After the deposition of the peat tl'P- sea 
again spread across the area and laid clown n1uds, clays, 
and fine-grained sands. Then began a peculiar rhyth­
mic alternation of conditions, recognizable throughout 
much of the central interior region of the continent and 
expressed locally by the deposition of alternate thin 
layers of limestone and clay or shale. It is not 1-:nown 
how long this alternation of conditions continued 
within the local area, for an unknown thickness of 
Pennsylvanian strata has been eroded away. How­
ever, it is improbable that a very great thickn~ss of 
Pennsylvanian rocks was ever deposited within the 
area of the Hardin and Brussels quadrangles, for 
throughout this entire period much greater thicknesses 
had been accmnulating in the central part of tho. coal 
basins of northwestern Missouri and south C"lntral 
Illinois. 

The Pennsylvanian seas finally withdrew for tl'~ last 
ti1ne frmn the entire region, and with their retre",t the 
long era of shallow seaways came to a close. lienee-
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-forth the local record was one of erosion and deposition 
upon the land~ the region had permanently beeome a 
part of the North American land area. 

Permian period, 111 esozoic era. and Tel'fiary period.­
The long interval of time between the retreat of the 
Pennsylvanian seas and the advanee of the Pleistocene 
glaeiers left a very meager record in the centrall\'lissis­
sippi Valley region, and only a few glin1pses are re­
vealed of the geologiC>·history during this long :interval. 
Perhaps frequent periods of deposition alternated ·with 
periods of erosion. but :if so, nearly all the deposits were 
Temoved during the subsequent erosion. The. evidence 
frmn which the geologic history must be read is very 
largely that of the land forms produced during the per­
iods of erosion. 

The Permian period and all the Mesozoic. era are es­
sentially a missing interval in this region. Some time 
aftm~ the Pennsylvanian and before the mid-Tertiary. 
the Lincoln anticline underwent a 1noderate uplift. 
This n1ovement may possibly have taken place near 
the very beginning of the :Mesozoic era when other parts 
of the region were being uplifted. It seems probable 
that smne sort of a radial drainage systmn off the Ozark 
dome. with lateral tributaries along strike valleys, had 
developed before the Cretaceous period; but no evidence 
has been found that the Cretaceous seas of the Missis­
sippi embayment and the western interior ever extended 
into this area. 

For some reason, perhaps related to the first blocking 
out of the Mississippi embayment, the early radial 
drainage systmn seems to have ben dismembered by a 
southward-flowing drainage system that extended b~ck 
headward along the strike valleys on the east side of 
the Ozark uplift. This syste1i1, which drained through 
the area of the Hardin and Brussels quadrangles. be­
eame the aneestor of the present Mississippi River. The 
region of the northern Mississippi Valley probably 
drained southward at that time along the line of the 
present Illinois River~ and north of the Ozarks the 
principal river seems to have been joined by several 
large streams frmn the 'vest. This entire group of 
streams continued to cut clown the region until, by about 
the 1nidclle of the Tertiary period, they had produced 
a wide flat plain that is here ealled the Calhoun pene­
plain. 

This process of peneplanation was interrupted, prob­
ably near the end of the Miocene epoch. by eenewed 
warping. tilting, and uplift, and possibly by faulting 
of the Lineoln antieline, the northe~stern slope of the 
Ozarks, and perhaps other areas. These earth n1ove­
ments disturbed the courses of some of the earlier 
streams. In places. as near the nwuth of Missouri 
River, streams were diverted from their earlier eourses 
and forced to flow along downwarped or downfaulted 
zones. Elsewhere the earlier streams were rejuvenated 
and swept large quantities of coarse gravel and sand 

(the Grover gravel) out over the flat plain and ther be­
gan cutting deeply into the uplifted land surface. 

This cutting proceeded, perhaps throughout the 
Plioeene epoch, until large parts of the new upland had 
been disseeted and the land surface was reduced to 
smooth hill slopes. For the first time, the topographic 
and geogranhie relations becatne essentially those of the 
present day and the nwdern landseape was more or less 
established. Then, at about the elose of the Pliocene or 
the beginning of the Pleistocene epoeh, the streams were 
again sharply rejuvenated, this time by vertical Ul)lift 
or lowering of sea level instead of by differential warp­
Ing. The streams cut down vertically and Inade nar­
row trenches below the postmature Pliocene land 
surface. 

Pleisfo('ene epod1.-Climatic ehanges whieh afff.cted 
the entire northern hemisphere brought about heavy 
acemnulations of snow and the spread of continf~1tal 
glaciers across a large part of North A1neriea. The first 
of these ice sheets, the Nebraskan, left only an obscure 
record of its advanee into the central Mississippi Val­
ley region. Deposits ] aid do·wn by this iee sheet have 
been recognized a short distance, north of the Hardin 
quadrangle, but it seems fairly certain that the uplands 
of Calhoun County were never overspread by the ice. 

With a change of elimatie eonditions the Nebraskan 
ice sheet disappeared. and the first or Aftonian inter­
glacial stage set in. This interglacial, like the prr-c.ed­
ing glacial, stage left very little reeord in the region. 
Then the ice advanced for a second time and spread 
southward aeross all of northern Missouri. The east­
ward-flo·wing tributaries of the aneestral Missiseippi 
River were forced southward and westward into a Inar­
ginal stream that persists today as the Missouri River. 
Directly opposite the Hardin quadrangle, the Miseouri 
lobe of this glacier was stopped at the uplands devel­
oped on the Lineoln antieline, but a subordinate lob~ or 
tongue of the ice extended around the southern 1nargin 
of these uplands eastward into t.he river valley and 
banked high against the west side of the Calhoun Coun­
ty upland. The iee dan1 thus fonned ponded the waters 
for many miles along the valley of what is now the 
Mississippi River, and a temporary spillway, the Batch­
town channel, was formed across a series of cols 1nade 
by the outerop of the Maquoketa shale. The I\:ansan 
glacier also advanced from the north and east until it 
came elose to the area of the Hardin and Brussels quad­
rangles, but from this direction, as frmn the north and 
west, it failed to reach the uplands of Calhoun County. 

Climatic. eonditions changed again~ and the Kansan 
ice sheet withdrew from the region. During the sec­
ond or Yarmouth interglacial stage the topograpl~y of 
the area seems to have been very similar to that of the 
present day, not only in the position of the valleys, but 
also in their depth below the uplands. 
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Then again the ice readvanced, this time from the 
northeast, and the Mississippi River, which had long 
drained southward through the valley of the present 
Illinois River, was forced westward into tributary val­
leys, developing essentially the course that it now fol­
lows. Near the mouth of the Illinois River, the glacial 
advance was halted by the uplands along the Cap au 
Gres flexure and by the trenchlike valley; thus, only 
the northeastern part of the Hardin quadrangle was 
overridden by this Illinoian ice sheet. Valleys that 
drained northeastward off the small unglaciatedL area in 
the highest uplands of Jersey County were danuned by 
the ice and fonned lakes or ponds. Erosion by the 
slowly Inoving ice was negligible within the area of the 
Hardin quadrangle. The chief effect was depositional ; 
the pre-Illinoian valleys were filled with till, and a wide 
flat till plain was built up. On this till plain were de­
posited a few drumloidal n1ounds, but the glacier left no 
tenninal1noraines in this area. 

The Illinoian ice sheet did not reach its Inaximmn 
extent at the same time everywhere. Shortly after it 
had begun to Inelt back frmn the Hardin quadrangle, 
the ice pushed westward across the Mississippi River 
at the site of the city of St. Louis and so obstructed the 
swollen strean1 that the valley slowly filled up with thick 
deposits of silt, sand, clay, and gravel. This aggrada­
tion built an extensive alluvial plain, here called the 
Brussels terrace, about 100 feet above the present river 
level, and this plain extended up the valley frmn St. 
Louis to and beyond the Hardin and Brussels 
quadrangles. 

Again the ice retreated and during the Sanga1non 
interglacial stage great quantities of finely ground rock 
flour, dumped by the Inelting glaciers, were washed 
down the rivers and spread out in wide mud flats. 
During low-water stages of the streams, the wind 
whipped the dried mud into the air and deposited it as 
great thieknesses of dust or loess upon the wooded up­
lands alongside the streams. 

There is no local record of the succeeding Imvan stage 
of glaciation. In the fourth or Peorian interglacial 
stage, conditions were similar to those in the Sangan1on. 
Loess again accumulated on the uplands but not in such 
great thicknesses as before. 

The \Visconsin or final stage of glaciation was in 
itself Inade up of several 1ninor advances and retreats 
of the ice. However, none of its ice advances came 
nearer than about 100 n1iles to the northeast of the 
Hardin and Brussels quadrangles. With the final re­
treat of the Wisconsin glaciers, the present Great Lakes 
began to con1e into existence and at successive stages in 
their fonnation, several of these lakes discharged water 
southward down the Illinois River. One of these flood 
outlets Inay possibly have cut the Met.z Creek terrace 
and left the scattered pebbles that are found alongside 

the lower Illinois River. However, the n1ost conspicu­
ous Wisconsin record within the area is the Deer Plain 
terrace. This is an alluvial plain built up of coarse 
gravels by the Mississippi River to an elevation about 
40 feet above the present river level. Si1nilar coarse 
materials were not then being carried by the Illinois 
River, and the Mississippi flood plain virtually dam1ned 
the n1outh of the sn1aller river so as to cause the deposi­
tion of much finer grained Inaterials there. The exact 
source of these Deer Plain deposits is not knovrn, but 
it seems probable that the flood waters which washed 
them clown the Mississippi River may have como, from 
the drainage of glacial Lake Agassiz-the Red River 
valley-in very late Wisconsin time. 

During all of the Pleistocene epoch the unglaciatecl 
uplands were undergoing almost continuous erosion 
and, iminediately after the disappearance of the l,..ansan 
and Illinoian ice sheets, streams also began to dissect 
the till plains that had been left. Meanwhile the valleys 
of the Mississippi and Illinois Rivers, which had been 
trenched to approximately their present depth before 
the first stage of glaciation, were progressively widened 
by lateral planation each ti1ne the rivers impinged 
against the base of the bordering bluffs. 

Recent epoch.-After the climate ameliorated and 
the last of the Pleistocene glaciers had completdy dis­
appeared, the work of running water became thr, domi­
nant geologic process operating within the region. Yet 
even within an epoch of such relative briefness as the 
Recent, there has been time for geologic procesfes and 
conditions to change more than once. For a time after 
the building of the Deer Plain terraee, the Illinois and 
Mississippi Rivers cut vertically below and laterally 
into their flood plains. 

This degradation finally ceased and, long before the 
earliest historic record, the Illinois and perhaps the Mis­
sissippi began very slowly to deposit or else just about 
maintained their flood-plain levels. With this change 
Illinois River abandoned the meandering habit by 
which it had cut laterally into the Deer Plain terrace 
and made for itself a very stable course by building up 
natural levees along its banks and alluvial islands 
within its channel. 

These conditions of essential adj nstment were again 
unbalanced when civilized man came into the region. 
Deforestation and cultivation of the soil, artificial im­
provement of the rivers for purposes of navigation, and 
diversion of waters from Lake Michigan into the Illi­
nois River have within recent decades somewhat dis­
turbed the regimen of the Inajor streams. 

Similar but less pronounced changes also took place 
on the uplands. The washing away of the thick de­
posits of loess and the dissection of the glacial till plains 
continued without important interruption. But these 
processes have been quickened since the region was 
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settled and sharp gullying of the old slopes has started 
in many places. 

ECONOMIC GEOLOGY 

The various rnineral resources of the Hardin and 
Brussels quadrangles have been deseribed in rnore or 
less detail in an earlier report by Lamar 76a and in the 
lithologic deseriptions of the different roek formations 
in the present report. The deseriptions of those rnate­
rials that have present or potential eeonomic value are 
brought together and summarized briefly in the fol­
lo·wing pages. 

LIMESTONE 

DISTRIBUTION AND USE OF LIMESTON:E 

Fmv if any parts of Illinois have as great a variety 
and quantity of easily quarried limestone and dolmnite 
as the Hardin and Brussels quadrangles, yet the quarry­
ing industry has rnade very little progress in the area. 
This failure to develop the lin1estone resources is largely 
the result of inadequate railroad facilities. The loeal 
demand for stone is very limited and inasmuch as 
barges afford the only economiealmeans of transporta­
tion of stone, the area is dependent upon rnarkets on 
or near the rivers. This situation is disadvantageous 
beeause limestone crops out extensively along all the 
rivers of the region, and potential river rnarkets sueh 
as St. Louis, Mo., are supplied in large part by nearby 
quarries. However, it seems possible that, even 'vith 
the present transportation faeilities, rnarkets rnight be 
developed for eertain types of limestone that are not 
so widely exposed. 

The two prineipal uses for which lirnestone is now 
being quarried in the area are for agrieultural purposes 
and for riprap in river eontrol work. Many small 
quarries, chiefly in the Burlington limestone, have been 
opened and operated intermittently by local residents 
to obtain lirne for fertilizer, but no effort has been rnade 
to eompete with the loeal supplies at rnore distant 
rnarkets. The caleareous tufa (pp. 97-98) is loeally 
reputed to be very well adar)ted, in its ease of arindina 

~~ b 

and chemieal composition, to use as fertilizer. In 192·8 
and1929, two large quarries were being operated along 
the Mississippi River in southern Calhoun County­
Seifermann's in the NW:!;!NW:!;! sec. 27, T. 13 S., R. 2 
W., and Keller's, in the NE1,4SW:!;! sec. 6, T: 14 S., R. 
1 W. These quarries were furnishing rock frmn the 
St. Louis limestone for use as riprap and shipping it by 
river barges. Other quarries in the St. Louis limestone 
and one in the J oachirn dolomite, in the NE:!;!SE:!;! sec. 
19, T. 12 S., R. 2 W., formerly furnished rock for this 
same purpose, but are now abandoned. The bluff line 

76a Lamar, .J. E .. Preliminary report on the economic mineral resources 
of Calhoun County : Illinois Geol. Survey Rept. Inv. no. 8, 1H26. 

or river front frmn Dogtmvn Landing to Calhoun Land­
ing affords many quarry sites in the St. Louis lirne­
stone and the overburden of loess is no thicker th~Ln it 
is at similar quarry sites along the Mississippi and Mis­
souri rivers near Alton, Ill. 

Undeveloped uses to whieh many of the different 
beds of limestone in the Hardin and Brussels quad­
rangles might be put are as building stone, road rr ate­
rials, and ornamental stone, and for fluxes, burroing, 
and cement. The J oaehin1 and Edgewood dolmnites 
and all the n1ore massive lirnestones of the area can 
probably be worked into dimension stone suitable for 
eonstruction. The dolomitized Edgewood has been 
quarried at Meppen and used loc-ally for building. The 
Brassfield and Joliet limestones and the denser; less 
cherty parts of the Plattin, Chouteau, Burlington, St. 
Louis, and Pennsylvanian limestones would prob1,bly 
be satisfactory for road materials and conerete ag­
gregate. (See Physieal tests, below.)'6b Speeinen~ 
prepared for the writer show that the "fueoidal" beds 
of the Plattin limestone (pl. ±B), the coarsely erystal­
line "marble,, of the I\:imrnswiek and Burlington lime­
stones, the Noix oolite, the green-flecked Brassfielcllirne­
stone, the brecciated beds in the St. Louis limestone, and 
the clark, dense, fossiliferous Pennsylvanian limesf.one 
take a high polish and have a pleasing, unusual ap:r: ~ar­
ance; perhaps these rocks n1ight rnake valuable orna­
mental stones for interior deeoration. LimestoneF for 
fluxes and for making lirne need to be nearly pure; ha,nce 
the l{immswick, Pennsylvanian, Burlington, Brass­
field-in northern part of area where it is not dolomi­
tized-J oliet, and St. Louis lirnestones, which contain 
rnore than 95 pereent calcimn carbonate (see Chernical 
Analyses, below), would be the most suitable. The 
Louisiana limestone has a dense, fine-grained texture 
sin1ilar to that of lithographic stone. Tests of sarnples 
eolleeted in Missouri 77 have shown that some parts of 
the formation make "exeellent slabs, large enough fm~ 
small engravings,'' but the jointed structure of the rock 
rnakes it difficult to obtain large slabs. 

TESTS OF LIMESTONES 7s 

A sample of Joachim dolomite was colleetecl from the 
50-foot face of the abandoned quarry in the NE1,4SE:!;! 
see. 19, T. 12 S., R. 2 W., Calhoun County, near the 
West Point Ferry landing, by J. E. Larnar, T. B. E.oot, 
Robert Gillson, and the writer. 

76b For a discussion of the requirements and resources of stone i"'l this 
general region see Buckley, E. R., and Buehler, H. A., The quarrying 
industry of Missouri: Missouri Bur. Geology and Mines, 2d ser., vol. 2, 
1904: and Krey, Frank, and Lamar, J. E., Limestone resources of Illi­
nois: Illinois Geol. Survey Bull. 46, 1925. 

77 Swallow, G. C., Lithographic limestone: Missouri Geol. Survey 2d 
Ann. Rept .. pp. 169-170, 1855. 

78 Tests conducted at the Testing Laboratory of the State Hi~hway 
Department of Illinois. For an explanation of the significance of the 
physical tests see Krey. Frank, and Lamar, .J. E., Limestone resources 
of Illinois: Illinois Geol. Survey Bull. 46, p. 31, 1925. 
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Chemical analysis 

Calcium oxide ( CaO) --------------------------------- 34. 28 
Magnesia {MgO) ------------------------------------- 16. 39 
Silica (Si02)---------------------------------------- 3.54 
Alumina ( Ah03) -------------------------------------- . 60 
Iron oxide ( Fe203) ----------------------------------- . 94 
Sulfuric anhydride (SOa) ----------------------------- . H 
Ignition loss _________________________________________ 43. 83 

99.72 

A sample was collected frmn the basal half of the 
Plattin limestone neaT the abandoned quarry in the 
NE%SE% see. 19, T. 12 S., R. 2 W., Calhoun County. 

Chemical analysis 

Calcium oxide (CaO) -------------------------------- 48. 41 
Magnesia (MgO) ------------------------------------- 5. 35 
Silica (Si02) _________________________________________ 2.19 

Alumina (Al203) ------------------------------------- . 72 
Iron oxide (F~Oa) ----------------------------------- . 46 
Sulfuric anhydride ( SOa) ----------------------------- . 26 
Loss on ignition ______________________________________ 43.01 

100.40 
Physical tests 

[Classification : Limestone, gray, argillaceous, hardness 4 (l\Ioh's scale), 
crystalline, fine-grained, compact, hackly fracture] 

Specific gravity------------------------------------­
Weight (lbs. per cu. ft.)----------------------------­
Absorption: 

(Percent) ------------------------------------­
(Lbs. per cu. ft.)-=-------------------------------

Wear (percent)------------------------------ ______ _ 

2.67 
1()7 

.8 
1.3 
3.6 

A sample was collected from 37 feet in the middle 
part of the Kimmswick limestone in the NW·%SE1;4 
see. 17, T. 12 S., R. 2 W., Calhoun County. 

Chemical analysis 

Calcium oxide (CaO) --------------------------------
Magnesia (MgO) ___________________________________ _ 
Silica (Si02) ________________________________________ _ 

Alumina (Ah03) -------------------------------------
Iron oxide (Fe203) _________________________________ _ 
Sulfuric anhydride ( SOa) ____________________________ _ 

55.u2 
.42 
. 74 
. 28 

6'"J 
• 1() 

Loss on ignition ______________________________________ 42. 67 

100.35 
Physical tests 

[Classification: Limetone, gray, hardness 3, crystalline and fossiliferous, 
medium-irained, compact, hackly fracture] 

Specific gravity______________________________________ 2. 53 
Weight (lbs. per cu. ft.)----------------------------- 158 
Absorption : 

Percent_________________________________________ 1.3 
Lbs. per cu. fL__________________________________ 2. 1 

Wear (percent)------------------------------------- 6.8 

A sample was collected from 12 feet of the Edge­
wood and 7 feet of the overlying Brassfield formation­
at this locality lithologically indistinguishable frmn 
the Edgewood-from the abandoned quarry just north 
of Meppen, SE% sec. 23, T. 12 S., R. 2 W., Calhoun 
County, by T. B. Root and assistant. 

Chemical ana.lysis 

Calcium oxide (CaO)_______________________________ 29.13 

l\Iagnesia (1\'lgO)------------------------------------ 19.27 
Silica ( Si02) ---------------------------------------- 4. 82 
Alumina (Al:!Oa)_____________________________________ 1. 15-

Iron oxide (Fe203) ---------------------------------­
Sulfuric anhydride ( S03) -----------------------------
Loss on ignition ____________________________________ _ 

Physical tests 

1.71 
.10' 

43.99-

100.17 

[Classification: Dolomitic limestone. yellow, argillaceous, hardness 3. 
noncryl'talline, fine-grained, porous, hackly fracture] 

Specific gravity______________________________________ 2.49-

'Veight ( lbs. per cu. ft.)----------------------------- 155 
Absorption: 

Percent_________________________________________ 3.3 
Lbs per cu. ft___________________________________ 5.1 

'Vear (percent)_____________________________________ 4.3 

..__-\_ sample of Brassfield limestone was collected frmn 
SEVt,NE% sec. 29, T. 8 N., R. 13 ,V., Jersey County. 

