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GEOLOGICAL INVESTIGATION ’
OF THE
ALLUVIAL VALLEY OF THE LOWER MISSISSIPPI RIVER

By
HAROLD N. FISK, Ph. D.

INTRODUCTION

. The present geological investigation of the Alluvial Valley of the Lower Mississippi River was conducted
for Brigadier General M. C. Tyler, President, Mississippi River Commission, under the general supervision
of Mr. Gerard H. Matthes, Head Engineer, Director, U. S. Waterways Experiment Station, Vicksburg, Miss.
The project was authorized by, the Chief of Engineers, U. S. Army, Washington, D. C., in May 1941. It is
the intent of this report to present the results of the investigation as concisely as possible and to record
graphically the detailed information accumulated in the extensive area under consideration. In order to keep
the report within reasonable length, no attempt is made herein to review systematically the literature of the
region or to introduce unnecessary details. -

The several parts of the report consider the general geological features of the alluvial valley in the
following order: a summary of the major characteristics of the valley; the nature of the Mississippi entrenehed
valley system; the nature and distribution of the Recent alluvium filling the entrenched valley system; the
characteristics of the alluvial plain; the Recent history of the valley; a discussion of the Mississippi River
and its activities; and summary and conclusions. An appended section presents the geologic setting of the
alluvial valley and a brief summary of the pre-Recent geological history of the region.

Personnel: Personnel of the U. 5. Waterways Experiment Station made up the geological staff. . Mr.
P. R. Mabrey, Associate Geologist; and Messrs. W- J. Hendy, Jr., Rufus J. LeBlane, and R. H. Smith, Assist-
ant Geologists, conducted the investigation under the immediate supervision of the consultant. Each member
of the staff participated in the various phases of the project but was more closely concerned with certain aspects -
of the investigation. Mr. Mabrey supervised the program of project borings and collected much of the well
log data in the alluvial valley region. Reconstruction of the history of the alluvial plain and of the Missis-
sippi River and the paleontological interpretation of samples was largely the work of Mr. Smith. Mr. Hendy
conducted much of the investigation of the geological setting of the alluvial valley and studied the alluvial
deposits along the Mississippi River. Studies of the Quaternary deposits in the Mississippi Delta region
and studies of the entrenched valley system and the Recent alluvium were conducted by Mr. LeBlanc. Each
man helped prepare those parts-of the final report which had been the object of his investigation. Illustrations
for the report were prepared by Mr. W. O. Dement, Draftsman, Mississippi River Commission, Vicksburg,
Miss.

Nature of Investigation. The geological investigation was made to ascertain the nature and origin of
the Alluvial Valley of the Lower Mississippi“River and to determine the sequence of events in valley evolution.
Studies connected with the investigation made it possible to establish stages in the development of the Missis-
sippi River system and to differentiate major factors which permitted the establishment of the river in its
present course and which control its present behavior.

Events of the past ‘15 years have made it possible to conduct the geological investigation. Prior to -
1927 accurate maps were not available for the entire region. Now topographic maps made by the Mississippi’
River Commission cover the alluvial plain, and planometric maps of the deltaic plain have been issued by the
State of Louisiana. The region has been photographed from the air, and study of scaled photographs is
possible. Many deep borings have been made for engineering projects along the river, for water supplies
in many parts of the valley, and for petroleum exploration. Only scattered borings had been made in the
valley prior to 1927.

Aerial photographs and contour maps were used in developlng the history of the alluvial plain surface.
The continuity of abandoned courses of the Mississippi River and its tributaries can be clearly traced on
aerial photographs where the scars of abandoned channels and associated features are discernible from the
patterns of soils, vegetation, and drainage. The distribution of soils and vegetation were-checked by field
examination of loeal areas, and soils distribution was further checked by study of samples taken from borings.
Complete photographic coverage of the alluvial valley was available for this invéstigation execept for some
areas in the coastal marshes of south Louisiana. Photographs employed were those used by the Mississippi
River Commission in mapping the alluvial valley region (scales, 1:10,000, 1:12,000, and 1:20,000) and more
recent photographs made for the Department of Agr‘iculture (scales, 1:20,000, 1:62,500, and 1:125,000).

-
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Studies of the alluvium utilized the data from approximately 16,000 borings,' over 3,000 of which pene-
trated its entire depth. The borings are more closely spaced along the levee system of the Mississippi River
in the central part of the valley, within the rice growing areas of eastern Arkansas, in the Monroe Uplift region
of northeastern Louisiana, in the New Orleans area, and in the oil fields of southern Louisiana. Most of
the more than 300 borlngs made for this project were located along four main transvalley lines; Harrisonburg,
La., to Natchez, Miss.; Badstrop, La., to the vicinity of Yazoo City, Miss.; Pine Bluff, Ark., to the vicinity
of Memphls, Tenn.; and Poplar Bluff Mo., to Wickliffe, Ky. Lines of bormgs were also made across several
tributary stream valleys at the northern end of the region.

The nature and.local distribution of the alluvium of the valley are shown in detail in cross sections
developed from the project borings. ‘Subsurface contour maps showing the configuration of the floor of the
valley (base of alluvium) and the top of the graveliferous sediments were constructed from all available data
and were controlled by project borings.

Factors controlling the configuration of the alluvial valley were determined from studies of the structure
and stratigraphy of the Central Gulf Coastal Plain. Lithologic logs, electrical logs, and paleontological
reports of over 1,500 deep borings scattered throughout the region were examined. Of these, over 500 key
borings are located on structural and isopachous contour maps. A few of these borings were drilled to depths
of more than 13,000 ft., many of them to more than 10,000 ft., and most of them reached below a depth of
5,000 ft.

The geology and stratigraphy of the floor of the valley were developed from published data and from
the lithological and paleontological study of several thousand samples of bedrock obtained from borings.

Sources of Information. Well log data and other information essential to the completion of the report

~ were obtained from petroleum companies, government agencies, state geological surveys, water-well drilling

companies, individuals, and published sources. The contributors are as follows:

The War Department, U. S. Corps of Engineer Offices:

Office of the President, Mississippi River Commission, Vlcksburg, Miss.
U. 8. Waterways Experlment Station, Vicksburg, Miss. * .
U. S. Engineer Office, Little Rock, Ark.~
Y--SEngineer Ofﬁ‘ce“ﬁounwﬂle—Ky - . :
U. 8. Engineer Office, Memphis, Tenn.~
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U. S. Engineer Office, St. Louis, Mo. v~ .
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0Oil Companies:

Arkansas Fuel Oil Company
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The Carloss Well Company
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Mr. Kenneth Gilbert, Stuttgart, Ark>
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Mzr. J. 1. Seay, Pres1dent Memphis, Tenn.

) 1 (I\L})ples of logs of all wells or borings used in the preparation of this report are on file in the Office of the President, Mississippi River Commission, Vicks-
bure. Miss
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Part I

THE ALLUVIAL VALLEY

The Lower Mississippi River and its tributaries follow a broad gulfward-sloping lowland for more than
,600 miles across the Central Gulf Coastal Plain from Cape Girardeau, Mo., to the Gulf of Mexico (plate 1).
"The lowland is bordered by abrupt escarpments and is known as the M1551ss1pp1 Alluvial Va:lley

In point of origin, the alluvial valley is a compound feature, a ‘“‘valley-within-valley” formed during
the final cycle of world wide glaciation. During the last glacial stage, when sea level was several hundred
feet lower than at present, the Mississippi River valley system became deeply incised within the coastal plain
sediments. Slow aggradation, during and subsequent to the period of rising sea level when glacial ice masses
were melting, incompletely filled this entrenched valley system and gave rise to the present surface, the alluvial
plain. The topography buried under the alluvium is rugged, and in many places the bottoms of the trenches
extend farther below the plain than the exposed valley walls rise above it.

The alluvial plain of the Mississippi Alluvial Valley merges with the alluvial plains of the tributary
valleys that extend into the marginal uplands (plate 2). These plains also overlie deep trenches and are
bordered by steep valley walls. Inasmuch as the overall pattern is similar to that exhibited by coastlines
embayed by estuaries, the expressive term ‘“‘alluvial drowning”* has been used to point out that the valleys
of the Lower Mississippi River system are drowned by a deep and wide filling of alluvium in much the same
fashion that the embayed coastline of the northeastern United States is drowned by the sea.

The alluvial plain includes both the floodplain subject to seasonal flooding and dissected alluvial plains
not completely covered by flood waters. The floodplain has a total area of about 35,000 square miles, includ-
ing the 13,000 square miles of near sea level deltaic plain south of the head of the Atchafalaya River. The

dissected alluvial plains, once a part of the river floodplain, are set off from the floodplain by definite escarp- '

ments frayed in places by many minor stream valleys. They cover nearly 15,000 square miles in the northern
and central parts of the alluv1al valley, and the stream valleys incised within them are subject to backwater
flooding.

Streams have been the dominant-agents in the construction of the alluvial plain, but only the latest
epoch of the aggradational history can be interpreted from the present stream courses and from traces of their
abandoned counterparts (plate 2). Kach floodplain stream maintains a highly sinuous course about the
axis of which it constantly shifts to form meander loops and bends. Such channel shifting takes place within
well-defined zones, meander belts, whose widths are determined by the size of the streams. The many scars
left within a meander belt when a stream migrates or cuts off and abandons meander loops (figure 1) provide
a means of interpreting the local aggradational history.

Streams of the valley have large stage variations and in their natural state periodically overflow their
banks. Sediments deposited on the outside of bends during overflow stages form natural levees, low alluvial
ridges which slope away from the river. Continued occupation. of a meander belt causes natural levees of
adjacent meanders to coalesce leaving continuous alluvial ridges in the floodplain. These meander-belt
ridges rise above adjacent swampy lowlands to form the highest aggradational floodplain features (figure 1).

Sweeping across the valley in great arcs, the present Mississippi meander belt impinges against the
valley walls or alluvial ridges to inclose or block off large floodbasins, such -as the St. Francis, Tensas, and

Boeuf basins (plate 1). Flood waters entering these basins drop their load of suspended sediments and slowly -

aggrade the valley surfaces.

The outlines of abandoned meandering stream courses comparable in size and shape to those of the
Mississippi River and its tributaries are clearly visible on the alluvial plain (plate 2). Segments of aban-
doned Mississippi River courses can be traced across flood-basin areas to the points where they diverge from

the present meander belt (figure 2). Meander loops, natural leyees, and other features characteristic of the’

parent stream are distinguishable along the abandoned courses, but the formerly wide channels are now largely
filled with sediments and are followed by small streams (figure 3). Minor streams, such as Bayou Teche or
the Black-Tensas River (plate 2), follow.the position of abandoned Mississippi River channels for long dis-
tances; other old courses are followed by a series of small streams each of which leaves the abandoned channel
after followmg it for a few miles. The natural levees of older courses are partially buried under flood-basin
alluvium and are somewhat narrower than levees along active streams, but their elevation and slope are
similar.

Abandoned courses of tributary streams radiate from the mouths of their alluvial valleys upon the
surface of low alluvial fans which the minor streams constructed upon the alluvial plain. The alluvial fans
with their complex of interwoven tributary courses provide proof that the aggradational process has been
slow and continuous and-that filling of the alluvial valley is still in progress.

Braided streams were the dominant agents of valley aggradation throughout most of Recent® time,
as indicated by the lenticular nature of the alluvial fan deposits. There are no large modern streams with
~ braided channels within the valley, but the surface of the- dissected alluvial plain and the early-formed parts

of the floodplain bear traces of the shallow multiple channels of braided drainage (figure 4). This type of

drainage continued to function in parts of the valley until after sea level had reached its present level.

The outline of the valley (plate 1) is that of an elongated curved horn or cornucopia, narrow from the
Gulf to the vicinity of Natchez, Miss., and widening to an open end with an almost straight northwest margin
against the Ozark and Ouachita hlghlands on the northwest. Closer inspection shows that the horn consists

1 Russell, R. J., and Howe, H. V., “Cheniers of Southwestern Louisiana,” Geog. Rev., vol. 25, no. 3, pp. 449-61, 1935,
2 Recent, used geologically, covers an epoch of 25,000-30,000 vears.
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of several arcuate segments. The northernmost arc extends from Cape Girardeau, Mo., to the latitude of
Little Rock, Ark.; its chord has a southwestern trend. The next one stretches southward to the latitude of
Greenville, MISS "and has a southeastward- -trending chord. From Greenville an are with a southwestward-
trending chord extends to the latitude of Angola, La., where 1t joins the southern arc which reaches to the
Gulf.
' The valley surface is not a continuous plain; it is broken by two narrow ridges alined with the valley
axis. Crowleys Ridge extends for 200 miles from Commerce, Mo., to Helena, Ark. It rises more than 200
ft. above the alluvial plain, separating the northern part of the valley into the Eastern and Western lowlands.
Macon Ridge in the central part of the valley extends from Eudora, Ark., to Sicily Island, La., a distance of
approximately 100 miles. This low ridge rises 20 to 40 ft. above the floodplain and separates the lowland of
the Mississippi River from the Boeuf and Ouachita River lowlands on the west. The two ridges are the
highest divides between the major tributary streams of the entrenched valley system.

The northern part of the valley has an average width of about 70 miles and varies in elevation from
350 ft. at the north to 200 ft. at the south. It has steeper valley slopes, coarser surface alluvium, and shallower
river channels than any other part of the valley.

The Eastern and Western lowlands include large areas of both the dissected alluvial plains and the flood-
plains. The dissected alluvial plains within the Western Lowland are remnants of the alluvial fan of the
Mississippi River and its western tributaries, those in the Eastern Lowland remnants of the Ohio alluvial
fan. The Western Lowland includes the Advance and Drum lowlands to the north, southwest of Cape
Girardeau, and the floodplains of the White River and its tributaries. In the Eastern Lowland the Advance
Lowland merges with the Morehouse Lowland to form the alluvial plain extending south from Cape Girardeau.
The Morehouse Lowland is separated from the Cairo Lowland to the east by Sikeston Ridge which rises 20
‘to 30 ft. above the floodplain. Extensive remnants of a high dissected alluvial plain, the Malden plain, once
continuous with Sikeston Ridge, lie to the west along the eastern foot of Crowleys Ridge. South of New
Madrid, Mo.; is the St. Francis Basin, which lies west of the Mississippi River.

The central section includes both the widest and narrowest parts of the valley. It is 125 miles wide in
the latitude of Helena, Ark., within the region of confluence of the Arkansas, White, and Mississippi rivers,
and only 25 miles wide between Natchez, Miss., and Sicily Island, La. Above Natchez the valley is nowhere
less than 50 miles wide and has an average width of 75 miles; below there it is less than 50 miles wide. Its
average elevation gradually decreases from 200 ft. at the north end to 50 ft. at the south. The valley slope
decreases downstream, and fine-grained deposits gradually increase in area and thickness.

Low ridges divide the central part of the valley into several basins. Macon Ridge separates the Tensas
Basin on the east from the Boeuf Basin and Quachita Lowland.” Westward the Boeuf Basin merges with
the Arkansas River Lowland which is bounded on the north by Grand Prairie Ridge. The large fertile Yazoo
Basin east of the Mississippi River between Vicksburg, Miss., and Memphis, Tenn., is sometimes referred
to as the “Yazoo Delta.” To the south, the Lower Tensas Basin lies between the head of the deltaic
plain and Natchez in the narrowest segment of the alluvial valley.

The southern part of the valley maintains an average width of 50 miles from the northern limit of the
deltaic plain as far south as a line joining the ends of the escarpments between Donaldsonville and Franklin,
La. Southward the valley widens and merges with the coastwise deltaic plains. The average elevation - of
the deltaic plain at its northern limit is less than 30 ft., and to the south much of the region lies close to sea
level. The valley slope to the Gulf is the lowest of the entire valley. Surficial alluvial deposits of silt and
clay are characteristic of the region.

The deltaic plain, coincident with the southern valley arc (plate 1), extends from the head of the
Atchafalaya River to the Gulf of Mexico. It is separated from the floodplain area to the north by a low
alluvial ridge made up of the natural levees of Bayou Des Glaises which trends westward across the valley
from the Mississippi River to the Marksville Hills. The Atchafalaya Basin, the central part of the deltaic
plain, is inclosed between the Bayou Teche Ridge on the west and an alluvial ridge on the east composed of
the Mississippi meander belt ridge, between Angola and Donaldsonville, and the Lafourche Ridge from Donald-
sonville to the Gulf. The Pontchartrain Basin lies between the Mississippi meander belt ridge south of
Donaldsonville and the eastern and southern valley escarpment. The Barataria Depress1on is located between
the Lafourche Ridge and the Mississippi River on the east. ,

" The streams of the alluvial valley are the Mississippi River and its tributaries and dlstrlbutarles The
main load of the Mississippi River is brought into-the valley by the Missouri, Arkansas, and Red rivers, turbid
streams which impart to the Mississippi its. muddy character. The Ohio River, although it supphes more
than half the total discharge of the master stream, is less turbid. The characteristics of the main trlbutarles,
their discharge, type of load, and watershed area are summarized in table 1.

The Mississippi River enters the upper end of the Eastern Lowland through Thebes Gap, a rock-walled
gorge extending for approximately 7 miles between Grays Point, Mo. (slightly upstream from Thebes, IIL),
and Commerce, Mo. The Mississippi is joined by the Ohio River at Cairo, Ill., 40 miles below Commerce
and approximately 55 miles downstream from Cape Girardeau. The river follows a course which has a broad
curvature similar to the curvature of the alluvial valley. Below the mouth of the Ohio, the river flows close
to the eastern valley wall as far as Memphis, Tenn., and from there swings southwestward to Arkansas City,
Ark., thence southward to the eastern valley wall at Vicksburg. "South of Vicksburg the river flows close to
the eastern valley wall to Donaldsonville, La., where it turns abruptly eastward to New Orleans. South of
New Orleans it makes a great bend, English Turn, and flows to the Gulf.-

All major tributaries of the Mlss1s51pp1 except the Ohio River enter the master stream from the ‘west-
ern side of the valley. The St. Francis River flows across the Western Lowland, crosses Crowleys Ridge in a
narrow gap, and enters the Mississippi near Helena, Ark., at the south end of the Fastern Lowland. The White
River system drains the Western Lowland south of the St. Francis River and enters the Mississippi 50 miles
southwest of Helena. The Black, Current, and Spring rivers, which drain the western uplands, form parts.
of the White River system. The Arkansas River enters the alluvial valley near Little Rock, Ark., and
joins the Mississippi River near Rosedale, Miss., slightly downstream from the mouth of the White River.
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Discharge in CFS

Stream Gage Arz‘;afrfrgl;iire Ché.racte{-
Miles! Minimum 2 Average! Maximum 2 of Load
Mississippi System.__ . __ S Vicksburg, Miss.________.___. 1,244,000 93,800 (1936) 509,900 2,080,000°  (1937)
Ohio River_ ... ___....___| Metropolis, TIl.._______._______. 204,000 20,200 (1930) 274,700 1,780,000¢  (1937) Mainly sands
Missouri River.___ .. oo Hermann, Mo. - oo ____ 52;),000 ' 4,200 (1940) 79,100 589,000 (1903 | - Mainly gray silts
" Upper Mississippi- . __._____._ Grafton, .. __. S S 171,300 14,80(; (1933) 105,000 ~ 366,000 ’ (1903) Mainly sands
Arkansas River____________ el Little ﬁock, Ark.___________;__ 160,500 8503  (1934) 39,500 813,000 (1927) Mainly red silts
Red River___ . Alexandria, La.. . ._._._______ 66,600 1,180 (1934} 29,000 210,000 (1908) Mainly red silts
" St. Franci_s River. oo Parkin, Ark.___ e 6,230 271 (1941) 74,100 (1937)
White River._____ ... Georgetown, Arkeo . | 27,7504 2,900 (1936) 23,4003 440,000 (1927) Small amount sand
Yazoo River... . oo . . Greehwood,‘ Mi.ss ______________ 7,450 872 (1940) 72,960 (1932)
Quachita River_ ._._. e | Monroe, La. . ... ______.____ 15,400 100 (1934) 95,400 (1932)
Atchafalaya River___ . __________ _ Simmesport, La. .o ._______ Distributary 11,600 (1891) 480,000 (1890)

174th Congress, 1st. Session, House Document No. 259, 1936. X -
2 Daily Discharge of the Mississippi and its Tributaries, Mississippi River Commission, 1941.

3. 8. Geol. Survey, Water Supply Paper 957, 1942.
4. 8. Geol. Survey, Water Supply Paper 953, 1942,

TABLE 1. Watershed Area, Discharge, and Type of Load of the Major Streams of the Mississippi River System.
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The Ouachita River enters the alluvial valley near Monroe, La., and flows close to the western valley wall
as far south as Harrisonburg, La. It joins the Black River near Jonesv111e La., and the’two join Red River
near Acme, La. The Red River enters the alluvial valley through a gap in the low uplands near Moncla,
La., and flows across the alluvial plain to join the Mississippi near Angola. There are no western tribu-
taries to the Mississippi River south of Red River.

Largest of the minor tributaries entering the Mississippi Valley from the eastern uplands south of the
mouth of the Ohio River are the Obion, Forked Deer, Hatchle, Loosahatchie and Wolf rivers of Tennessee.
The Coldwater, Tallahatchie, Yocona and Yalobusha rivers, héadwaters of the Yazoo System and the Big
Black and the Homochitto rivers enter the valley from Mississippi.

Many minor tributary streams of the Mississippi have drainage basins confined wholly to the flood-
plain of the alluvial valley. The Tensas River of northeastern Louisiana is a typical example. Before con-
struction of the artificial levee system, the Tensas functioned both as a channel for distributing floodwaters
into the Tensas Basin and as the principal channel for flood-water release. The Sunflower River and the
Yazoo River which drain the Yazoo Basin are also typical floodplain tributary streams, but the discharge of
the Yazoo is increased by the waters from several of the minor upland streams. Many of the floodplain
tributary streams follow abandoned channels of the Mississippi River; others follow lowlands betweeh aban-
doned courses of the master streams.

Streams confined entirely to the surface into which they have been incised drain the dissected alluvial
plains in the northern part of the alluvial valley. L’Anguille River, the largest, drains the southern end of
the Western Lowland and enters the Eastern Lowland through a gap in Crowleys Ridge near Marianna, Ark.
The Big Creek and Bayou De View systems, tributaries of the White River, afford excellent examples of
minor drainage lines incised in the dissected plain of the Western Lowland. Bayou Meto, which is a tribu-

-tary of the Arkansas River and drains Grand Prairie Ridge, is also typical.

The Mississippi River has had several distributaries or flood outlets within the deltaic plain region.
All have been closed artificially save for the Atchafalaya River which heads on the western side of the Missis-
sippi near Simmesport, La., in the Old River segment of Red River approximately 7 miles upstream from
the Red-Mississippi junction. It flows for 140 miles to the Gulf of Mexico and in its lower part follows a
system of near sea level lakes which start approximately 60 miles downstream from its head.

Bayou Plaquemine and Bayou Lafourche were active western distributaries of the Mississippi Rlver
in its natural state. Bayou Plaquemine headed at Plaquemine, La., and flowed 80 miles to the Gulf. It
was blocked off from the Mississippi by the construction of ‘the west bank levee in 1867-68; in 1909 a lock
was constructed at Plaquemine permitting navigation between the Mississippi River and the bayou. Bayou

. Lafourche ceased to be an active distributary in 1903-04 when a dam was constructed across its head at Donald-

sonville. It follows the main channel position of an abandoned Mississippi River meander belt for a,pprox1-
mately 90 miles to the Gulf.

