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January 21, 1965
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I have the honor to transmit herewith a comprehensive report on the
GEOMORPHIC HISTORY OF THE OZARKS OF MISSOURI prepared by
Dr. J Harlen Bretz, Professor Emeritus of the University of Chicago, under
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WirLiam C. HAYES
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Geomorphic History of the Ozarks

of Missouri

by
J HARLEN BRETZ

ABSTRACT

With but slight changes of outlines, Fenneman’s classification
of the Ozark province (also called the Ozark dome) into subprovinces
is followed herein, although overlap of some of these beyond the
borders of Missouri are treated where data significant in understand-
ing Missouri’s geomorphology are involved.

As a subordinate science under the larger purview of Geology,
Geomorphology has two main aspeets: the operation of processes now
observable and the record of past operations in making our present
land forms. The latter is the theme of this study. As herewith pre-
sented, that history consists of a conflict between diastrophic forces
which have repeatedly elevated the Ozark province and gradational
forces which, during long intervening periods of tectonic quiet, have
repeatedly reduced most of the uplifted region to low relief.

Ozark uplands, from which many hundreds of feet of once over-
lying rocks have been eroded away and which now stand hundreds of
feet above major river valley bottoms, have long been interpreted as
remnants of uplifted peneplains. Although this view is challenged
today by two newer concepts of land sculpture, the earlier view is
herein defended as the correct one.

An almost complete coverage of the province by topographic maps
has made possible extensive correlations among these upland resid-
uals. Building on the work of earlier students, the interpretations
of this study find what is considered to be convincing evidence that
the newer concepts of cyclic pedimentation and of noneyelic dynamic
equilibrium are in error when applied to the geomorphic development
of the Ozark province.

The succession of events, diastrophic alternating with grada-
tional, is found to consist of the following:

1. A probable early peneplanation suggested by summit altitudes
of the Boston Mountains of closely adjacent northwestern Arkansas.
However, the record of this event has been wholly destroyed through-
out the province itself.

2. An uplift that rejuvenated the radial pattern of rivers flowing
off the Ozark dome, launched a new erosion cycle which destroyed the
presumed Boston Mountains peneplain over the whole province, and
culminated in making a later and lower peneplain, the Springfield.
But only a few remnants of the Springfield peneplain, constituting
flat-topped monadnocks, are still in existence because of a yet larger
uplift and consequently another rejuvenation of the streams.

3. The Ozark cycle of erosion was initiated by this uplift, and it
continued to the peneplain stage, only in turn to suffer the fate of the

9
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Springfield peneplain by reason of a third uplift. Remnants of its
peneplain are the nearly baseleveled upland plains, only slightly
warped by the domal uplift, which now constitute an outstanding
feature of much of Ozark landscape: that of an apparently contin-
uous, unaccented plain if one is unaware of the relatively narrow,
deep and steeply sloped river valleys between him and the distant
uplands at his level.

This dissected plain, the Ozark peneplain, is traceable off the
slopes of the dome northward across Missouri River to drift-covered
northern Missouri, eastward across the Mississippi River into Illinois,
southward across White River into Arkansas and westward into
Kansas. Yet many of its remnants possess low gradient creeks still
operating under Ozark cycle conditions. Some of this surviving old-age
drainage is actually radial for individual uplands only a few square
miles in area, their creeks and wet-weather drainages abruptly des-
cending from the upland margins into bordering deep valleys. This
drainage pattern is in most places quite independent of bedrock
control.

Another persistent feature of the upland remnants of the Ozark
peneplain is the red clay soil, highly charged with chert fragments,
that survives from the Ozark peneplain. Another is the existence of
monadnocks which stand alone or in compound groups on interfluves
and whose summits in a few cases carry the profile, even the soil or
the stream gravel, that records the Springfield peneplain.

The many air-filled caves of the Ozarks prevailingly record an
origin under phreatic conditions, under the vanished water table of
pre-peneplain stages of the Ozark cycle. They also prevailingly contain
records of a former complete or nearly complete fill of unctuous red
clay that filtered into them when peneplanation was essentially com-
plete and groundwater circulation therefore had come to a standstill.

This Ozark peneplain was not wholly a product of enormously
widened river valleys. What remnants survive are the very gently
sloped divide summits which existed at the close of that cycle. A few
places give evidence of a relief of 50 to 100 feet and even more be-
tween divide summits and valley bottoms of that old land surface.

4. This third domal uplift, which initiated the dissection of the
Ozark peneplain, caught the Mississippi, the Missouri, and the White
rivers on its flanks. Their resulting trenchlike valleys demanded com-
parable deep, steep-sided valleys of all the tributary rivers flowing
radially off the dome. Thus, the Ozark’s characteristic topography
was initiated.

