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One of the traditions of the IIli-
neis State Academy of Scicnee is
that the retiring president discuss
some topie of seientific research, or
education, in which he has a per-
sonal interest. This tradition seems
worthy of perpetuation, at least as
a means of emphasizing the objec-
tives of the Academy, and it is my
sincere hope that those of you who
are outside of my own area of re-
- search will find something of inter-
est in these comments,

As my contribution to this sueces-
sion of diseussions, I wish to con-
gider briefly some of the problems
that one cncounters in any attempt to
interpret historically the develop-
ment of the topography on the bed-
rock of Illinois. Over much of 1ili-
nois, the bedroek surface is obscured
by glacial, alluvial, and eodan de-
posits that range up to several hun-
fdred feet in thickness, and for the
most part, therefore, it is a buried
topography with which we are eon-
terned. Ag a somewhat naive orad-
uate stndent, I [irst beecame involved
In the interpretation of this bedrock
surface in 1937 when, with the aid
of the Illinois State Geological Sur-
vey, I undertook a study of the his-
tory of the abandoned valley of the
Ancient Mississippi River (Frye,
1988), Since that time, T have had

only Intermittent opportunities to
continue work on this problem, but
others have contributed significant
data and inlerpretations and T have
continuned to be interested in con-
sidering the regional implications of
these data in the solution of the
problem of reconstrueting the his-
tory ol this bedrock surface,

Illinois occuples a unigue position
in the drainage history of the vast
interior of the North American con-
tinent. The southern tip of the
state inclndes the northern limit of
the Mississippi Embayment along
which the Tertisry marine invasion
penctrated most decply into  the
contineatal interior. Forming the
boundaries of our state are the Mis-
sissippi, Ohio, and Wabash Rivers
— and the month of the Missonri
River is at our western border. The
gulfward outlet for part of the evol-
ving glacial Great Lakes was by way
of the Illingis River valley, which
extends diagonally across the state.
In other words, INlinols has been a
foeal point for the streams that
seulptured the bedrock topography
of the continental interior and, thus,
our area may be critical to the in-
terpretation of the regional erosion-
al history of much of the Mississippi
River hasin.

The shape of the bedrock surface
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over most of Illineis, masked by iis
mantle of glacial deposits, has been
described by Horberg (1846, 19507,
and the erosional history of the un-
glaelated “‘driftless area,” which in-
cludes the northwestern corner of
Tllinois, has been analyzed by Trow-
bridge (1921). In many parts of
Tilinois, the relief on the croded bed-
roek surface is gregter than that of
the present topographic surface be-
eanse the deep valleys that were cut
into the bedreck are invariably filled,
at least partly, with Pleistocenc de-
posits, whereas bedroek cxtends, in
general, to the highest points of the
present topography. Nevertbeless,
the shape of the bedrock surface is
generally similar to that of the pres-
ent surface in that it is characterized
by relatively bread and flat tabular
uplands that are nolched by sharply
incived valleys.

These tabular uplands are not all
at an accordant or congistent level,
but within the uplands there are sev-
eral ‘‘preferred’ elevations that
have been considered to be the prod-
uwct of the partial destruction of
former, relatively flat surfaces that
had heen developed by several dis-
tinet eycles of erosion (Trowbridge,
1921, 1959; Hoxberg, 1946, 1950,
Leighton, IEkblaw, and Horberg,
1948). Tt is generally agreed that
the erosional ineigion that produced
the deep bedrock valleys took place
after the last cyele of planation, or
““peneplanation,”’ that developed
these extensive upland plains, There
is marked disagreement, however,
concerning the age and the sequence
of events that produced the erosional
trenching below these upland sur-
faces and thus gave rise to the sys-
tems of major valleys — both past

Academy of Science

and present. At one extreme in the
range of historieal interpretations is
the conciusion that the topography
of the bedrock surface, Including the
exeavation of the decpest bedroeck
valleys, had developed to essentially
its present form during the Tertiary
Period {that is, prior to the first
episocde of continental glaciation),
and that during the Pleistocene (or
glacial) Period the erosional history
of Ilincis consisted of little more
than the burial of a former Jand-
seape. At the other extreme of in-
terpretation is the view (Frye, 1938}
that the deepest erosion of the bed-
rock vatleys did not take place until
after the advance of the Kansan
glaciers, which concludes, therefore,
that thiz event took place at a point
in time nearly halfway through the
olacial age.