The only eastern distributary of the Mississippi River which operated in the historical period was Bayou
Manchac. It headed approximately 15 miles downstream from Baton Rouge, La., and flowed eastward

through a gap in the low uplands into Lake Maurepas. In 1828 a dam was constructed across its head.

The parallelism of drainage lines is an outstanding feature of the alluvial valley. Floodplain tributaries
follow courses alined with the Mississippi River or with major tribdtary streams for long distances before -
reaching their point of junction. The streams of the dissected alluvial plains are incised in courses roughly
parallel to the main drainage lines of the floodplain. Meander belts, abandoned by the Mississippi and its
principal tributaries and now oecupied by floodplain streams, are alined with similar curvature to those in’
which the present streams flow. A striking alinement also exists between the trunk channel of the Mississippi
River and its abandoned counterparts within the lower part of the deltaic plain. Each of the main channels
(Bayou Teche, Bayou Lafourche, and the modern channel) turns southeastward in the latitude of New Orleans, -
at about the point where the first-formed minor distributaries of each course started to develop (see plate 2).
The alinement of drainage features in the area of the Mississippi delta has been referred to as the ‘‘regional
grain,”’! : .

The direction of alinement of the streams is similar to that of the major structural trends of the Central
Gulf Coastal Plain, and the position of the streams is therefore considered to be a reflection of movements
in the rocks through which the alluvial valley has been carved. The effect of structural movement upon
the drainage of the alluvial valley and the recency of some movements are illustrated in the rectangular pattern
of minor streams and lakes within the deltaic plain.

The width and arcuate shape of the valley, the outlines of the valley walls, the posmon of the Missis-
sippi meander belt, and the trend of the tributary valleys entering the alluvial valley are also major features
shaped by earth movements associated with structural features in the coastal plains region. The south-
west trending Mississippi meander belt within the Mississippi Embayment area (figure 5) lies directly over
the axis of downwarping in the northern part of the Central Gulf Coastal Plain. The axis of the downwarped
area, the Mississippi Structural Trough, can be traced southward as a sinuous line to a point near New Orleans,
where it intersects the .axis of the east-west trending downwarp, the Gulf Coast Geosyncline. The Monroe
Uplift displaces the axis of the Mississippi Structural Trough eastward between Vicksburg and Greenville,
Miss., and the Southern Mississippi Uplift displaces the trough westward between Natchez and Baton Rouge
(ﬁgure 5). In the central and southern parts of the.alluvial valley the sinuosities of the Mississippi meander
belt and the curvature of the valley both closely approximate the bends of the Mississippi Structural Trough.
The curvature of the southernmost portion of the western valley wall follows closely the curvature of the
axis of the “Five Islands”’ Uplift (figures 3 and 5), and the ‘deltaic plain widens to merge with the coastwise
marshes near the axis of the Gulf Coast Geosyncline.

The width of the alluvial valley can be correlated with the attitude of the rocks forming the valley flgor
and thus with the structures of the region. The widest portion of the valley is in the area of nearly horizontal
rocks north of the Monroe Uplift. The narrow southern portion of the valley south of Natchez coincides

1 Russell, R. J., “Physiography of the Lower Mississippi Delta,” Louisiana Dept. Cons., Geol. Bull, No. 8, pp. 8-199, 1936,
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Alluvial Valley, Lower Mississippt River. . 9

with an area of active uplift, the northern limb of the Gulf Coast Geosyncline. The bedrock in this section
of the Gulf Coastal Plain dips toward the geosyncline and away from the Monroe and Southern Mississippi
uplifts.

P Valleys entering the alluvial valley are alined in two distinet trends. Those of the western tributaries,
such as the White, Arkansas, and Red rivers, trend northwest-southeast; those of the eastern tributaries,
such as Homochitto, Big Black, and Yalobusha rivers, trend northeast-southwest. These directions parallel
the trend of the major fault zones of the region and show that the location of the tributary streams has been
controlled by the regional structures (figure 6).

The valley walls bear traces of modification at points where streams have impinged against them, but
the main outlines appear to be governed by the same fault zones which are followed by the tributary valleys.
The western escarpment of the valley in the Mississippi Embayment section is conspicuous for its straightness
and the extreme angularity of its salients. - The northeast-southwest trend of the escarpment is parallel
with the Ozark Escarpment fault zone and has been previously considered a fault escarpment.' Although
the eastern valley wall of the Mississippi Embayment follows the same trend, it is not as nearly straight.
The outline of Crowleys Ridge also follows the trend of the same faults and has noticeable jogs corresponding
with salients in the western valley wall, which were formed by faults parallel with the White River fault zone
(figure 6). Farther to the south the outlines of the valley can be directly correlated with the northwest-
southeast trending Arkansas River, Ouachita River, and Red River fault zones, or with the northeast-south-
west Big Creek and Catahoula Lake fault zones. The Lake Borgne fault zone controls the shape of the coastal
margin in southern Mississippi and has a direct influence upon the shape of the lakes and the alinement of
the streams in the deltaic plain in Louisiana. . .

The coincidence between valley shape, alinement of tributaries, and the parallelism of the alluvial valley
drainage lines is but a manifestation of the control which regional structures have exerted upon the formation
of the Central Gulf Coastal Plain. Movement along the regional structural lines has been slow and long’
continued. The introduction of the Mississippi and Ohio river systems into the coastal plains. oceurred late
in the geological history of the region after the lines of weakness had become well established. During early
glacial time when the ice sheets first advanced upon the continent, many north-flowing streams of the con-
tinental interior were integrated around the ice margin to form the Mississippi and Ohio river systems which
were diverted into the coastal plains at the north end. of the Mississippi Embayment. The stream valleys
of the coastal plains into which the major rivers were diverted had been carved along the structural lines

.which later localized the master streams and shaped their alluvial valleys.

Structural movements in the region have been active concurrently with the subsidence of the coastal
margin under the great weight of accumulating deltaic masses of sediment.? It is probable, therefore, that
they represent local adjustments to the regional subsidence. Accumulation of deltaic sediments has been-
taking place in the region for an extremely long time, and the cycles in which the sediments were deposited
constitute the principal aspects of the geological history of the region. The late geological history of the
coastal plain has witnessed a great influx of sediment accompanying the formation of the Mississippi River
system. It is probable that structural movements have been greatly accelerated during this epoch and have
become an increasingly active factor in shaping the region. : .

1 Bucher, W. H., “Deformation of the Earth’s Crust,” Princeton Univ. Press, p. 356, 1933. 2 See Appendix: p. 64,



Alluvial Valley, Lower Mississippt River. 11

Part II

THE ENTRENCHED VALLEY SYSTEM

The existence of a buried valley system underlying the Mississippi alluvial plain has been recognized
since 1881, when deep borings made by the Mississippi River Commission disclosed that the alluvium extended
far below the maximum depth of the channel of the modern river. Utilizing these Mississippi River Com-
mission borings and other data, McGee' published a generalized contour map showing a deep embayment
within the alluvial valley region which he considered to be of early Pleistocene age. From studies in the
northern part of the valley, Marbut® and Salisbury?® considered the buried valley to be middle Pleistocene in
age. These early writers considered the buried valley to have been cut during interglacial time and to have
been filled with alluvium during subsequent glacial stages. The writer* studied the nature and distribution
of the Quaternary deposits in Louisiana and arrived at the conclusion that the buried valley was excavated
during the latest glacial stage, the late Wisconsin,® and was filled with Recent alluvium. :

" The details of the valley system as reconstructed from logs of several thousand borings are similar to
those of a normal stream system which has been incised in a region of low relief. The entrenched system
consists of several major tributary trenches, separated by divides, each of which can be traced into the marginal
- uplands beneath the alluvial plain of a Mississippi tributary. The contour map (plate 3) shows the general
configuration of the system. Transvalley cross sections (plates 4 to 8 inclusive) made from closely spaced
borings show the valley floor profile, nature and age of ancient sedimentary rocks which make up the valley
floor, and the details of the Recent alluvium filling the entrenched valley system. Generalized cross sections
of the alluvial valley and its principal tributaries are shown on plate 9.

The entrenched streams were incised in steep-walled valleys whose sides were sculptured by many small
steep tributaries. The master stream sloped gulfward from an elevation of approximately 100 ft. above
present sea level in the northern part of the alluvial valley to more than 350 ft. below present sea level near
the modern coast line. The streams had straighter courses and steeper gradients than the present ones and
were incised in generally little-resistant sedimentary rocks. As a result of these factors, the stream system
was enabled to excavate 1,280 cubic miles® of sediment from the alluvial valley area and to transport it to
the Gulf of Mexico. _

Trenches of the buried valley system are separated by divide areas which vary greatly in width and
relief. Crowleys Ridge, the divide between the Ohio and Mississippi entrenched valleys, has a crest over
500 ft. above the valley floor. Macon Ridge stands 300 ft. high above the floor of the Mississippi and Arkansas
entrenched valleys. KElsewhere the divide areas between the trenches are low and are buried under alluvium.

Downecutting by tributary streams to form the entrenched valleys was locslized along fault zones in many
places and was also controlled by major uplifts (figures 5 and 6). The trend of the subsurface trenches not
only follows the trend of the narrow valleys in the marginal uplands but is parallel with known fault zones
within the alluvial valley. The narrowing of the Ohio trench in the FEastern Lowland between Helena, Ark.,
and the eastern valley wall is probably the result of uplift of the region associated with earth movements
. along the Big Creek fault zone. The narrowing of the master trench between Natchez, Miss., and Harrison-
burg, La., probably results from uplift associated with movement along the Catahoula Lake fault zone, but
it is also related to the upwarp in the Southern Mississippi Uplift.

The trenches follow closely the position of the Mississippi Structural Trough. The Ohio River trench
lies over the axis of the trough in the Mississippi Embayment area and is paralleled on the west by the Missis-
sippi trench. The trench of the combined streams overlies the trough and is warped eastward around the
Monroe Uplift in the central part of the valley. Between Natchez and Baton Rouge the master trench follows
a broad arc around the Southern Mississippi Uplift area and parallels the Mississippi Structural Trough.
Farther south the trench curves to the southeast and is parallel to the Five Islands Structural Axis.

The relation of the trenches to regional warping and faulting is shown on the hypothetical structure
sections included on plates 4-7. - Downwarping along the Mississippi Structural Trough was associated with
a series of faults of minor surface displacement. The positions of the faults have been established from their
surface expression. Displacement of bed rock sediments was established from a study of samples from bor-
_ings and is shown in relation to a hypothetical bed.

Position of Trenches

The tributary Mississippi trench underlies the narrow upper Mississippi Alluvial Valley between St.
Louis and Cape Girardeau, Mo. South of Cape Girardeau, however, the trench occupies a position entirely
different from that of the present stream which flows through Thebes Gap to enter the Eastern Lowland
north of Cairo, Ill. - The trench follows the Advance Lowland through the Paleozoic uplands to Poplar Bluff,
Mo., where it abruptly widens and deepens. Below Poplar Bluff it lies close to the western margin of Crowleys
Ridge as far south as Helena, Ark.; 50 miles southeast of Helena it joins the Ohio trench east of Rosedale,
Miss.

1 McGee, WJ, “The Lafayette Formation,” U. 8. Geol. Survei 12th Ann. Rept., 1890-91.

2 Marbut, C. F., “The Evolution of the Northern Part of the Lowlands of Southeagtern Missouri,”’ Univ. of Missouri Studies, vol. 1, No. 3, pp. 42-44, 1902,

3Balisbury, R. D., “On the Relationship of the Pleistocene to the Pre-Pleistocene Formations of Crowley's Ridge, and Adjacent Areas South of the Limit
of Glaciation,” Arkansas Geol. Survey, Ann. Rept. 1889, vol. II, pp. 224-248, 1889. :

+ Fisk, H. N., “Geology of Grant and LaSalle Parishes, Louisiana,” Louisiana Dept. Cons., Geol, Bull. No. 10, pp. 149-174, 1938.

A 5 le_le Laé&; )Wisconsin Glacial Stage started approximately 50,000-60,000 years ago and reached its maximum accumulation 25,000-30,000 years ago (see
ppendix, p. 67). .
e Computation includes only volume of sediments removed from alluvial valley as far south as a line drawn between Donaldsonville and Franklin, La. It

does not include volume excavated from lower Red River valley or that removed from the area of the present-day deltaic plain. An estimate of 1,500 cubic
miles for total of sediment removed from entire alluvial valley is considered conservative. The total volume of sediments transported to the Gulf of Mexico
isil mulch greater because it includes the load of the tributary systems, derived from erosion of their valleys, and also the load derived from the meltwaters of
the glaciers, ;
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The Ohio entrenched valley in southern Illinois, between Golconda and Cairo, occupies the Cache Low-
land, not the existing Ohio valley. South of the Cache Lowland the trench is near the center of the Eastern
Lowland to the latitude of Jonesboro, Ark.; south of Jonesboro it is near and parallel to the eastern margin
of Crowleys Ridge. -

The combined Mississippi-Ohio trench between Rosedale and Natchez, Miss., is slightly east of the
center of the valley and roughly parallel to the eastern valley wall. South of Natchez the trench is centrally
located within the valley to Houma, La. Widely distributed borings indicate that the trench trends south-
eastward from Houma and may merge with the submarine valley southwest of the present delta (plate 3).

The White River trench extends from its upland valley southeastward beneath the present White River
course as far south as the junction of the White and Mississippi rivers. It continues southeastward from
the junction for 35 miles and joins the Mississippi trench about 15 miles east of Greenville, Miss.

The Arkansas trench leaves the uplands at Little Rock, Ark.; its position beneath the alluvial plain is
entirely different from that of the present course of the river. The trench is parallel to the closely adjacent
western wall of the alluvial valley to the latitude of Bastrop, La.; south of Bastrop it continues southeast-
ward to join the Mississippi trench in the center of the valley northeast of Sicily Island, La.

The extremely short entrenchment valley of the Ouachita River within the alluvial valley region extends
eastward through the narrow gap north of the Bastrop Hills and joins the Arkansas trench about 5 miles
east of the valley wall. The gap in the uplands is now occupied by Bayou Bartholomew and the Ouachita
River flows southward along the western valley wall west of the Bastrop Hills.

.The Red River did not occupy its present course through the gap of the Marksville Hills during late
Wisconsin time. Its trench extends south and east of the Marksville Hills for 60 miles to join the Mississippi
trench in the center of the valley east of Opelousas, La. '

Many minor tributary trenches are mapped along the eastern margin of the valley between the Ohio
River and Baton Rouge, La. (plate 3). They include not only valleys of principal eastern tributaries but
many short steep-sided gulleys which headed in the eastern valley wall. South of Baton Rouge, the Lake
Pontchartrain Basin is underlain by eastward-trending trenches of the Amite River system. The present
course of the Mississippi River southeast of Donaldsonville, La., does not overlie the master entrenched valley
but follows a course across the divide between the Amite and Mississippi trenches. :

Entrénched Valley Floor Deposits

The bedrock deposits forming the floor of the Mississippi entrenched valley system vary in age from
Paleozoic in the northern end of the valley to late Pleistocene in southern Louisiana. The age of bedrock
deposits, their nature, general distribution, and attitude have had an important bearing on deterniining the
width, depth, and slope of the entrenched valley systemn. The Paleozoic rocks aré better indurated and more
resistant to stream erosion than the younger ones. Of the younger deposits, thick clays, silts, and limestone
sections are more resistant to erosion than are the sand sections. Flat-lying, relatively resistant valley floor
rocks coincide with the widest part of the alluvial valley and with a local flattening of the trench profiles.
Structurally deformed areas in which rocks have steeper dips coincide with zones in which the valley is narrow.

A study of the lithology and paleontology of subsurface samples permitted the separation of several groups
of sediments which form the valley floor. The data derived from these studies were correlated with published
information and with data from electrical logs of borings made in the search for petroleum. A geological
map (plate 10) was constructed from these data to show the generalized distribution of valley floor sediments.
The relationship of these sediments to Central Gulf Coastal Plain deposits is shown on figure 7.

The general nature of the broad stratigraphic units of the Central Gulf Coastal Plain is discussed in the
Appendix. The following discussion takes up the lithologic characteristics, distribution, attitude, and other
general features of the entrenched valley floor deposits. The nature of the beds is summarized in table 2.

Paleozoic Rocks

Well-indurated sedimentary rocks of Paleozoic age form the walls and floor of the entrenched valley of -
the Mississippi between St. Louis and Poplar Bluff, Mo. They also form the walls and floor of the Ohio en-
trenched valley in southern Illinois from Golconda to Ullin, Ill. The rocks consist of well-indurated limestones
and cherty dolomites interbedded with sandstones and shales. Because of their greater induration the
Paleozoic rocks offer more resistance to erosion than any other group of sediments in the entrenched valley.
No attempt is made on plate 10 to subdivide the Paleozoic rocks, because it would be of little importance to
this study. Local age determination, however, is shown on the cross section (plate 7).

Upper Cretaceous '

Upper Cretaceous deposits outcrop in the northern part of the valley along Crowleys Ridge. These
deposits overlie the Paleozoic rocks and dip to the southeast beneath the younger Tertiary sediments. The
Upper Cretaceous sediments within the entrenched valley -are confined to a narrow southwest-northeast belt
less than 110 miles wide from a point about 25 miles southwest of Poplar Bluff, Mo., tp a.few miles northwest
of Cairo, Il : i _

The Upper Cretaceous deposits outeropping in the northern part of the Mississippi Embayment area of
western Kentucky and Tennessee are subdivided into three formations,* but in the area of the alluvial valley
in southeastern Missouri only one Upper Cretaceous formation, the Ripley, has been recognized.” The
greater part of this formation consists of fine to coarse sands and quartzitic sands with thinly interbedded
clays. The upper part of the Ripley formation is characterized by fossiliferous, glauconitic, sandy shale
lentils which comprise only a minor part of the formation. For details of the Upper Cretaceous section in
southeastern Missouri, see plate 7. . S .

1 McFarlan, A. C., “Geology of Kentucky,” Univ. of Kentucky Press, pp. 115-121, 1943, : .
2 Parrar, Willard, “The Geology and Bleaching Clays of Southeast Missouri,”” Missouri Geol. Survey, 58‘th~Biennial Report, Appendix I, pp. 7-35, 1935.
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FIG. 8

THIN BEDDED SILTS, SILTY CLAYS, AND SANDS OF THE BASAL
CLAIBORNE TALLAHATTA FoRrRMATION ExPOSED IN RoaD

CuTt 2 MILES SOUTH OF GRENADA, MIssSISSIPPI. THESE DEPOSITS
ARE INTERBEDDED WITH MASSIVE SANDS AND LIGNITIC CLAYS
AND ARE TYPICAL OF BOTH THE UpPPER WILCOX AND LOWER
CLAIBORNE BEDs FORMING THE VALLEY FLOOR. BEDS SHOWN
IN THIS PHOTOGRAPH WERE LONG CONSIDERED TO BE TYPICAL OF
THE UPPER WILCOX GRENADA FORMATION.

FIG. 9

CaLcAREOUS CLAY OF THE MiopLE JACKSON (EocenNe) YAZOO
CLAY FORMATION EXPOSED IN PERRY CREEK, | MILE SOUTH OF
VALLEY, MiIssissiPPI. THESE CLAYS ARE TYPICAL OF DEPOSITS
oF JACKSON AGE FORMING THE FLOOR OF THE ENTRENCHED
VALLEY SYSTEM NEAR GREENVILLE, MISSISSIPPI.

FIGURES 8 & 9
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Sys-
Era | tem Series Group Formation Lithologic Character
Prairie. __.______ Well compacted, oxidized, clays and silty clays yellowish
E_ brown in color underlain by sands and fine gravels. -
g Pleistocene_____ Terrace Deposits-| Montgomery.____
8 —
g Bentley. . ___.... Not present on floor of entrenched valley.
Williana__._______
Pliocene- Undiff.___.___.__ Interfingering silts and sands w1th interbedded brackish
Miocene (?)-_- water silts and clays.
Fleming____.____ Interfingering facies of fluviatile silts and sands with inter-
bedded brackish water silts and clays.
Miocene______. Grand Gulf._____
Catshoula. ... _._ Tuffaceous siltstones, silty sands, loosely compacted sands,
silts and clays.
Byram._.__._..__ Marine sandy clay marl and lignitic silty clays.
' Glendon.______._. Alternating limestones and marls.
[8) Oligocene_ . ____| Vicksburg_ ______
— Mint Spgs.- - -.__ Glauconitic sandy marl.
o
N Forest Hill ______ Lignitic silts, silty clays and sands.
o - -
iz Danville Landing | Predominantly marine, caleareous clays and shales.
@ i
O g Jackson_________ Yazoo Clay ______ Clays, lignitic clays, interbedded marine and brackish
© . D water silts.
H \ -
Moodys Branch__| Glauconitic shell marl and elays.
Cockfield______._ Ligﬁitic sands, silts and clays.
Eocene_________ Claiborne._______ Cook Mountain__| Glauconitic clays, silts and sands.
Undiff..________. Lignitic sands, sandy clays, silts and silty clays at the
north end of the valley.
Grenada...._____ Lignitic sands, silty sands, and silty clays.
Wileox_ ... _._
Holly Springs....| Coarse lignitic sands, locally graveliferous, with sandy
clays, clay lentils and fossil leaves.
) . Porters Creek___.| Massive gray to black clays, sandy clays with local sandy
Paleocene._____ Midway_________ shale interbeds.
Clayton______.___ Glauconitic sandy clays.
@ ! Chiefly sands, varying from fine to .coarse, with thin
o g Upper Ripley_ ____.___. interbedded clays and quartzitic sands. Upper part
—_ § Cretaceous____ of section marked by fossiliferous sandy shales.
o) 3 .
N 5 Lower -
o Cretaceous__ .. Not present on floor of entrenched valleys.
: Jurassic_ . _________ - Not present on floor of entrenched valleys.
CIl Triassic_ ... ______ ) Not recognized in valley region.
F‘;l & . . ‘
:115 Not subdivided in this report. Well indurated limestones, cherty dolomites, interbedded with sand- |
~ ts : stones and shales.

TABLE 2.—Age and Lithologic Characteristics of Depos1ts forming the Floor of the Mississippi
Entrenched Valley System.
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Paleocene Series

Midway Group. Midway deposits form only a minor part of the entrenched valley floor. Like the
Upper Cretaceous deposits, they are confined to a narrow northeast-trending belt less than 10 miles wide
from Little Rock, Ark., across southeastern Missouri and northwestern Kentucky. These beds form the
floor of the valley underlying the present Ohio River west of Metropolis, Ill. (plate 10). .

The Midway group in the northern part of the valley is known to consist of two formations. The basal
Clayton beds are less than 10 ft. thick' and consist of deposits of glauconitic, fossiliferous, sandy clays; because
of their thinness they are grouped with the overlying Porters Creek Clay (plate 10). The characteristics of
the Midway ‘‘black shale” which outcrops in many parts of the Central Gulf Coastal Plain are exhibited by
the Porters Creek Clay. This forination reaches a thickness of approximately 200 ft. in the northern end of
tﬁelvalley and is made up of sparingly fossiliferous, massive, gray to black clays and thinly interbedded sandy
shales.

_ Eocene Series
Wilcox Group. The thick Wilcox beds form a belt 20 to 50 miles wide, trending northeast from Little

Rock, Ark., to Wickliffe, Ky. "The belt is parallel to the trend of the Upper Cretaceous .and Midway sedi-
ments and to the outerop of Paleozoic rocks along the Ozark Escarpment in Arkansas and Missouri. The .