5. The major river valleys which were developed in post-Ozark
time possess dissected strath terraces independent of stratigraphic
control. Two sets of these benches may be seen in the largest valleys
and in their existence are records of two minor uplifts that came
late in the valley making. In them also is a record of departure from
a theoretical symmetrical uplift for they are lacking in a group of
valleys on both the southeast and northwest flanks of the dome. In-
deed, valley bottoms in a large area to the northwest have very prob-
ably been alluviated, rather than deepened, during these strath-
making episodes. This came about from a minor upwarping athwart
their course farther downstream, but marked enough that the streams
could no more than keep pace with the uplift. Bottoms of these valleys
are essentially at base level today.
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Radially directed dip of the sedimentary formations involved in
the dome structure is prevailingly steeper than the radial gradi-
ent of the peneplain-beveled interfluve uplands. One consequence of
this disparity has been the development of in-facing cuestas. The
greatest of Ozark cuestas, the Eureka Springs escarpment, separates
the centrally located and largest subdivision of the province, the
Salem (or Ozark) subprovince on the east from the next largest, the
Springfield subprovince on the west. Much of the summit of this
escarpment is beveled by the Springfield peneplain. Other cuestas
carry definite Ozark peneplain beveling. Yet the drainage patterns
of some rivers show that along considerable stretches, these cuestas
were interfluves throughout the entire decipherable history, a part
of the relief ascribed to the Ozark peneplain.

The Springfield peneplain is correlated with the Dodgeville pene-
plain of southern Wisconsin, northern and extreme southern Illinois
and eastern Iowa. The Ozark peneplain is considered to be correla-
tive with the Lancaster (Calhoun) peneplain of the same states. The
earlier and higher strath terraces in valleys on the north slope of
the dome (Osage strath) are considered to be of the same age as the
Central Illinois partial peneplain and the lower set (post-Osage)
to be equivalent to the Havana strath of Illinois. But in the extreme
southwestern part of the province where are the most extensive
Springfield peneplain remnants, it is believed that the Ozark peneplain
on the southern slope is traceable westward into the White River
drainage as the higher strath of that valley, and thus to become an
Ozark strath. A lower one there represents the Osage strath stage.

Dating of these diastrophic and erosional events is tentative.
The Springfield peneplain may be recorded in well data in the low
Embayment area of the Missouri “boot”. The Ozark peneplain ap-
pears to be recorded there in hill lands of some of the “island’ tracts
of Paleozoic rock now isolated in the Embayment alluviation. If so,
it truncates the Wilcox formation and therefore is at least post
Early Eocene.

Pleistocene events have a scant record in the extreme northern
part of the province. Glacial ice of Nebraskan or Kansan age, which
had crossed the Missouri River valley for short distances, briefly
interfered with drainage but the resulting changes cannot yet be
definitely tied to certain drainage changes that came probably after
the post-Osage strath stage.

INTRODUCTION

The Ozark Plateaus physiographic province, as defined by
Fenneman (1938), includes the relatively high country that lies
south of the Missouri River, east of the Prairie Plains of Kansas
and Oklahoma, north of the Arkansas Valley, and west of the
Mississippi Valley and Embayment. The province also has an east-
ward linear extension across the Mississippi River into southern
Illinois. Recognized subdivisions based on topographic, altitudinal,
and lithologic differences are: 1) the Salem Platform or Plateau
of south-central Missouri and north-central Arkansas; 2) the St.
Francois Mountains, an island of crystalline rocks entirely sur-
rounded by the Salem Plateau; 3) the Shawneetown Ridge in
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southern Illinois; 4) the Springfield Platform or Plateau of south-
western Missouri and northwestern Arkansas; and 5) the Boston
Mountains Plateau in northern Arkansas and eastern Oklahoma.

The Missouri Geological Survey restricts the term “Ozark
Plateau” to Fenneman’s Salem subdivision. However, the “Ozark
province” includes all the subprovinces named and for an eluci-
dation of the geomorphic history of this part of the continent their
relations in space and their sequences in tectonic and gradational
events must be considered together.

During the accumulation of its thousands of feet of Paleozoic
sediments, the province repeatedly became a positive area. It has
been a land area continuously since Pennsylvanian time. It is
commonly called the Ozark dome because of its general topographic
contour and prevailing outward dip of Paleozoic formations. As a
topographic dome, it is elongated east-west with major structural
elongation toward the northwest. Minor folds and faults diversify
the structure. Mesozoic and Cenozoic denudation has scalped much
of the central part of the dome down to Ordovician formations.
In places, this erosion has exposed Cambrian rocks. Younger sys-
tems lie at lower altitudes around its slopes in irregular and locally
interrupted belts. Dips are generally steeper than the radial topo-
graphic slopes, hence there is consistent beveling of the formations
and an infacing of cuestas.

The highest area of the sedimentary rocks is on Mississippian
formations near the western end of the elongated dome. But the
highest country is found in the St. Francois Mountains subprov-
ince of Precambrian crystalline rocks at the eastern end of the
dome’s axis, and here also are the highest altitudes of such Paleo-
zoic formations as are present.

Asis to be expected of a repeatedly uplifted dome, major drain-
age with few exceptions is radial. The very crooked courses of the
larger streams have been the subject of studies since 1893. Most
authorities now consider that inheritance from meandering regi-
mens demanded by earlier baselevels is a large factor. The number
of peneplanations since the province last became land and the
amount and character of subsequent modifications have wvaried
with the investigator, but entrenchments from former peneplain
courses is acceptable to almost all.

Rocks of the dome are prevailingly calcareous, and solutional
reduction has occurred on a considerable scale. Missouri alone
has more than 1,450 catalogued caves. Yet karst topography is
limited as compared with the same formations in Kentucky and
Tennessee. The caves have been interpreted as largely the product
of subwater-table circulations under a mature topography that
vanished with peneplanation.