Chemical analusis 

Calcium oxide ( CaO) -------------------------------­
Magnesia ( MgO) -----------------------------------­
Silka (Si02l---------------------------------------­
Alumina (Al203 1-------------------------------------
Iron oxide ( Fe203) --------------------------- ______ _ 
Sulfuric anhydride ( S03) ----------------------------
Ignition loss ________________________________________ _ 

u3.93 
.60 

2.1(} 
.48 
.32 
.14 

42.70 

100.27 

A sample was collected from the 16 feet of Joliet 
li1nestone and 6 feet of the i1nmediately undr1·lying 
Brassfield limestone in the creek bed in the so•1thern 
part of Hamburg, in the NW1;4SE:t;~ sec. 35, T. 9 S., 
R. 3 "'\V., Calhoun County. 

Chemical analysis 

Calcium oxide ( CaO) --------------------------------- 53. 36 
Magnesia ( MgO) ------------------------------------- 4'") 
Silica ( Si02) ----------------------------------------- 2. 71 
Alumina (Al203) ------------------------------------- . 38 
Iron oxide ( Jj..,e203) ----------------------------------- . 62 
Sulfuric anhydride ( S03) ----------------------------- . 15 
Loss on ignition ______________________________________ 41.82 

99.46 

Physical te8ts 

[Classification: Limestone, greenish-gray, argillaceous, hardnesG 4, crys­
talline, medium-grained, compact, hackly fracture] 

Specific gravity-------------------------------------- 2. 68 
Weight (lbs. ller cu. ft.)----------------------------- 167 
Absorption : 

Percent_________________________________________ .7 
Lbs. per cu. ft___________________________________ 1. 2 

A sample was collected frmn the upper 13 feet of the 
Cedar Valley limestone exposed along highwayF in the 
NE1J4NE;i sec. 29, T. 8 N., R. 13 W., Jersey County. 
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Chemical analysis PliHsical tests 

Calcium oxide ( CaO) -------------------------------- 49. 57 [Classification: Limestone, dark gray, hardness 4, crystalline, fine-

.Magnesia ( MgO) ------------------------------------- . 50 grained, compact. hackly fracture] 

Silica ( Si02) ----------------------------------------­
Alumina (Al20a) ----------------------------------- __ 
Iron oxide ( Fe20a) ----------------------------------­
Sulfuric anhydride ( SOa) ----------------------------
Loss on ignition ____________________________________ _ 

9.92 
.54 
.46 
.12 

39.23 

100.34 

A sample was collected from the upper 15 feet of the 
Chouteau litnestone in an abandoned quarry in the town 
of Hardin, center E¥2 sec. 27~ T. 10 S., R. 2 'V·~ Calhoun 
County. 

Chemical analysis 

Calcium oxide ( CaO) ------------------------------ __ 
Magnesia (MgO) -----------------------------------­
Silica ( Si02) -------------------------------------- __ 
Alumina (AbOa) ------------------------------------­
Iron oxide (Fe20a)----------------------------------­
Sulfuric anhydride ( SOa) ----------------------------
Loss on ignition _____________________________________ _ 

Phlfsical tests 

44.23 
1.31 

14.90 
2.02 
1. 24 

.12 
36.28 

100.10 

[Classification: Limestone, dark gray, hardness 3, crystalline, medium-
grained, compact, hackly fracture] 

Specific graYity -------------------------------------- 2. 61 
Weight (lbs. per cu. ft.)_ ____________________________ 163 

Absorption : 
Percent_________________________________________ 1.11 
Lbs. per cu. ft____________________________________ 1. 8 

Wear (percent)______________________________________ 3.5 

A sample was collected from lower 70 feet of the 
Burlington limestone exposed along road on Rocky 
Hill in SE1,4BE14 sec. 28, T. 10 S., R. 2 W., Calhoun 
County. 

Chemical analysis 

Calcium oxide ( OaO) -------------------------------­
Magnesia ( MgO) ------------------------------------
Silica I Si02) ---------------------- _________________ _ 

Alumina (AhOa) ----------·-------------------------­
Iron oxide (Fe20a)----------------------------------­
Sulfuric anhydride ( SOa) ----------------------------
Loss on ignition _____________________________________ _ 

53.79 
. 73 

2.64 
.14 
. 46 
.19 

42.17 

100.12 

A sample of St. Louis limestone was collected from 
the 39 feet of rocks that underlie the hard massive bed 
in the quarry face in the NE%SW~i sec. 6, T. 1± S., 
R. 1 W., Calhoun County, by T. B. Root and assistant. 

Chemical analusis 

Calcium oxide (GaO)-------------------------------­
Magnesia (MgO) -----------------------------------­
Silica ( Si02) -------------------------------------- __ 
Alumina (AhOa) -------------------------------------
Ironoxide (Fe20a) __________________________________ _ 

Sulfuric anhydride { SOa) ---------------------------·--
Loss on ignition ______________ ------------------------

53.21 
. 59 

3.23 
. 44 
.62 
.10 

41.98 

100. 17 

Specific graYity -------------------------------------- 2. 68 
·weight (lbs. per en. ft.)------------------------------ 167 
Absorption : 

Percent----------------------------------------- .6 
Lbs. per cu. ft___________________________________ 1. 0 

VVear (percent)------------------------------------- 3.4 

A satnple was collected to represent the 51h feet of 
limestone in Carbondale formation and lower 214 feet 
of litnestone at base of McLeansboro fonnation in the 
SW1,4S1V~4 sec. 14, T. 13 S., R. 2 W., Calhoun County. 

Ollemical anali!Sis 

Calcium oxide ( CaO l -------------------------------­
Magnesia ( MgO) -----------------------------------­
Silica ( Si02) ---------------------------------------­
Alumina (AhOa) -----------------------------------­
Iron oxide (Fe20a) -------------.,---------------------­
Sulfuric anhydride ( SOa) ---------------------------
Loss on Ignition ____________________________________ _ 

Physical test.-; 

54.29 
. 63 

1.53 
.22 

W> 
.05 

42.80 

100.14 

[Classification: Limestone. dark gra;r. hardness 4, crystalline, medium-
grained, compact, hackly fracture] 

Specific gra Yity _________ ----------------------------- 2. 71 
Weight (lbs. per cu. ft.)------------------------------ 169 
Absoi·ption : 

Percent----------------------------------------- .2 
Lbs. 11er cu. ft ------------------------------------ . 3 

'Vear (percent)------------------------------------- 3. 3 

A sample was collected from a tufa cone in the 
NW~4SE1,4 sec. 28, T. 8 N., R. 13 W.~ Jersey County. 

Chemical analusis 

Calcium oxide ( CnO )_ _________________________________ 48. 0-t 

Magnesia (MgO) ------------------------------------- 1. 00 
Silica ( Si02) ----------------------------------------- 8. 64 
Alumnia (Al20a) ------------------------------------- 1. 47 
Iron oxide (Fe20a)----------------------------------- 1.24 
Sulfuric anhydride ( SOa) ------------------------------ . 12 
Loss on ignition _______________________________________ 39. 32 

99.83 

CEMENT MATERIALS 

Raw portland cetnent is produced by burning and 
grinding a tnixture of litnestone and clay or shale in 
proportions so chosen that the tnixture contains 2-bout 
75 percent of ealcium carbonate and the remainder is 
of claylike substances. Unless the exact proportions 
happen to be found together in one rock or at one quarry 
site, two or more different rocks tnust be chosen and 
mixed aceorcling to a formula. That is to say, the range 
of eomposition allowable in each roek constitue11t is 
very wide, provided that a suitable eomple1nentary con­
stituent is available. For this reason, it is itnpofsible 
to specify exactly which individual rocks are best Sllited 
for making cetnent. However, magnesia, sulfur, sand, 
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and chert are undesirable, and rocks that contain n1ore 
than a very small amount of these i1npurities 1nust be 
avoided.79 

Many of the limestones in the Hardin and Brussels 
quadrangles-in particular, the J{imlnswick, Brassfield, 
Joliet, Cedar Valley, St. Louis, and Pennsylvanian lime­
stones, and possibly the Chouteau and Burlington lime­
stones-are sufficiently free frmn impurities to furnish 
the calcium carbonate part of the cmnent. Si1nilarly, 
analyses show that the Hannibal shale and parts of the 
Maquoketa and Carbondale shales are sufficiently pure 
to furnish the required alun1inum silicate, and much of 
the loess and Pleistocene silts probably could be used 
also. There are thus adequate supplies of cement ma­
terials in the Hardin and Brussels quadrangles, and it 
is probable that these 1naterials n1ight be found avail­
able in the proper proportions in single quarries. How­
ever, no effort has yet been1nade to develop the cmnent 
industry in this area because these 1naterials are also 
available nearer to the Inarkets and at localities where 
transportation facilities are n1uch better.80 

CHEMICAL ANALYSIS OF SHALES 81 

A sample taken to represent the upper third of the 
Maquoketa shale in the NE1,4SW1;4 sec. 17, T. 11 S., 
R. 2 W., Calhoun County, was analyzed as follows : 

Calcium oxide ( CaO) ________ ------------------------- 1. 80 
Magnesia ( MgO) ------------------------------------- 2. 81 
Silica (Si02) ----------------------------------------- 56. 69 
Alumina (AbOa) _____________________ _: _______________ 23. 31 

Iron oxide (Fe20a)------------------------------------ 6.05 
Sulfuric anhydride ( SOa) ------------------------------ . 14 
Loss on ignition ______________________________________ 7.92 

98.72 

A sample was collected from upper 40 feet of Hanni­
bal shale in the SW1,4N\V~-4 sec. 31, T. 9 S., R. 2 W., 
and the SW~NE1,4 sec. 36, T. 9 S., R. 3 W., Calhoun 
County. Ceramic tests of this sample are given on 
page 160. 

Calcium oxide ( CaO) ----------------------------_------- 1. 35 
Magnesia (~1g0) ______________________________________ 2.50 
Silica ( Si02) ------------------- _______________ :_ _______ 69.20 

Alumina (Al20a)------------------------------------- 15.38 
Iron oxide (F~03) _____________________________ ·_______ 4.18 

Sulfuric anhydride ( SOa) ----------------------------- . 15 
Loss on ignition______________________________________ 5. 90 

98.66 

A sample was eolleetecl frmn upper 30 feet of shale 
member of Carbondale formation in open pit at aban­
doned Golden Eagle or Winneberger brick plant in sec. 

79 Lamar, .T. E., Preliminary report on the economic mineral resources 
of Calhoun County: Illinois Geol. Survey Rept. Inv. no. 8, pp. 13-14, 
1926. 

80 Buehler, H. A., The lime and cement resources of Missouri: Missouri 
Bur. Geology and Mines, 2d ~·er., vol. 6 [1908]. 

81 Tests conducted at the Testing Laboratory of the State Highway 
Department. 

1, T. 14 S., R. 2 W., Calhoun County. Ceramic tests 
of this sa1nple are given on page 161. 

Calcium oxide ( CaO) ---------------------------------
Magnesia (MgO) ___________________________________ _ 

Silica ( Si02) ---------------------------------------­
Alumina (AhOa) ------------------------------------­
Iron oxide (Fe20a) ----------------------------------­
Sulfuric anhydride ( SOa) ----------------------------
Loss on ignition ____________________________________ _ 

CLAY AND SHALE 

1.05 
2.04 

58.04 
24.40 

6.66 
.86 

7.61 

100.66 

The beds of white Pennsylvanian fire clay in the 
Hardin and Brussels quadrangles were not being uti­
lized at the time when field work for this repcrt was 
clone. Years ago, however, at one locality, a part of 
the extensive beds of southern Calhoun County were 
1nined along with the eoal and made into fire brick at 
the old briek plant at Winnberger or Golden Eagle. 82 

The recent developtnent of deposits of flint elay on the 
uplands near Belleview in northern Calhoun County 
and the discovery of small pockets of similar materials 
on the uplands in the Hardin quadrangle havf. again 
stin1ulated interest in the clay resources of the area.8~ 

Tests made on samples of elay collected in the Hardin 
and Brussels quadrangles show that the flint elay and 
much of the fire clay are of an excellent quality for the 
manufacture of refractory ware and, with better trans­
portation facilities, these clays could undoubtedly com­
pete with the clays of similar age now being n1ined in St. 
Louis County, Mo., and near Carrollton and Whitehall, 
Ill. 

CERAMIC TESTS 84 

A sample of fire clay frmn the Pottsville formation 
was eollected from the SW~SW~ sec. 34, T. 12 8., 
R. 2 W., and was tested by the Department of Cerami~ 
Engineering of the University of Illinois, as follows: 

Raw clay 
Reaction for carbonates...:._____________ Small amount present 

Color---------------------- __ --------------------- I.ight buff 
Working property------------------------------ Fair; sticky 
Drying conduct_ ______________________________________ Good 

Shrinkage: 
Volume _______________________________ percenL_ 29.4 
Linear __________________________________ do____ 8.9 

Water of plasticity _______________________________ do ____ 27.7 
Shrinkage water _____________________________ do ____ 15. 4 
Pore water __________________________________ do ____ 12.3 

Transverse strength tests of unburned clay : 
With 50 percent standard sand : 

Modulus of rupture ______________ lbs. per sq. in__ 312 
Number of briquettes__________________________ 9 

Without sand: 
Modulus of rupture _____________ lbs. per sq. in__ 487 

s2 Weller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 232, 1907. 

sa Lamar, .T. E., Refractory clays in Calhoun and Pike Cornties : Ill. 
Geol. Survey Rept. Inv. No. 22, pp. 7-43, 1931. 

M For discussion of the significance of these types of tests see Parma­
lee, C. W., and Schroyer, C. R., Further investigations of Illinois fire 
clays : Illinois Geol. Survey Bull. 38, pp. 287-298, 1922. 
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Fineness test : 

Residue 
Mesh 

Percent Character 

On: 
10_ -------- ------------- ---------------
20.-------- ------------ -----0-----------
48.-------- --- ------- -------------- -----
100_ --------------------------- --------
200_ ---0--- -----------------------------

Trace 
0.1 

. 1 

. 3 
1.1 

Small lime pebbles. 
Do. 

Sandy . 
Do . 
Do. 

Through 200-mesh ___________________________________________________ percent__ 98. 4 

Fired clay 

Burning test : 

Shrinkage 

Cone Burning Porosity Color after Hardness Total (percent) burning 
linear 

Linear Volume (percent) 
(pt;rcent) (percent) 

--- -----------
2 __ --- 7.6 21.0 16.5 19.5 Cream ________ Steel hard. 
4 .•• -- 7. 9 21.8 16.8 17.4 ___ .. do _________ Do. 6 _____ 8.0 22.0 16.9 16.5 ___ .. do _________ Do. 
8_ 0 0-- 8.4 23.2 17.3 14.2 Slightly dark- Do. 

er. 
10 ____ 9. 1 24.8 18.0 11.4 ___ .. do _________ Do. 
12_ --- 10.0 27.0 18.9 5. 9 Gray __________ Do. 
13 ___ - 10.4 28.C 19.3 1.2 Rusty _________ Steel hard (fused 

lime spots). 

Oxidation conduct_ __________________________ Easily oxidized 
Total soluble salts _______________________________ Vanadium 
E'usion (deformation) test-pyrometric cone equiv-

alent (P. C. E.) ________________________________ Cone 30 

Warpage -------------------------------------------- None. 
Suggested uses: Light-colored face brick; conduit, refractories, 

refractory bond clay; terra cotta; quar1·y tile; roofing tile. 
Remarks:_ Good burning range : cones 4-8, inclusive for light 

color. 

Similar tests were 1nade earlier 84a on the fire clay 
fonnerly mined from below the coal at the olld brick 
plant at Golden Eagle or Winneberger in sec. 1, T. 14 
S.,R.2W. 

A sample of fire clay from the Pottsville fonnation 
on the uplands in the northern part of the Hardin 
quadrangle, SEl4SEl4 see. 8, T. 10 S., R. 2 W., is of 
similar character, as shown below. Test was conducted 
by the Department of Cera1nic Engineering of the Uni­
versity of Illinois. 

Raw clay 
Reaction for carbonates ____________________________ Present 

Color---------------------------------------- Almost white 
Working property ______________________________ Fair; sticky 
Drying conduct ______________________________________ Good 

Shrinkage: 
Volume ______________________________ percent__ 32.3 
Linear __________________________________ do ____ 9.8 

Water of plasticity ______________________________ do ____ 33. 5 
Shrinkage water ____________________________ do ____ 17.8 
Pore water _________________________________ do ____ 15.7 

Transverse strength tests of unburned clay : 
With 50 percent standard sand: 

Modulus of rupture _______________ lbs. per sq. in__ 406 
Number of briquettes____________________________ 10 

·without sand: Modulus of rupture __ lbs. per sq. in __ 694 

84a Parmalee and Schroyer, op. cit., pp. 3!9-350. Lamar, .r. E., Pre­
liminary report on the economic mineral resources of Calhoun County : 
Ill. Geol. Suney Rept. 8 ,p. 18, 1926. 

Fineness test : 

Residue 
Mesh 

Percent Character 

On: 
10 _______ ------------------------- -----
20_ ------ ------------------------------
48_ ------ ------------------------------1 oo ___________________________________ _ 
200_ -----------------------------------

0. 5 Small lime pebbles. 
. 6 Do. 
.8 Do. 
. 5 Sand and lime petbles. 
.5 Do. 

Through 200-mesh .............. __ ---------------------------------- .... ------ 97.1 

Burning test : 

Shrinkage 

Cone Burning 

Fired clay 

Total 
linear 

Porosity 
(percent) 

Linear Volume (percent) 
(percent) (percent) 

Color after 
burning Hardness 

----------------1----1------1------

2 ___ -- 10.0 27.1 19.8 8.8 Light buff _____ 
4 __ 0-- 11.1 29.7 2C.9 3. 7 ____ .do _________ 
6 ___ ·- 11.9 31.1 21.7 .6 Buff_. ________ 
10 ____ 12.0 31.8 21.8 .0 Gray __________ 
1L ... 10.9 29.3 20.7 .5 ____ .do _________ Fused lime spots. 
13.--- 9.3 25.4 19.1 3. 8 ----_do _________ Do, 

Oxidation conduct_ __________________________ Easily oxidized 
Soluble sulfates _______________________________________ None 

Fusion (deformation) test-Pyr.ometric cone equivalent 
(P. C. E.)---------------------------------------- Cone 29 

Warpage _____________________ Warps a little; high shrinl,::age 

Suggested uses : Aside from disadvantage of high shrinkage the 
clay should be an excellent stoneware material, refractory 
bond clay for ter1·a-cotta face brick. Firing range for zero 
absorption and constant shrinkage, cones 6 to 10 or 12, in­
clusive. There is a change of color between 8 and 10, to gray. 

A sample of flint clay from this same locality on the 
uplands, SEl4SEI4 sec. 8, T. 10 S., R. 2 W., was fo'1nd 
to be a high-grade refractory clay. It was tested by the 
Department of Ceramic Engineering of the University 
of Illinois, as follows: 

Raw clay 
Reaction for carbonates _______________________________ Pone 
Reaction for pyrite ___________________________________ Pone 
Color ___________________________________________ Silver gray 

Hardness: Very hard for raw clay. Can be scratched with 
fingernail with some difficulty. 

Working property : Works very well and easily after the first 
few minutes of wedging. 

Drying conduct_ ___ Can be dried very quickly without warping 
or cracking. 

Shrinkage: 
Volume ______________________________ percent __ 10.1 
Linear __________________________________ do ____ 2.5 

"\Vater of plasticity ______________________________ do ____ 22. 0 
Shl'inkage water _____________________________ do____ 5. 5 
Pore 'vater __________________________________ do ____ 16.5 

Transverse strength tests of unburned clay : 
Without sand : 

Modulus of rupture ______________ lbs. per sq. in__ 78 
Number of briquettes___________________________ 15 

Fineness test : Impossible to slake all the clay to obtain screen 
analysis. The clay is very fine grained; all clay that slakes 
passes the ~00-mesh sieve. 

Slaking test ______________________________________ 6 rniDutes 
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Burning test : 

Shrinkage-Burning 

Cone 
Linear 

(percent) 
Volume 
(percent) 

Fired clay 

Porosity 
(percent) Color after turning Hardness 

OL____ 6.1 12.1 31.4 White ____________ _ Not steel hard. 
2______ 6.6 18.6 30.4 Cream ___________ _ 
3 ______ ------------ ------------ ------------ --------------------
4______ 8./i 23.5 26.1 Cream ___________ _ 
6______ 9. 3 25.3 23.9 _____ do ____________ _ 
8______ 9. 7 26.4 22.1 _____ do ____________ _ 
10_____ 11.0 29.5 18.8 _____ do ____________ _ 
12_ ____ 11.8 31.3 16. 8 Gray _____________ _ 
14_____ 13.0 34.2 14.2 _____ do ____________ _ 
16_____ 13.1) 35.5 12.3 _____ d(l ____________ _ 

Do. 
Do. 

Steel hard. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Soluble sulfates ______________________________________ None 
~arpage _____________________________________________ None 

Fusion (deformation) test-pyrometrie cone equivalent 
( P. C. E.)---------------------------------- Gone 33-34 

Suggested uses: The clay should be a valuable rav•l material 
for use in the manufacture of high-grade flint fire clay refrac­
tories. In refractoriness the clay is equal to the best of the 
Missouri smooth flints. The firing shrinkage of the clay is 
somewhat excessive, and this would probably necessitate the 
use of a large amount of calcined clay. 