Wilcox beds dip toward the axis of the Mississippi Embayment where they reach a thickness of 1,500 ft.

The Wilcox sediments which are present on the entrenched valley floor (table 2 and plate 10) consist
of fluviatile, cross-bedded, lignitic, locally graveliferous sands which interfinger with thin-bedded shales and
with sandy clay lentils bearing fossil leaves. These beds appear to be the lithologic equivalent of the surface
Wilcox beds of western Kentucky and Tennessee which are divided into two formations, the Grenada (Upper
Wilecox) and the Holly Springs. In southeastern Missouri and Arkansas surface deposits of this group are
undifferentiated. In the northern part of the valley the deposits grade upward into the lithologically similar
sediments of the Claiborne group (figure 8), and separation of the two groups is difficult.

Claiborne Group. Claiborne beds are distributed over wide areas within the central and northern parts
of the entrenched valley system and closely follow the structure of the region. The beds extend up the Missis-
sippi Embayment region north of Memphis to near Hickman, Ky., along a belt 20 miles wide. Beds in this
belt overlie the central part of the Mississippi Structural Trough and dip toward its axis. In the west-
central part of the valley, in a region of nearly horizontal rocks, the Claiborne beds are found principally in
the bottom of the narrow deep trenches. ' In the south-central part of the valley they are slightly upwarped

"“as a low swell in a belt 20 to 30 miles wide extending northeastward from Monroe, La., to Yazoo City, Miss.
The-Claiborne beds trend northward from Yazoo City in a belt about 35 miles wide in the east-central part
of the entrenched valley. :

The surface deposits of the Claiborne group south of the Mississippi Embayment in Louisiana and Mis-
.sissippi are divided into several formations. Only the two youngest, the Cockfield and the Cook Mountain,
have been recognized on the entrenched valley floor. :

The uppermost Claiborne formation, the Cockfield, is largely nonmarine and consists mainly of fluviatile
silts, sands, and clays which reach a thickness of approximately 500 ft. The formation has been recognized
on the entrenched valley floor along the northeast belt between Monroe and Yazoo City, and it extends north-
ward to Memphis, Tenn. (plates 5 and 6). .

The Cook Mountain formation, underlying the Cockfield, is predominantly marine. It reaches a total
thickness of about 250 ft. and consists of fossiliferous sandy clays, silts, sandy silts, and local limestones.
Cook Mountain deposits were encountered in borings only in the narrow entrenched valley between the
western -valley wall and the Bastrop Hills north of Monroe (plate 5). The distribution of this formation in

other parts of the entrenched valley floor has not been determined; however, beds of this formation may ocecur -

in the extreme east-central part of the valley. :

North and west of a line between Pine Bluff and Marianna, Ark., the facies of Claiborne sediments are
all similar and the group is undivided. Lower Claiborne deposits within that part of the Mississippi Embay-
ment north of Memphis are difficult to distinguish from the underlying Wilcox, and the uppermost Claiborne

beds are hard to separate from the overlying Jackson. This group of beds is mapped as undifferentiated-

Eocene on plate 10. ,
Jackson Group. Deposits of the Jackson group form the entrenched valley floor over a large area in

southeastern Arkansas and western Mississippi. They reach a total thickness of 125 ft. and are very slightly’

downwarped into the roughly triangular structural basin area between Pine Bluff and Marianna. on the north
and Greenville, Miss., on the south. West of Memphis, Jackson sediments form the entrenched valley floor
along the divide area between the Hatchie and Loosahatchie trenches. The divide between the Tallahatchie
and Ohio trenches is also partly formed by Jackson beds as indicated on plate 10. _

The Jackson beds are known to outcrop in the eastern valley wall as far north as Hickman, Ky.,* but
they can not be distinguished from the Claiborne beds on the valley floor. From a point about 15 miles north-
east of Memphis, the Jackson and Claiborne beds are not separated and are grouped as undifferentiated Eocene
on plate 10. ,

The Jackson group is present on the entrenched valley floor as a narrow northeastward trending belt

between a point north of Harrisonburg, La., and Yazoo City, Miss. The beds of this belt dip to the south-

east beneath younger sediments of the Vicksburg group. :

The Jackson group is divided into three formations in the south-central Gulf Coastal Plain area of
Louisiana and Mississippi; the Moodys Branch Marl, the Yazoo Clay, and the Danville Landing beds. The
Moodys Branch consists of a fossiliferous, glauconitic, sandy marl with limestone concretions. It is readily
distinguishable from the underlying Cockfield formation, which is largely nonmarine and practically devoid

1 Farrar, W., op. cit., p. 20.
2 McFarlan, A. C., “Geology of Kentucky,” Univ, of Kentucky Press, p. 124, 1943,
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FIG. 10

ExPOSURE OF VICKSBURG (OLIGOCENE) SEDIMENTS AT VICKSBURG, MississiPPI. THE LIME-
STONE LEDGES MARK THE GLENDON FORMATION AND ARE OVERLAIN BY FOSSILIFEROUS
SANDS AND CLAYS OF THE BYRAM FoORMATION. THE GLENDON LIMESTONE HAS BEEN
ENCOUNTERED IN BORINGS AT DiAMOND CuT-OFF SOUTH OF VICKSBURG.

FIG.

THIN BEDDED SILTY CLAYS AND SILTY SANDS OF THE FLEMING (MIOCENE) FORMATION
(PascaGouLA FORMATION OF THE MISsISSIPPI GEOLOGICAL SURVEY) EXPOSED IN CUT ALONG
U. S. HIGHWAY 61 NORTH OF WOODVILLE, MIissSISSIPPI. THESE SEDIMENTS TOGETHER WITH
MORE SANDY FACIES - (SEE FIG. |12) ARE TYPICAL OF ALLUVIAL VALLEY FLOOR DEPOSITS
BETWEEN NATCHEZ, MISSISSIPPI AND MARKSVILLE, LOUISIANA.

FIGURES 10 & Il



MASSIVE SILTS AND SANDS oF THE FLEMING (MioceNE) FormaTioN (PascacouLa
FORMATION OF THE MISSISSIPPI GEOLOGICAL SURVEY) EXPOSED AT DOLOROSA, Miss.
THESE SILTS AND SANDS ARE SIMILAR TO THOSE OF THE BAsAL MioceENE CATAHOULA
FORMATION .

FIG. 13 CRoss BEDDED GRAVELIFEROUS SANDS FORMING THE BAsaL FaclEs oF EARLY
PLEISTOCENE FLuvIATILE DEPOsSITS, ExPOSED IN TERRACED UPLANDS [ MILE
SouTH OF DOLOROSA, MISSISSIPPI.

FIGURES 12 & I3
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of fossils. The Moodys Branch marl is overlain by the Yazoo Clay formation which consists of basal fossili-
ferous, calcareous clays and middle and upper deposits of silty, lignitic, sandy shales (figure 9). The upper-
most Jackson formation, the Danville Landing beds, is largely marire in origin and is characterized by fossili-
ferous and calcareous clays and silty shales.

Oligocene Series

Vicksburg Group. Deposits of the Vicksburg group form only a small part of the entrenched valley
floor. Beds of this age occur in the valley as a narrow southwest-northeast belt of very irregular width which
trends eastward from near Sicily Island, La., to Vicksburg, Miss. (plate 10).

Surface deposits of the Vicksburg group in-Louisiana and western Mississippi are divided into the’ Forest
Hill (oldest), Mint Springs, Glendon, and Byram formations. Each of these formations is well exposed along
the valley walls in the vicinity of Vicksburg. The Forest Hill consists of about 50 ft. of fluviatile, lignitic
silts, silty clays, and fine-grained sands. The Mint Springs formation is a fossiliferous, sandy marl which
reaches a total thickness of about 25 ft. . The Glendon formation, overlying the Mint Springs marl, is com-
posed largely of alternating layers of argillaceous limestones, glauconitic marls, and minor amounts of bento-
niti¢ material; it reaches a maximum thickness of about 60 ft. The uppermost Vicksburg formation, the
Byram, is characterized by a basal fossiliferous calcareous sandy marl overlain by fluviatile, carbonaceous,
silty clays, silts and sands. The character of the basal Byram marl and the underlying Glendon formation
is shown on the photograph, (figure 10).

: The -extent of each of the Vicksburg formations on the entrenched valley floor has not been determined;
but borings at Diamond Cut-off show that the bedrock sediments are identical with those of the Glendon for-
mation exposed near Vicksburg.

Miocene Series

Grand Gulf Group. The Grand Gulf group of deposits is very thick and is present in the entrenched
valley area as a wide east-west belt south of the Vicksburg group. It can be distinguished in borings as far
south as the latitude of Angola. These deposits are located on the north flank of the Gulf Coast Geosyncline
and dip seaward into the geosynelinal region where they reach a thickness of more than 8,000 ft. at the Loulslana
coastline.

The Grand Gulf Group in Louisiana is divided into two formations, the Catahoula (lower Mlocene)
and the Fleming (upper Miocene). Eastward in Mississippi, beds the equivalent of the Fleming.are mapped
as the Hattiesburg and Pascagoula formations.? The nature of these beds is indicated on the cross'section
(plate 4).

g The Catahoula formation is made up of basal tuffaceous siltstones, and coarse, graveliferous sands,
mterbedded silty clays, and silts which grade upward into the overlying Fleming formation. The Fleming
consists of interfingering fluviatile silts with lenticular sands and brackish-water clays and silty.clays. The
character of the upper Miocene siltstones and silts where they are exposed on the surface in western Missis-
sippi is shown on figures 11 and 12.

Pliocene-Miocene (?) Series

- Valley floor deposits underlying the Pleistocene sediments and overlying the Grand Gulf beds are con-
sidered as Pliocene-Miocene (?) (see Appendix). These beds consist of interfingering facies of silts and sands
with interbedded silts and clays and are in general similar to the previously discussed upper Miocené beds.
They occur along a narrow east-west belt approximately 50 miles wide, lying south of the latitude 31°.

Pleistocene Serzes

Prairie Formation. The Gulf Coastal Plain Pleistocene deposits have been divided into four formations®
of interglacial age: the Williana, Bentley, Montgomery, and Prairie (in order of decreasing age). Each of
the: formations and the Recent alluvium is represented by a sequence of fluviatile deposits which grade up-
ward-from coarse graveliferous sands (figure 13) through a central sand section into overlying silts and clays
(plates 4-through 8). Each of the fluviatile sequences thickens seaward in the coastwise plains where it
merges with a thick complex deltaic mass consisting of interfingering marine, brackish-water, and fluviatile
déposits. No attempt has been made herein to separate the subsurface Pleistocene massés® which together
have a total thickness of over 4,000 ft. The older fluviatile formations have been uplifted to form terraces
in the uplands and only the youngest, the Prairie formation, is present on the entrenched valley floor.

The basal graveliferous facies of the Prairie formation form the valley floor in the latitude of Melville,
La., and make it difficult to establish the exact base of the very similar Recent alluvium. South of Melville
the fluviatile Prairie formation thickens rapidly and merges with its deltaic mass. In the latitude of Baton
Rouge, where the basal gravels occur at a depth of over 400 ft., the entrenched valley was incised in overlying
silty and sandy deposits of the central part of the Prairie formation. South of the latitude of Donaldson-
Eﬂlle’ the entrenched valley was incised in.the thick silts and clays of the upper part of the Prairie formatlon

elta.

The Prairie formation making up the low coastw1se terrace is downwarped beneath the Recent alluvium
of the deltaic plain, and oxidized deposits of its surface can be traced seaward from the uplands by means
of borings. The shallow subsurface divide between the Amite and Mississippi entrenched valley systems is
made up of these deposits and the present east-trending Mississippi River channel is incised in them as far as
New Orleans. Borings at New Orleans show that the Prairie formation is a typical deltaic mass made up
of marine sands containing abundant fossils,* brackish-water silty and clayey deposits, and local fluviatile
sand and gravel beds.

1 Vestal, F, B., *‘Adams County Mineral Resources,” Mississippi State Geol Survey. Bull. 47, p. 17, 1942
2 Fisk, . N., “Geology of Avoyelles and Rapides Parishes, La.,"” Lom.sla,na. Dept. of Cons., Geol Bull. No 18, 1940,
369—£1Féor13.4sltudy of subsurface Pleistocene deposits see Frink, J. W ““Subsurface Pleistocene of Louisiana,” Louisiana Dept. of Cons., Geol. Bull. No. 19, pp.
4 Hllgard E. W, Report on Examinations of Specimens From the New Orleans Artesian Well of 1856,” (Appendlx H of Report upon the ‘“‘Physics and
Hydraulics of the Miss. River” by Humphreys and Abbott) Prof. Paper No. 4 of Corps. of Topographieal Engrs S. Army Engrs., pp. 636-646, 1876.
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Characteristics of the Entrenched Valleys

The characteristics of the entrenched valleys were controlled largely by the nature and distribution of
bedrock deposits which form the floor of the trenches and also by the structure of the region. Entrenched

- valleys are narrow and shallow and have low slopes in areas of hard Paleozoic rocks. Marked increases in

width, depth, and slope of the trenches occur in “fall-line’’ areas where the streams crossed the contact between
very resistant and relatively less resistant deposits. The buried ‘‘fall-line’’ area is very similar to the existing
fall-line developed along the Atlantic Coastal Plain inland margin where Mesozoic and Cenozoic beds
overlap the resistant Paleozoic rocks. Flattening of trench slopes south of the ‘“fall-line”’ occurs locally where
Tertiary bedrock deposits were more resistant to stream downcutting. The relation between the width,
depth, and slope variations of the entrenched valleys of the Mississippi, Ohio, Arkansas, and Red rivers, the
slope of the present surfaces of the alluvial plain overlying these trenches, and the general distribution of
trench bedrock is shown on plate 11. The local nature of the trenches is well shown on the transvalley cross
sections, plate 9.

The entrenched valley of the Mississippi River between St. Louis and Poplar Bluff, Mo., was excavated
in the resistant Paleozoic rocks. It is narrow with a width varying between 5 and 10 miles, and has a maximum
depth of about 160 ft. and an average slope of 0.68 ft. per mile as compared to 0.47 ft. per mile for the slope
of the present alluvial plain surface which overlies the trench. Near Poplar Bluff where the trench crosses
the contact between the Paleozoic rocks and relatively less resistant Cretaceous deposits, the width, depth,
and slope of the trench increase abruptly. This area is designated as fall-line on plate 11. South of the -
fall-line the trench maintains an almost constant maximum depth of about 200 ft., has an average slope
of 0.82 ft. per mile, and is 10 to 25 miles wide as far south as its junction w1th the Ohio trench east of Rose-
dale, Miss. '

The entrenched valley of the Ohio along the Cache Lowland of southern Illinois is similar in character to
the Mississippi trench between St. Louis and Poplar Bluff. Its width averages less than 5 miles, its maximum
known depth is 160 ft. and its average slope is 0.45 ft. per mile. Paleozoic rocks form the walls and floor"
of the trench, hence it is very narrow. A few miles southwest of Ullin, Ill., the Ohio trench has its fall-line
where it crosses the Paleozoic-Cretaceous contact (plate 11). South of this fall-line the width, depth, and
slope of the Ohio trench increase abruptly. Between the fall-line and the Mississippi-Ohio junection, east of
Rosedale, Miss., the Ohio trench reaches a maximum width of 35 miles and varies in depth from 210 to 220
ft. In this region the trench has an average slope of 0.63 ft. per mile as compared to 0.73 ft. per mile for the
slope of the overlying alluvial plain surface.

The maximum depth of the combined Mississippi-Ohio trench between Rosedale, Miss., and Houma,

. La., increases from 210 ft. to over 350 ft. The slope of this segment of the trench averages 0.83 ft. per mile.
. The slope of the present alluvial plain surface overlying the trench is about 0.36 ft. per mile. A local flatten-

ing of _the trench slope near Rosedale occurs in the area of Claiborne and Jackson sediments, and flattening
near Vicksburg occurs in the area of relatively resistant Jackson-Vicksburg deposits (plate 11). The Missis-
sippi trench is narrow and deep where it crosses the Miocene deposits between Natchez, Miss., and Angola,
La. The narrowness reflects the resistance of the sediments and the active uplift on the north limb of the

‘Gulf Coast Geosyncline.

Scattered borings and geophysical data show an abrupt increase in depth of the entrenched valley from '
350 ft. at Houma to over 600 ft. near the present shoreline.. It is considered that this increase in depth is

‘the result of faulting along the Lake Borgne fault zone (plate 11) and of general subsidence under the Recent

deltaic mass.
The entrenched valley. of the Arkansas River in the Paleozoic rocks of the upland area northwest of

‘Little Rock, Ark., is very narrow and shallow (plate 11). South of Little Rock the trench is marked by a
© _fall-line at the contact between the Paleozoic and younger rocks (plate 11). South of the fall-line the depth

of the trench, as well as the slope and width, increases abruptly.

The slope of the entrenched valley of the Red River between Shreveport and Alexandria, La is 1.3 ft.
per mile as compared to the 0.75 ft. per mile slope of the present Red River alluvial plain overlying the trench,
This inland segment of the Red River trench varies in width from less than 5 miles to-over 15 miles. In

: general it is much wider than the valleys of the streams crossing the Paleozoic recks because it was excavated
. in comparatively less resistant Tertiary deposits. Valley depth increases from 85 ft. at Shreveport to.120 ft.
. at Alexandria. Just south of Alexandria, the slope, depth, and width of the Red River trench increase very

rapidly south of the point where the trench crosses the comparatively resistant basal Miocene deposits (plate
11). Between the fall-line and the point where the trench joins the Mississippi trench east of Opelousas,
La., the average slope of the Red River trench is about 3.0 ft. per mile and ranges in depth from 120 ft. at the
fall-line to 290 ft. at its mouth. The slope of this segment of the Red River is the steepest of any of the
entrenched valleys.

Other tributary entrenched valleys, such as those of the St. Francis, White, and Ouachita rivers of
Arkansas and Missouri, and the Coldwater, Tallahatchie, Yocona, Yalobusha, Big Black, and Homochitto
rivers of Mississippi, are characterized by features very similar to those of the major trenches previously dis-
cussed. The general features of these trenches are shown on plates 3 and 9. . B}



Alluvial Valley, Lower Mississippi River. 17 .

Part II1
THE RECENT ALLUVIUM

] The Recent alluvium is a huge mass of stream deposits which partially fills the Mississippi entrenched
valley system. It has a volume of approximately 1,000 cubic miles' and an average thickness of 132 ft,
Slightly more than half of this volume, 575 cubic miles, lies north of latitude 33° (the northern boundary of
Louisiana). The average thickness of the alluvium is 125 ft. in the broad northern half of the valley as com-
pared with an average thickness of 138 ft. in the narrower southern half. The maximum thickness of the
alluvial section of the northern part of the valley is slightly over 200 ft. and in the southern half of the valley
more than 350 ft. -

The alluvium consists of a sequence of sediments which grades irregularly upward from coarse gravelifer-
ous sands into progressively finer deposits of sands, silts, and clays. This general upward decrease in grain
size makes it possible to divide the section into a basal graveliferous unit and an upper non-graveliferous
unit. The upper deposits can be further subdivided into pervious sands, gradational with the underlying
graveliferous sands, and into relatively impervious sediments, the topstratum. Although non-graveliferous
tongue-shaped deposits from 1 to 40 ft. thick occur within the graveliferous unit, fully 95 percent of the samples
from the basal deposits contain gravels. Coarse materials also occur within the upper, generally non-gravelifer-
ous unit, especially within meander belts, but less than 1 percent of the samples from this unit contain gravel.
The nature of the alluvium is shown on the transvalley cross sections (plates 4 to 8 inclusive).

The Graveliferous Deposits

The graveliferous deposits comprise 45 percent of the alluvium, approximately 285 cubic miles of material
in the northern part of the valley and 175 cubic miles in the south. Gravels characterize these basal deposits,
but make up less than 25 percent of the mass and are generally disseminated through a sand matrix; locally
they are concentrated in thick massive beds. There is a close correlation between the occurrence of gravels
and the occurrence of coarse sands. Throughout most of the alluvial section the top of the gravels and the
upper limit of the coarse sands are approximately at the same elevation (plates 4 to 8 inclusive). Most of
the gravel concentrations are associated with coarse sands; where they are scattered in a medium and fine
sand matrix they make up less than 1 percent of the deposit.

Detailed studies of data from closely spaced borings in local areas indicate that gravels and sands are
complexly interfingered. They occur as thin, lenticular or tongue-like deposits which reflect deposition from
shallow-channel braided streams.

The proportion of gravel to sand, the amount of coarse sand, and the size of the gravel and sand particles
decrease upward through the section and also gulfward. The largest gravel tends to be concentrated at the
base of the section where some boulders reach a diameter of over 1 ft. in the northern part of the valley. Few
gravels larger than 3 inches in diameter were encountered in borings on the Harrisonburg-Natchez profile
(plate 4). From the mouth of Red River southward most of the gravels are within the size range of pebbles;
near the bluffs local concentrates of coarser particles occur. Few gravels encountered in the entrenched
valley underlying the coastal marshes exceed 1 inch in diameter, and,most of them are much smaller.

Brown chert particles derived from the Paleozoic rocks forming the highlands around the margin of the
Mississippi Embayment region make up nearly all of the gravels. These cherts are mostly angular and un-
weathered, with smooth surfaces. Silicified fossils included in many of the chert pebbles indicate the age
and locality from which the rocks were derived. In addition to the cherts a small percentage of igneous
and metamorphic rock particles are found throughout the graveliferous unit. These include novaculites
from the Ouachita Mountains; rhyolite porphyries and granites from the St. Francis Mountains of Missouri;
weathered and unweathered gneisses, quartzites, amygdaloidal basalts, taconite, and granite from the Pre-
Cambrian outerops of the north-central United States.

A small percentage of locally derived gravels is also present within the graveliferous unit. Lumps of
Jackson clay are found in the gravels dredged from the Mississippi channel near Greenville, Miss.; petrified.
wood fragments from Tertiary beds of the region have been found in many borings throughout the valley;
and concretionary boulders of siderite and pebbles of Jackson limestone were found in borings between Pine
Bluff, Ark., and Memphis, Tenn. It is considered that locally derived gravels were in part transported to
the valley by tributaries draining the marginal uplands and in part scoured from the valley floor by river
action. Gravel particles scoured from the valley floor bedrock are found on some river bars.

Distribution and Thickness of Gravels. The distribution of the graveliferous unit as indicated from
logs of borings shows that its upper surface slopes away from the mouths of each tributary valley in the form
of an alluvial fan. A contour map (plate 12) shows the general configuration of the top of the graveliferous
deposits and is based on elevations indicated on logs of borings.. The contouring of the map is an interpre-
tation of the fan-like nature of the deposit; gravel lenses known to occur above the top of the graveliferous
unit are not contoured. '

The upper surface of the graveliferous deposits, as indicated by the contour map (plate 12), is fairly
uniform; the principal variation in thickness of the graveliferous unit results from irregularities in the -depth
of the entrenched valley which the gravels fill. The gravel mass is, however, generally thicker at the north
end of the valley; it forms the bulk of the alluvium in the region east of Crowleys Ridge and in places oceurs
within 5 ft. of the surface. The unit gradually thins southward as the upper part of the section is replaced
by finer non-graveliferous. deposits. Irregularities in the thickness of the basal unit are controlled also by
the loeation of finger-like ridges of coarse deposits which radiate from the mouths of the tributary stream
valleys (see plate 12). The unit is thinner at the margins of the alluvial fan ridges and in the central part of
the valley between the marginal alluvial fans.