The St. Francois Mountains constitute the most striking de-
parture from the preceding generalizations. They are a limited
tract (about 70 square miles) of closely assembled mountains or
peaks of granite and felsite that rise islandlike above a sea of
Paleozoic marine sediments which once largely buried them. The
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Cambrian and Ordovician transgressions found no peneplaned
Precambrian region here, nor have these eminences suffered pene-
planation during removal of covering sedimentaries, although
such surrounding formations carry traces of a peneplain right
up to the flanks of the crystalline hills. In neighboring Kansas, a
late Precambrian peneplain on igneous and metamorphic rocks is
reported from well log data, although its quartzite monadnocks
are still completely buried beneath Paleozoic sedimentary rocks.

The dominant form of a St. Francois Mountain is rudely
conical. Dissection to exhume the mountains has produced many
narrows or ‘“shut-ins” in the igneous rocks, upstream from which
are broad re-excavated Precambrian valleys still floored with early
Paleozoic sediments.

Another departure from the fairly consistent domal structure
is found in the Shawneetown spur that lies in southern Illinois,
east of the Mississippi River trench. Here is a regional monocline
chiefly of upper Mississippian and lower Pennsylvanian rocks that
carries a south-facing cuesta whose north-dipping beds disappear
under the central Illinois coal basin. It is uncrossed by any stream.
Faulting is more common in the St. Francois subprovince than
anywhere else in the entire province, with consequent effects on
the stream-dissected topography.

The Boston Mountains of Arkansas comprise another marginal
subprovince of the Ozark province. Structurally, these mountains
constitute a flat, asymmetrical anticline containing subordinate
folds. They possess a strongly marked cuesta cliff facing the dome,
and their gentle southward regional dip carries their formations
into and under the Arkansas River valley. Lithologically, the Bos-
tons consist largely of Pennsylvanian shale and intercalated sand-
stone. Topographically, the east-west elongated mountain group is
greatly dissected, and if it ever carried a summit peneplain, that
feature is no longer recognizable. Curiously, the summits of this
weak Pennsylvanian rock which flanks the dome to the north are
higher than any place on the summit of that structure, even with
its dense dolomites, limestones, sandstones, and crystallines.

Without question, the northern scarp of the Bostons—greatest
of all the Ozark province escarpments—is the retreating cuesta
of a probably once-complete, Pennsylvanian cover of the entire
dome, except for the St. Francois Mountains.

The Salem Platform (or Ozark Plateau) is the largest of the
subdivisions of the province and constitutes most of the summit
area of the topographic dome. Most of this subdivision is held up
by calcareous Ordovician rocks, but near the higher Springfield
Plateau or Platform to the west there are many scattered monad-
nocks of Mississippian rocks. Although much dissected in the
present erosion cycle, radial interfluves and tangential cuestas of
the Salem (or Ozark) subprovince carry unequivocal evidence of
a former erosional base leveling that had reduced the subprovince
to low relief. :

The contact of this Springfield subdivision and the Salem is
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marked by a cuesta escarpment, longer and more irregular but
lower than that on the north face of the Bostons. This, the Eureka
Springs escarpment (called the Burlington in early literature), is
stratigraphically the edge of the retreating Mississippian forma-
tions that, like later Pennsylvanian, once completely covered the
province. The Springfield’s flattish upland surface slopes westward
and, thus, much of it is no higher than the central part of the
Salem. Its southern portion extends into Arkansas, and there it
has been read as a stripped plain on cherty Mississippian lime-
stone. Prevailing opinion is that it is an erosional plain that tran-
sects local structures. But opinion is again divided on the question
of its relation to the adjacent Salem. Is it of older development,
or is the Eureka Springs escarpment simply a surviving and re-
freshed cuesta of one and the same erosional surface?

The precision of contour maps and photographs is relied on
in illustrating this report instead of profile drawings which almost
invariably require gross vertical exaggeration. Limitations of page
space, however, have required omission in some cases of environ-
ing features that are genetically related to the subject depicted.
Accompanying features not involved and which would detract from
the purpose of the illustration have also been omitted in some cases.
The reader who wishes a complete picture should examine the
quadrangle maps specified.

Quantification has been limited in this study to simple arith-
metical measurements and comparisons of altitudes, gradients,
areas, and proportions. It might have been possible to develop
formulae, even equations, for the space and time relations state-
ments in mathematical language that would be impressive perhaps
but quite unnecessary in establishing the history we seek to un-
ravel. We believe that the English language provides all the pre-
cision our problems can involve.

Acknowledgements.—The field work on which this study is
based has been the cumulative result of three separate studies in
Missouri by the writer. The Geological Society of America financed
a study of filled sink structures, the Missouri Geological Survey
under Edward L. Clark’s direction authorized a study of Missouri
caves, and the same Survey under Thomas R. Beveridge’s adminis-
tration requested the present study. Many thousands of miles of
traverses of the Ozark country have resulted from these field
studies. The present report could not have been written without
the almost complete coverage by the Missouri Geological Survey
and the United States Geological Survey of topographic maps. Nor
could it have resulted from office study of the maps alone.