A sample of the fire-clay member of the Carbondale 
formation frmn an open pit at abandoned brick plant 
in sec. 1, T. 14 S., R.. 2 W. was tested by the Departinent 
of Ceramic Engineering of the l_Tniversity of Illinois, 
as :follows : 

Raw clay 

Reaction for pyrite __ --------------------------------- None 
Color _______________________________________________ Cream 

'Vorking property ------------------------------------ Good 
Drying conduct_ _______________________________ Satisfactory 

Shrinkage: 
Volume ______________________________ percent__ 27. 4 
Linear __________________________________ do ____ 9.3 

~ater of plasticity ______________________________ do ____ 27. 4 
Shrinkage 'vater ____________________________ do ____ 15.8 
Pore water __________________________________ do ____ 11. 6 

Transverse strength tests of unburned clay -----Not enough clay 
to test. 

Fineness test : 

Residue 
Mesh 

Percent Chararter 
--------·-·-----·-----1------ -----------

On: 
10_ ------------------------------------
20-------------------------------------
48- ------------------------------------
] 00----------------------- -------------
200_-- ---------------------------------

0.0 
.0 
. 1 Sandy. 

Trace 
3. 6 Sandy, micaceous. 

Through 2(}(1-mesh ___________________________ percent__ 

Fired clay 

Burning test : 

Shrinkage 

96.3 

Cone Burning 
Total 
linear 

I~inear Volume (percent) 
(percent) (percent) 

Porosity 
(percent) 

Color after 
burning Hardness 

----------------1------11--------
03_____ 6.4 17.9 1fi.7 2.0 Li~httan _____ Steelhard. 
OL___ 6.4 18.1 15.7 .6 Tan___________ Do. 
2------ 6. 6 18.4 15.9 . 5 _____ do_________ Do. 
4______ 6. 6 18.5 15.9 . 8 Grayish tan___ Do. 
8______ 6. 2 17.4 15.5 1. 7 _____ do_________ Do. 
10 _____ ---------- ---------- ---------- Flat _____ ----------------

Oxidation conduct_ __________________________ Easily oxidized 
Soluble sulfates ______________________________________ None 

Fusion (deformation) test-pyrometric cone equivalent 
(P. C. E.) _______________________________________ Cone 15 

VVarpage -------------------------------------------- None 
Suggested uses: The clay has a long firing range and could be 

used for light-colored brick, terra cotta, quarry tile, and 
roofing tile. Overburned at cone 8. 

The large quantities of the Maquoketa, Carbondale, 
and Hannibal shales available in the area are s·1itable 
for the 1nanufacture of brick and tile, but their po­
tential value is probably n1ueh less than that of the 
Pennsylvanian clays. Worthen 85 reports that clays 
were onee quarried from the till and loess near Fieldon 
ancl1nade into coarse pottery. 

A sample frmn the upper 40 feet of the Hannibal 
shale was collected in the SW1_4NW1h sec. 31, T. 9 S., 
R.. 2 W., and was tested by the Department of O~ra1nic 
Engineering of the University of Illinois. (For a 
chmnieal analysis of this sample see p. 158.) 

Raw clay 
Reaction for carbonates _____________________________ Present 
Color _______________________________________________ Green 
VVorking property ____________________________________ Good 
Conduct when flowing through a die _____________ Sati~factory 
Drying conduct_ ____ Very large amount of scum. No ~arping 

Shrinkage: 
Volume ______________________________ percent__ 21.1 
Linear __________________________________ do ____ 6.6 

\'7ater of plasticity ______________________________ do ____ 23.5 
Shrinkage vvater ____________________________ do ____ 10.9 
Pore water _________________________________ do ____ 12.6 

Transverse strength tests of unburned clay : 
'Vith 50 percent standard sand: 

Modulus of rupture _____________ lbs. per sq. in __ 357 
Number of briquettes__________________________ 15 

Fired clay 

Burning test : 

Shrinkage 

Cone Burning 
•rotal 
linear 

Linear Volume (percent) 
(percent) (percent) 

---------
05 ____ 2. 7 7. 8 9.3 

Q3 _____ 6.1 17.2 12.7 

OL ___ 4.9 14.0 11.5 

2_ ---- 2.9 8.5 9.5 
4_- --- (1) (1) (1) 

1 Bloated very large: stuck in kiln. 
2 Overtired. 

Porosity 
(percent) 

22.0 

5. 8 

1.2 

.3 
{L) 

Color after Hardness burning 

Light red _____ Nearly steel 
hard. 

Reddish Steelllard. 
brown . 

Darker Do. 
brown. Brown ________ Do. 

(1) (2). 

Oxidation conduct_ ________ Oxidizes easily at low temperature 
Soluble sulfates _____________________________________ Present 
'Varpage ______________________________________________ None 

Suggested uses: F~ce brick, paYing tile, drain tile, quarry tile, 
and similar products. Overburned at cone 2. 

A sample from the upper 30 feet of the shale member 
of the Carbondale formation was collected frmn an open 

811 Worthen, A. H., Geology of Illinois; Jersey County: Illinois Geol. 
Suney, vol. 3, pp. 106-107, 119, 1868. 
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pit at abandoned brick plant sec. 1, T. 14 S., R 2 vV., 
and was tested by the Department of Ceramic Engi­
neering of the UniYersity of Illinois. (For a chemical 
analysis of this sample see p. 158.) 

Raw clay 

Reaction for carbonates _____________________________ Present 
Reaction for pyrite ____________________________________ None 
Color _______________________________________ Light chocolate 
Working property ____________________________ Not wry plastic 
Conduct when flowing thro.ugh a die ____________ Satisfaetory 
Drying conduct_ _________ Small amount of scum. No \Yarping 

Shrinkage: 
Volume ------------------------------Percent __ 20.1 
Linear __________________________________ do ____ 6.3 

\Vater of plasticity _______________________________ do ____ 26. 2 
Shrinkage water _____________________________ do ____ 10. 8 
Pore water __________________________________ do ____ 1G. 4 

Transverse strength tests of unburned clay : 
With 50 percent standard sand: 

Modulus of rupture _______________ lbs. per sq. in ___ 289 
Number of briquettes____________________________ 12 

Fired clay 

Burning test : 

Shrinkage 

Donr Burning Total Porositv Color a'trr burning Hardness (percent) 1 

LinPar I VolumP ~~~~: 
____ (percent) (percPnt) ____:_~-------- ________ _ 

'()5 ____ 8.3 22.8 I·U\ 12.3 Light red _________ StPPl harrl. 
03 ___ -- 10.7 28.7 li. 0 1.1 Reddish brown ___ Do. 
01_ ___ 10.6 28.5 16.9 .8 Good dark red ____ Do. 
"!! _____ 10.4 28.1 16.7 .4 _____ do _____________ Do. 
4 _____ 9. 6 23.6 15.9 . 5 Very dark red _____ Do. 

Oxidation conduct_ _______ Oxidizes easily at low temperature 
Warpage______________________________________________ None 
Soluble sulfates ______________________________________ Trace 

Suggested uses : The shale burns to a good color and has an 
excellent firing range-cones 03 to 2, inclusiYe-and should 
be valuable for brick manufacture, paYing brick, quarry tile, 
and roofing tile. 

Preliminary burning tests by the Department of 
Ceramic Engineering indicate that the material repre­
sented by a sample of the upper third of the Maquoketa 
shale in the NE:l;JSWl!J_ sec. 17. T. 11 S., R. 2 W., could 
be used only for the manufacture of brick and tile. 

COAL 

Only one bed of workable coal is found within the 
Hardin and Brussels quadrangles, and it is somewhat 
thinner than nwst of the coal beds being mined in ad­
jacent parts of Illinois and Missouri. This bed is the 
one that 1narks the contact between the Pottsville and 
Carbondale formations, and it is restricted to the area 
south of the Cap au Gres flexure. It appears to thicken 
southwestward and reaches its maxinnun thickness of 
30 inches or slightly more near the Mississippi River 
in sees. 15, 22, and 27, T. 13 S., R. 2 \V. Northward 
and eastward the coal bed thins and becomes interhuni­
nated with partings of shale, and a short distance north-

east of the divide bet-ween the Mississippi and Illinois 
Rivers it seems to consist of less than 1 foot of pure 
coal. 

This c.oal bed has been prospected and actually mined 
from time to ti1ne at many places throughout that part 
of the area in which its thickness exceeds about 20 
inches. But, although the coal is of good quality, the 
thinness of the bed and the inaccessibility of other than 
strictly local markets have diseouraged any atte1npts 
at large-scale production. Many years ago 86 this coal 
was mined in sec. 1, T. 14 S., R. 2 W., and shipped by 
boat. Then for a tin1e it was taken out along with the 
fire clay and shale at the sa1ne locality and used in the 
firing of bricks that were ferried or shipped by river. 
At the present time, however, neither briek plant nor 
coal mine is running. Despite the apparent failure of . 
this attempt to mine the fire clay and coal together, it 
still appears that the best opportunity for commercial 
develop1nent of these two resources lies in ·working 
them jointly. 

The coal bed doubtless continues eastward acrosf the 
uplands of southern Calhoun County, and remnants of 
it nmy be expected here and there below the Brussels 
formation where it has not been removed by erot'ion. 
However, it is probably too thin to be of any eommer­
c.ial value in this eastern part of the area. 

Analysis of coal sample 

[Collected from an old prospect pit in the cpnter SWl~NW~4 sec. 26, 'I'. 13 S, R. 2 
W. Analyzed in the chemical laboratory of the Illinois Geological Survey by 
A. K. Joshi] 

Moisture ________________________ _ 
Volatile matter _________________ _ 
Fixed carbon ____________________ _ 
Ash ___________ -------_-----------
Sulfur ___________________________ _ 
B. t. u __________________________ _ 

Air-dried Sample as Moisture 
sample received free 

6. 53 
38.97 
42.85 
11.65 

7. 52 
11,766 

9. 51 
37.73 
41.48 
11.28 
7.28 

11,391 

41.69 
45.84 
12.47 

8.05 
12,588 

Moi~ture, 
ash, and 

sulfur free 

47.63 
52.37 

14,841 

Analyses published by earlier writers 87 show that 
the coal formerly mined in see. 1, T. 14 S., R. 2 W., 
is of si1nilar eharacter. This 1nine, now abandoned, 
is the only large-scale development of the coal ever at­
tempted in the region. 

It is possible that small pockets of coal, si1nilar to 
those in Lineoln County, Mo.,88 n1ay be found north of 
the Cap au Gres flexure on the uplands east and west 
of the Illinois River. Coal has in fact been reported 
from ""somewhere along St. Andrew Ridge" in wes~ern 
Jersey County, but the writer was unable to verify this 
report. 

86 'Vorthen, A. H., Geology and paleontology of Illinois; Calhoun 
County: Illinois Geol. Survey, vol. 4, pp. 21-22, 1870. 

8 7 Worthen, A. H., Geology of Illinois; Calhoun County: Illinois Geol. 
Sun·ey, vol. 4, p. 21, 1870. Culver, H. E., Coal resources of District III: 
Illinois Geol. Survey, Coop. Min. Ser. Bull. 29, p. 23, 1925. Lamar, J. E., 
Preliminary t·eport on the economic mineral resources of Calhoun Countr : 
Illinois Geol. Survey Rept. of Inv. no. 8, p. 19, 1926. 

88 Potter, ,V, B., Geology of Lincoln County: Missouri Geol. Srrvey, 
Prelim. Rept. Iron Ores and Coal Fields, pt . .2, pp. 263-281, 1873. 
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SAND AND GRAVEL 

Deposits of sand and gravel occur at 1nany places in 
the Hardin and Brussels quadrangles, but at only a 
few localities have these deposits been worked. 

The St. Peter sandstone cropping out at Cap au Gres 
has at ti1nes been quarried and, according to local re­
ports, shipped by barges to Alton for making glass and 
to l{eokuk for use as a molding sand. At present this 
sandstone is not being utilized. Mechanical analyses 
of samples from this outcrop have been published by 
Lamar 89 and ehemical analyses of samples frmn the St. 
Peter sandstone of Lincoln County, Mo., have been 
published by Potter.90 

Other deposits of sand oceur in the Pleistocene and 
Recent alluvimn. The abandoned strean1 channel in 
sees. 21, 22, 27, and28, T. 9 N., R. 13 W., Greene County, 
contains an immense volume of well-sorted sand 
(p. 121) that may some day be useful. In several 
valleys in southern Calhoun County, as in sees. 5, 16, 
ancl21, T. 13 S., R. 2 W., the Brussels formation is 1nade 
up largely of well-sorted sand (p. 83). For 6 or 7 
1niles northwest of Deer Plain, the Deer Plain terrace 
or, as it is known loeally, the "Sand Ridge" eonsists of 
coarse, 1nedium, and fine-grained sand (pp. 91-92 and 
fig. 6) which could very easily be dug for use. 

TESTS OF MOLDING SAND ot 

Sample 1, from the Brussels fonnation, was col­
leeted in the NW!hSWJANE·%, sec. 28, T. 9 N., R. 13 W. 
Sieve, particle, and heavy-n1ineral analyses of this 
sample are given on page 163. 

Moisture _____________________________________ percent__ 
Cohesiveness------------------------ grams per break __ Permeability ______________________________________ ----
Saeger compression ___________________________ pounds __ 

First trial Second trial 

6 
105 
107 

1.4 

8 
103 

90 
1.0 

This sand is relatively high in silica and appears to be a good 
quality core sand. If mixed with a sand having a higher cohe­
siveness, it would be a good quality for gray-iron casting. 

Sample 16, from the Brussels formation, was col­
leeted in the NE:!4NE:J4SE1,4 sec. 21, T. 13 S., R. 2 W. 
Sieve, particle, and heavy-tnineral analyses of this 
sample are given on page 163. 

B9 Lamar, .J. E., Preliminary report on the economic mineral resources 
of Calhoun County : Illinois Geol. Rept. Inv. no. 8, p. 20, 1926 ; Geology 
and economic resources of the St. Peter sandstone of Illinois : Illinois 
Geol. Survey Bull. 53, pp. 44-45, 166, 1928. 

90 Potter, W. B., Geology of Lincoln County: Mo. Geol. Survey, Prelim. 
Rept. Iron Ores and Coal Fields, pt. 2, p. 289, 1873. 

91 Tests conducted at the Laboratory of the Illinois State Geological 
Survey. For interpretation of molding sand tests, see American Foun­
dryman's Association, Standard-methods of testing-foundry sands, 
pp. 5-26, July, 1928. 

First trial I s~cond trial 

-M-m-'st-.u-re ___ -_-__ -__ -_-__ -__ -__ -_-__ -__ -_-__ -__ -_-__ -__ -__ -_-__ -__ -_-pe-r-~-.nt ____ l-------6-~1 

~If~~~~~~~~~i~~~~=-=_=~-=~~~~~~~~~~~~~;~:~~~:~~== 2~. o 

8 
82 

154 
1.0 

This sand is relatively high in silica and appears to b~ a good 
quality core sand. If mixed with a sand having a higrer cohe­
siveness, it would be a good quality for gray-il'on casting. 

Sample 9, from the Deer Plain formation, was col­
lected in the NE:14NE1;4 sec. ·21, T. 13 S., R. 1 W. Sieve 
particle, and heavy-n1ineral analyses of this smnple. are 
given on pages 164-165. 

Moisture _____________________________________ percent__ 
Cohesiveness ________________________ grams per break __ 

~:~~~~~~essioli _________ :~~:::::::~::~--:~:~:::iioiilld.s== 

First trial Second trial 

6 
130 

13.0 
3.5 

8 
142 

11.6 
3.0 

This is an extremely fine sand that appears to be well suited 
to casting brass and aluminum. 

In a few plaees along the bluffs immediately east of 
the Mississippi and Illinois Rivers the loess c.ontains 
n1uch fine-grained sand instead of the usual silt. At 
many places the Reeent alluviun1 of the Mis·-;oissippi 
flood plain and the bed of the river itself are 1nade of 
sand (pp. 99-100), which n1ight be obtained by 
dredging. 

Large deposits of gravel are relatively uneotnlnon 
within the area. The small remnants of Deer Plain 
gravel along the Mississippi River and the lowo,r part 
of this for1nation near Deer Plain have been worked 
at intervals to supply loeal clmnands. (For sieve anal­
ysis and physical tests of a sample see p. 165.) Some 
of the gravel that has been concentrated in nearly every 
one of the small valleys of the area by the erosion of 
residual chert and glaeial till have likewise been util­
ized from ti1ne to tilne. (For sieve analysis and physi­
cal tests of a sample see p. 165.) The remnant of the 
Brussels terraee in the NElh see. 11, T. 7 N., R. 13 W., 
is 1nacle up largely of gravel and is readily accessible 
by road, but it seems never to have been worked. Small 
lenses of water-laid gravel that oceur here and there 
within the Illinoian till1nay possibly be found useful 
for strictly loeal purposes. The gravel in the Bateh­
town channel is so deeply weathered at all its e:r-nosures 
and eovered by so thiek an overburden of loes~ every­
where that it see1ns unlikely it will ever be of any emn­
lnereial value. Similarly, the Grover gravel o~curs in 
remnants too thin and scattered and too mueh tnixed 
with fine clay to be of use. 
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MECHANICAL ANALYSES, MINERAL CONSTITUENTS. 
AND PHYSICAL TESTS OF SAND AND GRAVEL 

Sample 1 frmn the Brussels formation, was collected 
in the NW~SW~NE~ sec. 28, T. 9 N., R. 13 W. Tests 
were conducted in the laboratory of the State Geologi· 
cal Survey by H. B. Wilhnan. (For n1olding-sand test 
of this sample see p. 162.) 

Sie-Pe anal,ysis 92 

[See fig. 6] 

Percentage by weight Total percentage 
Diameter in between given larger than each 
millimeters diameters diameter 

0. 17 
0. 589 -------- -------- 0. 17 

1. 63 
. 417 -------- -------- 1. 80 

17. 12 
. 295 -------- -------- 18. 92 

29. 78 
. 208 -------- -------- 48.70 

29. 92 
. 147 -------- -------- 78. 62 

8. 10 
. 104 -------- -------- 86. 72 

3.22 
. 074 -------- -------- 89.94 

3. 12 
. 0039 -------- -------- 93. 06 

6.94 

100. 00 
92 Tyler standard screen scale sieves. 

Particle analysis 

[This test indicates the dominant types of rock or mineral particles composing the 
sand] · 

Percentage of constituents between particle diam­
eters (in millimeters) of-

Constituents 

Quartz________________________ 60 65 92 93 95 93 92 100 
Chert_------------------------ 21 21 6 4 1 1 ------ ------
Quartzitic sandstone__________ 16 13 2 3 4 3 1 ------
Muscovite_____________________ 1 ------ ------ ------ ------ ------ ------ ------
Granite_---------------------- 2 1 ------ ------ ------ ------ 6 ------
Black opaque grains _________________ ------ ______ (1) ( 1) 2 1 ------
Garnet. _______________________ ------ ------ ------ ------ ------ 1 (1) ------

----------------
100 100 100 100 100 100 100 100 

1 Less than 1 percent. 

Heat'y-min.eral ana-lysis 

[Grains between 0.833 and 0.0039 mm. in diameter] 

Milner's 

Magnetite _______________ - -- -- __ 
Garnet ________________________ _ 
Ilornblende ____________________ _ 
Ilmenite _______________________ _ 
Epidote _______________________ _ 
ICyanite _______________________ _ 
Andalusite _______________ ---- __ _ 
Leucoxene _____________________ _ 
Tourmaline ______________ ---- __ _ 
Rutile _________________________ _ 
Zircon _________________________ _ 

jrequencul Mzlner's dercriptive 
No. term 

8 Very abundant. 
7 Abundant. 
6 Very common. 
6 Do. 
5 Common. 
3 Very scarce. 
3 Do. 
3 Do. 
2 Rare. 
1 Very rare. 
1 Do. 

1 Milner, H. B., An introduction to sedimentary petrography, p. 99, 
errata p. 9, 1922; Sedimentary petrography, p. 386, 1929. 

Sample 16, frOln the Brussels for1nation, was collected 
in the NEl4NE~SE~ sec. 21, T. 13 S., R. 2 W. Tests 
were conducted in the laboratory of the State Geologi­
cal Survey. (For Inolding-sancl test of this sample, 
see p. 162.) 

Sieve analysis 

[See fig. 6] 

Percentage bu weight Total percentage 
Diameter in between given larger than each 
millimeters diameters diameter 

0. 62 
0. 589 -------- -------- 0. 62 

5.06 
. 417 -------- -------- 5. 68 

30. 67 
. 295 -------- -------- 36.35 

43. 00 
. 208 -------- -------- 79.35 

16.66 
. 147 -------- -------- 96.01 

. 83 
. 104 -------- -------- 96. 84 

. 17 
. 074 -------- -------- 97.01 

. 20 
. 0039 -------- -------- 97.21 

2. 79 

100. 00 

Particle analysis 

Percentage of constituents between particle 
diameters (in millimeters) of-

Constituents 

1 Less than 1 percent. 

Heavy-mineral analysis 

[Grains between 0.833 mm. and 0.0039 mm. in diameter] 

Jl.:lilner's 

Magnetite ______________ - _---- --
Garnet ________________________ _ 
Epidote _______________________ _ 
IIornblende ____________________ _ 
Kyanite ____________ ---- ----- ---
T9urmaline. _-------------------
Ilmenite __________ --------------
Andalusite __________ ------ _-----
Rutile _________________________ _ 
Zircon _________________________ _ 

jrequencu J.:lilner's descriptil'e 
No. term 

6 Very commor. 
6 Do. 
6 Do. 
5 Common. 
4 Scarce. 
4 Do. 
3 Very scarce. 
3 Do. 
3 Do. 
1 Very rare. 

Sample 8, frmn the Deer Plain formation·, was col­
lected in the NE*SE~ sec. 16, T. 13 S., R. 1 W. Tests 



164 GEOLOGY AND MINERAL RESOURCES, HARDIN AND BRUSSELS QUADRANGLES 

were conducted in the laboratory of the State Geologi­
cal Survey. 