It is true that we are dealing with
differences of interpretation hased
on inadeqguate and inecomplete data,
many of which are themselves sub-
ject to differenees in interpretation.
When we consider the means that
may be used to regolve such a marked
difference of opinion, it appears that
there are three general approaches
that may be helpful. These are,
first, the comparison, or analogy, of
the relationships as we see them in
Tilinois with other parfs of the Mis-
sissippi drainage system where the
physical events, ineluding the ero-
sional history, have been independ-
ently dated. We may use a seecond
approach to the problem by deter-
mination of the ages of the deposits
that rest upon the various elements
of the bedrock surface in Illinois and
then use these dates as hmiting
points in the development of the
surfaces on which the deposits rest.
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And third, we may use the genetic
implications of the shape and char-
acter of the surface itself as a gnide
to the eroxional history. Let us
briefly examine these several lines of
evidence.

In using the first approach to our
problem, when we search for regions
within the present Mississippi River
drainage basin with which to estab-
lish analogies with dated seguences
of events, we are econfronted with the
fact that a well cstablished late Ter-
tiary and carly Pleistocene chronol-
ogy does not exist in the eastern or
northern parts of the basin. When
we look southward toward the Gulf,
we find that the Tertiary chronology
ig based on the marine sequence and
that the nonmarine Pleistocene de-
posits are largely correlated with
events in our own region. It appears
that the most profitable direction to
loock for a meaningful analogy is
toward the west and southwest, be-
cause in that part of the basin we
find a nonmarine stratigraphic se-
guence extending throughout the late
Tertiary and Pleistocene that has
been correlated by vertebrate and in-
vertebrate fossils, ag well as by physi-
cal stratigraphy. The type areas of
the two earliest episodes of Pleisto-
eene continental glaciation oeeur in
the Missonri basin (Trye and Leon-
ard, 1952) and these early glaeial
stages have been integrated with the
stratigraphic sequence in the Creat
Plains, which serves to place them
with relation to a well dated sequence
of late Mioecene and Plioccne strata
(Frye, Teonard, and Swineford,
1956; Fryve and Leonard, 1959).
Toward the southwest, beyond the
direct influence of continental gla-
ciers, the deposits and terraces in

the Red River basin (Frye and Leon-
ard, 1963} have also been integrated
with the Greai Plains’ chronology.
As the Red River and the Missonri-
Kansas River system are major tribu-
taries to the Mississippi, their ero-
sional histories should be pertinent
to our problems in Illinois. ‘These
two basing present distinetly dif-
ferent bases of comparison as the
Missouri-Kansas Valley was direct-
Iy invaded by continental glaeiers,
whereas the Red River basin was
beyond the reach of continental gla-
eiation and its history therefore re-
flects only the regional climatic
changes and structural events., The
evidence from these western tribu-
tary basins (Frye and Leonard,
1952, 1963) stromgly indicates (1)
that the late Tertiary drainage lines
were at rclatively high levels and
were assoelated with surfaces com-
parable to our tabular uplands; (2)
that marked wvalley ineision tock
place during the Nebraskan; and (3
that the Kansan glacial stage wit-
nessed the final establishment and
much of the deop trenching of major
valleys in the positions they now
occupy. It is true, particularly in
the sonthwest, that valley disscetion
during the Illinoian and Wiscon-
ginan generally exceeded the depth
of the Kansan valley floors and lo-
cally produeed drainage changes.
but otherwise did not profoundly
modify the bedrock topography. Tt
appears that our first approach sup-
ports the intcrpretation of a yonung
age for the deep bedrock vallays, but
this cannot be eonsidered conclusive
evidence until the terraces have been
traced from these areas into the Tli-
nois region.