Many geologists have been consulted on various items of
the interpretation herewith presented. The chief ““bone of conten-
tion”, the failure of the theory of dynamic equilibrium to explain
Ozark geomorphology, has been discussed particularly with Thomas
Beveridge, Charles Brown, Lewis Cline, Chauncey Holmes, Leland
Horberg, W. D. Keller, John Koenig, Morris Leighton, Paul
MacClintock, Hoover Mackin, Robert Sharp, and Arthur Trow-
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bridge, some of them in the field. The interpretations herein are
believed to be acceptable to all.

Previous Studies

Geomorphology of various parts of the Ozark province has
had published descriptions and interpretations for the past three
quarters of a century. Interpretations have varied with their au-
thors and some ideas, once acceptable, have been abandoned by
later students because of increased knowledge of the field and
better understanding of processes involved. But differing concepts
of the region’s geomorphic history exist today. Outstanding among
rival schemes for delineating Ozark history are the Davisian cycle
of stream erosion, the Penckian cycle of pedimentation, and the
noncyclic concept of dynamic equilibrium. Pros and cons involved
will be repeatedly stressed in this study.

In addition to these fundamental thories are many local prob-
lems encountered during this present study, for the solution of
which there are at present insufficient data. Alternative explana-
tions for these are outlined with preferential leanings of the author.

The history of the unravelling, to date, of Ozark geomorphic
events began in the mid-nineties when two men, 0. H. Hershey
and C. F. Marbut, almost simultaneously announced the first ge-
netic interpretations of the Ozark dome’s geomorphology- Hershey
(1895) saw “duplex valleys” along the larger streams, specifically
the White and Missouri Rivers (Springfield and Salem subprov-
inces), whose valley-in-valley character recorded epeirogenic up-
lift after graded conditions had been attained. He also saw the
broad Ozark province interfluve uplands as remnants of a former
peneplain which transgressed all Paleozoic systems present and
was diversified locally by monadnocks. He rejected structural and
stratigraphic control for the flat uplands and for the floors of the
outer valleys.

Marbut and Hershey probably crossed each other’s routes
without being aware that another’s investigation was in progress,
and Marbut probably did not see Hershey’s paper before his own
contribution (1896)) was sent to the printer. In comparing Ozark
physiography—the word ‘“geomorphology’”’ had just been invented
—with that of the Appalachians, Marbut (1896, p. 26) noted that
“In Missouri, there is no evidence of more than one cycle.” He
wrote many pages on valleys and stream courses of the province
without mentioning the double valley character which Hershey
had designated as ‘“‘duplex”. His voluminous report covering the
entire state was intended originally to be a Ph.D. thesis under
W. M. Davis, but for some reason the degree was never conferred.

Though the concept of a peneplain had been some decades in
developing, the word was only six or seven years old when Hershey
and Marbut first used it, and the province belongs to those regions
where peneplanation was early recognized. These students worked
with nothing more than a few scattered 50-foot contour maps,
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aneroids, some railroad profiles, and their own “seeing eyes”. All
credit to pioneers who saw so well.

In 1901, Hershey again discussed Ozark geomorphic history,
this time reporting remnants of two peneplains in the uplands and
reaffirming the verity of broad outer valleys cut into the second
peneplain and in turn trenched by deep valleys of the present
rivers.

The first doubter of the verity of Ozark peneplanation was
A. H. Purdue (1901) who denied Hershey’s arguments and at-
tributed the even crests of the Boston Mountains to “massive beds
of sandstone” and their altitude to late Tertiary or post-Tertiary
uplift of this physiographic unit.

Hershey (1902) promptly replied to this paper, amplifying
former arguments but withdrawing his earlier ideas: 1) that com-
parison with the Ouachitas was valid and 2) that Quaternary up-
lift had occurred in the Bostons. He could see no “escape from the
conclusion that the Boston Mountains was a residual on [standing
above] the baselevel represented by the plain to the north—the
Ozark plateau” (Hershey, 1902, p. 163). Survival of the mountain
mass was attributal largely to the fact that it occupied the broad
divide between the Arkansas River and the White River and, thus,
had suffered only headwater erosion. The longer valleys of the
southern slope do actually record a succession of rejuvenations, the
erosional benches “coalescing so as to be apparently the product
of a single cycle of erosion” (Hershey, 1902, p. 163). The great
northern scarp is not a fault or faultline scarp, as it must be if
there had been late uplift of the mountain block.

By 1904, Marbut (p. 527) had recognized “the existence of
a peneplain lying at a lower level than that of the so-called Cre-
taceous peneplain of the same region. It is probably the same
feature as the one described locally in Barry and Stone counties
by Hershey in 1895.” Instead of 1895 it should have read 1901 for
Hershey never called his outer valley bottoms even partial pene-
plains. Furthermore, a report by Marbut in 1907 on Morgan
County, Missouri, (Salem subprovince) indicates that his lower
“peneplain” is probably Hershey’s “benchland” of the “duplex
valleys” and not an extensive beveling recorded in interfluve
summits.

In 1907, W. S. T. Smith and C. E. Siebenthal identified the
uplands of the Joplin district on the western slope of the dome as
a Cretaceous-Tertiary peneplain truncating structures and carry-
‘ing monadnocks. “When the land was near base-level”, widespread
upland chert gravels “must have covered much of the surface with
a heavy mantle” (Smith and Siebenthal, 1907, p. 8).