Sieve analysis 

[See fig. 6] 

Percentage by Total percwtage 
Diameter in weight between larger than 
millimeters given diameters each diameter 

1. 33 
53. 3± --------- ---------- 1. 33 

1. 93 
26. 7± --------- ---------- 3. 26 

1. 48 
18. 8± --------- ---------- 4. 74 

2. 32 
13. 3± --------- ---------- 7. 06 

4. 66 
6. 68± --------- ---------- 11. 72 

4. 80 
3. 33 --------- ---------- 16. 52 

10. 00 
1. 65 --------- ---------- 26. 52 

21. 85 
833 --------- ---------- 48. 37 

24. 19 
589 --------- ---------- 72. 56 

16. 28 
. 417 --------- ---------- 88. 84 

3. 78 
. 295 --------- ---------- 92. 62 

4. 20 
208 --------- ---------- 96. 82 

2. 88 
147 --------- ---------- 99. 70 

19 
104 --------- ---------- 99. 89 

04 
. 074 --------- ---------- 99. 93 

. 01 
. 053 --------- ---------- 99. 94 

. 06 

100. 00 

ParUcle analysis 

Percentage of constituents between particle diameters (in 
millimeters) of-

Constituents 
00 
0 
1:'1 
0 

Greenstone ____________ 10 _______________________________________________ _ 
Igneous (dark)________ ____ ____ 8 18 9 5 15 10 8 4 3 2 ___ _ 
Igneous (light)____ ____ ____ 13 11 15 20 26 11 9 2 2 0 _______ _ 
Feldspar__________ ____ ____ ____ ____ ____ 2 2 ___________________________ _ 
Quartzite ______________ 10 4 2 1 ___________________________ _ 
Quartz____________ ____ ____ ____ 5 10 23 52 67 75 88 90 91 96 !l5 
Chert (light)______ ____ 40 27 34 23 25 8 6 4 1 2 4 1 ___ _ 
Chert (dark) ______ 100 40 48 32 30 21 6 1 2 1 2 2 1 ___ _ 
Chalcedony_______ ____ ____ 4 7 1 ___________________________________ _ 
Geode_____________________ 4 ___________________________________________ _ 
Shale______________ ____ ____ ____ 1 1 ___________________________________ _ 
Limonite__________ ____ ____ ____ ____ 2 ___________________________________ _ 
CoaL _____________________________ (l) ___________________________________ _ 
Black opaque____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ 3 
Others ____________ ~~~~~==-~~~~~~ ~~-2 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 

1 Less than 1 p11rcent. 

Heavy-mineral a.nalysz:s 

Grains between 0.833 mm. and 0.0039 mm. in diameter] 

.Afilner's 
frequency 

No. .Alilner's descriptive term 

llornblende ____________________ _ 9 "Flood." 
Garnet ________________________ _ 6 Very common. 
Epidote _______________________ _ 6 Do. 
Leucoxene _____________________ _ 5 Common. 
Tourmaline ____________________ _ 5 Do. 
llypersthene ___________________ _ 5 Do. 
Magnetite _____________________ _ 4 'Scarce. 
KyanUe _______________________ _ 4 Do. 
Rutile __________________ - - - - - - - - 3 Very scarce. 
Andalusite _____________________ _ 3 Do. 
Corundum _____________________ _ 2 Rare. 

Sample 9, frmn the Deer Plain fonnation, was col­
lected in the NE;4NE~ sec. 21, T. 13 S., R. 1 W. Tests 
were conducted in the laboratory of the State Geolog­
ical Survey. (For nwlding sand te::;1:s of this 8an1ple, 
seep. 162.) 

Diameter in 
millimeters 

0. 417 

. 295 

. 208 

. 147 

. 104 

. 074 

. 0039 

Constituents 

Sieve analysis 

[See fig. 6] 

Percentage by weight 
between given 

diameters 

0.04 

. 05 

. 18 

4. 96 

12. 61 

17. 52 

56. 05 

8. 59 

100.00 

Pm·ticle analysis 

Total percentage 
larger than each 

diameter 

0.04 

. 09 

. 27 

E. 23 

17. 84 

3f. 36 

91. 41 

Percentage of constituent<; between 
particle diameters (in millimeters) 
of-

Quartz______________________________________ 80 69 35 78 80 85 
Chert_______________________________________ 3 10 47 18 2 
Black, crystalline aggregates________________ 11 14 14 3 5 ------
White mica_________________________________ 2 2 1 ------ ______ (1) 

Brown mica________________________________ ______ 3 3 1 2 1 
Siltstone____________________________________ 2 1 ______ ------ ------ ------

~l~~no~~~~~~~=----======================== ____ :_ (l/ ====== ====== ~:~ ===== = Yellow aggregates __ ------------------------ __________________ ------ 11 14 

100 100 100 100 100 100 

1 Less than 1 percent. 
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H eat~y-minm·al analysis 

[Grains between 0.833 mm. and 0.0039 mm. in diameter] 

:\filner's 
frequency J\filner's descriptit>e 

No. term 

Hornblende ____________________ _ 9 "Flood." 
Magnetite _____________________ _ 8 Very abundant. 
Garnet ________________________ _ 6 Very common. 
Ilmenite _______________________ _ 5 Common. 
Leucoxene _____________________ _ 4 Scarce. 
Tourmaline ____________________ _ 4 Do. 
Corundum _____________________ _ 3 Very scarce. 
Zircon _________________________ _ 3 Do. 
Kyanite _______________________ _ 2 Rare. 
Epidote _______________________ _ 2 Do. 
Muscovite _____________________ _ 2 Do. 
Biotite ________________________ _ 2 Do. 

Sample 10, from the Deer Plain fonnation, was col­
lected in the SvV~NW~ sec. 27, T. 13 S., R. 1 W. Tests 
were conducted in the Testing Laboratory of the State 
Highway Department. 

Diameter in 
mUlimeters 

53. 3± 

37. 7± 

26. 7± 

18. 8± 

13. 3± 

9. 42± 

4. 76± 

2. 38± 

1. 19± 

84± 

297± 

149± 

Sand: 

--------

--------

--------

--------

--------

--------

--------

--------

--------

--------

--------

Sieve analysis 

[See fig. 6] 

Percentage bl/ 'Weight 
between given 

diameters 

4 

17 

11 

8 

7 

9 

7 

8 

5 

22 

1 

1 

100 

Physlcal tests 

--------

--------

--------

--------

--------

--------

--------

--------

--------

--------

--------

Total percentage 
larger than each 

diameter 

0 

4 

21 

32 

40 

47 

56 

63 

71 

76 

98 

99 

SpecificgravitY----------------------------------- 2.66 
VVear __________________________________ percent__ .7 

Gravel: 
Specific gravity----------------------------------- 2. 47 
WeighL __________________________ lbs. per cu. ft__ 154 
VVear __________________________________ percent__ 8.2 
Absorption ________________________________ do____ 1.6 

Clay present in sand and graveL ________________ do____ 4. 9 
Aggregate, pit-run sample: VVeight_ ____ lbs. Iler cu. fL_ 114. 0 

LUholog'ia description.-The gravel is of mixed siliceous mate­
rials, some of it cemented, with small percentages of limonite 

• 
and soft material, and traces of limestone and chert. The sand 
is mainly of mixed siliceous materials with a large percentage 
of quartz, some limestone, and traces of limonite ochre, chert, 
and soft material. 

Sample 25, of Recent chert gravel from bed of North 
Prong of Michael Hollow, was collected in the S"V~ 
SE% see. 28, T. 9 S., R. 2 W., by T. B. Root and asfist­
ant. Tests were eonducted in the testing laborator? of 
the State Highway Departlnent. 

Diameter in 
millimeters 

53. 3± 

37. 7± 

26. 7± 

18. 8± 

13. 3± 

9. 42± 

4. 76± 

2. 38± 

1. 19± 

. 84± 

. 297± 

Sieve analysis 

[See figure 6] 

Percentage by weight 
between given 

diameters 

18 

15 

20 

16 

12 

12 

4 

1 

1 

100 

--------

--------

--------

--------

--------

--------

--------

--------

--------

--------

NOTE.-Two 3-inch rocks not included in sieve analysis. 

Physical tests 

Sand (not enough for testing). 
Gravel: 

Total percen,'age 
larger than each 

diamete7 

0 

18 

33 

53 

69 

81 

93 

97 

98 

99 

100 

Specific gravitY----------------------------------- 2. 18 
Weight_ __________________________ lbs. per cu. fL_ 136 
Wear __________________________________ percent_~ 13.4 
Absorption ________________________________ do____ 5.7 

Clay present in graveL _________________________ do____ 6. 3 
Aggregate, pit-run sample: weight_ ______ lbs. per cu. fL_ f8. 2 

Lithologic desoription..-The gravel consists· mainly of c'"-ert, 
with a small percent of soft sandstone and a trace of limes<:one. 
The sand consists of chert. 

SOILS 

No doubt the 1nost valuable mineral resource of the 
area is its soil. Soil is made up largely of dec2.yed 
rock; hence its composition and texture are greatly in­
fluenced by the character of the underlying rock, al­
though other factors, such as the extent of weathering, 
percentage of admixed humus, and the ease of dr:l.in­
age, are equally important. 

Broadly speaking, the important soils of the Hardin 
and Brussels quadrangles are of only two types: the 
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wind-blown soils of the uplands and slopes and the al­
luvial soils of the lowlands and minor valleys. There 
are, it is true, small areas of· purely residual and glacial 
soils and of bare-rock exposures, but compared with the 
two principal types these areas are quantitatively in­
significant. The wind-blmvn soils derived from the 
weathering of the loess constitute the chief agricultural 
asset of the area. On hill slopes their open texture 
gives good drainage and this, together with their nat­
ural fertility, 1nakes them excellently adapted to or­
chard husbandry. On flatter surfaces, such as the Brus­
sels terrace, they have been found less satisfactory for 
this purpose, and they are used chiefly for the growing 
of cereals or grain. The alluvial soils developed frmn 
the "\Veathering of Recent and late Pleistocene alluvial 
1naterials are for the most part very fertile, but much 
of the area in which they occur is poorly drained and 
subject to occasional overflow. The soils of the south­
ern part of the area have been 1napped by the Bureau 
of Soils, Department of Agriculture.93 

OTHER MINERAL RESOURCES 

Ground wate1·.-Although son1e might question 
whether ground waters can properly be considered as 
part of the mineral resources of a region, there is little 
doubt that their study and search appropriately fall 
under Economic Geology. The question of water sup­
ply has thus far not been an in1portant one in the 
Hardin and Brussels quadrangles. The area is not 
densely populated, springs are abundant in the lime­
stone uplands, and in 1nany of the towns cisterns have 
been adequate to supply don1estic needs. On the Illi­
noian till plain near Fieldon, water is struck at the base 
of the till at depths of 25 to 50 feet.94 Near Batchtown, 
water is found in the I\.:ansan gravel at depths of 35 
to 65 feet. On the Brussels terrace, small supplies of 
of water are found at the base of the Brussels formation 
at depths of 30 to 80 feet. Near Deer Plain, adequate 
supplies of water are found at shallow depths in the 
Deer Plain formation. Elsewhere, wells have obtained 
water from alluvial deposits and from sandy portions 
of the loess. 

Throughout nearly all the region, a much larger 
supply of water is available in the St. Peter sandstone. 
This water 1nay be obtained by drilling deep wells to 
this bed. In this general region water from this source 
eonuuonly contains sn1all amounts of dissolved salts, 
and the water might therefore be unsatisfaetory for cer­
tain industrial purposes. The probable altitude of 
the top of the St. Peter sandstone in different parts of 
the area may be estimated from the structure-eontour 

93 Fippin, E. 0., and Drake, J. A., Soil survey of the O'Fallon area, 
Missouri-Illinois: U. S. Dept. Agr., Field operations of the Bur. Soils, 
1904, pp. 815-843. 

~Leverett, Frank, The Illinois glacial lobe: U. S. Geol. Survey Mon. 
38, p. 747, 1899. 

map (pl. 2) by subtracting frmn the altitude of the top 
of the I\.:inderhook group the interval 550 feet in the 
southern part o:f the area and 700 feet in the northern 
part. 

In Salt Spring Hollow, in the SE1,4SE% sec. f, T. 11 
S., R. 2 W., there is a flowing 1nineral spring. Th~ 
water is strongly "sulfo-saline" and contains nuwh gas 
that eseapes in bubbles. The cmnposition of tlu, water 
and the gas is not known. According to local reports, 
salt was onee prepared from this water. The spring 
rises through alluvial deposits, but its position is near 
the axis of the Gilead anticline and only a short distance 
above the Kimmswiek lin1estone. It 1nay possibly 1nark 
the position of a fault or a joint surface along whieh 
water escapes from the underlying St. Peter sandstone. 

Oil and ga.s.-Prospeets for oil and gas in the J~ardin 
and Brussels quadrangles semn to be very poor. It is 
true that son1e oil and gas have been found relatively 
11earby to the north, northeast, east, and southeast-at 
the Colmar and Pittsfield-Hadley fields in Hancock and 
Pike Counties, at Carlinville and Staunton in Maeoupin 
County, and at Waterloo and Dupo in Monroe r,nd St. 
Clair Counties 95-ancl that showings of oil and gas have 
been reported at a number of other places ir west­
eentral Illinois and i_n the city of St. Louis. Mo.96 

Nevertheless, all the horizons at which petrolmun has 
been found in these aclj aeent regions emne to the surface 
at one place or another within the Hardin and Brussels 
quadrangles, and at these exposures they do not con­
tain oil or its weathered residuum, asphalt. Hence, it 
seen1s very i1nprobable that in the parts of the area 
'vhere these horizons happen not to be exposed they 
should eontain commercial quantities of oil. 

At a few plaees within the area, however, tlu~ struc­
ture of the rocks appears to be favorable for aecumula­
tion, were there any oil or gas to be trapped. The 
Gilead and Nutwood anticlines (pl. 2) seen1 to be the 
n1ost promising of these structures but, beeauf~ both 
extend into the alluviun1-filled valleys of the rivers, 
their exact li1ni ts are difficult to determine. 

A few unsuceess£ul attmnpts have been 1nade to find 
oil within the area. About 1905, two wells were drilled 
in the SE'% sec. 9, T. 6 N., R. 13 W., to a clr.pth of 
approximately 1,100 feet. In 1907, a well was drilled 
in the NW% see. 25, T. 7 N., R. 13 W., to a depth of 
about 1,000 feet. Other wells have been drillrd near 
Grafton, Ill., and near Orehard Farm and St. Peters, 
Mo., without finding oil. A well drilled in 19:J2, to a 
depth of 300 feet at the Gilead Gun Club in sec. 36, T. 
10 S., R. 3 W., was probably located near the axis of 
the Gilead anticline, but no traees of oil were re:-:->orted. 

95 Krey, Frank, Structural reconnaissance of the Mississip')i Valley 
area from Old Monroe, Mo., to Nauvoo, Ill.: Illinois Geol. Survey Bull. 
45, p. 54, 1924. Bell, A. H., The Dupo oil field: Illinois GeoL Survey, 
Press Bull. ser., Illinois Petrol. 17, pp. 1-14, 1929. 

96 Fenneman, N. M., Geology and mineral resources of the St. Louis 
quadrangle, Missouri-Illinois: U. S. Geol. Survey Bull. 438, J:P. 58-63, 
1911. 
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0 il shale.-The Decorah lin1estone is a chocolate­
brown oil shale frmn 5 to 10 feet thick. Qualitative 
tests of one sa1nple indicate that the rock carries frmn 
15 to 25 gallons of crude oil to the ton (p. 18). Many 
n1ore san1ples, systematically eollected and tested, are 
needed before it ·will be possible to decide whether this 
oil shale has any eonunercial value. 

Phosphate.-Weller 97 called attention to a thin bed 
of smnewhat phosphatic roc.k at the base of the Eclge­
·wood limestone and suggested that it might possibly 
prove to be of economic in1portanee. However, this bed 
is thin and apparently very limited in its distribution, 
and, although no sampling was clone, its value appears 
rather doubtful. S1nall amounts of phosphatic rock 
were also noted at the base of the Maquoketa shale, in 
the Noix and "Hamburg" oolites, and in the Pennsyl­
vanian lin1estones. 

Llfetals.-The belief still persists frmn early times 
that important deposits of lead, zinc, and copper occur 
within the region and local names, such as Lead Hollow 
in Calhoun County and Cuivre River in Missouri, are 
permanent reeords of these traditions that have come 
down frmn the early settlers. The work on whieh this 
report is based found little to encourage sueh beliefs. 
It is true that the dolomitization of the Silurian lime­
stones in the southern part of the area suggests a period 
of possible mineralization, but the exceedingly small 
quantities of sulfides actually found since the area was 

97 'Veller, Stuart, Notes on the geology of southern Calhoun County: 
Illinois Geol. Survey Bull. 4, p. 233, 1907. 

first settled and the dissmninatecl 1nocle of occurrence 
and apparently sedi1nentary origin seem to show clearly 
that no eommercial ore deposits are to be expected. 

Several different minerals have certainly b')en 
found in small quantities in and near the Hardin r.nd 
Brussels quadrangles and several others have been re­
ported. The writer found a few small crystals of 
sphalerite (pp. 31, 35-37) and nodules of pyrite in s:w­
eral of the formations and some beds of ferruginous 
1naterialmuch too impure to be considered iron ore in 
the Maquoketa, Hannibal, and Carbondale shales. 
Worthen 98 and Potter 99 reported small crystals of 
galena ·within the region and Potter 1 found some barite 
in a sinkhole in central Lincoln County, Mo. Acco:-~d­
ing to loeal reports, copper has been found in two 
fonns-as native copper in the Illinoian till and as the 
sulfide, ehalcopyrite, in the N oix oolite-but these re­
ports could not be confinned. 

COLLECTIONS OF FOSSILS 

In the following pages are listed, by number, eollec­
tions of fossils from the Hardin and Brussels quad­
rangles. These collections were made cluri1~g the fi~ld 
work on which this report is based. The arrangema.nt 
of the lists is approximately stratigraphic, from oldest 
to youngest. 

98 Worthen, A. H., Geology of Illinois ; Calhoun County : Illinois G•'!ol. 
Survey, vol. 4, pp. 20-21, 1870. 

99 Potter, W. B., Geology of Lincoln County: Missouri Geol. Survey, 
Prelim. Rept. Iron Ores and Coal Fields, pt. 2, p. 285, 1873. 