1 Volume computed for that portion of the entrenched valley lying north of a line drawn between Franklin and Donaldsonville, La. This volume, there-

fore, dges nﬁt include the mass underlying the coastal marshes. Volume of Mississippi River between Cape Girardeau and the Gulf, for comparison, is only
7.5 cubic miles. . - .
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The local thickness of the graveliferous unit is determined by the scouring and depositional activity of
the master stream. The Mississippi River at several places is actively scouring shallow Tertiary bedrock
which forms the divides in the entrenched valley and has removed the gravels from the channel of the river
(see plate 11). Borings which penetrate the filling of abandoned river channels in the vicinity of Lake Provi-
dence, La., show non-graveliferous deposits resting directly upon the valley floor bedrock. Adjacent bormgs
record gravehferous deposits bordering the abandoned channel and show conclusively that deep scouring
action of the river removed the graveliferous deposits from the channel. In contrary manner, the deposition
of gravels at the head of bars may locally form a graveliferous mass continuous from surface to valley floor
and give abnormally thick sections. Such minor local irregularities in thickness are not indicated on the
contour map (plate 12).

The Non-graveliferous Section

The deposits forming the upper portion of the alluvial section are sands, silts, and clays (with minor
local gravel concentratlons) They comprise 290 cubic miles of material in the northern part of the valley
and 250 cubic miles in the south. This section thickens irregularly southward to a maximum known thick-
ness of over 250 ft. near the Gulf shore south of Houma. The pervious sands of the non-graveliferous section
have a greater mass than the overlying relatively impervious topstratum. The two parts of the section are
irregularly interfingered, the pervious sands réaching the surface as sand bars (figures 14-A and 14-B) along
stream channels and in areas of the dissected alluvial plains. The topstratum mantles the remainder of the
alluvial plain.

The Pervious Sands

- The pervious sands form the basal portion of the non-graveliferous beds and make up a huge, irregularly
shaped lens. The thin edges of the lens lie in the northern part of the valley and along the valley margins
where the graveliferous basal deposits extend almost to the surface. The lens also thins to the south where
the sands are replaced by silty and clayey sediments. The thick portlon of the mass lies in the central part
of the valley where many borlngs have penetrated over 100 ft. of “clean” sand lying above the gravels and
coarse sands.

The pervious sands are transitional with the coarser basal sediments and contain thick beds of medium
sands near the contact with the gravels (plates 4 through 8). The medium sands are replaced upward in an
irregular manner by fine and very fine sands. Local tongues of fine-grained silty and clayey sediments and
minor amounts of gravels are found throughout the mass.

The pervious sands of the bars grade downward into the graveliferous filling of the valley. The bar
sands are cross-bedded throughout most of the mass (figure 15-A), but are interbedded with silts and clays
toward the tail of the bar (ﬁgure 15- B) Gravels are brought up from the river bed and deposited at the head
of bars in areas where the river is scouring into the basal graveliferous unit. Most of these gravels are scattered
in the bar sands but some are concentrated in a surface layer where the sands have been winnowed by sub-
sequent river action (figures 16-A and 16-B). Massive concentrates of gravel are found at the heads of some
towheads or islands which separate chutes from the river channel. These concentrates are thick, locally
form the bulk of the bar deposits, and may be continuous with the underlying graveliferous unit.

The Topstratum

Various combinations of sand, silts, and clays give rise to a series of textural groups which make up the
relatively impervious topstratum. "These deposits mantle the underlying pervious sands and constitute most
of the visible surface except for the sand bar areas along the present streams.

’ The color of topstratum deposits reflects, to a certain extent, the source of the floodwaters from whlch
they were derived. - Mississippi and Ohio river deposits are generally gray and grayish brown (blue when
wet); whereas the deposits of the Red and the Arkansas rivers are red, reddish brown, and light brown. The
sands within the topstratum, as elsewhere in the alluvium, do not show distinctive colors.

Detailed studies in many local areas throughout the valley show that the topstratum can be divided
into several types of deposits and that their shape, distribution, and the size of their constituent particles bear
a direct relationship to their mode of origin. Topstratum deposits form natural levee ridges, the upper-
most part of sand bar ridges, and clay plugs which fill portions of abandoned stream channels, and sand bar

“ sloughs. They also blanket the flood plain in the backswamp and form the great bulk of deposits under-
lying the deltaic plain. An example of the complexities of surface and subsurface distribution of topstratum

~deposits on the floodplain in the central part of the valley near Mayersville, Miss., is shown on plate 13.

Local lenticular masses of previous materials are found in the topstratum deposits. They generally -
have no connections with the underlying pervious sands and are therefore considered as part of the topstratum.

Natural Levee Deposits. A widespread topstratum deposit characteristic of floodplains is the natural
levee (figures 1, 17-A and 17-B). It consists of a ridge-like mass of silts, silty sands, and silty clays laid down
by over-bank flow along stream channels. The deposits are thickest and coarsest at their crests along the
river bank. They thin rapidly and become finer landward where they merge with the flood basin deposits.

The size and shape of a natural levee depends upon the size and character of the stream and the position
of the levee in relation to bends in the stream channel. The most widespread and thickest natural levee
deposits occur on the outside of bends. The widest levees are generally-associated with the largest streams,
those of the Mississippi River being the widest levees in the floodplain, but width is not solely a function of
discharge. The turbid Red River, for instance, has far more extensive levees than the relatively clear White
River; a flood distributary stream, Deer Creek, north of Vicksburg, Miss., has levees nearly as wide as those
of the Mississippi River from which it draws its flood waters.

In most cases, the sandiest portion of the natural levee deposits along a meandering stream is the ridge
which forms on the lower end of the bends. These sandier portions of the levee merge with the downstream
bar deposits. .

The thickness of natural levee deposits varies greatly. - In the northern part of the valley the deposits



FIG. 14 A AEeriAL PHOTOGRAPH SHOWING SAND BAR ACROSS OLD CHANNEL ABOVE MOUTH OF
YucATAN Cut-OFF, MILE 638 BeLow CAIRO.

. FIG. 14B SAND DEPOSITS OF BAR AcROSs OLD RIVER CHANNEL ABOVE MOUTH OF YUCATAN
Cut-OFF. NoTE CROSS- BEDDED SANDS AND DRIFTWOOD SCATTERED OVER BAR.
(NEW ORLEANS ENGINEER DISTRICT PHOTOGRAPH NO. 3143).

£ FIGURES 14A & 14B



FIG. ISA CRoss- BEDDED SANDS AT HEAaD oF BAR NEAR UPPER END OF RACETRACK TOWHEAD,
MiLe 607 BeLow CAIRO. EXPOSED SECTION IS |5 TOo 20 FEET THICK.

FIG. 15B Massive SILTS AND SILTY CLAYS INTERBEDDED WITH SANDS AT TOE OF SAND BAR

NEAR LOWER END OF BROWNS POINT, MILE 595 BerLow CalRo. EXPOSED SECTION
Is 8 T0 |10 FEET THICK,

FIGURES ISA & I5B




FIG. I6A GRrRAVEL CoVERED BAR EXxPOSED DURING Low WATER AT HEAD OF ISLAND NEAR MILE
598 BeLow CalRo. NoTE CHUTE CHANNEL BACK OF ISLAND.

FIG. 16B GRAVELS ON BAR NEAR MILE 598 . CONCENTRATION OF DRIFTWOOD MARKS APPROX—
IMATE LIMIT OF GRAVEL AT SURFACE OF BAR. NOTE CHUTE IN FAR BACKGROUND
AND WIDE GRAVEL-FREE SWALES IN CENTRAL BACKGROUND.

FIGURES I6A & 16B



FIG. I7A NATURAL LEVEE SANDS AND SILTS OVERLYING CROSS-BEDDED SAND BAR DEPOSITS. EAST

BANK OF THE RIVER BELOW BROWNS POINT , MILE 594 BEeLow CAiRo. EXPOSED BANK IS
APPROXIMATELY 35 FEET HIGH.

Cypress : " BACKSWAMP
™ Stump CLAYS

NATURAL LEVEE SANDS AND SILTY SANDS OVERLYING THIN BACKSWAMP CLAYS WHICH REST
ON OLDER SAND BAR DEPOSITS. NOTE CYPRESS STUMPS IN BAckswamP CLAYS. EXPOSED

SECTION Is 35 To 40 FEeT THICK. WEST BANK OF RIVER BELOW DUCKPORT LANDING,
MILE 594 BeLow CAlRO.

FIGURES I7A & |7B




TopSTRATUM DEPOSITS OF INTERBEDDED SILTY CLAYS AND SANDY SILTS FORMING THE
UPPER PART OF SAND BAR RIDGES AT HEAD OF RACETRACK TOWHEAD, MILE 607
BeLow CAIRO. EXPOSED SECTION IS APPROXIMATELY 30 FEET THICK. .

TOPSTRATUM DEPOSITS OF INTERBEDDED SILTY SANDS AND SILTY CLAYS FORMING UPPER
PART OF SAND BAR RIDGES EXPOSED IN PiLoT CuT FOR HARDIN CuT-OFF, MILE 293.8
BeLow CaIRO. (MEMPHIS ENGINEER DISTRICT PHOTOGRAPH NO. 45315).

FIGURES I18.A & 18B




FIG. I9A CraYy PLuc DEeEpPosITs FILLING ABANDONED RIVER CHANNEL AT NECK oF COWPEN POINT.
CYPRESS STUMPS MARKING THE OLD CHANNEL POSITION WERE EXHUMED FROM BENEATH A
MANTLE OF SILTS AND CLAYS DURING EXCAVATION FOR GILES CUT-OFF NEAR NATCHEZ,
MississiPPI IN 1933. (NEW ORLEANS ENGINEER DISTRICT PHOTOGRAPH NO. 1893).

FIG. 19B CLAYS AND SILTY CLAYS FORMING A PART OF A CLAY PLUG EXPOSED IN THE WEST
BANK OF THE RIVER NEAR NEBRASKA LANDING, MILE 595 BeLow CAIRO.

FIGURES I9A & 19B
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form a thin veneer with the Mississippi River levees only 10 to 15 ft. thick. In the latitude of Baton Rouge, La.,
. however, the natural levees within the meander belt are, in many places, at least 25 ft. thick and everywhere
form a ridge standing high above the floodplain level. In the delta region the natural levees are built on soft
marsh mucks and subside under their own weight; more of the natural levee material may lie below marsh
level than appears above. Levees in the delta continue to sink after the abandonment of the stream channel
so that today their surface is considerably below their original elevation.
Differences in thickness of the natural levee deposits also reflect irregularities of the surface upon which
the%r1 were deposited. The_thickest natural levee deposits mantle old channel positions; the thinnest overlie
sand bars.

, Topstratum on Sand Bars. A characteristic topstratum deposit of the floodplain is the alternation of
interbedded silty sands and silty clays which form the upper 10 to 15 ft. of sand bar ridges. These extensive
deposits mark the accretion topography of the river meander belts, and their local thickness and distribution
varies with the nature of development of the sand bar which they blanket.

Rivers on the floodplain constantly migrate within their meander belts and continually shift the position
of their channels. Channel shifting within a river bend follows bank recession which takes place on the convex
side of the river where water velocity is highest; it is accompanied by contemporaneous sand bar accretion on
the inside or concave side of the river where the current is slack. Bank migration is irregular and is con-
ditioned by changes in alinement of the river, by variations in velocity brought about by periodic fluctuations
in stage, and by the nature of bank sediments. The irregular nature of channel shifting results in the devel-
opment of a series of alternating sand bar ridges and sloughs, the shape of which conforms to the curvature of
the inside of the bend. Changes in alinement of the river are such that high water sand bar deposits block
the lower end of earlier-formed sloughs, and that the upper ends of the succession of sand bar ridges are de-
stroyed by bank caving while new sand bars are forming downstream.

The sand bar deposited during high stage of the river becomes exposed during falling stages (figure

14-A) and generally collects driftwood on its surface (figure 16-B). As the water continues to drop, silty
sediments collect at the tail of the bar (figure 15-B) and around the margins of the slough back of the bar.
Willow trees start to grow in the silty deposits soon after their deposition and eventually the tail of the bar is
covered with a dense growth. Studies' have shown that willow growth traps a part of the sediments nor-
‘mally transported over the bar during high river stages. Driftwood in places on the bar surface exerts a
similar but less pronounced effect. As the bar increases in height, the current slackens in the shallowing
area, and less sands are carried to the bar. After flood crest stages when velocities over the bar are still high,
deposits of silty sand are trapped on the bar. As stages continue to fall thinner layers of silty clays are laid
down in slack water. The alternation of sediments is pictured in the basal part of the bank section shown
in the photographs of figures 18-A and 18-B, and plate 14, diagram 3.
_ " After the bar ridge is removed from the zone of active sedimentation and new bars begin to form in the
river, the older feature is generally cloaked with a dense cover of vegetation. The older ridges in the accretion
topography become covered with water only during flood stage, when the bar sloughs act as avenues for flood-
water release. The vegetation in both bars and sloughs tends to trap the suspended load of sediment in the
flood waters and the irregularities in the accretion topography are gradually smoothed by a layer of laminated
silty clays which in many places reach a thickness of 5 ft. (see upper part of bank section in photograph, figure
-18-A).. Bar sloughs act as settling basing for the floodwaters and accumulate thick sections of silty clays
(see discussion of clay plugs).

. Channel and Slough Fillings. Clay Plugs.®? The term clay plug has been used to designate local bank
areas of the Mississippi River which are more resistant to bank caving than surrounding areas. Such areas
mark the position of abandoned river channels or of bar sloughs filled with fine-grained topstratum deposits
(figures 19-A, 19-B, and 20-A). As used herein clay plugs are not restricted to deposits near the river bank,
but include all fine-grained, relatively impermeable sediments which form the filling of abandoned channels
and sloughs throughout the alluvial plain. ,

. Both the thickness and composition of clay plugs are highly variable as can be seen on the sections and

- logs of borings of the clay plugs shown on plate 14. Many abandoned channels are filled with clays and
blue mud,® others are made up of interbedded clays, silts, silty clays, silty sands, and sandy clays with a few
irregular lenticular masses. The plugs vary in thickness from a few feet to a known thickness of over 125 ft.

in an abandoned meander loop near Lake Providence, La. The thickest part of each plug is confined to a

narrow zone corresponding to the talweg position of an active stream. The shape, thickness, and relation-

ship of the Lake Providence clay plug to the ancient channel is shown by the contour map (plate 14, diagram 4)

which shows the elevation of the base of the clay mass. , _

The nature and extent of the clay plugs are determined largely by the manner in which the channel
they fill was cut-off from the river. Natural cut-offs are of either neck or chute type. The neck cut-off is
formed.when the river is shortened by the coalescence of migrating river bends at the upstream and down-
streain arms of the meander loop. As the migrating bends approach each other, the intervening neck of land

 becomes progressively narrower and eventually the river breaks through and establishes a shorter course. Flood-
water may scour channels across the neck and hasten the river diversion. A neck cut-off causes the rapid
abandonment of an entire meander loop; when such a loop is blocked from the river an ox-bow or cut-off lake
is formed (see plate 14, diagrams 2 and 4). Chute cut-offs form when the river establishes a new and shorter -

course across the point bar on the inside of an enlarging meander loop. A chute cut-off course develops in ‘a

slough which crosses the bar inside the bend and gradually enlarges to become the main channel of the river
. (see plate 14, diagrams 1 and 4). . The chute cut-off, in direct contrast with the neck cut-off, is formed slowly

and only short segments of the river are abandoned. Chute cut-offs develop slowly because the angle of

- 1 Matthes, Gerard H., “Report on Revetments to the President, Mississippi River Com:mission.” QOctober 8, 1941,

2 The term clay plug is one of a number of localisms used in this report. This term has been in general use by engineers and rivermen for over a century
to denote fine-grained, erosion resistant, bank materials which when wet bear a resemblance to clay.

3 Blue mud is another localism used to denote a clay with a water content equal to over 32 percent of the total weight of the sample or over 47 percent
of the dry weight of the sample. ’ '
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divergence between the branching channels is small and the reduction of flow in the old channel is gradual.
Sands, diverted into the old channel during reduction in flow, gradually choke and narrow the upper end of
the old channel. Many of these abandoned channels are entirely filled with sands but most have thick narrow
talweg fillings at their lower end (see plate 14, diagrams 1 and 4). A thin layer of fine-grained sediments
may mask the upper part of the sandy channel filling, but generally sands and gravels are found at the sur-
face near the entrance to the abandoned channel.

Neck cut-offs result in quick abandonment of meander loops because the arms of the old channel generally
have a wide angle of divergence with the new river course and the reduction in flow is fast. Sandy sediments
are carried within the old channel arms for only a short distance. After most neck cut-offs are formed, the
newly established channel generally migrates away from the arms of the abandoned meander loop and the
ox-bow lake is removed from the zone of most active sedimentation. The lake receives only fine floodwater
clays and silts and very slowly fills with blue mud (see plate 14, diagram 2, and appended logs).

Clay plugs formed in ox-bow lakes present similar variations in the nature of their sediments through-
out the dlluvial valley. The central part of the mass consists of poorly compacted blue mud with a high
water content; the lower part of the mass is “fat’’ clay, the well compacted equivalent of blue mud; and the
upper part of the mass, within the zone of ground-water fluctuation, consists of “buckshot’ clay.’

Minor clay plugs underlying narrow, elongate, arcuate ‘“lows’ or swales in the surface of sand bar accre-
tion areas are very common floodplain features. These plugs are rarely made up of blue mud or clay; most of
them consist of silty clays, silty sands, and sandy clays (figures 20-A and 20-B). Most of the plugs are thin
and form an insignificant part of the bar accretion but a few are known to be over 60 ft. in thickness. Thick
slough fillings are deposited in slack waters ‘“‘backed up”’ in the mouths of sloughs opening into the river.
Many of the thick deposits, however, are laid down in minor floodplain lakes formed in sloughs which were
blocked from the river by growth of sand bars. Only local minor depressions called swales remain to mark
the position of most filled sloughs. . ‘

The point bar, the composite accretion feature within a bend, consists of an alternation of sand bar
ridges, capped with thin topstratum, and swales underlain by clay plugs. The distribution of the topstratum
units on a typical point bar, Wilson Point, is shown on plate 14, diagram 3.

. Backswamp Deposits. The most extensive topstratum deposits of the floodplain are those laid down
in the flood basins beyond the natural levees (see plate 1). These deposits mask older strata and consist
principally of interbedded, thinly laminated, silty clays and clays with a high organic content (see figures
17-B and 20-B). The backswamp deposits enclose logs, stumps, and roots of trees as well as thin layers of
carbonized leaf remains and other comminuted vegetable matter. The deposits are generally slightly oxidized
and when dry form typical ‘“buckshot clays.” .

Backswamp deposits are particularly widespread in the southern parts of the St. Francis and Yazoo
basins, and in the Tensas and Beouf basins farther south. They gradually thicken southward and merge -
with thicker fine-grained deposits of the deltaic plain south of the latitude of Angola, La. At the northern
end of the alluvial valley the deposits are thin and discontinuous; in the latitude of Memphis, they reach a
thickness of 30 ft.; in the latitude of Vicksburg they are approximately 40 ft. thick; and in the latitude of Angola
they reach a maximum thickness of 60 ft. L

Deltaic Plain Deposits. South of the latitude of Angola the backswamp deposits merge with the top-
stratum of the deltaic plain and form an extensive ‘“blue clay’” mass. The mass thickens gulfward from-
60 ft. on the north to 150 ft. in the latitude of Baton Rouge, and to a maximum recorded thickness of 225 ft.
near the gulf shore south of Houma. The topstratum also thickens toward the center of the valley; it is
generally less than 50 ft. thick between Angola and New Orleans on the eastern valley margin and less than
40 ft. thick along the western valley margin between Opelousas and Morgan City.

The topstratum in the deltaic plain includes a complexly interfingered mass of fine-grained deposits laid
down during the period of valley filling, in several near sea-level environments similar to those which char-
acterize the present coastal plain (figures 21-A and 21-B). Silty and sandy sediments mark the natural levee
and channel deposits of the rivers and their distributaries and crevasses. On the surface they form long
linear units which project finger-like toward the Gulf (see figure 21-B); in the subsurface they are seen as
lenticular masses. Lenticular sands and clays containing remains of marine and brackish-water organisms .
are found scattered throughout the mass. They mark the deposits formed as beaches of the Gulf and of
large lakes, the filling of bayous, and the bottom deposits of lakes, bays, and arms of the Gulf. These lentic-
ular deposits are incorporated at different depths in the widespread thick clays and silty clays of. the marshes,
the principal environment of deposition throughout the history of construction of the deltaic plain.

The marshes generally have a superficial, little-compacted surface layer of muck, ranging up to 20 ft.
in thickness, which has an extremely high organic content. In most places theése marshes will not support a
person’s weight and are so poorly consolidated that small boats can be forced through them. (See boat trails,
figure 21-A.) The organic mucks generally become compacted with depth and a few feet beneath the sur-
face may show stratification of silty clays and clays. ' :

Because marsh deposits accumulate close to sea level and are poorly consolidated they may be locally
destroyed by the growth of “round lakes.” Several of these lakes may coalesce while enlarging and form large
water bodies, or the growth of a lake may be halted by the spread of marsh vegetation. Lake waters may
winnow the finer sediments from the marsh mucks and develop a thin compact silty or sandy layer overlying
deeper marsh deposits. If clogged with vegetation, the lake bottoms may become covered by an organic
ooze. Some meandering channels and abandoned distributary stream channels in the marshes slowly choke
with vegetation (figure 21-A) and, like the lakes, may hold a thick section of organic ooze overlying a relatively
compact bottom section of silts and silty clays. Sandy and silty lake bottom sediments, locally holding
oyster reefs or other evidences of near shore life, occur throughout the “blue clay’’ mass as thin, relatively
compact, lenticular layers. The organic oozes and thick accumulations of vegetable matter occur as thin,
peaty, clay layers. ' :

1 As used locally “buckshot” clay is a slightly oxidized plastic clay which when dry breaks into small pellets or angular particles.
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Part IV

THE ALLUVIAL PLAIN

The alluvial plain of the Mississippi Alluvial Valley is the upper surface of the mass of sediments filling
the entrenched valley system. It includes the floodplain, the deltaic plain, and the dissected alluvial plains
above flood level, and is everywhere a surface of low relief with a gentle slope which decreases seaward. The
latest epochs in aggradational history of the valley are recorded in its drainage patterns, distribution of sedi-
ments, and erosional features.

Most of the topographic features of the alluvial plain have been fashioned by the depositional activity
of running water during valley aggradation. Some are the surface expression of structure; others, near the
coast, result from the work of waves. The principal indications of erosional stream act1v1ty are found in
the dlssected alluvial plains.

. The general locations of the alluvial plain features are shown on the map, plate 2, and details of the
valley surface are shown on the map, plate 15. Reference to these maps and to plate 1 is essential to the-
clear presentation of alluvial plain features. :

Floodplain Features. The floodplain is composed of a number of low meander belt ridges and inter-
vening flood basin lowlands. Alluvial ridges of abandoned Mississippi River meander belts may be traced
for miles from their position of divergence from the ridge along the present river course south of Cape Girar-
deau, Mo. They maintain the broad curvature associated with the Mississippi River, are from 10 to 20
miles wide, and rise above the flood basins 10 to 20 ft. Meander belt ridges of tributary streams can also be
traced on the alluvial valley surface. Those of the Arkansas and Red rivers are the most extensive and
maintain widths of 3 to 5 and 1 to 3 miles, respectively.