N. M. Fenneman reported (1909) on the land forms of the
St. Louis region (Salem subprovinece). His interpretation was that
but one peneplain was identifiable in the uplands. “In the nearly
perfect condition of the peneplain, the streams which made it
wandered over its surface somewhat aimlessly” (Fenneman, 1909,
p. 53). He believed that it had once been largely covered by La-
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fayette gravel from which cover the present meandering stream
courses had been superimposed after uplift. No references to ear-
lier publications were made. The possibility of two peneplains was
considered but rejected.

Approximately coinciding in date with Fenneman’s study was
a report by E. R. Buckley on the lead deposits in St. Francois and
Washington Counties of southeastern Missouri (Salem and St.
Francois subprovinces) in which two peneplains were recognized.
Old stream gravels were found only on the lower and younger
surface.

In 1913, two erosion cycles were again reported in the Ozarks.
Wallace Lee found their record high on the northern slope of the
uplift in the Rolla Quadrangle of Phelps County (Salem subprov-
ince). The later one had run to “late maturity or old age” before
interruption.

In 1916, A. H. Purdue and H. D. Miser found no evidence for
a Boston Mountains summit peneplain and were inclined to follow
Purdue’s earlier view (1901) that the “rather even summits” are
determined by the resistant sandstone of the Winslow formation
(Purdue and Miser, 1916, p. 19). Similarly, they favored the idea
that the Springfield Platform is a structural plain determined by
the cherty “Boone” formation and that the Salem Platform, at least
in northwestern Arkansas, is also structural. Nevertheless, they
recognized that successive erosion cycles, each the consequence of an
immediately preceding uplift, were on record. During the Salem
cycle, most of the Springfield Platform was destroyed, but many
monadnocks record its former presence.

W. A. Tarr (1924) found that the Osage River (Salem sub-
province), which almost tangentially skirts the low northern flank
of the Ozark uplift, had been caught on the rising bulge in such
a way that its valley bluff summits today become higher in alti-
tude for many miles downstream. The river thus is flowing diago-
nally against the regional slope. Taken with the remarkable en-
trenched meanders, this meant that the river originally traversed
a peneplain and that later up-warping had occurred slowly enough
for the stream to retain its antecedent course.

C. L. Dake (1930) believed that “a lower and younger partial
peneplain” (p. 19) was identifiable far up Big River drainage off
the northeastern slope of the dome. Not noted by Dake is the fact
that this erosional surface, traced farther southward on the Ironton
Quadrangle, constitutes a valley bottom divide between north-flow-
ing Big River and south-flowing St. Francis River.

Josiah Bridge (1930, pp. 31-32) saw a “high, much dissected
terrace” as a “remnant of a wide valley” margining the present
narrow valleys of Jacks Fork and Current Rivers (Salem sub-
province) on the south slope of the Ozark uplift.

In 1935, Dake (p. 705) found limited but widely distributed
remnants of a peneplain lying below the general upland level along
the Bourbeuse, Gasconade, and Meramec Rivers (Salem subprov-
ince). Distinction between such an erosion surface and the outer
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member of Hershey’s “duplex valleys” is difficult where brle_ﬂy
stated geomorphic interpretations are incidental to the major
theme. But Dake (1930) had clearly stated that one headwater
area—unquestionably at Summit (Bonne Terre Quadrangle) —was
beveled by his younger surface and was still untrenched by modern
valleys.

Fenneman’s monumental digest of literature dealing with the
physiography of the United States appeared in two volumes dafced
1931 and 1938. The later volume contains an excellent presentation
(pp. 631-662) on the “Ozark Plateaus”. The Boston Mountains in
adjacent Arkansas which overtop the highest parts of the Ozark
dome are treated as a much dissected plateau belonging to the
Ozark physiographic province. Hershey’s concept of 1902 is ac-
cepted, i.e. the Boston Mountains’ record includes two erosion
cycles while “Only one general peneplain seems to have been de-
veloped on the top of the Ozark dome in Missouri” (Fenneman,
1938, p. 658). Thus, the Springfield upland or plateau surface on
Mississippian rocks is considered to be of the same age as the Ozark
peneplain on Ordovician rocks in the central part of the dome. A
subdued cuesta held up by the “Boone” chert interrupted the old
land surface and separated the two portions of the peneplain.
“Freshened” by subsequent erosion, this is the Eureka Springs
escarpment, the outstanding escarpment of the Ozark dome.

Fenneman (1938, p. 661) saw the outer valley of White River
as a “strath or incipient peneplain”, correlated it with similar
features in other Ozark river valleys, and apparently accepted
the idea that they were of “Lafayette” age.

R. F. Flint (1941) interpreted the course of the Mississippi
River between St. Louis and Cape Girardeau (Salem and Shawnee-
town subprovinces) as antecedent to the warping which elevated
the peneplaned dome and caused its dissection. He found no valley
records in eastern Missouri of two stages in this uplift.

J H. Bretz (1942, 1958, 1956) interpreted a widely distributed
unctuous red clay in Ozark caves as derived from the residual soil
of a peneplain; such caves, therefore, being older than the pene-
plain. No commitment was made that more than one peneplain is
recorded in the Ozark land surfaces.