1 Potter, W. B., op. cit., p. 282. 

ORDOVICIAN SYSTEM 

Collecting localities of Ordovician fossils 

[Fossils identified by Dr. Edwin Kirk. Collections arranged approximately in stratigraphic order. Species arranged alphabetically iu taxonomic groups] 

Plattin Decorah 

Species 
!3 
"0 
g 

~ 
Ol 

«:> <e <0 <0 «:> 0> ?E i2 00 d ,...., <:<1 
'<!' 1.0 1-1 00 00 <:<1 1-1 00 ,...., e. 00 00 «:> '<!' 00 

Kimmswick 

.0 
"0 :§ g 
d "0 

..!<j 
t- g 

«:> ,...., ~ E ~ ~ ::l '<!' 00 1-

Fern­
vale 

~ 
... ,...., 
!:::; 

.§ 
!:::; 

Maquoketa 

,...., 
t-

"0 
g 
<0 .0 "" ::l 00 ~ ~ «:> ~ 

------------------1---------------------------------
Batostoma SP--------------------------------------- --- --- --- ___________________________________________________ --- ______ X __________________________ _ 
Escharopora subrecta (Ulrich) _______________________________________________________________________________________________ cf. _______________________ _ 
Hemiphragma SP----------------------------------- --- --- --- --- _________ --- --- X _________ --- _________ --- --- ___ --- _________ --- --- ___ --- --- ___________ _ 
Homotrypa sp_ ------------------------------------- ___ ___ ___ ___ ___ ___ ___ ___ ___ X ______________________________ --- ____________ --- ____________________ _ 
Pachydictya aff.fi mbriata Ulrich __ ------------------ --- ___ --- ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ X __________________________________________________ _ 
Pachydictya occidentalis Ulrich ___________________________________________________________________ cf. __________________________________________________ _ 
Prasopora SP--------------------------------------- --- --- --- _____________________ X _________________________________________________________________ _ 
Pseudohornera (Drymotrypa) SP-------------------- _____________________________________________ X __________________________________________________ _ 
Rhinidictya aff. fidelis (Ulrich)--------------------- --- ___ --- ____________________________________ X __________________________________________________ _ 
Rhinidictya nicholsoni Ulrich __________________________________________________ X ____________________________________________________________________ _ 
Rhinidictya aff. pediculata Ulrich ___ ---------------- ___ ___ ___ ___ ___ ___ ___ ___ ___ X ____________________________________________________________________ _ 

~:~~~~~~m~! ~~,~-~~~-~~~~=====~===================~ === === === === === === === === === === === === === === === === ==~ === -~- === === -X- === === === === === === === === === === === Columnaria sp _________________ :. __________________ , ______ --- ____________ ---· _______________ X ________________________________________________________ _ 
Streptela~ma SP------------------------------------- --- --- --- --- ___________________________ X ______ --- X X --- --- --- X X --- --- ___ --- ______________ _ 
Tetradiztm syringoporoides __ ------------------------ --- ___ X _________________________________________________________________________________________ _ 
Crania setigera HalL .... ----------------------------- _____________________________________________________________________ ef. __________________________ _ 
"Dalmanella" SP----------------------------------- --- --- --- _____________________________________________________________________ X --- --- X --- _____ _ 
Dinorthis pectinella (Emmons) ________________________________________________ X ____________________________________________________________________ _ 

2!~Ii~1iin~:~~~~~~~~~J~======~================= === === === === === === === === ::= === ::: ::: =~= === ::: === === ::: ::: ::: === ::: === ::: === ~~~ ::= ::= === =~= === === === Ling·ula chanyi Hussey __ --------------------------- _______________________________________________________________________________________ cf. ___ --·· __ _ 

tfa~~~~o;f/!~~~~ieiJ~~~ii-;;iie1faii"dsc1lueb.ert):::::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: cr~ ::: ::: ::: ::: ::: ::: ::: ::: :!~ :~~- :!~ Pionodema subaequata (Conrad) ____________________________________________ X X ___ X X ___________________________________________________________ _ 
Platystrophia trento'Tlensis McEwen _______________________________________________________________________ X ______ X X X __________________________ _ 
Platystrophia SP------------------------------------ _____________ :._ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ X _________ ~-- ___ ;. __ --·- __ _ 
Platystrophia (fragment) _________________________________________________________________________________________________________________________ --·- X 
Plaesiomys subquadrata (Hall)_ _______________________________________ --· ______________________________________________________ cf. ____________________ _ 
Rafmesq·uina deltoidea (Conrad) _____________________________________________________________________ X ___ X ______ X X X X _______________________ _ 

868804-52--13 
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Collecting localities of Ordovician fossils-Continued 

Platt in Decorah Kimmswick 
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Zygospira deflecta ___________________________________ ___________________________ cf. _________ --- --- ___ --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Zygospira 'llicolleti Winchell and Schuchert ______________________________________ --- ___ --- X --- ______ --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

~~r~~Fsh:~~;:~;;7-;~?e~~~~~======================= === =~f~ === === === === ;~= ==~ ;~= === ;;= === === === =~= === === === ~~~ === === === === ~~~ === === === === I === === ~~~ === 
g~~l"o~ife~ac~~~-riri{Ji3X1_-_~~========================== ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: === =~= ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ·x- -~- ::: ::: ::: Cyrtolites sp ___________________________________________________________________ X ______ X --- ____________ --- --- --- --- __________________ --- ___ --- --- __ _ 
Gastropods, indeterminable ____________________________________ X X _________ --- _________ --- _________ --- ___ --- --- -·-- --- --- --- --- --- --- --- --- --- --- ---

M:~~~~~::'r!a5friiciii8-(ifafi):::::::::::::::::::::::::: === ~== === -~- === ::: === ·== ::: ::: === === -~- === === === === === === === == = === === === ::: === === === ::: === === === ·x-Hormotoma gracilis var. angustata HalL ________________________________________ X X ______ --- --- ______ --- --- --- --- --- ___ --- --- --- --- --- --- --- --- --- ---

Z~~i~:~;:ia~;a~~~============================ ~== ==~ === === === === === === ~== === === === ~~~ === === === === === === === === === === =~= === === === === ~~~ === === === =~= Liospira sp _________________________________________ X _____________________ X ___ X ______________________________ ·-- ___ X _______________ --- ________ _ 
Lophospira SP-------------------------------------- ______________________________ X ___ X --·- _______________________________________ X ______________ _ 
Maclurites sp ____________________________________________________________________________________________________________ X __________________ --- _____ _ 
"Pleurotomaria" SP--------------------------------- ____________________________________________________________________________________ X ___________ _ 
Pterotheca triangularis Bradley ____________________________________________________________ --- __________________ X _____________________ --- ___ --- ___ ---
Sinuites sp_ ---------------------------------------- ____________________________________________________________ X ___________________________________ _ 
Tetranota obsoleta Ulrich and Schofield __________________________________________________________________________ X ___________________________________ _ 
Trochonema SP------------------------------------- ______________________________________________________ --- ___ X ___________________________ --- ___ ---
Cleidophorus neglectus HalL _______________________________________________________________ ·--- __________________________________________ X _________ X 

g:~~~~~~: ~bWq~a<~!U>=========================== === === === === === === === === === === === ::: ::: === === === === === === === === === === === === === === === === === === ~~~ :r. Ctenodonta SP-------------------------------------- _________________________________________________________________________________ X X ___ X _____ _ 
Cyrtodonta SP--------------------------------------- ___ ___ ___ ___ ___ X ___ ___ ___ ___ ___ ___ ___ ___ __ _ ___ ___ ___ ___ ___ X ___________________________________ _ 
Endodesma SP-------------------------------------- ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ X ______________________________________________________________ _ 
A1odiodesma SP------------------------------------- _________________________________________________________________________________ X ______________ _ 
Rhytimya SP---------------------------------------- ________________________________________________________________________________________________ X 
l'ant~xemia SP-------------------------------------- ___________________________________________________________ X ________________________________ ---
Cyrtocerina SP--------------------------------~----- _________________________________________________________________________________ X ____________ ---
Kionoceras sp ___ ----------------------------------- _______________________________________________________________ ·--- ______________________________ X 
Michelinoceras? sociale Hall·------------------------- _________________________________________________________________________________ X X X --- ___ X 
Spyroceras SP--------------------------------------- ____________ X ___________________________________________________________________________ --·- _____ _ 
Aparchites SP--------------------------------------- _____________________________________________ X ______ ·-- _________________________________________ _ 
Beyrichia BP---------------------------------------- __________________________________________________________________________________________ --- X __ _ 
Ceratopsis robusta (Ulrich) ________ ----------------- ·-- ______ --- --- ______ --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- X --- --- ---Leperditia SP--------------------------------------- X X _________ X ________________________________________________________________________________ _ 
A.crolichas SP--------------------------------------- _____________________________________________________________________ X __________________________ _ 
A.mpy.rina bell-ulata Savage _____________________________________________________________ --- --- --- ___ --- --- --- --- --- --- --- --- --- --- --- --- --- X --- --- ---
Bathyur·us aff. spiniger (Hall)----------------------- _________________________________ X ______________________________________________________________ _ 
Bathyurus SP--------------------------------------- X ________________________ X ____________________________________________________________________ _ 
Brachyaspis susae (Whitfield) ____________________________________________ ·-- _____________________________________________________________________ cf. cf. 
Calliops callicephala (Hall) ________________________________________________________________________________ cf. ___ cf. ___________________________________ _ 
Calymene SP-----------------------------~---------- _____________________________________________________________________ X __________________ ~-- X __ _ 
Ceraurinus platycanth·us Bradley.------------------ _______________________________________________________________ X ________________________________ _ 
Cera·•trinus teni.•culptus Bradley ______________________________________________________________________________________ X _____________________________ _ 
Cerat£rus glo/,ulobatus Bradley ______________________________________________________________________________________________ cf. _______________________ _ 
Cerat£T!J,S plattinensis Foerste _______ ---------------- ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ X ___________________________________________________________ _ 
Ceraztrus SP---------------------------------------- _______________________________________ X ________________________________________________________ _ 
Encrin·ur·us trentonenris Walcott.------------------- _____________________________________________________________________ cf. __________________________ _ 
Illaenus americanus (Billings) _____________________________________ ·-- ______________________________ X X X X cf. X X X X _______________________ _ 
Illaen:ul' SP----------------------------------------- _____________________ X ______ X _________________________________________________________________ _ 
Isoteloides sp_ -------------------------------------- _________________________________________________________ X ______________________________________ _ 
Isotelus SP------------------------------------------ ________________________________ X ____________________________________ X _______________________ _ 
Pterygometopus SP---------------------------------- ___________________________ X ____________________________________________________________________ _ 
Remople·urides SP----------------------------------- _____________________________________________________________________ X __________________________ _ 
Thaleops ovata Conrad ___________________________________________________________________________________________________ X __________________________ _ 
·vogdesia SP----------------------------------------- _______________________________________________________________________________________ )' ________ _ 

Plattin limestone: 
4. From 3 to 7 feet above base of formation, near east 

quarter corner sec.19, T. 12 S., R. 2 vV. 
5. 4 feet above base of formation, in center NW1,4 sec. 29, 

T. 12 S., R. 2 W. 
I 3. Lower part of formation, in north center NW:tA, sec. 29, 

T. 12 S., R. 2 W. (See pl. 4B.) 
26a. Exact horizon unknown. In NW11~SW1,4 sec. 17, T. 

12 s., R. 2 w. 
Sa. Exact horizon unknown. In SE1,4SE1,4 sec. 7, T. 12 S., 

R.2W. 
86. Probably about middle of formation, in NE1,4NW1,4 sec. 

32, T. 12 S., R. 2 W. 
26. About 40 feet below top of the formation, in SE1,4NE1,4 

sec. 7, T. 12 S., R. 2 ,V. 

Plattin limestone-Continued 
I 39. Thin limestone conglomerate about 40 feet bel0w top of 

formation, in NE1,4SW1,4 sec. 20, T. 12 S., B. 2 W. 
89. About 10 feet below top of formation, in NW1,4NE1,4 

sec. 32, T. 12 S., R. 2 W. 
174. 5 feet below top of formation, in center NE~~ sec. 32, 

T. 12 S., R. 2 W. 
Decorah limestone : 

173. From basal foot of formation, 5 feet above Coli. 174, in 
center NE1,4 sec. 32, T. 12 S., R. 2 vV. 

2. 4 feet below top of formation, in SE1,4NE1,4 sec. 19, 
';['. 12 S., R. 2 W. 

8. 1 foot below top of formation, in SE1,4NE1,4 sec. 6, 
T. 12 S., R. 2 W. 
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Kimmswick limestone : 
88 and 175. From basal foot of formation, in NE1,4NE14 

sec. 32, T. 12 S., R. 2 ·w. 
3a. Lower or middle part of formation, in NE1,4SW14 sec. 

17, T.12 S., R. 2 W. 
41. Probably from near middle of formation, in SE1,4SE14 

sec. 31, T. 11 S., R. 2 ,V. 
82. 20 to 25 feet below top of formation, in NW1,4SE1,4 sec. 5, 

T. 12 S., R. 2 W. 
40. Probably about 10 or 20 feet below top of formation, in 

center NW:Ih sec. 32, T. 11 S., R. 2 W. 
43. Probably from uppermost 20 feet of formation, in south 

center SEJA_ sec. 32, T. 11 S., R 2 W. 
81. From 1 to 2 feet below top of formation, in NE:l4NEJA_ 

sec. 5, T. 12 S., R. 2 W. 
167a and 167b. 1h foot and 3 feet below top of formation. 

Faunas alike and therefore combined. In north cen­
ter SE1,4 sec. 5, T. 12 S., R. 2 W. 

168. From %to 1 foot below top of formation, in SE1,4SE14 
sec. 8, T. 12 S., R. 2 W. 

172. Uppermost 6 inches of formation, in NW%SWJA_ sec. 
28, T. 12 S., R. 2 W. 

7 and 165. Uppermost 4 inches of formation, in NW:J4 
NW% sec. 32, T. 11 S., R. 2 W. 

170k. Uppermost 8 inches of formation, in SE:I4NE1,4SE% 
sec. 17, T. 12 S., R. 2 W. 

Fernvale limestone (possible remnants) : 
170f. Two species on or in the eroded upper surface of the 

limestone at the exact locality and bed where Coli. 
170k was made. 

171f. Same locality and bed as Coli. 171m. These genera 
were found in fragments of weathered chert in 
same bed with forms characteristic of the Maquo­
keta shale, Coli. 171m. 

Maquoketa shale : 
171m. Basal few inches of formation. A zone of weathered 

chel't from 2 to 6 inches thick that lies unconform­
ably upon Kimmswick limestone, Coli. 170k, and is 
separated from overlying shale by a sharp contact. 
Forms listed here were found in fragments of 
weathered chert along with genera not characteriEtic 
of the :Maquoketa shale, Coli. 17lf. In SE%NE%­
SE% sec. 17, T.12 S., R. 2 W. 

169 and I 71. Granular phosphatic bed, 4 feet above base 
of formation, in NEJ4NE:Ih sec. 5, T. 12 S., R. 2 W. 

38. 6 feet above base of formation, in SW1,4SW% sec. 29, 
T. 11 S., R. 2 W. 

25b. Probably 25 to 35 feet above base of formation, in 
NE1,4NW:I4 sec. 8, T. 11 S., R. 2 W. 

25a. About 60 or 75 feet above base of formation, in same 
locality as Coli. 25. 

25. About 85 or 100 feet above base of formation, in NE%­
SW1,4 sec. 20, T.ll S., R. 2 W. 
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SILURIAN SYSTEM 

Collect·ing locaWies of Silurian fossils 

[Fossils identified by T. E. Savage. Names revised, without review of identifications, by J. M. Berdan in consultation with G. A. Cooper, J. B. Knigt t, and Helen 
Duncan. Collections arranged in approximate stratigraphic order] 

Edgewood 

Brassfield Joliet 
Noix oolite 

member Bowling Green(?) limestone member 

I 
46 147a 68 

71 72 18a 19 70 83 182 159 154 33 152 69 6 and 108 160 156 158 146 and 148 149 151 157 153 52 and 161 162 
w b ~ 

-------------1---------------------------------
Lyellia thebensis______________________ ____ ____ ____ ____ ____ ____ X ____ ____ ____ ____ ____ X ________________________________ cf. ___________________________ _ 
7aphrentis sp________________________ ____ ____ ____ X X ____ ____ ____ ____ X ____ ____ ____ X ___________________________________________________________ _ 
7aphrentis sp. small__________________ ____ ____ ____ ____ ____ ____ ____ ____ X ____ X ____ ____ X ____ ____ X ____ X X ____ ____ ____ X ___________________ _ 
Corn·ulites SP------------------------- ____ ____ ____ ____ X _______________________________________________________________________________________________ _ 
Crinoid segments____________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ___________________________________ _ 
Rhinoporr. near R. verrucosa HalL____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______________________ _ 
Bryzoa impressions__________________ ____ ____ ____ ____ ____ ____ ____ X X ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ ____ ____ ____ ____ ____ X 
Atrypa sp____________________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ X ____ X ____ ____ ____ ____ ____ X _______ _ 
Atrypa? putilla (Hall and Clarke)____ ____ ____ ____ ____ ____ X ___________________________________________________________________________________________ _ 
Atrypa recticularis (Linnaeus)________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X 
Cliftonia tubulistriata (Savage)________ X _______________________________________________________________________________________________________________ _ 
Clorinda transversa___________________ ____ ____ ____ ____ ____ ____ ____ _____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______ _ 
Dalmanella edcewoodensis (Savage)___ ____ ____ ____ ____ X ____ ____ X cf. ____ X ____ ____ cf. ___________________________________________________________ _ 
Dalmanella sp _______________________________________ X ____________________________________________________________________________ X _______________ _ 
Dolerorthis (labellites (Foerste) var____ ____ ____ X ____ X _______________________________________________________________________________________________ _ 
Dolerorthi.~ (labellites (Foerste)________ ____ ____ ____ X ____ ____ ____ X X X ____ ____ ____ X cf. ____ X ____ ____ ____ X ____ ____ X ___________________ _ 
Eospirijer radiatus (Sower by)________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X 
Fardenia curvistriata (Savage) ________________________ cf. _______________________________________________________________________________________________ _ 
Hebertella sp. smalL _________________________________________________ X ________________ X ________ X ____ X X ____________ X X _______________ _ 
Hebertella sp ________________________ .. ____ ____ ____ ____ X ____ ____ ____ ____ ____ X ____ ____ X ___________________________________________________________ _ 
Leptaena rhomboidalis________________ ____ ____ ____ ____ X ____ ____ ____ ____ ____ X _______________________________________________________________________ _ 
Parmorthis elegantula (Dalman)______ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X X ________ cf. _______________________________ _ 
Pentameruslaeuis Sowerby___________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______ _ 
Platymerella manniensis Foerste_ _ ___ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X X X X X ___________________________________ _ 
Playstrophia daytonensis ______________ ____________ cf. X ____ ____ ____ X ____ ____ ____ ____ X ____ ____ ____ ____ ____ ____ X ____ X _______________________ _ 
Plectodontatranst'ersalis(Wahlenberg) _________________ cf. ________ cf. cf. ________________ cf. ________ cf. cf. cf. cf. cf. ________ cf. ___________________ _ 
Plectambonites sp ____________________________________ X ________________ X ____ X ____________________________________________________ X X _______ _ 
Plectatrypa cf. P. praemarginalis 

(Savage)___________________________ ____ ____ ____ ____ X ____ ____ ____ X ____ ____ ____ ____ X _________________________________________________ ---- _______ _ 
Plectatrypa praemarginalis (Savage)__ ____ ____ ____ ____ X ____ ____ X ____ ____ ____ ____ ____ X ___________________________________________________________ _ 
Rhynchotreta sp______________________ ____ ____ ____ ____ X X ___________________________________________________________________________________________ _ 
Schuchertella sp ______________________ X X ____ ____ ____ ____ ____ ____ X ____ X ____ ____ ____ ____ X ___________________________________________________ _ 
Stricklandinia pyriformis_------------ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______ _ 
Stricklandinia sp_____________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______ _ 
Whitjieldella sp_____________ __________ ____ ____ ____ ____ ____ ____ ____ ____ ____ _ ___ ____ ____ ____ ____ ____ __ __ ____ ____ ____ X ___________________________________ _ 
Pterinea SP--------------------------- ____ ____ ____ ____ X ________________________________________________________________ cf. ___________________________ _ 
Cyclonema SP------------------------ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______ _ 
Hormotoma tenera____________________ ____ ____ ____ ____ X cf. ________________________________________________________________________________ ---- _______ _ 
Platyceras (Platyostoma) cornutum 

(Kindle and Breger)_______________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____________ ---- ---- ----
Tentaculites sp_______________________ ____ ____ ____ ____ ____ ____ ____ X ________________________________________________________ ---- ____________ ---- ---- ----
"Orthoceras" sp______________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X 
"Orthoceras" sp______________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ X 
Calymene niagarensis HalL __ -------- ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ X ____________________ ---- ---- ----
Calymene sp_________________________ ____ ____ ____ ____ X ____ ____ ____ X _____________________________________________________________________ ---- ---- ----
Cyphaspis inter media Weller __________________________ cf. ____________________________________________________________________________________ ---- ____ ----
Oyphaspis SP------------------------ ____________________________________________________________________________________________________ X ____ ---- ----

a~~,~~r:~:~--=~~:~~:::~~~=~=~~~~ ~~=~ ~~== =~=~ ~~~~ ;~; :~~~ ~~~= =~=~ ::~: ~~~~ :;~; =~:~ ~~~~ ::~= ~~~~ ~~~~~~~~~ ~~~~ =~:: =~ ~~~~ :==~ ~~~: ~~~: ;;~: ~~~~ =~~: ::;~ :~: 
Noix oolite member of Edgewood limestone: 

71. Lower 2 feet of formation, in SWJA,NE1,4 sec. 13, T. 10 
s., R. 3 w. 

72. Lower 2 feet of formation, in NWJA,NEJA, sec. 13, T. 10 
s., R. 3 w. 

18a. Lower 2 feet of formation, in NWlA,SWJA, sec. 18, T. 
10 s., R. 2 w. 

19. Lower foot of formation, SWJA,NE·% sec. 32, T. 10 S., 
R. 2W. 

Bowling Green ( ?) limestone member of Edgewood limestone: 
70. Lower few feet of formation, about 40 feet below top, 

in north center SW14 sec. 21, T. 7 N., R. 13 W. 
83. Lower foot of formation, 35 to 40 feet below top, in 

NW% SEJA, sec. 9, T. 12 S., R. 2 W. 
182. About 10 feet below top of formation-11 feet below 

Coli. 158-in center SE% sec. 23, T. 12 S., R. 2 W. 
159. Float. Center SE14 sec. 23, T. 12 S., R. 2 W. 
154. 12 feet below top of formation, in NE1,4S"\Y;4 sec. 35, 

T. 11 S., R. 2 W. 
33. About 10 feet below top of formation, in NW14NE14 

sec. 26, T. 12 S., R. 2 W. 
152. 6 feet above upper of two unconformities within forma­

tion and about 13 feet below top of formation, in 
south center sec. 28, T. 7 N., R. 13 W. 

Bo'\vling Green ( ? ) limestone member of Edgewood limestone­
Continued 

69. In upper 15 feet of formation, in NWlA,SVrlA. sec. 33, 
T. 8 N., R. 13 W. 

6. About 3 feet below top of formation, in NE!4 sec. 13, 
T. 10 S., R. 3 W. 

46 and 155. 1 foot below top of formation and 11 feet 
above Coil. 154. In NEJA,SW% sec. 35, T. 11 S., R. 
2W. 