Floodbasins are irregular in shape and are flooded by Both backwater and overflow waters. During
" periods of great floods the entire floodplain is under water. Flood basin topography differs from that of other
portions of the floodplain mainly in that original erosional and depositional irregularities have been subdued
or buried by floodwater sediments (see Upper Tensas Basin, figure 22). Drainage patterns inherited from the
original topography are preserved in the swamp networks which are utilized both for distribution and with-
drawal of floodwaters.

The deltaic plain portion of the floodplain reflects stream behavior on the low surface slopes which pre-
vail near the coast. Meander belts are less complex, alluvial ridges stand higher above the general surface,
and extensive distributary ridges develop (figures 21-B and 23). These distributary ridges are narrow and
have a steeper seaward slope than that of the trunk stream. The inter-ridge lowlands which are not much
above sea level contain many lakes and carry floodwaters to the Gulf. They give way southward to coastal
marshes and bays. Cheniers, narrow beach ridges near the coast line, truncate the ends of the distributary
channels and inclose the lowlands. Both the cheniers and the rounded outlines of the lakes are the result
of wave action..

The marsh areas of the deltaic plain are characterized by tidal streams (figure 21-A) which in many
places exhibit a rectangular drainage pattern. This pattern, together with the distribution and shape of lakes,
the pattern of distributary streams, and the trend of the lowlands, closely follows the regional fracture pattern.

Dissected Alluvial Plain Features. The dissected alluvial plains are those portions of the alluvial
fans of the tributary streams which stand above the general level of the floodplain and which have been eroded
by minor streams. They are locally terraced, and their several surfaces are separated by escarpments. Many
- of the terraces lose their identity within a few miles, the escarpments disappear, and the surfaces merge.
Escarpments which separate the dissected alluvial plains from the floodplain also locally disappear and in
places the higher surfaces merge with the ﬂoodplaln

The cross-cutting relationship of the various stream scars on the local terraces of the dissected plains
indicate that the higher surfaces are the oldest. The escarpments between terrace levels are primarily stream-
cut bluffs, but they owe at least a part of their height to deposition of natural levees along their crests.

The present drainage lines of the dissected alluvial plains follow surface irregularities which were formed
by the activity of streams during the construction of the surface. In most places the dendritic branchwork
drainage of the remnant surfaces of the Mississippi, Ohio, and Arkansas alluvial fans is controlled by an
anastomosing network of abandoned channels of braided streams (figures 24 and 25).

- Three types of channels are distinguishable within the topography left by braided streams: main channels,
in which flow was concentrated and which commonly show a slight tendency. to develop into meandering
courses; dispersal channels, a complex network of small channels- which carried water away from the main
channels and gathering channels, in which water from dispersal channels was collected for return to the main
channel. A main channel was often formed by the union of several gathering channels. Typical recon-
structed braided drainage of the Mississippi River in the region of Weiner, Ark., is shown on plate 16.

Natural levees occur where the main channel of the braided system develops meander-like bends and
where the dispersal channels on the outside of bends become partially blocked. Many of the dispersal and
gathering channels also possess natural levees.

Elements of the braided stream topography are recognizable in the floodbasins where some have been
traced directly from the high dissected alluvial plains, see plate 15. The old channels in the floodbasins are
occupied by small streams which form & part of the backswamp network, but subsequent alluviation has
largely obliterated the original relief, figure 26.

Faulting has exerted a definite "control on the development of the braided streams of the alluvial plains.
Ind1v1dua1 channels of the braided system parallel the trends of the regional fault system. In some places,
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notably along Big Creek southwest of Helena, Ark., faulting has considerably disarranged the drainage and
formed escarpments which displace the braided stream topography (plate 2). Branchworks draining the
braided topography of the plains surface are entrenched where they cross the escarpments. The entrench-
ment is most evident on the main channels where the present streams have carved narrow valleys.

Valley Divisions

Alluvial valley features are discussed in relation to three arbitrarily established divisions; northern,
central, and southern. The northern division, separated by Crowleys Ridge into the Western and Eastern
lowla,nds includes all of the valley north of a line drawn along the Mississippi River from Memphis, Tenn.,
to Helena Ark., thence to the mouth of the Arkansas River and north along the eastern margin of Grand
Prairie Rldge to the valley wall. The central division includes all of the valley south of the above described
line and north of a line drawn from the mouth of the Red River westward along Bayou Des Glaises to the
Marksville Hills. The southern division consists of the deltaic plain.

THE NORTHERN DIVISION
The Western Lowland

The Western Lowland includes extensive remnants of the alluvial -fan of the Mississippi River, and
the floodplain of the White River and its tributaries. The lowland is connected with the Eastern Lowland
by a number of gaps through Crowleys Ridge. It joins the floodplain of the upper Mississippi River near
Cape Girardeau, Mo., and is joined by the floodplains of a number of smaller streams along the western valley
wall.

The Western Lowland averages less than 5 miles in width between Cape Girardeau and Wappapello,
Mo., where it abruptly widens to 20 miles. Near Jonesboro, Ark., it again widens and maintains a width of
- slightly over 30 miles to its southern margin.

The Ozark Escarpment, which rises 200 ft. above the alluvial valley, forms the northwest boundary of
‘the Western Lowland. The escarpment is straight with a major offset to the east where the White River
enters the alluvial plain. It shows little evidence of stream sculpture and is considered to be a fault scarp.
The southwestern escarpment along Grand Prairie Ridge, rises 20 to 60 ft. above the White River Lowland
and is scalloped by scars of the White River. Crowleys Ridge forms the discontinuous eastern margin of
the Western Lowland. The straightness and angularlty of the western margin of the ridge are considered
to reflect faulting in the area. v

Water Gaps Through Crowleys Ridge

The main water gaps by which the Eastern and Western lowlands are connected are: Bell City-Oran
Gap followed by the Whitewater-Little River, the Castor River Gap, the St. Francis River Gap, and the Mari-
anna Gap which is followed by L’Anguille River.

Bell City-Oran: Gap. The most northerly and widest of the gaps through Crowleys Ridge lies between
Bell City and Oran, Mo. It is 10 miles wide but is interrupted by four small upland remnants of Crowleys
Ridge; Ringer, Cow, Bird and Lost hills. Bird Hill has an area of slightly over a square mile and stands
250 ft. above the surrounding floodplain. The other knobs are smaller and rise approximately 150 ft. above
the floodplain to the general level of Crowleys Ridge. The Whitewater River flowed south through the gap
between Bird and Cow hills until recently when it was canalized and diverted into the Mississippi River near
Cape Girardeau. Under natural conditions the drainage through the Bell City-Oran Gap was by a plexus
of old White River channels into Little River. Mississippi River floodwaters which entered the Western
Lowland at Cape Girardeau also flowed into the Eastern Lowland through the gap.

The Castor River Gap. Castor River, before its canalization, flowed through a gap in Crowleys Ridge
to join Little River near New Madrid, Mo. The valley of the Castor River through Crowleys Ridge is about
10 miles long and varies in width from 34 of a mile to 1 mile throughout most of its length but narrows to
less than 14 mile at its eastern end. The gap, unlike the Bell City-Oran Gap, is not bordered by abrupt
escarpments.

The northwestward widening of the valley of Castor River and the northwest-southeast trend of the
tributary valleys which join the main valley in the gap indicate that the Castor River reversed the flow in
the trunk valley of a minor west-flowing stream system.

The St. Francis River Gap. The gap through Crowleys Ridge occupied by the St. Francis River is
located where the ridge is low and narrow. The gap is approx1mate1y one mile long and a little more than
1,000 ft. wide in its narrowest portion.

The St. Francis River Gap, like the Castor River Gap, is the valley of a beheaded west-flowing stream
through which the river was diverted into the Eastern Lowland. Several other similar gaps north of the
St. Francis River Gap are also the beheaded valleys of minor west-flowing streams, but most of them are 35 ft.
or more abové the Eastern Lowland and have no streams.

The Marianna Gap. A.-broad re-entrant of the Mississippi floodplain of the Eastern Lowland now
oceupies an 8-mile wide gap through Crowleys Ridge north of Marianna, Ark. L’Anguille River enters the
Mississippi floodplain just west of the gap. It isentrenched over 20 ft. in the high alluvial plain of the Western
Lowland, north of an escarpment which truncates the alluvial plain and limits the northern end of the Mari-

-anna Gap This escarpment is part of the Big Creek fault zone and clearly shows that the gap is of structural
origin. -



FIG. 20A INTERBEDDED SILTY CLAYS, SILTY SANDS, AND SANDY CLAYS FORMING THE FILLING OF A
BAR SLOUGH. EAST BANK OF RIVER SOUTH OF VICKSBURG, MISSISSIPPI, NEAR MILE 605
BeLow CaiRo. EXPOSED SECTION 1S APPROXIMATELY 35 FEET THICK.

FIG. 20B "“BucksHOT" CLAYS FORMING A PART OF AN EXTENSIVE BACKSwWAMP DEPOSIT. WEST
BANK OF RIVER NEAR DUCKPORT LANDING, MILE 593 BELow CAIRO. THE CLAYS,
20 FEeT THICK, ARE OVERLAIN BY NATURAL LEVEE DEPOSITS, 6 TO 8 FEET THICK,
AND OVERLIE SAND BaR DEPOSITS.

FIGURES 20 A & 20B




FIG. 2IA AEeRIAL PHOTOGRAPH OF COASTAL MARSHLANDS OF LAFOURCHE PARISH, LOUISIANA, NEAR
THE WESTERN END OF LAKE SALVADOR. Bavou DEs ALLEMANDS, A TiDAL CHANNEL,
CONNECTS LAC DES ALLEMANDS WITH LAKE SALVADOR. OTHER MEANDERING CHANNELS,
CHOKED WITH ALLIGATOR GRASS AND ABANDONED, ARE TRACEABLE IN THE MARSHES. DARK
PATCHES WITHIN THE MARSHES ARE WATER BobpIEs. NARRow BoAT TRAILS UTILIZED FOR OiL
EXPLORATION AND FOR TRAPPING CRISS-CROSS THE AREA.

FIG. 21 B  AERIAL PHOTOGRAPH OF MARSHLANDS NEAR LAROSE, LAFOURCHE PARISH, LOUISIANA.
CuLTIVATED NATURAL LEVEES AND A WELL DEFINED CHANNEL MARK BAYOU LAFOURCHE,
AN OLD DISTRIBUTARY OF THE MISsISSIPPI RIVER. OLDER DISTRIBUTARY CHANNELS CHOKED
WITH VEGETATION AND SEDIMENT CAN ALSO BE TRACED IN THE MARSHES. IRREGULAR DARK
PATCHES AT LEFT OF PHOTOGRAPH INDICATE BURNED MARSHES.

FIGURES 2IA & 2IB
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Subdivisions of the Western Lowland

The Advance Lowland.! The narrow portion of the Western Lowland which extends for 50 miles between
Cape Girardeau and Wappapello, Mo., is termed the Advance Lowland. It is 3 miles wide at Cape Girardeau
and reaches its greatest width of approximately 8 miles near Advance, Mo., where Hickory Ridge and other
small upland remnants set off the narrow, 15-mile long Drum Lowland? to the north. West of Drum Low-
land the Advance Lowland maintains a width of about 4 miles to Wappapello where it narrows to a width
of 2 miles.

The surface of the Advance Lowland, east of Advance, is blocked by a series of low ridges, successive
natural levees formed while the Mississippi River occupied the Bell City-Oran Gap. The position of these
ridges is indicated by the white lines on photograph, figure 27. The westernmost of the ridges rises 15 ft.
above the general level of the alluvial plain; successive ridges diminish in height eastward. The upper end
of the Drum Lowland is also blocked by natural levee ridges of the Mississippi River and by the alluvial fan
of the Whitewater River. ‘

West of Advance, the lowland surface bears traces of an old braided channel system of the Mississippi
River. West of the Drum- Lowland the north portion of the Advance Lowland is partially filled by the allu-
vial fan deposits of the Castor River. These deposits cover and largely obscure the older drainage lines, but
traces of the older braided Mississippi channels are retained in the trend of the abandoned Castor River
courses.

The southern end of the Advance Lowland was blocked by the alluvial fan of the St. Francis River
and the resulting lowland is known as Mingo Swamp. The earlier drainage lines in the Mingo Swamp area
have been completely obscured and today the only channels still traceable are meandering courses of the
St. Francis and Castor rivers.

‘The Alluvial Fans of the Western Lowland. The Western Lowland is occupied by the huge alluvial
fans of the Mississippi River and by smaller fans of the marginal tributaries. The general area of the aban-
doned Mississippi alluvial fan is shown on plate 2; details of this fan and of the fans of minor streams are
shown on plate 15.

The Mississippi Alluvial Fan. The alluvial fan deposits of the Mississippi River form most of the sur-
face of the Western Lowland. They can be traced from the Advance Lowland through the wide dissected
alluvial plains into the floodplain area of the Mississippi River. The alluvial fan surface consists of a step-
like series of seven terraces (figure 28) separated by escarpments. They are designated in order of their develop-
ment the Aj, Ay, Az, By, Bg, B3, and C; stages. The surface of each terrace is covered with many traces
of the channels of the braided Mississippi River and smaller streams which were active in constructing the fan.

The Black, White, 1’ Anguille, and Cache rivers, Bayou De View and Big Creek are all incised within
deposits of the Mississippi alluvial fan. The curvature of the valley and the parallelism of these streams
with elements of braided stream topography on the adjacent surfaces show that each stream follows the
position of an abandoned main channel of the braided Mississippi River. The average slope of the dissected
Mississippi alluvial fan is approximately 0.75 ft. per mile, slightly more than the slope of the Mississippi
River floodplain in the same latitude; however, local slopes on the fan surface are extremely variable. The
down-valley slope of individual terrace surfaces of the fan reaches one foot per mile. Slopes measured along
a main channel are locally less than 0.5 ft. per mile and those along dispersal channels are insignificant. Natural
levees along the main channel are very narrow and steep with local backslopes of 5 ft. per mile.

The Big Creek Escarpment. The Big Creek Escarpmént which separates the dissected portion of the
Mississippi alluvial fan from its southward continuation on the floodplain extends as a broad are for 50 miles
northeastward from the southern end of Grand Prairie Ridge to West Helena, Ark., where it stops at the
foot of Crowleys Ridge (plate 2). The escarpment has an average height of about 30 ft. and reaches a maxi-
mum height of 60 ft: near West Helena. It is named after Big Creek, a tributary of the White River, which
flows at its base for several miles. A portion of the escarpment east of the White River is shown on figure 4.

"Scars of braided Mississippi channels on the dissected alluvial plains are abruptly downdropped to the
south of the Big Creek Escarpment. This displacement of the surface features definitely establiskes the fact
that the escarpment is the result of faulting. A few borings in the vicinity of Barton (8 miles west of West
Helena), show a: displacement of the alluvium and valley floor sediments at the foot of the escarpment. The
displacement at depth is greater than that of the surface and shows that movement along the fault zone
started before the deposition of the Recent alluvium.

The Big Creek HEscarpment is jagged and notched by stream valleys. Many of the streams crossing
the escarpment are deflected southwestward and tend to follow minor faults which are en echelon to the trend
of the Big Creek fault zone. The total displacement of the surface as indicated by the height of the escarp-
ment has been distributed locally to movement along parallel minor faults each with a throw of several feet.
The diagram, figure 29, shows the complex nature of faulting in the central part of the escarpment south
and west of Marvell. ' ,

- Slow movement along the faults of the Big Creek fault zone is indicated by the fact that traces of braided
courses of the Mississippi River all turn southwestward and paralled the trend of the escarpment (see figure
29 and plate 15). This phenomenon indicates that movement was oceurring when the river occupied the
Western Lowland. Slow and continued fault movement permitted the Mississippi River to slowly incise
earlier formed portions of its alluvial fan and to develop the step-like sequence of terraces north of the fault
zone. The long continued nature of the faulting is shown by a greater displacement of the valley floor sedi-
ments than is'shown at the surface and by a somewhat thicker section of alluvium recorded in borings made
at the foot of the escarpment. - "

1 Marbut, C. F., “The Evolution of the Northern Part of the Lowlands of Southeastern Missouri,” Univ. of Missouri Studies, vol. 1, no. 3, p. 4; 1902.
2 Marbut, C. ¥., Idem., p. 7. - ‘



24 Geological Investigation

Local movement along the Big Creek fault zone was sufficiently great to cause a northward tilting of
the alluvial fan surface between Helena and Marvell, Ark. Drainage following abandoned braided channels
of the Mississippi River in this area has been reversed and now flows northward toward Marianna.

Alluvial Fans of Tributary Streams. FEach of the major tributaries entering the Western Lowland, the
Whitewater, Castor, St. Francis, Black, White, and Little Red rivers, has developed an alluvial fan. The
general outlines of these alluvial fans are shown by the distribution of abandoned stream courses on plate 15.
The largest of these fans is that of Little Red River. Part of this fan lies above floodplain level and was
evidently formed when the Mississippi River occupied the Western Lowland. All other fans were constructed
subsequent to the shift of the Mississippi River to the Eastern Lowland.

Floodplains within the Western Lowland. The principal floodplains within the Western Lowland
are those of the Black and White rivers; Cache River, Bayou De View, Big Creek, and L’Anguille River have
minor floodplains. :

The floodplains of the Black and White rivers make up a continuous lowland which extends the entire
length of the Western Lowland, south of the Advance Lowland. This lowland narrows to 0.75 mile at the
western valley wall near Pocahontas, Ark. (figure 30), but elsewhere it is 4 to 8 miles wide. It is separated
from the Mississippi alluvial fan surface by escarpments which average less than 15 ft. high but which reach
a maximum height of almost 50 ft. near St. Charles, Ark.

The floodplain bears traces of several older meander belts of the Black and White rivers. Meander
scars of a stream larger than the present Black River are also found in the Black River lowland. The size
of these scars indicates that they were formed by a much larger stream, one which probably carried the com-
bined flow of Castor, Whitewater, St. Francis, and Black rivers.

South of De Valls Bluff, Ark., the White River lowland contains the scars of the youngest braided Mis-
sissippi system in the Western Lowland. This system occurs on the Cy surface which merges with the White
River floodplain (plate 15).

A series of large meander scars similar to and older than the large scars in the Black River lowland
forms a part of the Cy surface bordering the Cache River lowland (figure 30). These large scars make up a
meander belt which can be traced from the Black River escarpment near Knobel, Ark., along the present
Cache River valley to its junction with the White River floodplain. Throughout this distance the meander
belt is slightly above floodplain level of the Cache River. It parallels the trend of the braided stream scars
on the higher Mississippi Cq surface. '

Earlier meander belts of the White River lie to the east of the small outlying Mississippi alluvial fan
remnants known as the Surrounded Hills. The lowland to the west of these hills was initially developed
by the Little Red River and was not occupied by the White River until a much later date. In the lowland
to the east of the Surrounded Hills, the White River was joined by the Black River in its Cache River C,
course (plate 15). - _

The only part of the Mississippi River floodplain in the Western Lowland lies between the Big Creek
escarpment and the present Arkansas and Mississippi rivers. The southern edge of the floodplain is part
of the Mississippi meander belt. The remainder of the area is part of the White River basin which includes
most of the White, Cache, De View, and Big Creek floodplains. Several meander belts of the White River
lie at the western edge of this portion of the Mississippi floodplain. Irregular ridges and swales in the eastern
part of the floodplain mark braided channel positions of the Mississippi River. These braids are a continu-
ation of the braids on the dissected plain surface north of the Big Creek Escarpment.

Influence of Regional Structure in the Western Lowland

In addition to active faulting which has displaced the.surface along the Big Creek fault zone, there is a
marked correlation between the trend of the escarpments, the trend of the alluvial fan drainage, and the-
regional structural pattern. The prominent escarpment between Ay and By surface in the vicinity of Weiner,
Ark., parallels the trend of the Ozark Escarpment fault zone. It also forms the continuation of the trend of
the western side of Crowleys Ridge north of Jonesboro, Ark. This escarpment, like most other escarpments
in the area, turns abruptly to the southeast and parallels the trend of the White River fault zone, figure 6.

The drainage of the dissected alluvial plain forms a roughly rectangular pattern with the dominant
directions corresponding to the major fault directions, northeast-southwest and northwest-southeast (plate 15).

The gaps in Crowleys Ridge also correspond with the position of the major fault zones. '

The Eastern Lowland

The Eastern Lowland contains that part of the Mississippi meander belt north of Helena, the St. Francis
Basin, and extensive remnants of the old alluvial fan of the Ohio River. The lowland maintains a width of
40 to 50 miles from the northern end to the latitude of Osceola, Ark., and narrows southward toward its south-
ern boundary, the Mississippi River, which crosses the lowlands diagonally between Memphis and Helena.

The general surface of the Eastern Lowland is lower than that of the Western Lowland, and the escarp-
ments are higher. These escarpments are but slightly modified by scallops of the major streams, the Ohio
and Mississippi rivers. They form a series of straight bluffs whose short segments are alined with the trend of
the major regional fault system. ' N '

The Eastern Lowland connects with the Western Lowland by the several water gaps through Crowleys
Ridge and with the upper Mississippi Alluvial Valley by Thebes Gap through which the Mississippi River
flows. They connect with the upper Ohio Alluvial Valley by the Metropolis Lowland, followed by the Ohio
River, and by the Cache Lowland of southern Illinois which was previously occupied by the Ohio.

Thebes Gap. The narrow gorge of the Mississippi River which separates the Benton or Commerce
Hills from the highlands of southern Illinois (figure 31) is named for Thebes, Ill., where it is less than 3,000 ft.
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Bell City-Oran Gap was so complete that the whole upland is below the level of Sikeston Ridge. Degrada-
tion was less complete in the Cairo Lowland, and isolated remnants of the original surface co-extensive with
Sikeston Ridge remain above floodplain level.

Scars of the braided channel of the Ohio River can be traced on the surface of Sikeston Ridge. A small
gap in the north end of Sikeston Ridge, 3 miles south of the Commerce Hills, marks the position of a braided
channel of the Ohio River which later functioned as a dispersal channel of the Mississippi Rlver while it occupied
its Morehouse Lowland course. .

The Morehouse Lowland. The Morehouse Lowland,1 named after the centrally located town of More-
house, Mo., lies between two remnants of the Ohio alluvial fan, the Malden Plain to the west and Sikeston
Ridge to the east. To the north the Morehouse Lowland connects with the upper end of the Western Low-
land by the Bell City-Oran Gap; to the south it is continuous with the Little River Lowland with which it
merges in the latitude of New Madrid, Mo. The Morehouse Lowland is slightly more than 30 miles long
and increases from 10 miles in width at its northern end to almost 20 miles at its southern end.

The drainage pattern of the Morehouse Lowland (figures 27 and 31 and plate 15) is determined by an
anastomosing network of old Mississippi River braided channels. Smaller streams, such as the Castor River
and Little River (named Whitewater River on old maps), flow in these old braided courses and have modified
the original channels. The cross-cutting relations of the braided channel scars indicate the eastern part of
the Morehouse Lowland was the last to be abandoned by the Mississippi River.

Little River Lowland. The Little River Lowland, 20 miles wide and 80 miles long, forms the central
‘part of the St. Francis Basin and is the southward continuation of the Morehouse Lowland. It is bounded
on the west by the Malden Plain, on the east by the Mississippi River, and on the south by the abandoned
St. Francis segment of the Mississippi River meander belt. The topography of this lowland differs from
that of the Morehouse Lowland mainly in that scars of braided Mississippi courses have been largely de-
‘stroyed by erosion or burial. Before canalization of the region, drainage in the northern part of the Eastern
Lowland was collected by the Pemiscot Bayou-Left Hand Chute of the Little River system which joins the St.
Francis River at Marked Tree, Ark.