After more than 60 years of tacit acceptance, by nearly a
dozen students, of the broad interfluves of the dome as peneplain
remnants, this concept has recently been challenged. Two students
deny that peneplanation is recorded in any Ozark flat-topped inter-
fluves. J. H. Quinn (1956) has argued that all these upland flats
are pediments or pediplanes, left behind by scarp retreat during
arid interglacial episodes of the Pleistocene. The river valleys were
eroded during the glacial episodes which produced only pluvial
climates south of the limits reached by the continental ice sheets.
Quinn (personal communication) believes that the pediplanes
developed during the three interglacials are the Boston Mountains
(Aftonian), the Springfield upland (Yarmouth) and the Ozark
or Salem upland (Sangamon).
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J. T. Hack (1960) has denied the validity of the Davis scheme
of sequential stages in a cycle of erosion and the possibility of
peneplanation. His discussion includes the Ozarks. His substitute
procedure of erosional reduction of a topography is “dynamic
equilibrium”, and its end product is essentially the mature stage
of Davis’ erosion cycle.

J H. Bretz (1962) briefly reviewed the field evidences bearing
on Ozark geomorphic history and denied that the “dynamic equi-
librium” concept can be substituted in the Ozarks for the cycle of
erosion concept.

Problems and Conflicting Interpretations

The concept of peneplanation as the eventual result of uninter-
rupted downwearing by running water, developed by W. M. Davis,
has had worldwide acceptance by students of the genesis of land
forms. But in recent years, this concept has been losing adherents.
Some geomorphologists have developed and adopted modified forms
of Walther Penck’s (1953) concept of pedimentation (backwear-
ing) to account for an erosionally made, broad area of low relief.
Particularly, Davis’ picture of the process of denudational attack
in arid regions has undergone attack. Many peneplains of a genera-
tion ago are now interpreted as pediplanes, even where the sup-
posedly required aridity has vanished.

Some students (e.g. King, Ruhe, Hack) deny the formation of
Davisian peneplains under any conditions of rock or climate. Others
(e.g. Baulig, Holmes) would divide the field, allowing peneplanation
to occur under consistently humid climates.

Quinn’s brief challenge is in line with this tendency to read
presumably established peneplains as the product of pedimentation
processes and sets up one problem of Ozark topographic genesis.
The problem must be approached and kept within the bounds of
field evidence, drawn from both land forms and the time element
available.

Hack denies that diastrophic uplift of a region undergoing
stream attack has alternated with long periods of quiescence and
erosional reduction toward base level. No “cycles of erosion” have
occurred in making the “maturely dissected peneplains” so widely
recognized by the Davis school. The “stages” of the Davis concept
are purely theoretical. In Hack’s concept of “dynamic equilibrium”
in erosional forms, “all elements of the topography are mutually
adjusted so that they are downwasting at the same rate” (Hack,
1960, p. 85), that rate determined by rate of uplift (if uplift is
occurring), by character of substratum rock, and by slope attained.
The “rather uniform height of the hills” in a “ridge and ravine”
topography (a maturely dissected peneplain by the Davis school)
is the result of “regularity of the drainage pattern that has devel-
oped over long periods, by the erosion of rocks of uniform texture
and structure” (Hack, 1960, p. 91). This mature topography is
the end product, although as relief is lowered, the rate of down-
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wasting is slowed, and the waste removed is altered to even finer
textures.

There can be no resolution of the conflicts among these con-
trasted schemes of geomorphic evolution without careful sgarch in
existing erosional topographies for disharmonies, both 1nter1}al
and external. The Missouri Ozarks contain evidence of some sig-
nificant disharmonies which will be pointed out on later pages.

Field evidence must also be used in dealing with an older divi-
sion of opinion on the origin of the Ozarkian summit flats. Were
Purdue, Miser, and others correct in their understanding of the
Boston Mountains summit and of the Springfield and Salem plat-
eaus as stripped, structural plains? Admitting the erosion, they
refused to accept reduction to grade by it-

Successive epochs of active denudation with intervening times
of little alteration of the land surfaces are part of almost every
interpretation found in the Ozark literature. But every student
except Marbut has dealt with only a limited portion of the province,
and Marbut’s work was done early under handicaps that later
students have not encountered. He obviously never saw the Arkan-
sas Bostons, and he admitted that some Missouri areas were not
traversed. He found but one upland peneplain. Others have found
two, even three. Where multiple base leveling is on record in sep-
arate limited tracts (Hershey, Buckley, Dake), the problem of
correlation is faced. Fenneman attempted it, using his fixed idea
that Salem and Springfield plateaus are of the same age. This
problem must be re-examined and other reported baseleveled tracts
correlated.

Dating of erosional surfaces in the Ozark province has been
attempted by proposed correlations with Appalachian surfaces,
by presumed truncation of Mississippi Embayment formations, by
assumptions as to the age of overlying stream gravel, and by refer-
ence to the Pleistocene glaciations.

The date of the oldest erosion surface, the Boston Mountains,
has ranged from Jura-Cretaceous (Hershey) to Aftonian Pleisto-
cene (Quinn). The making of the most widespread existing surface,
the Salem Plateau (named the Ozark peneplain by Fenneman).
has been assigned to the Boston Mountain cycle by Hershey, but its
dating has been, by both Hershey and Fenneman, a full erosion
cycle later. By Hershey’s theory, the Boston Mountains’ second
uplift failed to affect the Ozark dome and, thus, left the Missouri
part of the peneplain of Boston Mountain age lying safely at base
level while the mountains entered a second cycle. The mountains
themselves do not possess Hershey’s second or Tertiary peneplain;
it only flanks them.