108. Probably from uppermost part of formation, in NW'14-
SE% sec. 9, T. 6 N., R. 13 W. 

Brassfield limestone : 
160. Pla.flfmet·ella zone, a few inches above unconformity 

at base of formation, in SW%SW:J4 sec. 18, T. 10 S., 
R. 2 w. 

156. Dolomitized. Platym.erella zone, 3 feet ab':lve a wavy 
bedding plane that may mark the base of the forma­
tion. NW% SE:I4 sec. 11, T. 12 S., R. 2 "\Y. 

158. Dolomitized. Pla.tymm·ella zone, 7 feet b~low top of 
formation, in center SEl;,! sec. 23, T. 12 S .. R. 2 W. 

146. Dolomitized. Platum erella zone, in NW%,NW1,4 sec. 
21, T. 7 N., R. 13 W. 

147 a and b. Dolomitized. Platymerella zone, in NE1,4SE'14 
sec. 17, T. 7 N., R. 13 W. 
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Brassfield limestone--Continued 
148. Dolomitizecl. 6 feet above Pla tymerella. zone (Cons. 

147 a and b), in NE:JASE14 sec. 17, T. 7 N., R. 13 W. 
149. Dolomitized. 8 feet above Coli. 148 and 3 feet below 

sandstone, in NE1,4SE14 sec. 17, T. 7 N., R. 13 W. 
151. 3 feet above sandstone, llh feet below top of formation 

and 6 feet above Coil. 149, in NE%SE% se<'. 17, T. 
7 N., R.13 W. 

157. Dolomitized. 8 feet above Platymerella. zone (Coli. 
156) and in upper few inches of formation, in 
NW:JASE"l,4 sec. 11, T. 12 S., R. 2 W. 

153. Dolomitizecl. 4 feet below top of formation, in SE14-
SE1;4 sec. 15, T. 11 S., R. 2 W. 

Brassfield limestone-Continued 
52. In upper 3 feet of formation, in NW14SWlfl sec. 27, 

T. 10 S., R. 2 W. 
68 and 163. 1lh feet below prominent bedding plane that 

may mark top of formation, in NW%SElA, sec. 35, 
T. 9 S., R. 3 W. 

Joliet limestone : 
161. 6 feet above prominent bedding plane that may mark 

base of formation and 10 feet below top of formation 
(7lh feet above Cons. 68 and 163), in NW:JASTI::JA 
sec. 35, T. 9 S., R. 3 W. 

162. 8 feet above Coll. 161 and 2 feet below top of formation, 
in NW:JASE'* sec. 35, T. 9 S., R. 3 W. 

DEVONIAN SYSTEM 

Collecting localities of Devonian fossils 

[Fossils identified by T. E. Savage. Names revised, without review of identifications, by J. M. Berdan in consultation with G. A. Cooper, J. B. Knight, and H'llen 
Duncan. Collections arranged in approximately stratigraphic order] 