When we consider our second ap-
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proach to the problem by the dating
of deposits that lie upon and above
the bedroek surface in Illinois, we
diseover that this method becomes
progressively more precise as we ap-
proach the Reeent in age (Leverett,
1399 ; Frye and Willman, 1960 ; Will-
man, Glass and Frye, 1963). Some
uyneonsolidated deposits on bedroek
(e.g., in Adams and Pike Counties)
may he as old as Cretaceous and thns
define In a present upland the po-
gition of a surface that developed
prior to the Terliary. Many de-
posits of chert gravels in upland sit-
uations in southern and western INi-
nois have been ecalled ‘‘Lafuvette
type’”” and have been assigned a
Tertiary age by many workers, On
the hasis of these age assignments
it generally has been held that the
bedrock upland surfaces were all de-
veloped prior to the end of Tertiary
time, and further, that the supposed
absence of Pleistocene water-laid de-
posits on these nplands implies that
the trenching of the deep valleys
also took place hefore the end of
Tertiary time. Although it is prob-
able that ages from Crelaceouns
through Tertiary are represented by
some of the upland gravels in Illi-
nois, many, if notl most of these de-
posits have not as yet been dated
with ecrtainty. Some of the npland
gravel deposits, as exemplified by
exposures in southern Calhoun Couu-
ty, vontain pink guartzite boulders
more than two feet in diameter, and
exeeedingly sparse cobbles of igneous
rock ; such deposits are most reason-
ahly explained as the produet of gla-
cfal transport — probably by 1ihe
Nebraskan. As these deposits of
probable Nebraskan age oceur on
tabular divides above deep bedrock

valleys their presence casts doubt on
the existencc of the deep valleys st
the time of their deposition,

In illineis we find that eonfirmed
localities of Nebraskan glacial till
are so rare as to have minor value
to the solution of this problem. How-
ever, there are a few water-laid
gravel deposits for which a Nebras-
kan age is {airly well established, for
example north of Banner in Peoria
County. The position of these de-
posits sngoests that by Nebraskan
time the major valleys were incised
below the bedrock tabular uplands,
but probably were well above the
posilion of the present flood plains
of the major valleys.

Since neither Tertiary deposits
nor Nebraskan glacial till serve to de-
fine with certainty the age of the
deep hedrock walleys in Tlinois it
appears that the relation of Kansan
till (that is, the second major gla-
cial episode) to the bedrock surface
may be crifical to our problem. As
the position of the Ancient Missis-

sippi Valley has been  deseribed
{Horberg, 1950; Frye, Glass and

Willman, 1962} us leaving the pres-
ent Mississippi above Moline and
trending east south-cast to the hend
of the Illinois River in Bureaun
County, and approximately along
the Illinois Valley to the Mississippl
near Alton, it would appear thaf
there should be ample opportunity
1o relate Kansan till to this major
valley irench. Unfortunately, how-
ever, the Kansan glaciers from the
west fell jusi short of reaching this
valley and it is not known whether
or not the I{ansan glaciers that in-
vaded Tilineis from the norlleast
reached this far to the west (Will-
man, Glass and Frye, 1963). Such
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a geographic pattern deprives us of
the possibility of relating the stra-
tigraphy of tills of I{ansan age to the
trench of the Aneilent Mississippi
Valley. Also, this same geographic
pattern causes one to speculate as to
the possibility that Lhese glacial
fronts may have been the barriers
that served to establish the course of
this major stream. Definitive use
of this approach must await refined
subsurface sindies in east-central
Nlinois of corrclations of the several
till sheets and the relation of these
tills to the bedrock valleys of east-
ern fribuntaries to the Ancient Mis-
sissippi River.

In spite of the uncertainties in the
use of this method of establighing
Terliary and early Pleistocene dateg
for bedrock sculpture, when we
reach IHinolan time the siratigraphy
of the deposits overlying the bed-
rock shows us conclusively that the
meajor bedrock valleys had been cut
into their deep channels hefore the
advance of the Illincian glacier. The
Ancient Mississippi River, which had
temporarily been diverted to a west-
ern course by the advancing Tllincian
glacler, returned to its former ecourse,
refiected in the topography of the
till plain surface by sags over the
deep erosional valleys, after the
withdrawal of the last of these pul-
sating vlaciers. This ancient course,
altheugh it was roughly parallel to
the position of the present INincis
Valley, was somewhat east of it in
Putnam, Marshall, Woodford, and
MecLean Counties, and it joined the
trench of the present Illineis Valley
by way of the lower Sangamon Val-
ley in southwestern Mason County.
The major stream was not Forced
into the present position of the Mis-

gissippi River unftil the first advance
of the Woodfordian glaciers during
the later part of Wisconsinan time,
The Mississippi was subsequently
prevented from returning to the an-
cestral eourse by the presence of
prominent end moraines across the
position of the buried bedroek val-
ley in Bureau County.