The Bostons’ present rough topography is, therefore, the cumu-
lative result of all erosion on their shales and relatively thin sand-
stones since uplift of the oldest peneplain. The only alternative
offered (Purdue, 1901) has been that the Bostons were uplifted,
J?.nd their dissection was begun in late Tertiary or in post-Tertiary
ime,
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'J_.‘he curi'ous existence of this mountainous group of shaly
r_ock in the.hlghest of the subprovinces thus has had two explana-
tions, each involving a sequence and a dating completely at variance
with the other. Because there appears to be no third choice, one of
these explanations must be correct. Which one?

Equally curious is the survival of Precambrian mountains in
the St. Francois subprovince. Not alone were they mountains of
respectable magnitude when the Paleozoic seas first invaded the
region, but they have remained without any notable modification
through the vicissitudes of all subsequent erosion.

S‘Fream gravels on high terraces and even on major interfluve
summits have been reported and generally dismissed as “Lafay-
ette”. Times and conditions of high-level gravel deposition have
very probably been different in different places.

The northern margins of the Salem and Springfield sub-
provinces carry records of a continental ice sheet or ice sheets
invading from the north.The extreme limit reached is not definitely
known. The effect of such an invasion on the trans-state portion of
the Missouri- River and its tributaries from the south and the
terrace records left after ice withdrawal began await more atten-
tion.

Themes of This Study

In this report, the following propositions will be defended:

1) None of the erosional flats on interfluve summits of the
Missouri Ozarks has been made by pedimentation. None is a struc-
tural plain per se. None records a noncyclic “dynamic equilibrium”
during its development. All are remnants of former peneplains.

2) Three successive peneplains (Boston Mountains, Springfield,
and Ozark) are recorded in the Missouri and Arkansas Ozarks. All
have been much dissected, and the oldest, though possessing rude
accordance of summit level in the Boston Mountains, Arkansas,
has lost all summit flats. Only a very few remnants of it exist
outside the Boston Mountains subprovince.

3) The eastern margin of the Springfield Plateau is part of an
erosion surface (Springfield peneplain) older than the Salem
Plateau (Ozark peneplain).

4) Uplifts which inaugurated successive erosion cycles warped
the uplifted peneplains. Evidence of the warping is found in the
interfluve longitudinal profiles and valley cross sectional profiles,
not in changes of drainage courses.

5) Uplift of the Ozark dome after its third (Ozark) pene-
planation has been interrupted by two pauses which are recorded by
strath terraces.

6) Stream gravel on upland surfaces is of different ages in
different places, and its existence alone cannot be used in correlat-
ing surfaces.

7) The Eureka Springs escarpment, where distant from major
streams, has retreated but little since the end of the Ozark cycle.
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8) Much base leveling of Ozark age occurred in the Springfield
Plateau west of the scarp. Only summit portions of the cuesta still
carry Springfield peneplain flats.

9) The Springfield peneplain is to be correlated with the
Dodgeville peneplain of Wisconsin and Illinois. The Ozark peneplain
is the equivalent of the Lancaster peneplain of Wisconsin and
Illinois.

ST. FRANCOIS MOUNTAINS

Two subdivisions of the Ozark province lack the character-
istic summit plane of a plateau. Views across the Boston Mountains
can, with a knowledge of the structure, convince one that the tract
once had a summit plane since lost to the rapacity of its streams.
The St. Francois Mountains subprovince, however, apparently
never possessed such a feature. Its topography is unlike a dissected
plateau for the individual eminences vary greatly in altitude and
lack flattish summits (Fig. 1). Nor is their ground plah that of the
expectable dendritic drainage pattern. Furthermore, there is no
system in the cross sectional profiles of the hills. Although drainage
goes to north-flowing Big River and south-flowing St. Francis and
Black Rivers, the subprovince’s divides do not consistently remain
on hilltops, nor where so located, do they consistently follow hilltop
elongations. In more than a dozen places in this relatively small
tract, major and minor water partings cross valley lowlands at
high angles to the trend of the valleys.

These aberrant drainage features are readily understood
when one realizes that most of the subprovince’s uplands are ex-
humed, steep-sided, Precambrian mountains (or mountain sum-

Fig. 1. South end of Buford Mountain seen from Elephant Rocks, St. Francois
Mountains; Ironton Quadrangle. R. Zangerl, photo.
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Fig. 2. Pilot Knob, St. Francois Mountains; Ironton Quadrangle. The notch
in the summit and the steepened left (north) slope record early
mining of hematite. R. Zangerl, photo.

mits) of crystalline rocks, highly resistant to erosion as compared
with the once-overlying Paleozoic formations. The summits reflect
something of the pre-Paleozoic drainage, but superposition of
streams during the exhumation has produced many narrows in
the emerging crystalline hills and presumably has failed to find
and re-excavate many of the older waterway connections.