Cedar Valley 

23 37 I 
--------------------------:l-3-4 ~~~ ~~~ _:_ 8la _:_ 47a .: _:_ _:_ _:_ : 51bj_:_ _:_ _:_ _ _:_: _:_ _:_ ~~ 
A.ulacophyll'ltm SP-------------------------------------------------- ______ ,. _________________________________________________ X ___________________________ _ 
Cyathophyllum sp_ -------------------------------------------------------- ____ ____ X _______________________________________________________________________ _ 
Cystiphylloides americanu m (Edwards and Haime) ------------------------- __ __ ____ X ________________________________________________________________________ _ 
Cystiphyll'um SP----------------------------------------------------------- ____ X X ____ ____ ____ ____ X ___________________________________________________ _ 
Heliophyllum near H. halli Edwards and Haime___________________________ ____ ____ X _______________________________________________________________________ _ 
Hexagonaria "da11idsoni" (EdwardsandHaime)_ ___________________________________________ X ____________ ·---- _______________________________________________ _ 
Striatopora SP------------------------------------------------------------- ________________________________ X _______________________________________________ _ 
Zaphrentis SP-------------------------------------------------------------- _ ___ _____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ ____ X ________ ---- ---- X X , ___ _ 
1.Ielocrinus SP-------------------------------------------------------------- _____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X _______________ _ 
Sulcoreteporasp ___________________________________________________________ cf. ________________________________________ X ___________________________________ _ 
Athyrisfultonensis (Swallow)______________________________________________ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ___ _ 
A.trypareticularis (Linnaeus)______________________________________________ ____ ____ ____ ____ X X ____ ____ X X ____ X X X ____ ____ ____ X X X X 
Chonetes SP---------------------------------------------------------------- -·--- ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ ____ ____ ____ ____ X 
Cranaena iowensis (Calvin)________________________________________________ X ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ___ _ 
Cranaena SP--------------------------------------------------------------- ,____ ____ X ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ----
Cyrtina umbonata (Hall) _______________________________________ ------------ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X X ________________ cf. ____ X 
Cyrtina SP----------------------------------------------------------------- ____ ____ ____ ____ ____ X ___________________________________________________________ _ 
Elytha S'Ubundifera (Meek and Worthen)_---------------------------------- ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ ____ X ____ ____ ____ ____ X ----
Hystricina hystrix (Hall)___________________________________________________ ____ ____ ____ ____ X ____ ____ X ____ ____ ____ X ___________________________________ _ 
Pentamerella arata (Conrad) _______________________________________________________ cf. ____________ cf. _______________________________________________________ _ 
Pholidostrophia iowensis (Owen)___________________________________________ ____ ____ ____ ____ ____ ____ ____ ____ X ____ ____ X X X ___________________________ _ 
Platyrachella eur11teines (OwenL___________________________________________ ____ ____ ____ ____ X cf. ··--- ____ ____ ____ ____ X ____ cf. ________________ cf. X ___ _ 
Platyrachella iowensis (Owen)_ ________________________________________________ X ____ X ________ X X ________________________________________________ cf. 

~~~~g[e~~;/z~ i~;~~~!~-~I_J_a!~~~~==========================~================== ==== -X- -=~- ==== -~- ==== ==== -~- ==== ==== -~- -~- ==== ==== ==== -~- ==== ==== =~== -~- ==== "Spirtfer" SP-------------------------------------------------------------- ____________________________________________________________________________ X ___ _ 
Stropheodonta demissa_____________________________________________________________________________ ____ ____ X X X X ____ X ____________________ cf. cf. 
Stropheodonta SP----------------------------------------------------------- ________________________________________________ X ________________________ X X 
Tylothyris subvaricosa (Hall and Whitfieldl---------------------------------1---- ____ ____ ____ X ____________________________ ·---- X ____ ____ ____ ____ ____ cf. X 

Cedar Valley limestone: 
3-!. About 35 feet below top of formation, in SE1,4NE:JA 

sec. 20, T. 11 S., R. 2 W. 
23 and 23a. About 25 feet below top of formation, in 

SE14NW:JA sec. 17, T. 11 S., R. 2 ,V. 
37 and 37a. Lower or middle part of formation, in 

NE:JASW:JA sec. 29, T. 11 S., R. 2 W. 
50. Probably in lower part of formation, in center NW:JA 

sec. 27, T. 10 S., R. 2 W. 
81a. 10 feet below top of formation. in NE·%SW14 sec. 27, 

T. 11 S., R. 2 W. 
36. Probably in upper part of formation, in SW1,4NE14 

sec. 29, T. 11 S., R. 2 W. 
47a. In upper 8 or 10 feet of formation, in NE:JASW:JA sec. 

35, T. 11 S., R. 2 W. 
20. 11 or 12 feet below top of formation, in SW:JANE% sec. 

32, T. 10 S., R. 2 W. 
21. 2 feet below top of formation and 9 feet above Coli. 

20, in SE:JANE:JA sec. 32, T. 10 S., R. 2 W. 
22. Upper 1 foot of formation and 1 foot above Coli. 21, in 

SE14NE:JA sec. 32. T. 10 S. R. 2 W. 
51. 8 feet below top of formation, in SW:JASWTJ.4 sec. 23. 

T. 10 S., R. 2 W. 

Cedar Valley limestone-Continued 
51a. 2 feet below top of formation and 6 feet above Coli. 51, 

in SW:JASW14 sec. 23, T. 10 S., R. 2 W. 
51b. Upper few inches of formation and 2 feet above Coli. 

51a, in SW%SW14 sec. 23, T. 10 S., R. 2 W. 
18. Upper 3 feet of formation, in NW:JASW:JA sec. 18, T. 

10 s .. R. 2 w. 
11. In upper 2 or 3 feet of formation, in SW:JANW:JA s~c. 

20, T. 10 S., R. 2 W. 
80. 2 or 3 feet below top of formation, in NW*SE:JA sec. 27, 

T. 11 S., R. 2 W. 
84. Upper 2 or 3 feet of formation, in SEIASW14 sec. 14, 

T. 12 S., R. 2 W. 
106. In upper 3 feet of formation, in SW:JASE:JA sec. 11, T. 

6N., R.13 W. 
29. 2 feet below top of formation, in north center sec. 16, 

T. 11 S., R. 2 W. 
28. Sandstone at top of Cedar Valley limestone. Upr(-lr 

1lh feet of formation and 1 foot above Coll. 29, in 
north center sec. 16, T. 11 S., R. 2 W. 

~~7. Sandstone at top of Cedar Valley limestone. Upr(-lr 
2 feet of formation, in NW14 s·w14 sec. 28, T. 8 N., 
R.13 vv. 
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Collecting local~hes of Carboniferous (MissirnppJan) fossils 

[Fossils determined by Dr J. M. Weller.• Collections arranged In appro:dmately strattgraphlo order] 

87 

Se 
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45a and 116 116 
114 

Sedalia(?) 

48 13 57 

Burlington Keokuk 

64 17 164 117 99 118 119 113 141 140b 142 133 123 136 135 134 102 124 

Spergen St Louls 

92 91 103 !94 184& 184b 3 193 192 109 110 111 112 93 104 100 

-------------1------------------------------------------------------------------------------------------------ ----------------------
"Zaphrentls" carlnata Worthen.... . .. . 
"Zaphrent••" ca.sedav• Milne-Edwards ___ .••. 
"Zaphrentu" clifford4na Milne-Edwerda and 

Halme •.• ----- ____ - -------------- • 
"Zaphrentu"lenella Mlller -------------------­
"Zaphrenti8" sp . • - ----- ---------------------

TrJla::~v:z~~~~--~~~--(~~e -~~-w~~~--~~-
Triplophvllidium pellaens•• (Worthen)---- •••• 
Litho81roi&Onella proliferum (Hall) • • 
Monilopora sp •••••••• ------------- • 
Svnnuopora sp . • •• __ ___ ----- .. . . •• 
Schlzobla•l!u savt (Shumard). .•••••• ---- ••• 
Orbitremites calevcmu• (Rowley) .•• 
Eutrochocr inm atf E planad&cm (Hall) 
Aoancocrinm sp ------ ----- .• •••. --------
Platvcrinu• scrobmu8 Meek and Worthen 
Crinoid stems, plates ••.••••••........•••••.• 
Archaeoc&d4r&s plates ....•••••..•• 
Slenopora sp • ------- ---- - ----· .•• 
Fene•lella mult••pmosa Ulnch ----- ---- • -- • .. 
Feneslella serratul1 Ulrtch.... •• •••.. 
Feneslella tenax Ulnch. . --- ----­
Fenulella 1 or more sp • •••••• •• --­
Fenestellld Impressions ----- ••..• 
Hemitrvpa sp •.•. ---- -- ----­
Archimedlpora owenanm (Hall) .... 
Lvropora sp ----- . ___ ----------- __ ••••••• 
Polvpora varsoole'/1818 Prout .• ----------·-· · ··· • 
Polvpora sp ..•••••••••••••• ----- ... 
Rhomhopora sp •• . ... --------- • 
Cvstodlctva llneata Ulrich....... • 
Cvstod•ctva ocellala Ulrich .•••.•.. 
Cv•lod•ctva pmlulosa Ulrich •. •• 
Cvstodlctva sp.... ---- ----- • . 
Dichotrypa lntermed1a Ulrich 
Bryozoa unidentified, several sp • 
Lingula sp_ .•••• ----------·-------
Glosnna sp ..• •• ----
OrbiculOJdea sampson• (Miller) •.. 
Leptaena analooa (Phillips) .•• ••. 

rsJ.~"gt::,.tYzl;lir.B·cmiie>:::::::::: ... ··::::.: 
Sch!Lchertella sp - - ------ .... ....•. • . . 
Streptorhvnch!L8 rUjlinosum (Hall and Clarke). _ 
Streptorhvnchm sp • •. ---- ------------ •••• 
Ortholetes ka.•ka.•kienst. (McChesney) ••.••. ••. 
Orthotetes keokuk CRall) •. ----------------·-··· 
Chonetes olenparktnsu Weller .•••.••••• •• 
Chonetes •lllno18ensis Worthen .•..•••••. 
Chonetulogam Norwood and Pratten ..•• 
Chonetes mult1co8la WinchelL •••••• 
Chonetu ornalm Shumard... • --------
Chonetes sp ••.•••..•. ----- ---- .....••• 
Aoonia concentnca (Hall).......... ----- ••••• _ •• 
Productella plxidata (Hall) __ _________ ---- - ----
Productella sp ••• • •••...• ----··-----------
Linoproductm altonens1s (Norwood and Prat· 

ten). •••• ---- ---- ----------------------
Avonia blaiTI (Miller) -- _ --------------------
Dirtvoclo8lu8 burlmgtonenst. (Hall) _________ _ 
D1ctvoclostm atf D burllnotonensi.o (Hall) •• 
Avonl4 (?) atf A ind&anensi.o (Hall) .•••••••••• 
Linoproductm ovatm (Hall) -----------------­
Produchna paroula (Winchell) ----- ----- -----­
BuTioma set&oerm (Hall).. _ ---------- ---­
Linoproductua tent£tco •tm (Hall) ---------------
Margmiclnctm worthem (Hall) _____________ ----
Productids, 1 or more______________ ____ ---
Echmoconcha alternala (Norwood and Pratten) 
Echmoconcha bJuriala (Hall). ----------------
Rhlpidomella burlmotonensis (Hall)_______ _ __ _ 
Rh&pidomella mi••ounensis (Swallow) •• -- ----
Rhlpldomella tenuica.la Weller •••••• __ __ - -- _ 
Rhipidomella sp • --------- -------- ----------
Sch•zophorla chouleauen•l8 Weller.. ---- __ 
Schizophona swalloui (Hall). _ ___ ----- • 
Camarophona b18&nuata (Rowley) ____________ _ 
Camarophor~a hamburuends Weller •....••• ----
Camarotoechta chouleauensia Weller •• _ ••••.• 
Camaroloech1a mutata (Hall) ___________ _ 
Camaroloech~a sp. ----------- ----- ----- ----­
Shumardella muaourlemis (Shumard). -- -- --­
Shumardella sp.. ---------------------- ----­
Rhvnchopora cooperem11 (Shumardl------------
D&ela.mafernoltnense Weller.----------------- ___ ------ ___ _ 
Diela.ma oaceolense Weller _____________________ ------------ ___ _ 
D&elasm<J sp__ __ ----------------------- ------ ____ ------ ------
Splri[erlna ralemensls Weller ••••••••••••.••••• _ ••• _____ ------
Splr{ferlna aubte:rla White_____________________ _ ___ ----· -----
Splrif_erina sp ____ ---- ----------------· ----- __ ___ ------ ____ _ 
Spirif_er bijurcat!l8 Hall ----------- ---------- ___ _ __ -- ---
Spirijer jor~eai Norwood and Pratten •..• ----- _ __ ___ _ ____ _ 
Spirif_er greoeri Weller.------------------------ ______ _ 
Spiri[er gnmu• HaiL ••• ___ -------- •• • ------ __ 
Spirijer lncertua Hall • ----------- ----- ­
Sp&rif_er keokuk Hall __ ----------·- _ •• 
Spirijer afJ keokuk Hall ----- -------- __ 
Spirijer lat1or Swallow _ __ • • _ •• 
Sp&rijer looant HalL. _ _ -------· __ _ 
Spiri[er loul81anensis Rowley ---------­
SpirfJ.er marionensia Shumard..... • __ 
Splri[tr mundulus Rowley ---------- __ _ 
Spir{fer a1J mundulm Rowley ____ _ __ 
Spirif.er rowlevi Weller ••••••••••••• 
tfpiri[er lenu1coslalm.. . ______ _ 
Sp!r{jer vernont'/1818 Swallow ••••••• 
Spirijer 1 or more sp __ ••• •• ----
Brachrthvru altonenst, Weller ___ _ 
Brachvthvris chouteaut1M18 (Weller). _ •• 
Brachvthvria pecullllnB (Shumard) • _ __ 
BrachvthvrJ• suborblcular~s (Hall) __ ___ _ __ __ 
BrachvthvTIB sp... -- -- •• -- --- ---- ----- ____ _ 
Svrmgolhvns hanntbalensl8 (Swallow) • __ _ ___ ------ -----
Svrmoothvrn ptatvpleur!l8 Weller__ _____ _ ___ ----- ------ ---- ___ _ 
Svrlnuothvrt. sp _ ---- ----- ----- _ __ _ ___ ------ ------ ---- ------
Spiriferella lat1or Weller... . . ---- • _ • • •• 

Ambocoella parva Weller •.•.. ----- __ _ __ 
Ambocotlia sp ----· - ---- - --- -----
Torvnijer puudollneata (Hall) -----
Eumetrla oerneuil1ana (Hall) ••• __ _ 
Hu•tedla clrc'ltlans (M!ller) ___ ••• 
Nurleo•p1ra barri.of White.. • ____ _ ___ _ _ • _ __ _ __ _ 
Camarophorella m1ssouriens18 (Winchell) _________________ ------
Athvria cra.SicardJnalla White •••••••••••••••••• 
Athvrislamello8a (Leve!lle) -------·------ ----- ___ _ 
Cle10thgndma olenparkensis Weller-, ••••• ----- ----
Cle&olhvndma obmax1ma (McChesney)____ ---- ------ ------ -----
Cle&othvrldlna tenullineala (Rowley)_ ----- ----- ___ • ------ ------
Cle~othvridina sp _____ ----------------- ____ _ 
Compoaita olobosa Weller ______________ ---- .•• 
Composita trlnuclea (Hall). __ ----------- -----
Edmond•a sp _ _ ____ _ -------- _ _ _ __ 
Parallelodon a:l! cochlear11 (Winchell) __ • - -- --
Parallelodon sp _ ----- ------------ ___ _ 
Aviculopecten sp ---- -- - --- ---­
Pterinopecten sedal1ens11 Miller .•.• 
Pernopecten circular!, (Shumard) _ 

f/;d~grae~~~n c-~~e~~n:_~ (~~~~~! 
AlloTJsma worthenanum M!ller ----- _ • ----
AUoriama SJ? _ .. ---- ---- _____ .. ----- ___ _ 
Cvpricardin!llaulcifera (Winchell) .. _ ____ __ • ___ _ 
Pelecypod undetermined. ----- ___ ---- _____ _ 
"Pleurolomar~a" nortiiT'zewensis (Weller) -- -- -- _ 
"Pleurotomaria" •ubcarbonarla Keyes. _____ _ 
"Pleurotomarra" SP~ -------------------­
Euomphalu8lalu8 HaiL ....•• ----- ---­
Euomphalu• atf planodoraalm Meek 

Worthen ----- - ---- -----------------
Ovclonema sp __________ ----- _ --------
Lm:onema sp • ___ ----· ------ -----
Platvceraa equ&lalerum HalL. . __ ---------- _ 
Platvcera. hal1oloideo Meek and Worthen •. ___ _ 
Orthonvchlll acut1ro8tns (Hall) •• ---------- __ _ 
Gastropod undetermined.. __ ----------- ___ _ 
Orthocera. chemungeme Swallow ____ ----- ___ _ 
Gnffithideo bufo (Meek: & Worthen).. -- - · -­
Gnffilhide• portlockl (Meek and Worthen) 
Gr~ffithide• sp____ ____ _ __ ______ _ __ 
Fish scale • ---- ____ ----- _ ___ _ __ _ 

1 Identifications made In 1929, &eneric names of some species of brachiopods and corals revised In 1949 868804-50 (Face p 172\ 
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CARBONIFEROUS SYSTEM (MISSISSIPPIAN SERIES) 

Louisiana limestone (thin shale here included in base of 
Louisiana) : 
73. Basal few inches of formation. Contains Acer!Jularia 

reworked from underlying Devonian. In SEJA,NW1,4 
sec. 12, T. 10 S., R. 3 W. 

10. Shale only 6 inches thick here. In SW1,4N Wlft ~ec. 

20, T. 10 S., R. 2 W. 
Louisiana limestone (limestone part of formation) : 

9. Upper 6 inches of formation, in SW:If!NW:If! sec. ~0. 

T. 10 S., R. 2 W. 
15. In center SWl4 sec. 14, T. 10 S., R. 2 W. 
58. NE¥.tSE* sec. 28, T. 10 S., R. 2 W. 

58a. In SW¥.tSW:If! sec. 27, T. 10 S., R. 2 ·w. 
49. In SE%SE% sec. 10, T. 11 S., R. 2 W. 

Glen Park formation : 
55. "Hamburg oolite." In NW1,4NW:If! sec. 

R.2W. 
66. "Hamburg oolite.'' In SW14NW% ~ec. 

R.2W. 
Hannibal shale : 

14, T. 10 R., 

::!2, T. 10 s .. 

181. From 6 to 12 inches below top of formation, in 
SW%NW% sec. 31, T. 9 S., R. 2 ,V. 

Uhouteau limestone: 
79. 25 or 30 feet below top of formation, in NE1,4SW1,4 

sec. 22, T. 11 S., R. 2 W. 
107. Upper part of formation, in SW%SE:If! sec. 11, T. 6 N., 

R. 13 w. 
16. Exact position unknown. In center SW1,4 sec. 14, •.r. 

10 s., R. 2 w. 
47. Exact position unknown. Collected from float, in 

NW% SW% sec. 23, T. 11 S., R. 2 W. 
53b. Exact position unknown; collected from float. In 

SW1,4 sec. 14, T. 10 S., R. 2 W. 
85. 15 feet below top of formation, in NW:If!NW% sec. 32. 

T. 12 S., R. 2 W. 
45a. Near top of formation, in south center sec. 2, T. 12 S., 

R. 2W. 
87 and 114. 2 feet below top of formation, in SW:If!NE~~ 

sec. 32, T. 12 S., R. 2 W. 
115. Uppermost inch of formation, in SW%NE:If! sec. 32, 

T. 12 S., R. 2 W. 
Sedalia limestone : 

116. Lower few feet of formation, SW1,4NE% Sec. 32, 
T. 12 S., R. 2 W. 

Sedalia ( ? ) limestone : 
48. Lower few feet of Sedalia and Burlington unit, in 

NE%NE:t_4 sec. 22, T.ll S., R. 2 W. 
13. Lower few feet of Sedalia and Burlington unit, in 

NWY.!SE¥! sec. 27, T. 10 S., R. 2 W. 
57. Lower few feet of Sedalia and Burlington unit, in 

NWY.!NE¥! sec. 34, T. 9 S., R. 2 W. 
64. About 4 feet above the base of the Sedalia and Bur­

lington unit, in SE¥.tNW¥.t sec. 26, T. 9 S., R. 3 ,V. 
Burlington limestone: 

53. From lower 50 feet of formation, in NE:1,4SE¥.t sec. 28, 
T. 10 S., R. 2 W. 

53a. From lower 50 feet of formation, in SEY.!NE~¥.t sec. 28, 
T. 10 S., R. 2 W. 

17. From lower 75 feet of formation, in center SW¥! sec. 
14, T. 10 S., R. 2 W. 

1. Lower 50 feet of formation, SE¥! sec. 4, T. 9 S., R. 2 W. 
1&1. About the middle of formation, in SW1,4SE1,4 sec. 23, T. 

9 N., R.13 W. 
117. Upper part of formation, in SE1,4NE1,4 sec. 32 T. 12 S., 

R. 2 w. 

Burlington limestone-Continued 
99. Upper part of formation, in NE¥.tNE1,4 sec. 3~, T. 12 S., 

R. 2 w. 
118. A few feet higher than Con. 99. In NE¥.tNF'lft sec. 35, 

T. 12 S., R. 2, W. 
119. About 25 feet higher than Cons. 99 and 118. In NE1,4-

NE~~ sec. 35, T. 12 S., R. 2 ,V, 
113. Upper part of formation, in NE¥.tNE* sec. 14, T. 6 N., 

R.13 W. 
1J1. Upper part of formation, in NW%SE* sec. 14, T. 8 

N., R.13 W. 
140b. 1G feet above CoiL 141. In SE¥.tSW¥! sec. H, T. 8 N., 

R. 13 w. 
142. Probably upper few feet of formation, in NE*NE1,4 

sec. 11, T. 8 N., R. 13 W. 
133. Uppermost part of formation, in NE1,4NE:J4 sec. 10, 

T. 9, N., R. 13 W. 
Keokuk limestone : 

123. About 10 feet aboye base of formation, in NW14NW1,4 
Sec. 32, T. 12 S., R. 2. W. 

136. Lower part of formation, in SE1,4NE1,4 sec. 14, T. 9 N., 
R. 13 w. 

135. Near top of formation, in NW*NW1,4 sec. 13, T. 9 N., 
R.13 w. 

134. Near top of formation, in SW:l;!SE% sec. 11, T. 9 N., 
R. 13 w. 

102. Upper few feet of formation, in center NW'* sec. 13, 
T. 6 N., R. 13. 

124. Upper few feet of formation, in NW*NWlA sec. 32, T. 
12 S., R. 2 1V. 

Spergen limestone : 
92. About 25 feet above base of formation, in NW%,SE1,4 

sec. 9, T. 6 N., R. 13 W. 
91. 15 feet above Coll. 92. In NW1,4SE% sec. 9, T. 6 N., R. 

13W. 
103. About 25 feet below top of formation, in NW:l;!NW:l;! sec. 

13, T. 6 N., R. 13 W. 
St. Louis limestone : 

194. Upper 10 or 20 feet of formation, in SE~~SElA_ sec. 
26, ~'. 13 s., R. 2 w. 

184a. About 60 feet below top of formation, in C£'nter NE:1,4 
sec. 5, T. 14 S., R. 1 W. 

184b. About 15 or 20 feet below top of formation and 40 feet 
above Con. 184a. In center NE* sec. 5, T. 14 S., 
R.1 w. 

3. About 25 feet below top of formation, in NE~SE1,4 sec. 
28, T. 13 S., R. 1 W. 

193. About 15 or 20 feet below top of formatior, in center 
W%NW¥! sec. 27, T. 13 N., R. 1 W. 

192. About 30 or 35 feet above base of formation and 40 feet 
below CoiL 109. In NW1,4SE'l4 sec. 9, T. 6 N., 

R.13 w. 
109. In lower limestone conglomerate about 75 feet above 

base of formation, 40 feet above Con. 192 and 30 feet 
below Coll. ~10. In NW1,4SE1,4 sec. 9, T. 6 N., R. 
13W. 

110. About 100 feet above base of formation, 30 feet above 
Coll. 109 and 25 below Con. 111. In NW:i~SE1,4 sec. 
9, T. 6N., R.13 W. 

111. Below uppet· limestone conglomerate, about' 125 feet 
above base of formation, 25 feet above Con. 110, and 
20 feet below coll. 112. In NW1,4SE1,4 sec. 9. T. fi 

N., R. 13 W. 



COLLECTIONS OF FOSSILS 173 

St. Louis limestone-Continued 
112. Above upper limestone conglomerate, about 35 feet be­

low top of formation, 20 feet above Coli. 111 and ap­
proximately 10 feet below Coli. 93. In NW~SE~ 
sec. 9, T. 6 N., R. 13 W. 

93. About 25 feet below top of formation and approximately 
10 feet above Coil. 112. In NW:J,4SE~ sec. 9, T. 6 
N., R.13 \V. 

St. Louis limestone-Continued 
104. Probably about 25 feet below top of formation, in 

NE~NE~ sec. 14, T. 6 N., R. 13 W. 
105. From cross-bedded sandy limestone. About 10 feet 

below top of formation. In NW~NE~ sec. 14, T. 6 
N., R.13 W. 

CARBONIFEROUS SYSTEM (PENNSYLVANIAN SERIES) 

Collecting localities of Carboniferous (Pennsylvanian series) fossils 

[Fossils determined by Dr. J. M. Weller.t Collections arranged in approximately stratigraphic order] 

Carbondale McLeans- McLeans-
boro(?) bom 

90 31 138 126 101 A 32 30 

Petrified wood--------------------------------------------------------- ------------ ------------ X ------------ ------------ ------------ ------------ ------------
Fnsulina girtyi (Dunbar and Condra)---------------------------------- ------------ ------------ ------------ ------------ ------------ ------------ X ------------
A.xophylllt1n SP-------------------------------------------------------- ------------ ------------ ------------ ------------ ------------ ------------ X X 
Lopltophyllidin·m SP---------------------------------------------------- ------------ ------------ ------------ ------------ ------------ ------------ X ------------
Chaetetes milleporacens Milne-Edwards and Haime ____________________ ------------ ------------ X ------------ ------------ ------------ ------------ ------------
JI,Iyzostomites SP------------------------------------------------------- ------------ ------------ ------------ ------------ ------------ ------------ X ------------
Erisocrinns typus Meek and Worthen _________________________________ ------------------------ X ------------------------------------ ------------------------
Crinoid stems _________________________________________________________ ------------------------------------------------ X ------------ X X 
Archaeocidaris spines __________________________________________________ ------------------------------------------------------------------------ X ------x·-----
Fistulipora SP--------------------------------------------------------- ----------- ------------ ------------ ------------ ------------ ------------ ------------
Derbya crassa (Meek and Hayden) ___________ -------------------------- X X ------------ ------------ ------------ ------------ ------------ ------------
1\fesoloblts euampygu.~ (Girty)_________________________________________ X X ------------ ------------ ------------ ------------ ------------ ------------
JI,Iesolobus mesolohus (Norwood and Pratten)__________________________ X ------------ ------------ ------------ ------------ ------------ ------------ ------------
Chonetina jlemingi (Norwood and Pratten) _____________________________ ------------ ------------ ------------ ------------ ------------ ------------ cf. ------------
Linoprodlwtns prattenianus (Norwood and Pratten)____________________ X ------------ ------------ ------------ ------------ ? ------------ ------------
Dictyoclostus portlockianus (Norwood and Pratten)_____________________ X ------------ ------------ ------------ ------------ ------------ X X 
EchinoconchltS semipunctatus (Shepard) _______________________________ ------------------------------------------------------------------------------------ X 
1\Iarginifera muricatina (Norwood and Pratten)_ _______________________ ------------ X ------------ ------------ X ------------ ------------ ------------
1\Iarginifera wabashensi-~ (Norwood and Pratten) _______________________ ------------ ------------ ------------ X ------------ ------------ X ------------
Tegnliferina armata (Girty) ____________________________________________ ------------ ------------ ------------ ------------ ------------ ------------ X ------------
U'ellerella osagensis (Swallow).----------------------------------------- X ------------ ------------ ------------ ------------ ------------ ------------ ------------Girtyella sp _______________________________________________________________________________________________ . _ _ ___ _ _ _ ___ _ _ ___ _ ___ ___ _ __ _ _ _ __ ___ __ • __________ _ 

Spirifer boonensis Swallow·------------------------------------------------------------------------------------------------------- X ------------ ------------
Neospirifer triplicatns (Hall)___________________________________________ X X ------------ ------------ ------------ ------------ X ------------
Crnrithyris planoconvexa (Shumard)____________________________________ X ------------ ------------ ------------ ------------ ------------ ------x·----- ----·-x·-----
Phricodothyris perplexa (McChesney)__________________________________ X X ------------ X X ------------
Cleiothyridina orbicu-laris (McChesney) __________ ----------------------- ------------ ------------ ------------ ------------ ------------ ------------ X ------------
Composita argentia (ShepardL----------------------------------------- X X ------------ X ------------ ------------ X ------------
1\Iyalina swallovi McChesney__________________________________________ ? ------------ ------------ ------------ ------------ ------------ ------------ ------------
At1icnlopecten aff. A. hertzeri Meek____________________________________ X ------------ ------------ ------------ ------------ ------------ ------------ ------------.4viculopecten sp _____ . __ ___ __ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ X _______________________ • ______ ------ ___________________ ---- ________ ----- ___ ---------
Ettcondria neglecta (Geinitz) _______ --------- ____ ----------- ______ ------ X _______________ --------- ------------ ------------ ------------ ------------ ------------
A .. ~tartella SP----------------------------------------------------------- X ------------ ------------ ------------ ------------ ------------ ------------ ----------·-
Schizostmna catilloides (Conrad)________________________________________ X ------------ ------------ ------------ ------------ ------------ ------------ ------------

Naticopsis tortum (Meek).--------------------------------------------------------------------------------------------------------------------------------- cf. 
Soleniscus SP--------------------------------------------------------- ------------ ------------ ------------ ------------ ------------ ------------ ------------ X Platyceras sp ___________________________________________________________________________________________________ ------ ____________________ ----- X _ -----------

Gastropod unidentified .. ---------------------------------------------------------------------------------------------------------------------- X ------------
P.~eudorthoceras knoxense (McChesney)________________________________ X ------------ ------------ ------------ ------------ ------------ ------------ ------------
1\Ietacoceras SP-------------------------------------------------------- X ------------ ------------ ------------ ------------ ------------ ------------ ------------
Fish tooth .. ----------------------------------------------------------------------------------------------------------------------------------- X ------------

t Identifications made in 1929; generic names of some species of brachiopods and corals revised in 1949. 

NoTE.-For Pennsylvanian plant collections seep. 56. 

Carbondale formation : 
90. Carbonaceous shale in basal 2 feet of formation, in 

SW~SE~ sec. 27, T.13 S., R. 2 W. 
31. Carbonaceous shale in lower few feet of formation. 

Collected from old mine dump in S\V~NE~ sec. 1, 
T.14 S., R. 2 W. 

138. Limestone near top of formation. The Chaetetes oc­
curs in upper nodular part. In SWJASWlA sec. 14, 
T. 13 S., R. 2 W. 

126. Lower part of limestone near top of formation, in 
center NE~ sec. 35, T. 13 S., R. 2 W. 

Carbondale formation-Continued 
101. Probably lower part of limestone near top of forma­

tion, in SW%,NW~ sec. 13, T. 13 S., R. 2 W. 
A. Upper nodular part of limestone near top of formati<Jn, 

in NE~NW~ sec. 1, T. 14 S., R. 2 W. 
McLeansboro ( ?) formation: 

32. Slumped block, probably from limestone in lower part 
of formation, in NW~NE~ sec. 1, T. 14 S., R. 2 W. 

McLeansboro formation: 
30. Lower part .of limestone at base of formation, in 

NE~NW~ sec. 6, T.14 S., R.1 W. 
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QUATERNARY SYSTEM 

Collecting localih'es of Quaternary fossils 

[Collections arrangerl in approximate stratigraphic order. Identification• by F. C. Baker, 1928 and 1929. Nomenclature revised by J.P. E. Morrison, July 19·18. Order 
of listing follows that of Thiele, Handbuch der systematischen Weichtierkunde 1929---34. Pulmonate land shells arranged according to H. A. Pilsbry, Land Mollusca 
of North America, 1939-48] 
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Landspedes: -------------------~---------------------

Hendersonia occulta___________________________ __ _ ____ X X ___ ___ ___ ____ ___ X X X X ___ X X ·-- ___ ___ X X ---- ---- ____ ____ X _______________ _ 
Stenotrema hirsufa ____________________________ ____________________ X ____________________________________________ ---- ---- _____________________________ _ 
Stenotrema hirsuta yarmouthensis _____________ __________ X _____________________________________________________ ---- ---- _____________________________ _ 
Stenotrema leaL ________________________________________ X _________________________ X ________________________ ---- ---- ---- ____ ------ _______________ _ 
Stenotrema leai peoriensis_____________________ ___ ____ ___ X __________________________________________________ X ---- ---- ---- _________________________ _ 
J.Jesodon clau.sus ______________________________ _________________ X _______________________________________________ ---- ---- _____________________________ _ 
}..fesodon elevatus______________________________ ___ ____ ___ ____ ___ ___ ___ X ____________________________________________ ---- ________ ------ _______________ _ 
J.Jesodon appressus ____________________________ _______________________ X _____________________________________________ X ____ ____ X _______________ _ 
Tripodopsis multilineata ______________________ _______________________________________________________________________ X ______________________________ _ 
Triodopsis multilineata altonensis _____________ _______ X __________________________________________ X ____________ ---- ---- _____________________________ _ 
Triodopsis multilineata wanlessi__ _____________ ______________ X ___ ___ ___ _ X ___ ___ ? X ___ ___ ___ ___ ___ X ______________ ---- _________________________ _ 
Allegona profunda ________________________________________________ --· X ___ --· _____________________ . _________________________________________________ _ 
Allogona profunda pleistocenica _______________ _______________________________________ X ______ X X X ___ X ___ ____ ____ ____ ____ X _______________ _ 
Haplotrema concat7um ________________________ ____________________________________ ? ______________________ X ___ ---- X _____________________________ _ 
Euconulus fulzms _____________________________ ______________________________ X __________________________________ ---- ____ ---- _________________________ _ 
Retinella electrina _____________________________ __________ X ________________ X X ___________________ X ______________________________________________ _ 
Anguispira alternata __________________________ X ________________________ --· ___ --· _______ X ___ X X ___ X X _______ X ____ ____ X ________ X X 
.4nguispira kochi. ____________________________ _________________________________________________________________________________________________ X ___ _ 