The Little River Lowland is obliquely crossed at its southern end by tlie meander belt ridges of the Pemi-
. scot Bayou-Left Hand Chute of Little River and of their older counterpart, Tyronza River. Meander loops
within these ridges were formed by a stream larger than any draining the region today, but they are smaller
than those of the Mississippi or Ohio rivers. The stream which constructed these ridges received much of
its volume from Mississippi overflow near Cape Girardeau, which entered the system by way of the More-
hiouse Lowland. Other sources of water were the Castor, St. Francis, and Whitewater rivers and the drain-
age of the Eastern Lowland collected by Little River and St. Francis Bay. ‘

The Malden Plain. - The Malden Plain is that portion of the abandoned alluvial fan of the Ohio River

- lying between Crowleys Ridge and the Morehouse-Little River lowland belt. The plain is separated from

‘the neighboring lowland by a 15 to 20 ft. escarpment at the north. The slope of the plain, however, is greater

- that that of the lowlands, and the escarpment loses in height southward where the alluvial fan surface merges
awith the floodplain in the vicinity of Marked Tree, Ark. :

: Braided stream patterns of the Ohio alluvial fan are well preserved on the Malden Plain which is largely

-undissected. Only a few streams are incised below the general surface level. The St. Francis River follows .

_an abandoned main channel of the braided Ohio system across the plain and has but slightly modified-original
channel features. Both the braided Ohio channel and the St. Francis River are shown on the photographs.
of the area around Monette, Ark. (figure 24). Fans of small streams draining eastward from Crowleys Ridge
coalesce to form an alluvial apron overlapping the western margin of the Malden Plain. They obscure features
of the Ohio alluvial fan. .

The Lower St. Francis Basin. The lower St. Francis Basin (figure 34) is the southernmost part of the
Kastern Lowland. It includes that portion of the present meander belt of the Mississippi River south of
Richardsons, Tenn., the abandoned St. Francls segment of the Mississippi River meander belt, and the area
between the two meander belts.

The St. Francis meander belt segment extends in an 80- mile arc from west of Richardsons, Tenn., to
near Helena, Ark. - The two ends of the arc merge with the present Mississippi meander belt, but at the center
of the segment the two meander belts are more than 20 miles apart. The meanders of the St. Francis seg-~
ment are similar in size and shape to those of the present Mississippi River; but the characteristies of the
meander belt are better reflected in the cut-offs marginal to the belt than in the last channel, because the
latter has been greatly modified by subsequent stream activity. Since it was abandoned by the Mississippi
River, the St. Francis segment has been occupied by the St. Francis River and by the southerly continuation
of the stream which constructed the Pemiscot Bayou meander belt system. Another stream which modified
‘the St. Francis segment was the Fifteen Mile Bayou diversion channel (figure 34) which forms a short arc
from near Memphis, Tenn., to near Helena, Ark., and truncates the older St. Franecis segment. It functioned
as a by-pass channel of the Mississippi River and is named from the largest stream occupying the channel,

THE CENTRAL DIVISION

The principal elements of the central division are the floodplain of the Mississippi River and the great
alluvial fan of the Arkansas River. The floodplain is separated by the present river into the Yazoo Basin
‘on the east and the Tensas Basin on the west. The Tensas Basin is further divided into an upper and lower
portion by the constriction in the valley between Sicily Island, La., and Natchez, Miss.

The Arkansas fan includes Grand Prairie Ridge to the north the Arkansas Lowland between Grand
Prairie Ridge and the Arkansas River, the Boeuf Basin, and parts of Macon Rldge to the south. S1clly .

1 Marbut, C. F op. cit., p. 8.
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wide. It is 7 miles long and at no place exceeds a mile in width. The hills flanking the gap rise as much as
300 ft. above river level.

The general slope and drainage of the Commerce Hills and of the marginal eastern uplands is to the
north, and the stream divides lie near the southern margins of the hills. Minor streams draining into the
Mississippi River in the gap are ‘“‘barbed’ tributaries and point upstream where they enter the master valley.
These facts indicate that Thebes Gap once formed the valley of a minor northflowing stream.

The Cache Lowland of Southern Illinois. The Cache Lowland is a gently sinuous valley 2 to 5 miles
wide (figures 31 and 32) which extends 40 miles from the Ohio River south of Goleonda, Ill., to the head of
the Eastern Lowland northwest of Cairo. The lowland surface is at the same level as the Ohio floodplain
near Golconda but at its western end it is some 15 ft. higher than the Mississippi River floodplain. .

The two principal streams flowing within the Cache Lowland today are the Cache River and Bay Creek.
Both streams head in the uplands of southern Illinois, enter the Cache Lowland from the north, and follow
an abandoned channel of the Ohio River. Bay Creek, however, flows east to join the Ohio and reverses the
original direction of flow.

The old Ohio River channel followed by the Cache River is shown on figure 32. Bars, chutes, and
islands similar to those of the present Ohio River are preserved along this channel. Its Ohio origin is further
indicated by its width, general configuration, and by the associated accretion scars and chute cut-off channels.

The Metropolis Lowland. The lowland through which the pre\senﬁ Ohio River' flows south from the
mouth of Bay Creek near Golconda is named for the town of Metropolis, Ill., which lies in its narrowest portion.
In this lowland the Ohio floodplain is 1 to 3 miles wide but it widens where it joins the Eastern Lowland near
Cairo.

Divisions of the Eastern Lowland

Most of the area of the Eastern Lowland is made up of the St. Francis Basin and the Mississippi River
meander belt. The lowlands, however, include dissected alluvial plaing (remnants of the Ohio alluvial fans)
which stand as ridges, and meander belt ridges divide the basin into separate lowlands. Sikeston Ridge,
a narrow alluvial fan remnant at the north end of the basin, separates the Cairo Lowland from the Morehouse
Lowland to the west. The Morehouse Lowland is bordered on the west by the Malden Plain, remnant of the
Ohio alluvial fan, and on the east by the Mississippi meander belt ridge. The southern end of the Little
River Lowland is separated from the lower St. Francis Basin by an old Mississippi meander belt ridge, the
St. Francis segment.

Minor features east of the Mississippi River meander belt are the Reelfoot Lake Basin, the Tipton-
ville Dome, and the Obion-Forked Deer Basin. -

The Cairo Lowland.? The Cairo Lowland is a basin bounded on the west by Sikeston Ridge and on
the north and east by the valley walls. It includes that portion of the Mississippi meander belt between
Commerce and New Madrid, Mo. It also includes eroded remnants of the. Ohio alluvial fan in the area near
Charleston, Mo., and braided Mississippi channels near the eastern edge of Sikeston Ridge. The northern
end of the Cairo Lowland south and west of Commerce, Mo., is characterized by highly irregular erosional
and depositional topography developed where the Mississippi River has cut across and reworked alluvial
deposits of the Ohio fan. Where sands occur at the surface they form irregular hummocks which in many
ways resemble sand dunes. :

The Reelfoot Lake Basin and Tiptonville Dome. Tiptonville Dome,® south of the Cairo Lowland, is
an uplifted area which lies opposite the southern end of Sikeston Ridge but is not a continuation of that feature.
It is separated from the adjacent Reelfoot Lake Basin on the east by a fault escarpment along which earth
movement has taken place during the construction of the alluvial plain surface. Maximum uplift of the
Tiptonville Dome amounts to at least 15 ft. judging from the displacement of stream profiles, and the Reel-
‘foot Lake Basin is downfaulted by at least 25 ft.; hence the total displacement is as much as 40 ft. The-
meanders marked 10 and 12 on figure 33 are cut by the escarpment and part of them have been downdropped
into the Reelfoot Lake Basin from an elevation of 315 ft. M. 8. L. to an elevation of 290 ft. M. S. L. east of
Cronanville. . ' '

Displacement along the fault has been.very recent and probably slight movement occurred as recently -
as 1812, the time of the New Madrid earthquake. Borings east of Cronanville show a displacement of 50

-ft. in the Tertiary beds underlying the Recent alluvium. This sub-surface displacement is greater than
exists at the surface and indicates that movement along the fault was probably slow and long continued.

Obion-Forked Deer Basin. The small basin herein déesignated the Obion-Forked Deer Basin lies between
the Mississippi River meander belt and the eastern valley wall. Besides the floodplains of the Objion and
Forked Deer rivers, it contains two small remnants of the Ohio alluvial fan. The remnant on the north lies
between Obion River and Running Reelfoot Bayou, the other is between Rock Slough and Forked Deer
River. : »

Sikeston Ridge. The low alluvial ridge which extends southward for 35 miles from the Commerce
Hills to New Madrid is named for its principal town, Sikeston, Mo. It is between 2 and 3 miles in width
throughout most of its length but flares to almost 5 miles at its southern end. At its north end the ridge rises
40 ft. above the bordering lowlands; but, inasmuch as its slope is considerably greater than the slope of the
neighboring floodplain, the ridge descends nearly to floodplain level at New Madrid.

The escarpments bordering the ridge were cut by comparatively straight braided Mississippi River
channels. In the Morehouse Lowland, degradation by the braided Mississippi stream flowing through the

1 Fowke, Gerard, “Evolution of the Ohio River,”” Hollenbeck Press, Indianapolis, Ind., 1933. A general discussion of the Ohio River evolution.
2 Marbut, C. E., op. cit., p. 8. Marbut used Cairo Lowland for the entire northern part of the Eastern Lowland. His term Charleston Lowland is synon-

ymous with Cairo Lowland of this report.
3 Fuller, M. L., “The New Madrid Earthquake,” U. 8. Geol, Burvey Bull. 494, 1912;
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Alluvial Valley, Lower Mississipp? River. ‘ .27

Island, an upland remnant, lies at its southern tip. The fan is separated from the Mississippi River flood-
plain by the eastern escarpment of Macon Ridge, which extends from Sicily Island northward to Eudora,
Ark. North of Eudora, the edge of the Arkansas alluvial fan corresponds to the western edge of the Missis-
sippi meander belt as far as the mouth of the Arkansas River.

The eastern bluffs of the central division are similar to those of the northern division and rise 100 to
150 ft. above the floodplain. They are slightly scalloped by the activity of the Mississippi River in places,
but most of the segments of the bluff line are straight, reflecting their structural origin. There is no con-
tinuous- alluvial apron along the foot of the bluffs, but many small streams entering from the east have low
alluvial fans. The surfaces of these fans form a belt of fertile farm land along the eastern margin of the valley.

The western escarpment of the valley in the central division is generally, far less precipitous than the
eastern one. Much of the area rimming the west side of the valley is a low Pleistocene terrace which rises
slightly more than 40 ft. above the floodplain level. The only higher bluffs are found north of Pine Bluff,
Ark., and near Sicily Island, La. :

The Yazoo Basin

The Yazoo Basin extends for 200 miles from Memphis to Vicksburg; it is 60 miles wide opposite Arkansas
City, Ark., from which point it narrows to north and south. The Yazoo Basin is divided into smaller basins
by a number of low meander belt ridges. These ridges are from east to west, the abandoned Yazoo meander
belt of the Mississippi and Ohio rivers, the abandoned Sunflower meander belt of the Mississippi Rlver, and
the Deer Creek meander belt. The basin between the Yazoo and the Sunflower meander belts is drained
by the Quiver River, that between the Sunflower meander belt and Deer Creek by Bogue Phalia, and that
west of Deer Creek by Steele Bayou. The Tallahatchie Basin lies between the Yazoo meander belt and the
eastern valley wall. It is drained by the Tallahatchie River and Tippo Bayou.

The Yazoo Meander Belt Ridges. The Yazoo meander belt is a complex group of minor rldges and
basins. At its northern end it is composed of two ridges which converge near Tutwiler, Miss., and define
a slightly lower area east of Dundee, Miss., drained by the headwaters of the Yazoo River. South of Tutwiler
the meander belt ridge again divides, and the short Bear Creek segment leaves the main Yazoo meander
belt near Schlater, Miss., and rejoins it some 45 miles farther south near Belzoni, Miss. The two meander
belt ridges in this section are so close together that there is no well-defined intervening lowland.

The Yazoo meander belt has been occupied in successive periods by the combined Mississippi-Ohio -
River which left large scars between Tutwiler and Tchula, Miss.; by the full flow of the Ohio River as shown by:
smaller scars between Memphis and Tutwiler; and by only part of the Ohio River flow as indicated by smaller
-scars between Coahoma and Vicksburg, Miss. The flow of eastern marginal streams, such as the Coldwater,
Tallahatchie, and Yalobusha rivers, has modified these older scars. A portion of the meander belt is shown
on figure 35.

The Bear Creek meander belt segment cuts across scars of the combmed Mississippi-Ohio River and is
cut by the youngest Ohio scars. The size of its meanders indicates that it was formed by the Ohio River.

The Tallahatchie Basin. Faint traces of the braided drainage of the Ohio alluvial fan can be discerned
in the lowlands of the Tallahatchie Basin although they are partially mantled by deposits of the Tallahatchie,
Yocona, and Yalobusha alluvial fans. The basin also includes a low, 3-mile wide, meander belt ridge between
Crenshaw and Marks, Miss., the South Lake meander belt. The scars of the South Lake meander belt are
truncated by the Yazoo-Ohio system scars north of Tutwiler and hence are dated as older than the Yazoo
meander belt. This meander belt was formed by a stream which carried all the eastern drainage of the valley
at a time when the Ohjo River flowed along the eastern side of Crowleys Ridge.

. The Quiver River Lowland. The lowland between the Yazoo and Sunflower meander belts is malnly a
backswamp area. The only features which interrupt the nearly level backswamp surface are the narrow
meander belts now occupied by a minor floodplain stream known as Quiver River. This meander belt is a
southwest continuation of the South Lake meander belt.

The Sunflower Meander Belt Ridge. The abandoned Mississippi River Sunflower meander belt bisects
the Yazoo Basin and extends as a 10-mile wide low ridge for 120 miles south from the Mississippi River near
Helena to its junction with the Yazoo meander belt near the eastern valley wall near Yazoo City, Miss. This
meander belt (figure 36 and plate 15) is comparable in size and complexity to that of the present Mississippi
River. The height of the ridge decreases southward and in the southern part of the Yazoo Basin it lies close
to backswamp level.

The Sunflower meander belt takes its name from the Sunflower Rlver, the largest stream in the area
today. The Sunflower, however, nowhere follows the last channel position of the Mississippi River for more
than 20 miles, and it occupies only 42 of the 315 miles of abandoned Mississippi River channel mapped in
this area. The rest of the channel is followed by over 60 other streams of various sizes.

The Bogue Phalia Basin. The principal stream between the Sunflower meander belt and the present’
Mississippi River is Bogue Phalia. This stream drains the area which has a network of channels determined
by the braided topography of part of the old Mississippi alluvial fan (plate 15). Bogue Phalia is a true flood-
plain stream and follows a succession of topographic lows related to older stream courses.

The Deer Creek Meander Belt Ridge. Deer Creek (figure 37) is unique in the Mlss15s1pp1 Valley. It
has angular bends and a deep, narrow channel, but its natural levees are almost as wide and high as those
of the Mississippi River. . Deer Creek was a long-lived crevasse stream or distributary which carried Missis-
sippi floodwaters long enough to build up its own meander belt. The angularity of its meanders apparently
* is the result of scouring action limited to bhigh water when the attack was directed toward the lower end of
each bend. Deer Creek first functioned as a crevasse channel very early in the history of the present meander
belt. It carried floodwaters from the Mound Crevasse opposite Arkansas City, Ark., as recently as 1927.

!
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The Deer Creek meander belt forms a ridge which occupies the approximate center of a larger basin
area located over the axis of the Mississippi Structural Trough. Backswamps of this basin comprise the main
backwater area of the Yazoo Basin. They bear faint traces of several pre-Sunflower meander belts (plate 15).

The Tensas Basin

The Tensas Basin is an extensive lowland area lying west of the Mississippi River between the latitude
of Eudora, Ark., and the mouth of Old River, near Angola, La. It lies east of Macon Ridge and east of the
western uplands between Sicily Island and Marksville, La. It is north of the alluvial ridge which marks
the northern limit of the deltaic plain. The Tensas Basin varies in width between 25 and 45 miles from the
latitude of Vicksburg to its southern boundary. North of the latitude of Vicksburg the basin narrows to
near Eudora, where the Mississippi meander belt nearly touches the northern end of Macon Ridge. The
basin is shghtly constricted to a width of 25 miles between Natchez and Sicily Island and widens to 45 miles
in the latitude of Acme.

The part of the lowland lying south of the constriction between Natchez and Sicily Island is termed
the lower Tensas Basin. This widest part of the basin is periodically flooded by backwater from the Red
and Mississippi rivers. The upper Tensas Basin is less completely flooded. .

Stream networks which drain the lowland or distribute floodwaters, depending on the stage of the master
stream, include both through-flowing streams and streams which start on the floodplain. The Red River
crosses the southern part of the lower Tensas Basin from Monecla, La., to its junction with Old River near
Red River Landing. The Red follows in part old channels established by the Mississippi River and is joined
at Acme by Black River which also follows an abandoned Mississippi channel. The Black River is formed
by the junction of the Ouachita and Tensas rivers 60 miles north of Acme.

The major tributary of the Tensas River in the upper Tensas Basin is Bayou Macon which drains the
area west of the Tensas. A plexus of bayous, some of which follow abandoned Mississippi channels, drains
the area east of the Tensas.

The lower Tensas Basin west of Black River is drained by a complicated network of streams which
follow abandoned meanderlng channels of the Arkansas River and old braided channels of the Mississippi
River. This network is connected with the Red River by Saline Bayou. East of Black River another net-
work drains into Bayou Cocodrie which follows abandoned meander channels of the Mississippi River. . The
lowland south of Red River, called the upper Atchafalaya Basin, is drained by a swamp network which flows
into Bayou Natchitoches and the Red River.

The principal features of the Tensas Basin are the low meander belt ridges which separate the low-
land into a series of basins. The Walnut Bayou meander belt ridge separates the Catahoula Lake Basin
from the Dismal Swamp Lowland in the lower Tensas Basin. The swamps of the upper Tensas Basin are
crossed by the upper Tensas and Bayou Macon meander belt ridges which delimit minor unnamed lowlands.
The low Cocodrie meander belt ridge lies at the north end of the Dismal Swamp Lowland between the Walnut
Bayou meander belt and the meander belt of the present Mississippi River.

The Walnut Bayou Meander Belt Ridge. The Walnut Bayou meander belt ridge' merges with the pres-
ent meander belt of the Mississippi River at both its upper and lower ends. It extends for over 100 miles
in Louisiana from Tallulah to near the mouth of Red River. The meander belt receives its name from Walnut
Bayou (figure 38), a small stream which occupies a portion of the last channel position east of Tallulah. The
general continuity of the last channel position of the Mississippi is traceable except near St. Joseph, La.,
where it is cut out by the present Mississippi River meander belt. At the southern end of the Walnut Bayou
meander belt the. Mississippi channel was occupied and much modified by the Black, Tensas, Red, and Atchaf-
‘alaya rivers. The lower portion of the Mississippi channel, now occupied by Bayou Des Glalses, is the
southern boundary of the central division (figure 39 and plate 1).

In its southern portion, the Walnut Bayou meander belt ridge is separated from the present Mississippi
River by a lowland occupied by the Cocodrie meander belt and Dismal Swamp. Cut-off meanders along
the Walnut Bayou meander belt retain characteristics exhibited by cut-off channels along the present river.
The last channel of the Walnut Bayou meander belt, in contrast to the cut-offs, has lost many of its original
characteristics through occupation by smaller streams. Reworking of point bar deposits by these later
streams, shifting of their courses into the shorter chute channels, and a general change in channel alinement has
resulted. : . :

The Cocodrie Meander Belt Ridge. The Cocodrie meander belt ridge? lies between the Walnut Bayou
and the present Mississippi River meander belt. It receives its name from Bayou Cocodrie, a small flood-
plain tributary of the Red River. Accumulation of backswamp clay in the lower Tensas Basin has been
sufficient to largely bury the Cocodrie meander belt rldge, and only crests of natural levees rise above swamp
level (figure 18). The continuity of the meander belt is evident more from the control which it exerts on the
drainage pattern than from its topographic expression as a ridge.

The Dismal Swamp Lowland. The lowland between Walnut Bayou and the present Mississippi River
meander belt south of the Cocodrie meander belt is herein designated the Dismal Swamp Lowland after its
greatest feature, Dismal Swamp. It is crossed by the present course of the lower Red River below the mouth
of Black River and by traces of an unnamed pre-Cocodrie meander belt. Neither the Red-River levees nor
those of the older Mississippi meander belt rise appreciably above swamp levels. A series of shallow lakes
of very irregular outline fill parts of the lowland.

The Catahoula Lake Basin. The Catahoula Lake Basin lies south of Sicily Island between the Walnut
Bayou meander belt and the western valley wall. . It takes its name from the ephemeral Catahoula Lake

1 The position of the Walnut Bayou meander belt now occupied by the Black and Tensas rivers has long been recognized as an old Mississippi course but

has usually been correlated with the upper Tensas meander belt. Cross-cutting relations.of old channel scars clearly dnte the upper Tensas as an older system.

z The Cocodrie meander belt was previously mapped with a Sllghﬂy different continuity by the writer (Fisk, H. “Geology of Avoyelles and Rapides
Parishes, Louisiana,”” Louisiana Dept. Cons., Geol. Bull. No. 18, p. 27, 1940},
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Alluvial Valley, Lower Mississippt River. 29

near the westernmost point of the western valley wall at the mouth of Little River. During high water, the
lake is about 12 miles long and 3 to 4 miles wide; at low water, it largely dries up and its bottom is pastured.
Catahoula Lake has been shut off from active M1ss1ss1pp1 River sedimentation since the abandonment of
the Walnut Bayou meander belt by the river and now receives only backwater floods. Strand line beaches
marking various levels are characteristic of the slopes which lead to the flat lake bottom. They result from
the considerable wave action developed in such a large lake.

The only important perennial tributary of Catahoula Lake is Little River which drains much of central
Louisiana east of Red River and has built an extensive delta into the lake. The surface of the delta reaches
the general high-water lake level but has extensions at levels corresponding to low-water stages.

Saline Bayou and French Fork of Little River also connect with Catahoula Lake. The direction of
flow is these two streams depends upon the relative stage of the lake, and of the Red and Black rivers. When
the rivers are high; the lake fills; when they are low, the flow is reversed, and they drain the lake basin. French
Fork of Little River has a fairly straight channel with wide natural levees and a plexus of distributary channels.
The levees gradually decrease in height from the Ouachita River toward Catahoula Lake, indicating that
they were formed while the stream was acting as a distributary for waters from the east. The channel of
Little River connects with French Fork of Little River by a meandering channel which crosses the lake
bottom.

The French Fork of Little River flows between two of the series of three partially buried meander belt
ridges constructed by the Arkansas River.” The meander belts are locally obscured by the French Fork natural
levees, and their continuity is recognizable mainly from soils and drainage patterns. The third Arkansas
meander belt is traced through the swamps south of French Fork. All three meander belts turn southward
in the latitude of Archie, La., and have been traced to the Red River at the south end of the Catahoula Lake
Basin.

The drainage of the western and northern parts of Catahoula Lake Basin is controlled by abandoned
braided channels of the Mississippi River. These channels are followed by streams in the swamps of the
Bushley Creek drainage near Rhinehart, La., and in the area west of Muddy Bayou south of Catahoula Lake.