As noted, there is no record of a Precambrian peneplain in
these summits. Profound erosion certainly has occurred, for the
intrusion of magmatie, ore-bearing solutions (Fig. 2) and of coarse-
grained granite (Fig. 3) predicates deep burial at some very early
time. If the pristine topography was ever evenly truncated by ero-
sion, the region underwent a later uplift followed by rejuvenation
that left convincing evidence that it then stood far from any major
continental river.

The ancient landscape now emerging has a relief of more than
a thousand feet insofar as exposed today, and its hills were as
steeply sloped and as crowded together as they remain today. Ex-
cept for the later stream-cut narrows (with even steeper slopes)
and talus and beach accumulations of Paleozoic age, the St. Fran-
cois Mountains today present almost no evidence of alteration from
their Precambrian forms. Yet their slopes were subaerially exposed
for a good portion of the Paleozoic era and much of all subsequent
time, and their higher summits still rise above the highest surviving
hills of Paleozoic rock.* One wonders how long a stillstand is
recorded by the Precambrian peneplain of the Canadian Shield.

Most of the drainage of the subprovince belongs to the St.
Francis River system. Figure 4 shows how that river’s headwaters

*Taum Sauk Mountain, 1,772 feet A. T., is the highest place in the entire plateau, and is
exceeded only by some summits in the Boston Mountains.
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Fig. 3. Elephant Rocks, St. Francois Mountains; Ironton Quadrangle. Weath-
ered outcrops of coarse-grained granite. R. Zangerl, photo.

describe a rude semicircle through the maze of crystalline hills
which were largely or completely buried at the close of Paleozoic
sedimentation. Tributary courses are even more erratic. Such a
drainage system never descended directly from an original den-
dritic pattern on plateau rocks. Some of the abandoned (or unused)
watergaps may be records of piracies now difficult or impossible to
reconstruct. Lateral displacement as the deepening stream valleys
encountered sloping crystalline surfaces may also have been a
factor in producing the St. Francis River pattern. It fits no text-
book classification. Simply stated, it is “complex”.

Many through valleys have never had a through-flowing stream
in post-Paleozoic time. They have been cleaned out entirely by head-
ward erosion of opposite-flowing streams. Narrows farther down
such streams, initially incised at altitudes higher than their head-
waters’ present valley-bottom divide, must neverthless be strictly
contemporaneous with the headwater erosion.

Every divide separating the four headwater streams of the St.
Francis drainage (see Fig. 4) descends from Precambrian summits
in two or more places to cross Precambrian valleys on whose floors
less than a mile may separate opposite-flowing stream heads.
Graded slopes prevail on each valleyway and continue across the
low divides. The Precambrian valleys thus intersected were once
continuous. Then, when the region was an archipelago of mountain-
top islands, they became completely obliterated by Paleozoic sedi-
ments. Why in the re-excavation, should the present valley floors
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Fig. 4. Map of complex drainage pattern in central St. Francois Mountains
showing: 1) mnarrows, gaps, and gorges occupied by streams, 2) nar-
rows presumably made by streams but now unused, 3) main divides,
and 4) mountainous areas.

at heads of opposed streams carry a valley bottom divide across
with scarcely a break in slope?

The answer seems afforded by the Big River-St. Francis River
valley bottom divide. Dake’s younger base level in Big River head-
waters, a “partial peneplain”, is traceable southward as the unusu-
ally wide lowland (of northwestern Ironton and northeastern Edge-
hill Quadrangles) which is drained by north-flowing Saline Creek,
a Big River tributary. Neglecting later stream entrenchment, this
lowland across diverse Paleozoic formations (Dake) rises south-
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ward upstream, 250 feet in six miles along the Saline and there, at
1,100 feet A. T. crosses (or is crossed by) the valley bottom divide
"to continue southward, as a narrower flat, for another two miles,
there rising to 1,220 feet A. T. at Graniteville. But this two-mile
length belongs to St. Francis River, not Big River! (Fig. 5).

At Graniteville, another valley bottom divide is crossed, beyond
which the still more narrowed valley is drained eastward by
Middlebrook Creek whose floor descends smoothly to 1,100 feet A. T.
in two and a half miles farther.

The third divide across the attenuated valley separates Middle-
brook drainage from the head of Knob Creek, south-flowing to
Stouts Creek. Here are minor interruptions made by low irregular
hills of Precambrian rock across which is a descent of about 50

Fig. 5. Map showing divides across valley bottoms. St. Francois Mountains;
Ironton Quadrangle. Arrows indicate direction of present drainage.
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feet in a half mile. Other than this, the entire floor is unbroken
across the heads of four separate streams, and it all was, before
minor stream entrenchment, a graded extension back upstream
from Dake’s “partial peneplain”.

This is only one valley bottom profile across the group of
mountains. The map (Fig. 4) shows that several others exist:
baseleveled flats on Paleozoics that still floor the Precambrian
valleys; fingerlike ramifications attesting to a former peneplaned
condition of the surrounding Salem subprovince.

The numerous narrows with cascades and low falls over
crystalline rock on all streams of the St. Francois subprovince are
a warning against too much confidence in this interpretation. To
what extent may these valley floors be local peneplains? Perhaps
some are. But may not a narrows in crystalline rock be cut down
to grade, even if it is not widened, the while that weaker Paleozoic
rocks are widely lowered to a long-standing base level? All present-
day cascades and steep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>