Discus cronkhiteL _____________________________ ________________________________________________________________ --· X _________________________________ _ 
Discus macclintocki_ __________________________ ______________ X ___ ___ ____ ___ ___ ___ ___ X X X X ____________ X ________ ---- _________________________ _ 
Discus macclintocki angulatus _________________ ______________________________ X __________________________________________ ---- _________________________ _ 
Helicodiscus parallelus ________________________ _______________________ X X __________________________________________________________________________ _ 
Succinea ovalis-------------------------------- ___________________________________________ --· ___ ___ ___ ___ ___ ___ ___ ____ X ---- _________________________ _ 
Succinea o11alis pleistocenica ___________________ __________ X _____________ X X X ___ X X X X ______ X X ___________ ---- ____ X ________ X ___ _ 
Succinea grosvenori gelida _____________________ ______________ X ______ X ___ X X X X ____________ X ______ X X ____ ---- _________________________ _ 
Gastrocopta pentodon __________________________ __________ X ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ____ _ ________________________ _ 
Vertigo modesfa _______________________________ ______________________________ X _________________________ --· ______________ ---- _________________________ _ 
Vallonia gracilicosta ___________________________ ______________________________ X _______________________________ X X ____ ---- _________________________ _ 
l'·anonia SP-------------------------------·--- ___ ____ ___ ____ ___ ___ ___ ____ ___ ___ ___ ___ X ________________________________ ---- _________________________ _ 

Amphibious species: 
Pomatiopsis scalaris ~------------------------- _______ X _____________________________________________ X --· ______________ ---- ____ ______ X ___________ _ 
Fossaria parva 2 ___ --------------------------- ______________ X __________________________________________________________ ---- _________________________ _ 
Fossaria parz>a tazewelliana 2 ________________________________ ·-- ______________________________________ X _________________ ---- ____ ______ X ___________ _ 

Freshwater species: Vit>iparus subpurpureu.s ______________________ ___________________________________________________________________________ X _________________________ _ 
Amblo:ris subsolidum_ ------------------------ ______________ -·- _________________________________________ --· ___ ___ ____ ____ X _________________________ _ 
Liopla:r subcarinata. -------------------------- ___ ____ ___ ____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ____ X _________________________ _ 
Valvata tricarinata____________________________ ___ X ___ ____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ____ X _________________________ _ 
Valvata tricarinata perconfusa_________________ ___ X ____________________________________________________________________________ -----· _______________ _ 
Amnicola lacustris---------------------------- ___ ____ ___ ____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ____ X _________________________ _ 
Amnicola sp. near leightoni___________________ ___ X _______________________________________ --· --· ____________ --· _____________________________________ _ 
Cincinnatia integra __ ------------------------- _________________________________________________ ·-- _______ --· --· ___ ____ ____ ____ X ------ _______________ _ 
Birgella subglobosa isogona ____________________ _______________________________________________________ --· --· __________________ X _____________________ _ 
Probythinella lacustris limafodens ______________ ____________________________________________________ -·- ____________________ X _________________________ _ 
Ceriphasia acuta tracta ________________________ ______________________________ --· __________ --· ___ --· ___ ___ ___ ___ ___ ____ ____ ____ X _____________________ _ 
Ceriphasia SP--------------------------------- ___ -·-- __________ --· _____________________________ --· _________ --· ___ ____ ____ X ____ ------ _______________ _ 
Physella gyrina _______________________________ ______________ --· X _____________________________ --· _________ -·- ________________________________________ _ 
Physella integra _______________________________ ____________________ X _____________________________ --· _________ -·- _____________________________________ _ 
Physella SP-----·----------------------------- ___ X _______ --· --· __________ --· ________________ -·· ____________________________________________________ _ 
Stagnicola caperata 3-------------------------- ______________ X ___ --· __________________________ --· ____________________________________________________ _ 
Helisoma anceps striatum_____________________ ___ X _____________ --· __________________________ --· _______________________ -·-- _________________________ _ 
Helisoma trivolvis _____________________________ ___________________________________________ --· ___ ___ ___ ___ ___ ___ ___ ____ ____ X _________________________ _ 
Helisoma campanulatum_ ·-----------------·- ___ X ____________________________________ --· _____________________________________ ----·- _______________ _ 
Gyralus altissimu~---------------------------- ___ X _______ X ____________________________________________ --· ___ ____ ____ X _________________________ _ 
Fusconaia undata trigona _____________________________________________________________________________________ --· ________ X _________________________ _ 
Amblema peruviana __________________________ _______________________________________ ·--- ___ ___ ___ ___ ____ ___ ___ ___ ____ ____ ____ ____ X _______________ _ 
Amblema rariplicata __________________________ --· ______________________________ --· ___________________________________ ---· X ____ ______ ____ ____ X X 
Quadrula quadrula ___________________________ ______________ --· ___________________________________ -·- ___ --· ___ -·- ________________ ----·- ________ X ___ _ 
Ouadrula pustulosa ___________________________ ______________ --· ________________________________ --· ______ --· ___ ___ ____ ____ X _________________________ _ 
Pleurobema cordatum _________________________ _____________________________________________________________ -·- ___ ____ ____ ____ ____ X X ____ X ___ _ 
Elliptio crassidens ____________________________ _________________ -·- --· __________ -·- ________________ -·· _________ -·- ________ -·-- ____ X X ---· _______ _ 

~~Ei!~:~::I::I:-er,apterri_~~=================== === ==== === ==== === === === ==== === === === === ==== === === === === === === === === ==== ==== ==== ==== ~ -~- ==== ==== ==== Lampsilis anodontoides ___ -------------------- ______________ ··- ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ____ ____ ____ ______ ____ ____ X ___ _ 
Lampsilis fallaciosa ___________________________ ___________________________________________ --· ___ ·-- ___ ___ ___ ___ ___ ____ ____ ____ ____ X _______________ _ 
Lampsilis siliquoidea _________________________ _________________________________ ·-- __________ --· ___ ·-- ___ ___ ___ ___ ____ ____ ____ ____ X _______________ _ 
Lampsilis ventrirosa_ ------------------------- _____________________________________________________________________________________________ --·-- ____ X 
Lampsilis ventricosa accidens ___________________________________________________ ___ ·-- __________ --· ___ ___ ___ ___ ___ ____ ____ ____ ____ X _______________ _ 
Sphaerittm Slllcatum__________________________ ___ X _________________________________________________________________________________________________ _ 
Sphaerium rhomboideum ______________________ ______________ --· ______ ·--- ______ ··-- _____________ ·-- ___ ___ ___ ___ ___ ____ ____ ____ ____ ______ X ___________ _ 
Sphaerium SP-------------------------------- ___________________________________________________________________________ X _________________________ _ 
Musctlli'um trztncatum________________________ ___ X ____________________ -·- ____________________________ --· ___________________________________________ _ 
Pisidium SP---------------------------------- --- X _______ X ___ X __________ ·-- __________ --- --- --- ---~--- ___ --- ---- ____ X ____ ------ ---· ---- ---- ----

l The Pomatiopsis is primarily to be considered a land shell, usually limited to :flood plains of streams or other very moist areas (J. P. F.. Morrison). 
2 The Fossaria is primarily fresh water, often limited to the exposed but wet muddy margins of streams, ponds, and the like, on the edge of or even out of water. In other 

words, it is a marginal fresh-water species (J.P. E. Morrison). 
3 The Stagnicola caperata may be considered as amphibious; it is characteristically Jimited to small, often temporary ponds (J. P. E. Morrison). 



COLLECTIONS OF FOSSILS J75 

A. Illinoian till : 
127. A well-preserved snail shell with color markings within 

Illinoian till, in NW14SEJA, sec. 28, T. 8 N., R. 13 ·w. 
B. Brussels formation (lower part) : 

122. Fossiliferous clay in base of Brussels formation, in 
NW1,4 sec. 5, T. 13 S., R. 2 vV. 

C. Material definitely interlaminated with stream deposits in 
Brussels formation: 

121. Alternate layers of loesslike silt and laminated claY, 
in NE1,4SE:J4 sec. 17, T. 13 S., R. 1 W. 

120 and 190. Alternate layers .of loesslike silt and laminated 
clay, in SEJA,NW"% sec. 27, T. 13 S., R. 2 W. 

42. Alternate layers of loesslike silt and laminated day, 
in SW1,4SWJA, sec. 32, T. 11 S., R 2 W. 

24. Alternate layers of loesslike silt and chert gravel, in 
SE1,4SW1,4 sec. 17, T. 11 S., R. 2 vV. 

63. Alternate layers of laminated clay and chert gravel, in 
SE:J4 sec. 5, T. 11 S., R. 2 W. 

96 and 128. Alternate layers of sand, loesslike silt, ancl 
laminated day, in SE~SE1,4 sec. 9, T. 6 N., R. 13 W. 

D. Loess overlying or in upper part of Brussels or equivalent 
formations : 

130. Loess overlying or in upper part of Brussels formation, 
in SW1,4, SW1,4 sec. 1, T. 13 S., R. 2 \V. 

125. Loess oYerlying or in upper part of Brussels formation, 
in SE1,4SEJA, sec. 20, T. 12 S., R. 2 W. 

59. Loess immediately overlying and gradational into car­
bonaceous silt of Brussels formation, in SE14SW11i 
sec. 32, T. 10 S .• R. 2 W. 

60. Loess immediately overlying and gradational into car­
bonaceous silt of Brussels formation, in NE1,4SE%. 
sec. 30, T 10 S., R. 2 W. 

62 and 177. Silty clay immediately overlying and gmda­
tional into carbonaceous silt .of Brussels formation, 
in SE1,4SW% sec.19, T.10 S., R. 2 W. 

E. Upland loess. probably of Sangamon age : 
21. Loess on upland, in SE1,4 sec. 31, T.10 S., R. 2 W. 
35. Loess on unland, in s·W1,4NEY.t. sec. 29, T. 11 S., R. 2 W. 

E. Upland loess, probably of Sangamon age-Continued 
98. Loess on upland, in SW:14NE14 sec. 9, T. 6 N., R. 13 W. 

179. Reddish-brown loess below yellowish-buff loess in road 
cut, SE~ sec. 16. T. 7 N., R. 13 W. 

F. Peorian (?) loess: 
176. Distinctly laminated loess or silt alongside road. in 

SE:J4SvVlA, sec. 1, T. 10 S., R. 3 W. 
54. Loess on upland, in SW%SW~4 sec. 14, T. 10 S., R. £ W. 
27. Light-buff loess above reddish-brown loess along~ide 

road cut, in SE1/!SE~4 sec. 9, T. 11 S., R. 2 W. 
131. Lower loess alongside abandoned road, in NW:J4NW14 

sec. 32, T. 12 S., R. 2 W. 
G. Wisconsin ( '?) loess: 

132. Upper loess alongside.abandoned road, in NW~N""'V'~ 
sec. 32, T. 12 S., R. 2 W. 

H. Wisconsin or Recent calcareous tufa : 
78. Large cone of calcareous tufa, in NEl4NE% sec. 16, 

T. 11 S., R. 2 W. 
I. Recent or late Wisconsin alluvium of Illinois River: 

44. Hard silty clay in river bank, in NW:l4NW!,4, sec" 19, 
T. 12 S., R. 1 W. 

200. Sample taken by Illinois Department of Public Works 
and Buildings, Division of Highways, from borings at 
Hardin bridge site. Elevation between 405 and 428. 
NW1,4NW1,4 sec. 12, T. 8 N., R. 14 \V. 

J. Probably Indian refuse mixed with Sangamon loess: 
94. Fresh-water and land shells associated with human· 

bones in upland loess, in NW1,4SE,%, sec. 9, T. 6 N., 
R. 13 vV. 

K. Probably introduced by human agencies: 
97. In or on top of upland loess, in NE:J4SE1,4, sec. 9, T. 6 N., 

R.13 w. 
76. In or on top of upland loess, in SE14 SE%, sec. 15, T. 

10 S., R. 2 W. 
L. Recent or late Wisconsin stream deposits: 

39. Silt and gravel in small streams. Contains chipped 
flints. In NW%,NW14 sec. 32, T. 11 S., R. 2 W. 

129. Filled channel of alluvial silt. Contains chipped flints 
and potsherds. In SE%,SE1,4 sec. 9, T. 6 N., R. 13 W. 
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Backwater curve of stream slope ____________________________________________ 134,135 factors controlling ___________________ ------------------------------------ 131-133 
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Brassfield limestone, chemical analysis _____ ---------------------------------- :m, 156 Decorah limestone, fossils in ____________ --------------------------------- 19, 167-168 
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lithologic character ______________ ----------------------------------------- 18 
names ___________ --------- _________ --------------------------------------- 19 

name _____ -------------------------- __ ----------- _______________ ---------- 29-30 
stratigraphic relations ______________ ------------_----------- __ ------------ 29 

stratiF:raphic relations ___________ -------- _____ ---------------------------- 18 
Deer Plain formation, age ____________ ----------------------------------------- 95 

thickness_---------- ________________________________ ---------------------- 27 
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comparison with Brussels formation __ ------------------------------------ 92-95 
fossils _________________________________________ -------------- __ ------- 95, 174-175 

lithologic character ___________________________________________ ------------ 83-84 

mechanical analyses __________________________ --------------------------- 84, 1!\3 
origin _____ --------- ____ ------- _______ --------- _____________ --------------- 85-87 
stratigraphic relations ___________ ------------- _____________ ------------- __ 84-85 
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lithologic character ___________________________ ---------------------------- 91-92 
mechanical analyses __ -------- _____________ ----------------------- 92, 93,163-165 
origin ___________ --------------------------------------------------------- 95-96 
physiographic relations ________________ ----------------------------------- 95 
stratigraphic relations ________ -------------------------------------------- 95 

topographic expression ____ ---------------- ___ ------------ __ ------------___ 82 thickness _________________________ ---------------------------------------- 91 
Brussels terrace ... __________________________________________________________ 119-120 

Burlington limestone, chemical analysis ___ --------------------------------- _ 44,157 
topographic expression ________ -------------------------------------------- 9D-91 

Deer Plain terrace---------------- ______ ------------------------------------ 12Q-121 
fossils in__________________________________________________________________ 45 

lithologic character ___ ----- ___ ------------------------------------------ __ 43-44 
Deformation, major folding _______ -------------------------------------------- 145 

preliminary warping ______ --------------------------------------------- 144-145 
names ________ ------------ ____ ------------- _______________________________ 45-46 waning stages _____________ ---------------- _ ---------------------------- 145-146 
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stratigraphic relations _____ --------------------------- _________________ 44-45, 52 
Depth-width ratio of stream channels ___________________________________ 126,129-136 

Devonian ___________________________ ------------------- _____ ------------------ 3Q-33 
thickness_----------------- __________________________ ----------- __________ 42-43 
topographic expression ____ ------------- _ --------------- _ ______ _ _____ __ ___ 43 

Drainage pattern on the peneplain.----------------------------------------- 10!,107 

c 
Calhoun peneplain, age _____ ----------------------------- ___________________ 103-104 

drainage pattern ____________________________________________________ 104, 107-109 

relation to pre-Pennsylvanian unconformity--------------- 103; pis. 10, 20; fig. 3 
skyline surface _________________________________________ 102-103; pl. lOA; fig. 3D 

Calcareous tufa, chemical analysis ___ ---------------------------------------- 97,197 
distribution ____________ ------------------------------------------________ 97 
fossils in ____________________ ------------ __________________________________ 9'7-98 

E 
Edgewood limestone, chemica1 analysis _____ --------------------------------- 26,156 

formation and member names __________ ---------------------------------- 27 
fossils in ________________ --------------------------- __ -------------------- 27, 170 
lithologic character _____________________ ---------------------------------- 25-26 
physical tests ___________________________ --------------------------------- 26, 156 

stratigraphic relations ____ ------------------------------------------------ 26-27 
thickness. ______________ ------ _______ ------------------------------------- 25 

lithologic character _____ --------------------------________________________ 97 
Cap au Gres faulted flexure _________________________________________________ 139,143 

Carbondale formation, calcareous clay________________ ---------------------- 59 
ceramic tests ___________________________ ------------- ________________ 58, 16D-161 
chemical analysis ____________________________________ ----------___________ 58 

coal.--------- ______ ------------------------------ __________ -------------- 57-58 

F 
Faulted flexure, Cap au Gres _______________________________________________ 139-143 
Faulting ______________ ---------------- ______________________________________ 14Q-143 
Faults, strike ___________________________________________________ ------------ 141-142 

transverse ________________________ ------------_--------------------------- 143 

fire clay ____ ---------------------- __ ---------------------_----------______ 58 
fossils in _________________________________ --------- ___ ------ .. ____________ 59, 173 

limestone _________ ----------------________________________________________ 58 

Fern vale faunas ______ ---------------- ____ ------------------------------- 20, 167-168 
Flood plains, development ____________ -------------------------------------- 122-123 
Folding ________________________________________________________________ ----- 140, 145 

name_____________________________________________________________________ 59 Folds, on Lincoln anticline------------------------------------------------- 137-138 

~:~:i~~~ -t~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~-~~·-~~,-~57, 1~~ 
Fossil collections, Carboniferous (Mississippian) ____________________________ 172-173 

Carboniferous (Pennsylvanian) ___ ---------------------------------------- 173 
stratigraphic relations. ___ -------- ________________________________________ 52, 59 

Carboniferous (Mississippian series) __________________________________________ 33-51 

Carboniferous (Pennsylvanian series) ___ ---------------------------_---------- 51-61 
Cedar Valley limestone, chemical analysis ___________________________________ 32,157 

Devonian _________ ---------- ___ ------------------------------------------- 171 
Ordovician _______ --------- _____ ---------------------------------------- 167-169 
Quaternary ________________________________ :---------------------------- 174-175 

Silurian _______ ------------- _______ ---------_--------------------------- 17Q-171 
fossils in _________________________________________________________________ 32, 171 

lithologic character ___ --------- ________________ --------------------------_ 31-32 G 
name_------------ __ ------- _______________________________________________ 32-33 Geologic history of the area _____ -------------------------------------------- 15o-155 
stratigraphic relations____________________________________________________ 32 Glen Park formation, fossils in________________________________________________ 36 
thickness _________________________________________________________________ 3Q-31 lithologic character _________ ---------- ____ -------------------------------- 35-36 

Cement materials _____ ------------------------------------------------------ 157-158 name ________________________________________________ ------- ___ ----------- 36-37 

Cenozoic rocks. See under names of geologic groups. stratigraphic relations ________________ ------------------------------------ 36 

177 
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Grover gravel, age ___________________________ ------------- ____________________ 65-66 

agents of transportation _____ ---------- ____________________________________ 69-70 
deposition. _______________________________________________________________ 70-73 
lithologic character _______________________________________________________ 62-64 
name _____________________________________________________________________ 66-67 
origin _____________________________________________________________________ 67-74 

preservation______________________________________________________________ 73 
source of materials ________________________________________________________ 67-69 

stratigraphic and physiographic relations ___ ------------- _________________ 64-65 
thickness _________________________________________________________________ 61-62 

topographic expression ______________________ ----------____________________ 62 

Ground water ________ ------------ __________ --------------------______________ 166 

H 
Hamburg oolite __________________________________________________________ 36; pl. 7A 

Hannibal shale, ceramic tests __________________________ ---------------------- 38,160 
chemical analysis_________________________________________________________ 38 
fossils in __________ ----------______________________________________________ 38 

lithologic character ___ ---------------- ________________ -------------------- 37-38 
name _______________________ . _____________________________________________ 38-39 

stratigraphic relations____________________________________________________ 38 
thickness_________________________________________________________________ 37 
topographic expression ______ -------------_________________________________ 37 

Heavy-mineral analyses ________________________ ------------- ___________ 163, 164,165 
Human settlement in the area ________________________________________________ 9-11 

Illinoian till, fossils in_________________________________________________________ 81 
lithologic character_______________________________________________________ 80 
physiographic relations _______________ ---------------- ____________________ 80-81 
stratigraphic relations ____ ------------ ________________ -------------_______ 80 
thickness ___ ----------------______________________________________________ 80 
topographic expressions _____ ------------__________________________________ 78 

Illinoian till plain __________________________________________________________ 117-119 

Illinois River, application of concept of adjusted cross sections________________ 136 
Peculiarities ____________________________________________________________ 128-129 

Interdependence of stream slopes and channel cross sections ________________ 129-136 
Intermediate upland surface ________________________________________________ 109-110 

J 
Joachim dolomite, chemical analysis __________________________________________ 16, 156 

fossils in ______________ -------------_______________________________________ 17 
lithologic character ___ ------------- _______________________________________ 16-17 
name and identification___________________________________________________ 17 

stratigraphic relations _____________ --------------------------------------- 17 
Joliet limestone, chemical analysis ___________________________________________ 30,156 

lithologic character ___ -------------_______________________________________ 30 
name ____ -----------______________________________________________________ 30 
physical tests ____________________________________________________________ 30, 156 

stratigraphic relations _____________ ----------------_______________________ 30 

K 

Kansan gravel and tilL------------------------------------------------------- 75-76 
Kansan till plain ___________________________________ ---------------- ________ 116-117 
Keokuk limestone, fossils in ______________________________________________ 46-47,172 

lithologic character_______________________________________________________ 46 
name ____ -----------______________________________________________________ 47 

stratigraphic relations __________________________ ---------------- __________ 46,52 
Kimmswick limestone, chemical analysis _____________________________________ 20,156 

fossils in_------------- ____________________________________________ 20-21, 167-168 

lithologic character ___ --------------------------------------- _____________ 19-20 
name_____________________________________________________________________ 21 
physical tests. ___________________________________________________________ 20, 156 

stratigraphic relations____________________________________________________ 20 
topographic expression____________________________________________________ 19 

Kinderhook group __ ----------------------------- _____________ ------------- 33-41, 52 

L 
Lafayette graveL _____________________________________________________________ 66, 67 

Limestones, distribution______________________________________________________ 155 
tests ____________________________________________________________________ 155-157 

use ___ --------------------________________________________________________ 155 
Lincoln anticline ___________________________________________________________ 137-139 

Lincoln Hills physiographic section___________________________________________ 7-8 
Location of the area__________________________________________________________ 7-8 
Loess, fossils in_______________________________________________________________ 89 

lithologic character _______________________________________________________ 88-89 
origin _____________________________________________________________________ 89-90 

stratigraphic relations.___________________________________________________ 89 
thickness _________________________________________________________________ 87-88 

topographic expression ____ -------------___________________________________ 87 

Page 
Louisiana limestone, fossils in_________________________________________________ 34 

lithologic character ___________________ ------------- _______________________ 33-3! 
name __________________________________ ---------------------- ______ ------- 34 
stratigraphic relations ____ ------------ _____ -------________________________ 34 

M 

McLeansboro formation, features of. ________________ -------------------------- 52,60 
fossils in ______________ ------------________________________________________ 60 
name ___________________________________________________________________ -- 60-61 

McQueen, H. S., quoted------------------------------------------------------ 14 
Maquoketa shale, chemical analysis ___ -------------------------- ____________ ?2,158 

fossils in_------------- _______________________________________________ 23, 167-168 
lithologic character _______________________________________________________ 22-23 
name _______________________________________ ------- _____________ ---------_ 24 
physical tests. _____________________________________ ----------_____________ 22 

stratigraphic relations ____ --------- ________________ ------ ________ --------- 23-24 
thickness.---------- _______ ------ __________________________________ ------- 21 
topographic expression ____ --------- _______________________________________ 21-22 

Mechanical analyses ______ ---------------------------------------------. 1 'i-3,164, 165 
Meramec group ________ ---------------- ______ -------------------- __________ 47-51, 52 
Metals _____ -------___________________________________________________________ 167 
Metz Creek terrace ________________________________________________________ --- 120 

Mississippian series. ___________________________________ ----------------------- 33-51 
Molding sand, tests __________ ------------- _____________ ----------------------- 162 

N 

Nebraskan deposits ____________________ --------------------------------------- 76 

Noix oolite, fossils in--------------------------------------------------------- 27,170 
lithologic character__---------------------------------------------- 25 26; pl. 6A 

0 

Oil and gas___________________________________________________________________ 166 
Oil shale in Decorah formation ______________________________________________ 18, 167 
Ordovician ___________________________________________________________________ 13-24 
Osage group ___________________________ ------'------- _____________ ---------- 41-47, 52 
Overlap______________________________________________________________________ 144 
Overturned strata _______________________________________________ 137,140,143; pl. 7C 

p 

Paleozoic rocks. See under names of geologic groups. 
Particle analyses _______ ----------- __________________________________________ 163-164 

Pebbles of igneous and metamorphic rocks____________________________________ 90 

Peneplain, Calhoun ___ ------------- _____________ --------------------------- 102-104 
Pennsylvanian series. __ ------------ __________________________ ---------------- 51-61 
Phosphate ________________________________________________________ ------------ 167 
Physical tests ___________________________________________________________ 156-157, 165 

Physiographic record of geologic events.---------------------- ___ ------------- 136_ 
Physiographic relations. See under names of formations. 
Plattin limestone, chemical analysis _________________________________________ 17,156 

fossils in __________ -------------- _____________________________ ------ __ 18, 167-168 
lithologic character __________ ------------- ________________________________ 17-18 
names._----------------- ____________________ ---------- ___________________ 18-19 
physical tests. ___________________________________________________________ 17, 156 
stratigraphic relations ____________________________ -------- ______________ -- 18 

Pleistocene ____________________________________________ ------- ______________ -- 74-98 
Pond deposits, lithologic character_ ___________________________________________ 81-82 

stratigraphic relations ____________________________________ ---------------- 82 
topographic expression ________ --------____________________________________ 81 

Postpeneplain diversion of streams _________________________________________ 104-107 
Pottsville formation, fossils in _____________________________ ------------------- 56 

lithologic character ____________________________________________________ --- 54-55 

name ________ ------------- ____ ----------- __________________ --------------_ 56-57 
stratigraphic relations ______ -------- ___________________ ------- _________ 52, 55-56 
thickness ____________________________________ -----------__________________ 54 
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