Now Iet ug turn to owr third ap-
proach to the problem, by eongidera-
tion of the genctic implications of
the shape or form of the bedrock
surface itself. Trowbridge (1921)
ntilized this approach in his detailed
analysis of the several accordant
levels within the divide areas in the
unglaciated region of the upper Mis-
sissippi  Valley ‘‘Drifiless Area,”
and Horbherg {1946, 1950}, by use
of extensive subsurface data, has
analvzed the planated surfaces be-
low the drift in Illinols. Studies
that have been made of the npland
hedrock topography, both where it
is buried hy glacial deposits and in
the unglaciated region, have mosily
reached the eonciusion that several
eveles of regional erosion oceurred
before the event of major dissection
that produced the deep bedroek val-
ley trenches. If several distinet
eyeles of crosion did in fact oceur,
each of them must have progressed
to an advanced stage to have pro-
duced the broad flat areas that are
ascribed to them, It is not our pur-
pose here 1o attempt to determine if
these seemingly accordant levels are
the result of multiple cycles of pene-
planation caused by sadden marked
changes in base level, or if they were
produreed by one continuing episode
of erosion and therefore are the re-
flection of differences in the erosion-
al resistance of varions bedrock
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units, or, perhaps, if they may even
represent successive pediplains, It
1s sufficient for our purposes to agree
with the overwhelming weight of ovi-
dence that the upland surfaees had
been developed by the end of Ter-
tiary time and that during Pleisto-
cene time thev were modified only
locally by glacial erosion. There-
fore, we are again brought back fo
the problem of the interpretation of
the deep bedrock valleys cut below
these upland surfaces. When we
eonsider these hedrock valleys from
the viewpoint of their morphology
we find that we have hoth regional
data (Horberg, 1950} and local de-
tails that are not ecompatible with an
erosional development expectable nn-
der conditions of struetural stability
and uniform base level control over
an extended period of time.

The local details of morphology,
although suggestive, are far from
conclusive in the solution of our
problem. The significant features
of the Jocal topography include pre-
cipitous valley bluffs suggestive of
yvouthful eanyon eutting, both at the
surface and buried beneath the
Pleistocene fill; sharply faceted
gpurs, particularly along the lower
part of Illinois Valley: tributaries
whose bedrock fHoors have over-
stecpened gradients adjacent to the
master valley; and a druinage pat-
tern that certainly i3 not reminis-
cent of a long established and well
adjusted drainage systemn.

The outstanding regional morpho-
logie anomaly of the major valleys
is the gradient of the bedrock fHoor
of Ancient Mississippt Valley. For
a distanee of about 350 miles south
of the northern border of Illinois the
floor of this bedrock valley, as con-

toured by Horberg (1850), declines
less than 50 feei in altitude, which
indicates the equivalent of & uniform
gradient, if it is in fact uniform, of
less than 1/7 of a foot per mile.
Such a gradient is clearly ineonsist-
ent with the shape and pattern of
this erosional valley. Furthermore,
we are confronted with the necessity
of explaining this anomalous gradi-
ent across a region where the strue-
tare of the bedrock gives us no help-
ful clues.

A reasonable explanation of gradi-
ents in these bedrock valleys may be
furnished by the concept of tempo-
rary warping of the crust produced
by the loading and unloading of gla-
cial ice during the Pleistocene. Sueh
a concept has been supgested as the
explanation of the anomalous gradi-
ent of the hedroek valley flogr of an
abandoned drainage way through
whieh Kansan outwash discharged
in central Kansas (Frye and Leon-
ard, 1952, p. 190). Although no di-
rect measure of crustal depression
by earlier glaciers is possible, 1t has
been estimated that the last maxi-
mum of the Wisconsinan glacier de-
pressed the erust more than 2000
feet in central Canada (Farrand and
Gajda, 1962, p. 10). TUnless we as-
sume that the rocks of the erust are
without strength there musi have
besn a complementary ‘‘forebulge’”
gsurrounding this depressed area.
Such an isostatic “*forebulge’’ might
be compared to the low ridge that
rises around a pebble dropped on the
surface of a pool of purtly congealed
tar. Irurtlermore, if we relate the
eontral isoslatie depression and pe-
ripheral elevation to a simple lever, a
positive movement at the crest of
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the “‘forebulge™ of more than 200
feet seems reasonable.