Catahoula Lake Fault Zone. Catahoula Lake occupies a graben bounded by faults of the Catahoula
Lake fault zone. Surface displacement of 5 to 10 ft. occurs where some of the faults of this zone cross the
dissected surface of the Arkansas alluvial fan south of the town of Sicily Island. The graben-like character
. of the Catahoula Lake depression is illustrated on the structure section of plate 4.

The Upper Tensas Meander Belt Ridge. The upper Tensas meander belt ridge extends southward
from near Alsatia, La., for 40 miles to the latitude of Newellton, La. The meander belt ridge is low and
rises only 5 to 10 ft. above the adjacent backswamps. It holds traces of a meandering stream comparable
in size to the. upper Mississippi.

The meander belt is followed by several streams, the most important of which is the upper part of the
Tensas River. It extends southward for 50 miles from Alsatia to Newlight, La., where it is intersected by-
the Walnut Bayou meander belt.

The Bayou Macon Meander Belt Ridge. A segment of an abandoned meander belt of the Arkansas
River follows the lowland at the foot of Macon Ridge for 70 miles from Lake Providence, La., to near Tensas
Lake in the latitude of Sicily Island. The low alluvial ridge averages 3 miles in width and holds meander loops
slightly larger than those normally found in Arkansas River meander belts. It is possible that during their
formation the Arkansas River flow was augmented by that of the White River.

Bayou Macon enters the- meander belt at Delhi, La., midway between Lake Providence and the south-
ern end of the belt. North of Delhi the meander belt is followed by Joes Bayou.

Swamps of the Upper Tensas Basin. Small swarmps flank the upper Tensas and Bayou Macon meander
belt ridges. Their drainage is controlled by the abandoned braided channels of the Mississippi River which
cover them. Bayou Macon follows a system of these braided channels scars north of its junetion with Joes
Bayou.

‘The Arkansas Alluvial Fan

The Arkansas alluvial fan is a belt of Arkansas River sediments, 20 to 40 miles wide, extending in a
great arc for over 200 miles along the western valley wall between Little Rock, Ark., and Sicily Island. The
- entire surface of the fan is covered with a network of abardoned Arkansas River courses, both meander belts
and braided channels, which radiate away from the apex of the fan at Little Rock. These old drainage lines
are reflected in the existing drainage and topography of the area. The fan properly includes the flood basin
~ of the Arkansas River south of Little Rock and floodplains of minor stream$ which merge with the Mississippi
. River floodplain. "The dissected alluvial plains, Grand Prairie Ridge and Macon Ridge, are older and higher
parts of the fan. .

Upland Remnants

Within the limits of the Arkansas alluvial fan are incorporated upland remnants, Sicily Island, isolated
islands on the crest of Macon Ridge, and the Bastrop Hills.

Sicily Island. - Sicily Island is an island-like outerop of Tertiary beds mantled Wlth Quaternary deposits
entirely surrounded by the floodplain. The island is located between Harrisonburg and the town of Sicily
Island, La., and is separated from the western valley wall by the 1.5-mile wide floodplain of the Quachita
River. It rlses 200 ft. above ine floodplain. »

Sicily Island is roughly equidimensional and nearly five miles in diameter. The highest parts of the
island are near its northern edge. Most of the drainage is toward Big Creek which flows westward into the
Ouachita River; a very minor amount flows down the south and northwest slopes. Veatch® pointed out
from' drainage studies that Sicily Island was not separated from the western uplands until early - Quaternary
time. :

1 Veatch, A. C., “Geology and Underground Water Resources of Northern Louisiana,” Louisiana Geol. Survey Bull. No. 4, pp. 52-56, 1905,
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Macon Ridge Islands. A few small and irregular areas of late Pleistocene deposits rise above the
general level of Macon Ridge which is primarily a‘part of the alluvial fan of the Arkansas River (plate 1).
The several Pleistocene remnants are alined in a southwesterly direction between Eudora, Ark., and Bakers,
La. (plate 2). The “islands’ vary in length up to 18 miles and in width from 0.5 to 2.5 miles, and stand from
10 to 20 ft. above the surrounding surface from which they are separated by poorly defined escarpments.

The Pleistocene remnants occupy the crest of the divide between the Arkansas and Mississippi trenches.
The Bastrop-Yazoo City transvalley cross section (plate 5-A) crosses one of the ‘“‘islands’’ at Oak Grove and
shows the character of the upland surface and of the underlying Pleistocene deposits.

The Bastrop Hills. The Bastrop Hills are located near the western valléy wall from which they are
separated by the gap occupied by Bayou Bartholomew and the Ouachita River. The abrupt eastern escarp-
ment of the Bastrop Hills rises as much as 70 ft. above the neighboring floodplain. The hills are 17 miles in
length and a little over 5 miles wide at their widest part. They slope westward toward Bayou Bartholomew
and the Ouachita River, and most of the streams head near the eastern escarpment and flow west.

Most of the northern portion of the Bastrop Hills consists of late Pleistocene deposits of the Prairie
formation. The profile of the hills and the nature of the underlying deposits are shown on plate 5. The
southern portion of the hills is a lower Recent terrace developed from deposits of the alluvial fan of the
Ouachita River (plate 15). This terrace has been referred to as the “Flatwoods Terrace by Fergus,' who
considers it to be of Pleistocene age.

Divisions of the Arkansas Alluvial Fan

The Grand Prairie Ridge. The Grand Prairie Ridge is the northernmost part of the Arkansas alluvial
fan. The ridge starts at the valley wall northeast of Little Rock, Ark., and trends southeast for 72 miles
to the Arkansas River at Arkansas Post, Ark. It averages 15 miles in width but narrows toward the southern
end. Its northern edge, the boundary between the northern and central divisions, is an escarpment which
has been scalloped by the Little Red and White rivers and rises from 20 to 30 ft. above the floodplain of these
streams. A western escarpment separates Grand Prairie Ridge from the Arkansas River Lowland. It is
both lower and less clearly defined than the-eastern escarpment along the White River Lowland. The western
escarpment is in places scalloped by the Arkansas River, but elsewhere it is straight as a result of faulting
which has cut across meander scars. ‘ .

The surface of the ridge is drained by a series of dendritic branchworks, the positions of which were
determined by the initial depositional irregularities of the fan surface, and by a system of faults which break
the surface into rectangular tilted blocks. :

The eastern part of Grand Prairie Ridge bears traces of old braided channel scars of the Mississippi
River and is mapped as part of the Mississippi alluvial fan (plate 2).

Grand Prairie Ridge is shown on the geologic map of Arkansas (1939) as being underlain by Pleistocene
deposits. Detailed logs of borings (shown on plate 6) clearly indicate that these sediments constitute a part
of the Recent alluvium filling the entrenched valley system.

The Arkansas River Lowland. The lowland of the Arkansas River is bounded on the north by the
Grand Prairie Ridge and on the south by the Arkansas River. It reaches a maximum width of 20 miles and
extends from Little Rock to Arkansas Post, a distance of 72 miles. A series of nearly parallel meander belt
ridges radiate from the mouth of the narrow upland valley at Little Rock (figure 40) to cross the lowland.
Each of the abandoned meander belts has been slightly obscured by subsequent activities of minor streams.

Several older meander belts exhibit less pronounced topographic expression. These include the belts
- followed by Cypress Creek and Oak Log Bayou south of the Arkansas River; that followed by Crooked Slough
east of Lake Village, Ark.; that followed by Bayou Lafourche east of the northern end of Macon Ridge; and
the belts followed by various streams just east of the Bastrop Hills in Louisiana. Many other traces of
braided channels of the Arkansas River are also preserved at floodplain level in the Boeuf Basin. The largest
area showing the braided pattern lies between the Bastrop Hills and Rayville, La.

The Boeuf Basin. The Boeuf Basin which lies south of the Arkansas River Lowland is bounded on
the west by the valley wall from Pine Bluff, Ark., to the Bastrop Hills in' Louisiana. The eastern boundary is
marked by the Mississippi River from the mouth of the Arkansas River to the north end of Macon Ridge
and extends southward along the western edge of the ridge to Sicily Island. The basin is connected with
the Ouachita Lowland through the Bayou Bartholomew Gap and merges with it at its southern end. It con-
nects with the upper Tensas Basin by the narrow lowland which lies between the north end of Macon Ridge
and the Mississippi River and is occupied by Bayou Macon.

Numerous meander belts abandoned by the Arkansas River are observable in the Boeuf Bagin. A
recently abandoned oné, Bayou Bartholomew Ridge, can be traced near the basin’s western margin for more
than 100 miles from Pine Bluff to the gap west of the Bastrop Hills through which it enters the Ouachita
Lowland. It has been modified by Bayou Bartholomew which now follows it. About 10 miles to-the east
is the Choctaw meander belt which parallels the Bayou Bartholomew meander belt for 35 miles before bifur-
cating 5 miles south of Dumas, Ark. Its youngér branch trends east to the Mississippi River and is followed
by Amos Bayou; the older branch is followed southeastward by Bayou Macon to near Eudora, Ark.” Another
Arkansas meander belt ridge can be traced southward for 130 miles from near Dermott, Ark., to the gap west
of Sicily Island (figure 25). ‘No important streams occupy its northern portion, but it is followed by Bayou
Bonne Idee from Bonita, La., to the Boeuf River which occupies the lower 50 miles of the belt. This Bayou
Bonne Idee meander belt and the younger Bartholomew meander belt merge near Dermott.

Macon Ridge. The dissected alluvial plain of the Arkansas alluvial fan surrounds the Plelstocene
“islands’ and forms the greater part of Macon Ridge. It extends from Kudora, Ark., 100 miles south to
the town of Sicily Island and reaches a width of approximately 25 miles near the latitude of Winnsboro, La.

1 ¥ergus, P., “‘Monroe Gas Field, Louisis;na," Geol. of Natural Gas, Amer. Assoc. Petrol. Geologists, p. 746, 1935.
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Alluvial Valley, Lower Mississippt River. 31

Its eastern margin is fairly straight and abrupt, and rises 20 ft. above the neighboring Tensas Basin on the
east. Its western margin is poorly defined and merges with the Boeuf Lowland. ]

The surface of the dissected alluvial plain descends by a series of step-like escarpments to the general
level of the Boeuf Basin. The escarpments separate low terrace surfaces upon which are preserved traces
of braided drainage of the Arkansas River (plate 15). The step-like nature of the surfaces is shown on the
profiles (figure 28), and the braided stream pattern is shown on the photograph (figure 25).

THE SOUTHERN DIVISION

The deltaic plain, formed as the Mississippi River shifted its delta positions, extends from the head
of the Atchafalaya River to the coast and is limited on the east by the mouth of Pearl River and on the west
by the mouth of Vermilion River. The marginal escarpments of the central division continue to the south
but gradually decrease in height with the elevation of the uplands. The eastern upland surface slopes beneath
the Recent alluvium of the coastal marshes in the latitude of Donaldsonville, La. The western upland sur-
face slopes beneath marsh level at Franklin, La.

The Lower Red River Alluvial Plain

The lower Red River alluvial plain lies wholly in Louisiana and merges with the northwest part of the
deltaic plain. It is considered in this section of the report because abandoned Red River courses, leading
from the Red River floodplain, follow and intertwine with old Mississippi River channels in the deltaic plain.
This plain extends for 50 miles southwestward from Alexandria. Throughout this distance it maintains an
‘average width of 8 to 10 miles. The present Red River meander belt follows the eastern wall of its valley
for 20 miles below Alexandria and then turns abruptly to the northeast, leaving the alluvial plain through a
narrow gap in the uplands at Moncla. South of this gap, the divide between the Mississippi and, Red River
valleys consists of a series of low remnants of the late Pleistocene Prairie terrace. The principal terrace
outliers are the Avoyelles or Marksville Hills to the north, and the smaller Evergreen Island and Gum Ridge
t? the south (plate 15). The gaps between the outliers of the terraces connect the Red and Mississippi flood-
plains. o
South of the present course an abandoned Red River meander belt, Huffpower Ridge, is followed by
Bayous Robert, Huffpower, and Rouge from Alexandria through Evergreen Gap which lies between' the Marks-
ville Hills and Evergreen Island (figure 39). A lowland lying between this meander belt ridge and the Red
River is occupied by Chatlin Lake and carries traces of older meander scars of the Red River. South of
Huffpower Ridge are a number of other low Red River meander belt ridges occupied by Bayous Boeuf,
Wauksha, Petite Prairie, Cocodrie and Mariecroquant. These meander belts were formed by the Red River
_ at a time when it flowed directly to the deltaic plain of the Mississippi River.

The Deltaic Plain

The deltaic plain of the Mississippi River lies. wholly in Louisiana and includes three types of land:
natural levee ridges which are slightly raised above surrounding levels, forested swamps, and the coastal
marshes whose vegetation is chiefly sedges and grasses. The main natural levee ridges include the ones along
the present Mississippi River, Teche Ridge, Lafourche Ridge, and the Atchafalaya Ridge. They divide
the deltaic plain into a number of lowlands, the more important of which are the Atchafalaya Basin, Lake
Pontchartrain Basin, Lake Borgne Depression, and the Barataria Depression. Shore features, such as cheniers,
off-shore bars and round lakes, are best developed along the Louisiana coastwise plain in Cameron and Ver-
milion parishes to the west and along the Mississippi coast to the east of the deltaic plain. A few cheniers
occur in the deltaic plain, and off-shore bars are well developed in the 60-mile arc of the Chandeleur Islands
southeast of the deltaic plain. ' :

The Alluvial Ridges of the Deltaic Plain

Some of the alluvial ridges of the deltaic plain were formed as meander belt ridges, other as levee ridges
along important distributary channels.

Teche Ridge. The Teche Ridge is a well-defined abandoned meander belt ridge of the Mississippi
River.! It can be traced southward from Marksville, where it branches from the Walnut Bayou meander
belt, to the head of the Teche Delta at Houma. It is named for Bayou Teche which occupies it from Ope-
lousas to Morgan City. : :

The part of the ridge followed by Bayou Teche was initially developed as a Mississippi River meander
belt, but subsequent to its abandonment by thé Mississippi River it was followed by the Red River. Two
sets of natural levees flank Bayou Teche: the outer, broad, and gently sloping set formed by the Mississippi
River has characteristic black and gray soils; and the inner, narrower, and steeper set formed by the Red
River has red and brown soils. . ) '

The Teche meander belt is flanked by many old Mississippi cut-off meanders (figure 41) which are similar
to those flanking the present Mississippi River. Although the continuity of the final Teche-Mississippi
channel is interrupted in many places, the meander belt can be traced by means of the cut-off loops.

Bayou Courtableau and the Bayou Petite Prairie, which follow old Red River courses, break -across
the Teche Ridge at Port Barre and Palmetto, respectively, and flow into the Atchafalaya Basin. The ridge
has been breached at Morgan City where the ponded waters of the Atchafalaya Basin spill southward through
Berwick Bay into the lower Atchafalaya River. .

. 1Darhy, W., “A Geographical Description of the State of Louisiana,” Philadelphia, John Melis, 1816. (Darby was apparently the first to recognize the
Mississippi origin of the Bayou Teche course.)
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The uppermost portion of the Teche meander belt is followed by Bayou Avoyelles and Old Red River
near Marksville, It is obscured by the natural levees of the Huffpower meander belt ridge, but south of
Cottonport, the continuity of the last channel is by way of Bayou Chopique, Bayou Jack, Bayou Rouge,
Bayou Negro Foot, Bayou Wauksha, and by Bayou Courtableau to Bayou Teche.

' The Atchafalaya Ridge. The natural levee of the Atchafalaya River, the most important distributary
of the Mississippi River, bisects the upper end of the Atchafalaya Basin. This ridge is broadest and stands
highest above the neighboring basins at its northern end. It tapers to the south and losés its significance
at Krotz Springs near the center of the basin. South of Krotz Springs, the Atchafalaya River divides, and
levees ﬁf the various branches become of decreasing importance as the river loses its identity in the swamp
network.

The Grosse Tete Ridge. An alluvial ridge comparable in importance to that of the Atchafalaya Ridge
lies along Bayous Grosse Tete and Fordoche. The size of the natural levees which make up the ridge indicates
that it was formed by a major Mississippi distributary. The levees decrease in importance downstream
and disappear near the junction of Bayou Grosse Tete and Bayou Plaquemine.

_ The Lafourche Ridge. The Lafourche Ridge extends from Donaldsonville to the head of the La-
fourche Delta at Thibodaux and is made up of twoe parts. The inner narrow ridge about 15 ft. high represents
the natural levees of Bayou Lafourche when it was an active distributary of the Mississippi River. Flanking
the inénerkl)eirees are the lower and wider levees built by the Mississippi River when it ocecupied the Lafourche
meander belt.

The Basins of the Deltaic Plain

The basins of the deltaic plain lie between the low alluvial ridges. The Atchafalaya Basin and the
Lake Pontchartrain Basin are inclosed by ridges; the Barataria and Lake Borgne depressions open to the
Gulf of Mexico.

The Atchafalaya Basin. The Atchafalaya, Basin, under natural conditions, received water not only
from the Atchafalaya River but also from various crevasse and distributary channels of the Mississippi and
Red rivers. The upper end of the basin is divided into four minor backswamp basins by the Atchafalaya
and Grosse Tete ridges. The central part of the basin is a plexus of interconnecting streams which distrib-.
ute the Atchafalaya waters through the swamp and ultimately drain into the system of lakes which occupies
the lower end of the basin. These lakes, representing water impounded behind the barrier of Teche Ridge, -
are from west to east: Lake Fausse Point, Grand Lake, Six Mile Lake, Flat Lake, Lake Palourde, and Lake
Verret. They are all shallow and irregular in outline, though wave action has locally rounded the shoreline
in many places. The northern parts of Lake Fausse Point (figure 41) and Grand Lake are partially filled
by deltas of Atchafalaya ‘distributaries. The delta in Grand Lake has enlarged considerably within historic
times. The.pattern of the swamp drainage of much of the lower Atchafalaya Basin is like that of the lake-
filling delta systems, indicating that lakes were formerly more extensive.

The Lake Pontchartrain Basin. The Lake Ponfchartrain Basin lies between the uplands to the north
and the alluvial ridge of the Mississippi River. The southeastern margin of the basin is Metairie Ridge, a -
low alluvial ridge marking the position of the trunk courses of an old subdelta of the Mississippi River east
of New Orleans. The basin is 70 miles long, reaches & maximum width of 30 miles, and includes Lake Maure-
pas at its western end. It collects the drainage of most of Louisiana east of the Mississippi River and from
a considerablé area in southern Mississippi. Under natural conditions, it received overflow from the Mis-
sissippi River; and Bayou Manchac and New River, abandoned distributary channels, formerly carried Mis-
sissippi River waters directly to the bagin. :

. The lake from which the basin takes its name measures 25 miles from north to south and 40 miles from
east to west. The outlines are smoothly rounded by wave action, and the lake is in places rimmed by a ridge-
like beach of sand winnowed from theé deposits of its shore and bottom. The lake is very shallow, averaging
about 12 ft. in depth with a very small area deeper than 16 ft. The modification in size and shapé of the
lake by wave action and alluviatiéon has been measured.® The shoreline east of New Orleans receded at a
rate of 8 ft. a year in the period of 1870-1917. o ’

Tidal flow in and out of Lake Pontchartrain through the Rigolets has deepened the Rigolets channel -
to more than 70 ft., and a subaqueous tidal delta has been built out into the lake near the passage. - The
small daily tide of the Gulf is of less importance in effecting changes in the lake than the occasional hurricanes
which have been known to have raised the lake level as much as 13 {t. o

Lake Maurepas is very similar to Lake Pontchartrain but smaller.. Water flows from Lake Maurepas
to Lake Pontchartrain by two tidal ¢hannels, North Pass and Pass Manchac. The deep meandering channel
of North Pass is typical of the tidal streams of the Lake Pontchartrain Basin. Similar tidal channels are
those of the Tickfaw, Natalbany, Amite, and Tangipahoa rivers. The deep, clay-banked, tidal channels
are in marked contrast to the sandy, shoal channels along the upper courses of these rivers.

Relation of Lake Pontchartrain Basin to Regional Structure. - The Lake Pontchartrain Basin is bounded
by faults of the Red River and Lake Borgne fault zones (plate 17). Recent depression of the basin may be
measured by subsidence of an Indian village site at the north end of the lake to 14 ft. below sea level.? The
area has been actively subsiding along a fault system bordering the northeast margin of the lake since
Miocene time. Geophysical data and deep borings indicate local displacement of over 2,000 ft.

The Barataria Depression. The lowland between the Lafourche Ridge and the Mississippi River is
herein termed the Barataria Depression. This lowland connects with the Gulf of Mexico at its open southern
end. It contains a series of interconrecting water bodies whose salinity gradually decreases northward from
the Gulf. ' ’

1 Steinmayer, K. A., “Bottom Sediments of Lake Pontchartrain, Louisiana,” Amer. Assoc. Petrol, Geologists, vol. 23, pp. 1-23, 1939, .
2 Russell, R. J., “Quaternary History of Louisiana,”’ Geol. Bull., Soc. America, vol, 51, p. 1211, 1940.
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The southernmost of these water bodies is Barataria Bay, a typical coastal lagoon with a discontinuous
bar separating it from the Gulf and an irregular embayed inland margin. Barataria Bay which has salt
water at its lower end and brackish water to the north, connects with Hackberry Bay. The latter is linked
with the slightly brackish waters of Little Lake by Grand Bayou. Little Lake is linked with the compar-
atively fresh waters of Lake Salvador and Lake Cataouache by Bayou Perot. The northernmost of the
lakes is Lac des Allemands.

The entire depression is a complicated maze of 1nterconnect1ng lakes and waterways Outlines of most
of the lakes have been somewhat rounded by wave action, and-numerous ‘‘round lakes’’ occur. The larger
water bodies, however, are much less regular in outline than those of Lake Pontchartrain Basin to the north.

Relation of Barataria Depression to Regional Structure. The northwest-southeast trend of the Bara-
taria Depression corresponds to the trend of the Red River fault zone. The elongation and shape of its lakes
indicate that they originated through the enlargement of tidal channels by wave action. The tidal channels
were controlled by the position of the ancient Mississippi River distributaries and other streams with courses
determined by the regional fault pattern.

The eastern margin of the depression is the straight southeast-trending Mississippi River course between
Myrtle Grove (Mile 60) and Head of Passes (Mile 0). The major Mississippi River crevasses, Davis and
Hymelia, are alined along this trend.. The depression is outlined on the west by a similar trending discon-
tinuous ridge marking the eastern margin of the Lafourche Delta. This ridge extends southward along the
Vacherie crevasse ridge from the present Mississippi River (Mile 150) to the town of Bayou Boeuf, on the
southern shore of Lac des Allemands. From Bayou Boeuf it extends southeastward east of Bayou Lafourche
along Petite Bois Bayou, Bayou Raphael, and Mink Bayou to Caminada Bay. This western margin of the
depression was the site of faulting observed at Vacherie.

The Barataria Depression is a lowland developed in a series of tilted fault blocks which fan out from
the Red River fault zone. The Vacherie fault, on the west, controlled the eastern margin of the Lafourche
Delta and directed deposition of sediments into the Gulf. The area to.the west did not receive as much sedi-
ment and receded under wave attack to form the many lakes of the Barataria Depression.

The Vacherie Fault. A slight earthquake took place along a fault zone near Vacherie, La., between
April 12 and 15, 1943. Displacement of the ground surface was evident over a distance of almost a mile.
The fault zone maintained a general south-southeasterly trend and consisted of a series of nearly parallel
open cracks and minor fault offsets en echelon fashion. A maximum displacement of 8 inches was observed
near the center of the fault zone.