In order to gain a better quan-
titative view of the erustal sitnation,
L. P. MeGinnis, geophysicist with
our Survey, has calenlated volumes
of ernstal material that would be
involved if we assume a symmetrical
ice mass comparable in mazimum
dimensions to the Wiseonsinan and
with the amount of central depres-
sion assigned to this last glaciation.
He suggests that the total volume
of rock displaved to aecommodate
such a depression beneath this ide-
alized ice cap amounts to about 2.6 X
10° cubic miles. This volume would
have to move into the *‘forebulge’’
area unless the earth behaved like
a lignid, which it docsn™. If this
volume were moved into a 400 mile
wide ring around the generalized
“circle’” of the ice cap the peripheral
ring would ke raised in elevation
ahout 420 feet. If this volnme were
moved into an 800 mile wide ring,
the ring wonld be raised roughly 160
feet,

If we project these relations back-
ward in time if is apparent that both
IMinoian and Kansan glaciers were
more extensive, at least in Ilinois,
than were the Wisconsinan glaciers
and therefore it is safe fo asswme
that the isostatic movement of the
surface was a8 great or greater than
these approximations during the
Kansan and Illineian glacial epi-
sodes, and that they may have
equaled this amount during the
Nebragkan.

Another faetor that is pertinent
to our analysis of the effect of isos
tasy on valley development ig the
timing of the eauses and effects. Re-
bound after glacial unloading is

known to lag by some thousands of
vears before the erust approaches a
return to equilibrium {Farrand and
(Gajda, 1962) and it is reasonable to
assume that the subsidence of the
peripheral bulge must also lag be-
hind the removal of its ecausc. Also,
the speed with which glaciers are
know to have advanced and retreated
{Frye and Willman, 1960} suggests
that isostatic crustal movement
lagged hehind the cansative event.
These time relations lead to the eon-
clusion that when continental gla-
ciers were advancing rapidly they
were riding up onto the back side of
their own induced ‘*forebulze ™, and
that when they were retreating
rapidly a ftfopographic depression
generally oceurred between the mar-
gin of the glacier and the back-slope
of the peripheral swell or forebulge.

‘When we consider the loeations,
shapes and gradients of the deep bed-
rock valleys of the Illinois region in
light of the foregoing it appears that
many of the apparent anomalics may
be explainaed by valley incision be-
low a temporarily up-warped sur-
face during and immediately lollow-
ing episodes of continental glacia-
tion, and that the present gradicnts
of the bedroek floors of the deep
filled valleys are quite different from
the stream gradients that existed
while these sharply incised valleys
were being cut.

If a stream were forced across the
position of a forebuige by the physi-
eal prescnee of glaejer fronts if seems
certain that the large volumes of
water known to have been present
during episodes of glaciation — and
therefore flowing down these ab-
normally steep gradients — would
have produced rapid incision of val-
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leys characterized by a youthful
morphology. Thus, positions of ma-
Jor drainage lines would have be-
come fixed before the complete dis-
sipation of the glaciers and hefore
isostatic readjustment could have
been far advanced. As the interval
of rapid and deep valley cniling
must have been followed by the sub-
sidence of the forebulge area and the
resultant flattening, or even reversal
of the gradients in segments of the
major valleys, ithe final result wonld
be overdeepenad vallevs eut in bed-
rock and subsequently partly filled
by alinvial deposits, Indeed, this is
the sitnation as we find it in Tllinois,
It is interesting to note that the long
scgment of essentially no gradient in
the bedrock valley of the Ancient
Mississipp? is within a rewion that
should have been strongly influenced
by forebulges of both the Kansan and
the [linoian glaciers, and that might
also have been similarly influeneed
by the Nebraskan glacier. Consider-
ation of this approach lo the general
problem of genetie interpretation of
the bedrock surface of INinois may
prove to he g fremitful field for de-
tailed research in the future.

In this brief review it has not
been my intention to attempt defini-
tive answers to the many gnestions
involved in the interpretation of the
history of the development of the
bedrock surface of Tllinois, but rath-
er to point out some of the problems
as they appear to me and to sugpest
some of the possible lines of attack
on these problems. Tf by so doing T
have helped to stimulate new thought
and activity, T will huve been sue-
cessful,
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