The fault is situated on the southéast flank of the Vacherie salt dome. (See location map, plate 17.)
Localization of the observed fault movement to the vicinity of the salt dome probably reflects local structural
conditions, but the fault can be traced as a part of the Red River fault zone as far north as Kleinpeter. Of
particular interest is the fact that faulting occurred at a place along the river where repeated crevassing took
place. The ridge which runs landward from the present artificial levee to Lac des Allemands bears traces
of the channel developed by these repeated crevassings (plate 17). :

Borings show a greater displacement of the shallow Prairie deposits than were observed on the surface,
indicating recurrent movement along the fault. Plate 17 shows a section across the fault and the relation
of the fault to the regional structure and the Barataria Depression.

Lake Borgne Depression. Mississippi Sound and its southwestward continuation, Lake Borgne, occupy
a southwest-northeast depression between Metairie Ridge on the north and the marsh lands of St. Bernard
Parish on the south. The water-filled portion of the depression is from 10 to 15 miles wide and extends for
over 50 miles east of the Mississippi River. The outlines of Lake Borgne indicate that it originated from
the coalescence of several smaller round lakes alined with the depression.

Relation of Lake Borgne Depression to Regional Fault Pattern. Major faults of the Lake Borgne
fault zone can be traced westward from Mobile Bay, Ala., to Caillou Bay in southern Terrebonne Parish,
La., a distance of approximately 200 miles (plate 17). The Lake Borgne Depression is located in a graben
within the fault zone and includes parts of Mississippi Sound and Lake Borgne east of the Mississippi River,
and Lake Salvador and a number of alined smaller lakes west of the river. The graben, which also holds the
anomalous bend of the Mississippi River, English Turn, is approximately 17 miles wide throughout most of
its.length. It is complex structurally and contains small faults which define minor horsts and grabeuns.

A cross section drawn from Lake Pontchartrain southward across the northern fault of the graben
(plate 17) shows the offsetting of the late Pleistocene beds in the subsurface. It also shows offsetting of sedi-
mentary zones overlying the Pleistocene beds and a thickening of the marsh depos1ts on the downthrown
sides of the faults.

The Mississippi Delta System

The term “delta” has been used in a variety of ways, and has been recently restricted in the Missis-
“sippi River region’ to follow the original definition of Herodotus, in which a delta is designated as a triangular-

shaped tract of-land at the mouth of a river, limited by the outermost distributaries of the stream. The
Mississippi River Delta by this definition-extends from the head of the Atchafalaya River to the Gulf of
Mexico, and from the mouth of Vermilion River to the outermost edge of the Chandeleur Island arc. The
definition coincides essentially with the usage of the deltaic plain in this report.

The northern limit of the Mississippi River Delta has been placed as far north as Keokuk, Iowa, and
as far south as Fort St. Philip, slightly above the Head of Passes, by different authors. Delta is "used herein
to refer to a group of subdeltas related t0 a common trunk course. The present active bird foot distributary

1 Russell, R. J., “Physiography of the Lower Mississippi Delta,” Louisiana Dept. Comns., Geol, Bull. No. '8, 1936. This work is the only complete -and

authoritative compllatlon of the data on the Mississippi Delta within Plaquemines and St. Bernard Parishes, La. It includes much information on the details
of the physiography, subsidence, and rate of delta growth.
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system south of Fort St. Philip is the active subdelta of the river. This subdelta, called the Balize sub-
delta,' is the most recent of a series of subdeltas of varying size which have been developed and abandoned
by the trunk Mississippi course south of Kenner (mile 110). The latest Mississippi delta complex, the
Plaquemines-St. Bernard Delta® includes the Balize, Bayou Cheniere, Barataria,? River aux Chenes (Forts),!
St. Bernard,' and Metairie! subdeltas.

The deltaic plain contains five delta complexes in addition to the Plaquemines-St. Bernard Delta. Each
of the deltas is made up of a number of subdeltas which radiate from a different trunk course of the Missis-
sippi River. The deltas are, from oldest to youngest, Bayou La Rose, Maringouin, Cocodrie, Teche, and
Lafourche. They are named for present streams occupying the old trunk channel position, or for streams in
the position of the major tributaries.

The Plagquemines-St. Bernard Delig

This delta includes all the land of Plaquemines and St. Bernard parishes and large parts of Orleans
and Jefferson parishes to the northeast and southwest of the present river. - The position of each of the sub-
deltas is shown on plate 15.

The Balize Subdelta. The Balize subdelta includes all the active passes of the Mississippi River. Balize
refers to the largest settlement near the Head of Passes, but the location of this settlement has varied as the
individual passes enlarged or deteriorated. Pilottown is but the latest in a succession of settlements bearing
the name Balize.

The Balize subdelta is commonly referred to as the “bird foot’’ delta of the Mississippi. The distrib-
utary channels or passes with their flanking levees form the claws of the bird foot, and the main channel
and levees form the legs. The inter-tributary lowlands between adjacent claws are the bays of the Gulf.
Bays not receiving large quantities of river sédiments, such as Redfish Bay, are increasing in size because of
active subsidence and wave action. Other bays, such as Garden Island Bay, have been rapidly filled W1th1n
_recent years and are decreasing in size.

Subsidence. Sinking of bench marks, buildings, cemeteries and engineering works in the Balize sub-
delta has impressed many observers with the activity of subsidence in the Mississippi Delta. There is, how-
ever, a wide variation in the amount and rate of observed subsidence, and it is difficult to determine whether
the local depression results from local compaction of sediments or from regional depression under the weight
of the deltaic mass. Local settlement of the land surface takes place elsewhere in the deltaic plain when
marsh sediments are drained and thus compacted. Subsidence of parts of New Orleans, of the Little Woods
area east of New Orleans, and of farmed areas within the coastal marshes has occurred followmg the establish-
ment of drainage systems in the areas.

Natural levees built on soft marsh deposits sink under thelr own weight. This foundering goes on as
the levee is constructed and may continue after abandonment of the stream course because of lag in adjust-
ment. As a result of such subsidence, the levee deposits in the lower delta are usually thicker below marsh
level than above. The low areas landside of the levees which have been dragged down by the foundering
levees are called levee-flank depressions.®

Estimates of regional subsidence, based on sinking of objects upon the mnatural levees, are rendered un-
reliable by the foundermg of levee. Yet all data® suggest that appreciable depression is going on in the delta
region. :

The Bayou Cheniere Subdelta. The Bayou Cheniere subdelta lies between Barataria. Bay and the
Mississippi River in southwestern Plaquemines Parish. It includes a number of old Mississippi distributary
channels, among the most important of which are Bayou Grand Cheniere and Grand Bayou. The present
channel as far south as Buras was part of the complex of distributaries forming the Bayou Cheniere subdelta.
‘The Balize subdelta represents a seaward growth of the Bayou Cheniere subdelta.

Much of the subdelta area consists of lakes and bays well rounded by wave action. The levees of the
Bayou Chemere system can be traced from the Mississippi River to a beach ridge near the Gulf which truncates
them, .

The Barataria Subdelta. The Barataria subdelta is a complex of old distributary channels lying north
and east of Bayou Cheniere subdelta in Jefferson Parish. Bayou Barataria occupies a portion -of one large
channel.

The system starts at Marrero as a natural levee ridge which leads south to join Bayou Barataria Ridge
a few miles east of Lafitte. The main channel branches below Lafitte Village, with small distributaries radiat-
ing in the manner of the passes of the Balize subdelta.

The pattern of channels and bends in the Barataria subdelta suggest that the system was short lived
and did not receive the full discharge of the Mississippi River but that it was of considerable importance.

The River aux Chenes Subdelta. The name River aux Chenes subdelta is herein given to the com-
plex distributary channels lying north of the Mississippi River in the “River aux Chenes delta-flank depres-
sion.””* The southward continuation of these distributaries is found south of the Mississippi River in the
neighborhood of Ft. Jackson and Ft. St. Philip, the region of Russell’s Forts subdelta. )

The subdelta consists of a series of nearly parallel, locally anastomosing, distributary channels. The
subdelta lies so elose to sea level on the southwest that the only trace of old distributary channels is found
in the paired islands and in the longitudinal “grain’ of the hydrographic system.

The River aux Chenes levees aré low in comparison. with those of the MlSSlSSlppl on the south and the
levees of the St. Bernard subdelta to the north but no lower than the levees in the distal fringe of the St.
Bernard subdelta

1 Russell, R. J., op. cit., p. 41. 2 Viosca, Percy Jr., “Bayoulands of Jefferson,” Jeﬁerson Parish Yearly Review, pp. 42-58, 1943,
3 Russell, R. J., op. cit., p. 45. | ‘Russell R. J., op. cit., p. 105,
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The St. Bernard Subdelta. The largest of the abandoned subdeltas of the present Mississippi River
Delta is located in St. Bernard Parish. The main channel of the subdelta followed eastward along Bayou
La Loutre and constructed an alluvial ridge. At a later date this channel functioned as a distributary while
the main flow followed Terre aux Boeufs and constructed an alluvial ridge which trends southward from the
Bayou La Loutre Ridge at Reggio away from the main St. Bernard subdelta.

The distal portion of the St. Bernard subdelta:is the type example of drowned topography in the delta
region. The marsh is at or near-sea level, and many round lakes have developed. Enlargement of many
adjacent lakes has caused them to coalesce. The scalloped outlines of their coalescing water bodies are
typical of the region. Many of the lakes have become connected with the Gulf and today form bays. Old
distributary channels are preserved mainly in the “grain’’ of the drainage and in double islands representing
remnants of old levees flanking abandoned channels. This “grain’ is closely alined with the regional fault
systems. The subdelta may have extended as far south and east as the Chandeleur Islands.’

Indian mounds with bases as much as 9 ft. below the present sea level and tree stumps in areas now
invaded by salt-water vegetation have been cited as evidence of subsidence in the distal portion of the St.
Bernard subdelta.? Likewise the 0.5 ft. per mile slope of natural levee crests has been pointed out as evidence
of eastward tilt.

The great bend in Bayou La Loutre represents an anomalous feature in the main channel of the St. Bernard
system which corresponds to English Turn in the present river. Like English Turn, the great turn in Bayou
La Loutre may be the result of faulting.

The Metairie Subdelta. The Metairie subdelta is named from Metairie Ridge which leaves the Mis-
sissippi River near Kenner, La., and trends eastward to New Orleans. The subdelta lies in Orleans Parish,
east of New Orleans, and the stream in its main channel flowed eastward to its “head of passes’ at the Rigolets.
The main channel followed the position of Gentilly Ridge and the ridge of Bayou Sauvage east of New
Orleans. ’ '

' That the Metairie subdelta probably was short lived is indicated by its small area and thin deposits. -
Borings in this area encounter oxidized Pleistocene deposits at depths of approximately 40 ft. in the vicinity
of New Orleans and at shallow depths to the east.

Between Lake Pontchartrain and Bayou Sauvage is a row of Indian mounds which stand slightly above
swamp level. These mounds appear to rest on an old chenier ridge. Mollusea, found at 11 ft. in bore holes
through the marsh muck into the clays beside the mounds, indicate conditions more saline than in Lake
Pontchartrain today. Shells of Rangia cuneata, a common brackish-water clam, are included in the Indian
miounds and indicate the existence of a nearby brackish water body.

The Lafourche Delta

At Thibodaux, La., the Lafourche meander belt ridge divides into a true delta system of distributaries
which outline a great triangular area. A portion of this distributary complex is shown on the photograph,
figure 23. T : ‘

The important distributary ridges of the delta system include those of Bayous Lafourche, Black, Terre-
bonne, Grand Caillou, Petite Caillou, Point au Chien, and Blue, as well as Little Bayou, Eagle Island Bayou,
and Petite Bois Bayou. The distributaries of anastomosing channels are grouped to form a’series of unnamed
subdeltas, indicated on plate 15.

The Lafourche Delta is marginal on the north and west to the older Teche Delta which it overlaps on the

south and east. Reoccupancy and reversal of flow in the abandoned Teche Mississippi channel above Houma
by a distributary of the Lafourche Mississippi is indicated by the westward slope of the Bayou Black levees
between Houma and Gibson, La.
_ The distal portion of the Lafourche Delta is salt marsh in which many round lakes have developed.
‘Several of its subdeltas are rimmed to the south by ridges either of chenier or off-shore bar type. Most con-
spicuous of these ridges are -the Isle Derniere, Timbalier Island and the ridge which trends westward from
Grand Isle.. Some distributaries are truncated by cheniers whereas others turn and parallel the cheniers.
This relationship indicates that the channels and cheniers are contemporaneous and that the subdeltas did
not extend far beyond the present shoreline.

Bayou Lafourche continued to act as a Mississippi distributary until long after the main flow of the
river shitted to the-east. It was artificially closed in 1903-04. The channels and levees of the present Bayou
Lafourche are those of the histdric distributary channel rather than those of the trunk Lafourche-Missis-
sippi course. . : .

The Teche Delta

The Teche Delta has a typical triangular shape with the apical angle considerably wider than that of
the younger Lafourche Delta. Its older distributary channels are traced with increasing difficulty to the
south. None of the channels have been traced more than 20 miles south of Houma where they die out in the
coastal marshes. - The shortness of the Teche-Mississippi distributary channels indicates either that the delta
did not extend farther south than mapped on plate 15 or that the distal portion of the delta has subsided
below marsh level. '

The distributary channels of the Teche Delta include Bayou Mauvais Bois, Bayou du Large, Small
Bayou, Bayou La Cache, and Bayou Chauvin. The continuity of these distributaries is shown on plate 15.
Separation of the Teche Delta into subdeltas is difficult because it is masked in part by the subsequent La-
fourche deposits.

1 Russell, R. J., op. cit., p. 71. 2 Russell, R. J., op. cit., pp. 162-174.,
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The Cocodrie Delta

The Cocodrie Delta is named for its trunk stream, Bayou Cocodrie, which follows a meander belt within
the Tensas Basin. The meander belt has been traced southward through the Atchafalaya Basin to the La-
fourche Ridge near Labadieville. East of the Lafourche Ridge, the trunk course divides into a series of poorly
defined distributaries which trend west-east across the upper end of the Barataria Depression. The east-
ward traces of the Cocodrie Delta system are located near New Orleans (plate 15). -

The Maringouin Delta

The Maringouin Delta lies north and east of the Teche Delta. It is crossed by streams of the younger
Lafourche, Teche and Cocodrie deltas, and its outlines are retained only in the drainage pattern of the Atchaf-
alaya Basin. .

The delta receives its name from Bayou Maringouin, a small stream west of Baton Rouge which occupies
a portion of the main channel. After abandonment of the Maringouin Delta, Bayou Maringouin functioned
as a branch of the Grosse Tete distributary system. The levees along the bayou were formed during a later
epoch in its history.

The Bayou La Rose Delta

The oldest recognized delta system is the Bayou La Rose Delta in the western part of the Atchafalaya
Basin. It is named for Bayou La Rose, a larger distributary of the present Atchafalaya system. Bayou
La Rose follows one of the main channels of a delta system whose trunk course was in a meander belt with
an,axis close to the present Atchafalaya River. ’

-
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; Part V
RECENT GEOLOGICAL HISTORY

INTRODUCTION

The Recent® history of the Mississippi Alluvial Valley covers the time during which the late glacial
(late Wisconsin stage) entrenched valley system was filled and the present hydrographic system evolved.
The history has been reconstructed from an interpretation of the alluvium filling the entrenched valley system
and from the traces of old stream channels which cover the alluvial plain. It is the record of the shifts in
position of the master stream and its principal tributaries and of the changes in valley slope, stream load,
and nature of the streams which took place during and subsequent to the rise in sea level.

Stages in the Drainage History. The Recent history of the valley has been divided into a series of
stages constituting two major epochs in the evolution of the drainage. The history of the early epoch, that
of rising sea level, has been developed from a study of the subsurface alluvium ‘and has been divided into
stages which correspond to positions of sea level, the —300, —200, —80, and —55 foot stages. Traces of the
—20 foot stage, or A stage, are preserved in the northern end of the valley but are buried in' the deltaic
plain region.

The history of the late epoch, that of standing sea level, has been reconstructed from traces of stream
activity exposed on the surface of the alluvial plain. The late stages are separated on the basis of such major
changes as a shift in the position through which the stream enters the valley, an abandonment of a segment
of a meander belt, or a shift in delta position. The drainage stages are designated by letters from A'to J and -
by numbers from "1 to 20. The A, stage is the oldest of which traces are still preserved and stage 20 is the
present drainage. Stages from A; through J are of unequal length and cover an interval of approximately
4,000 years; those from 1 to 20 are approximately equal in length and cover a period of 2,000 years. Separation
of stages 1 to 20 is based on analogy to known migration of bends of the present river. Si;ages 17 to 20 cor- .
respond to mapped historic courses of 1765, 1820, 1880, and 1940. Stage 1 represents the time when the
Mississippi and Ohio rivers first joined near Cairo, IIl. The designation of this and succeeding stages by
nunibers and the earlier stages by letters is largely a matter of convenience, used because it sets apart stages
* related to the modern meander belts from those related to earlier stages of drainage evolution.

Valley Alluviation

The rise of sea level and the development of the alluvial fans about the mouths of the tributary valleys-
are the two principal factors which have controlled valley alluviation. Rise in sea level initiated the filling of
the valley and controlled the speed of alluviation, but the form of the filling and the distribution of the deposits
were controlled by alluvial fan disposition. = A third factor, regional structure, controlled the’ position of
many streams on the alluvial fans and has been indirectly responsible for modifications of the alluvial mass.

Rising Sea Level and Valley Alluviation. The rise in sea level produced by the melting of the late
Wisconsin continental ice caps forced aggradation of the Mississippi valley. Alluviation took place because,
this rise in baselevel decreased the over-all slope of the valley and not because of the increase in amount of
sediment brought to the valley. There is no evidence to indicate any great change in stream discharge dur-
ing the period of valley alluviation. Streams entering the valley from non-glaciated regions carried as coarse
a load as did streams draining the glaciated areas (see Appendix, pp. 67-70).

The rise in sea level caused a decrease in stream slope which was reflected in a progressive upstream
loss in carrying power of both master and tributary streams. Alluviation, therefore, gradually worked up-
stream, and the site of deposition of a given grain size of sediment likewise shifted upstream.

The gradational nature of the sediments throughout the valley and the occurrence of coarse clastlcs at
depth at the present coast line indicate that alluviation kept pace with the rise in sea level throughout most
of the Recent epoch. . The development of a shallow estuary which extended inland as far as the latitude
of Lafayette, La., late in the history of valley filling, may have coincided with rapid rise in seh level corre-
sponding to the recogmzed final rapid melting of the ice caps.?

. Alluvial Fans and Valley Alluviation. That the filling of the entrenched valley system consists largely
of the alluvial fan deposits of tributary streams is indicated by the configuration of the top of gravels in the
subsurface (plate 12), the local slope of the present valley surface away from the mouths of tributary valleys,
and the fan-like pattern of abandoned stream channels around the mouths of tributary valleys. The upward
decrease in coarseness of the fan deposits reflects the progressive upstream shift of alluviation as controlled

+ by rise in sea level. The shape and slope of the alluvial fan, however, result from the inability of a tributary
stream to carry.its floodwater load in the wide alluvial valley of the master stream.

Alluvial fans characteristically develop a steep slope on the face of the out-building fan in an open valley,

‘ag deposition is localized around the mouth of the tributary valley. Upstream above the apex of the fan,
the slope is flattened because the sediment dropped near the narrow valley mouths acts as a dam across the
tributary valley. All slopes within the alluvial valley are gentle and orly in a few places exceed a foot per
mile. For example, the front of the Ohio alluvial fan within the Eastern Lowland had a slope.of 0.9 ft. per
mile; the top slope within the Cache Lowland was only 0.2 ft. per mile; and the Valley slope below the face .
of the fan was less than 0.6 ft. per mile. _

1 The Recent epoch covers approximately the last 25 000-30, 000 years of earth history. '~ It starts with the waning of the last continental ice sheef, the late

Wlsconsm stage of glaciation (see Appendix, p. 67).
2 Daly, R. A., “Changing World of the Ice Age, Yale University Press, p. 56, 1934, -
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All tributary valleys have steeper slopes than the master valley, excepting the Ohio and Ouachita rivers.
This relationship has been maintained throughout the alluvial history of the valleys. Each shift of stream
position during aggradation of the alluvial valley took place because a temporary gradient advantage was
provided. Such an advantage was furnished by an upstream shift of the junction position with a stream
of lower gradient. The Ohio River with its low gradient has served throughout valley history as the master
stream of the northern part of the valley. The Mississippi River has progressively shifted its junction with
the Ohio River northward. The final shift diverted the Mississippi River into the north end of the Eastern
Lowland and provided a sufficient gradient advantage to enable it to entrench early-formed portions of the
Obhio alluvial fan by 15 ft. in the latitude of Cairo, Ill. The present Mississippi River meander belt is from
20 to 40 ft. below the highest level of the Mississippi alluvial fan of the Western Lowland.

Regional Structure and Valley Alluviation. The pr1n01pal influence exerted by movement along regional
structures has been a control of the drainage pattern, which in turn has determined the local pattern of allu-
viation. Stream shifts accompanying alluviation resulted primarily from alluvial fan aggradation, but the
location of each shift and the trend of each new course were in places determined by faults of the regional
system. Periodic entrenchment of the alluvial fan deposits of the Ohio, Mississippi, Arkansas, and Ouachita
rivers has been the direct result of uplift along the Big Creek and Catahoula Lake fault zones. Thickening
of the alluvial mass in structural depressions along these fault zones, as well as in the Lake Borgne fault zone,
is known (plate 17).

The effect which the active subsidence of the Mississippi Structural Trough has had upon the thickness
of the alluvial mass is not known because the thickest alluvium overlies the entrenched master valley. Sub-
sidence in the Gulf Coast Geosyncline, however, has caused a thickening of the alluvial section underlymg
the deltaic plain far greater than necessary to ﬁll the valleys cut during late Wisconsin time.

" Epoch of Rising Sea Level

Initial Fill of the Valley. During the late Wisconsin entrenched stage when the streams were actively
down-cutting, coarse sediments as well as fine debris were swept to the Gulf of Mexico. The position of
the shore line during this stage is not known, but projection of the slope of the entrenched master valley in-
dicates that sea level was at least 400 ft. loW,er than at present. (See Append1x for additional data.) The
shore line must have been near the present edge of the continental shelf. It is possible that the Mississippi
River may have entered the Gulf of Mexico near the head of the submarine canyon (plate 3).

—300 Foot Stage. When sea level had risen to a level 300 ft. lower than at present, the Mississippi River
was still carrying gravels to the Gulf (plate 18) and both the river and its tributaries were still confined ‘within
their entrenched valleys. During this stage, all streams were contmumg to entrench their valley floors within
the marginal uplands above the fall-line.

—200 Foot Stage.. Aggradation following the —300 foot stage buried the lower ends of divides in the
entrenched valley system south of the latitude of Natchez, Miss. Streams widened their valleys by this
alluviation,  locally flattened their gradlents, and started the development of alluvial fans near their valley
mouths.

: By the time sea level has risen to an elevation of —200 ft. (plate 18) the Ohio and Mississippi tributary

- streams had alluviated their valleys to the gradient of the bedrock above the fall-line. - By the end of this
-stage the Ohio and Mississippi tributary streams were no longer confined within their entrénched valleys
south of the fall-line but could shift their courses easily. Throughout the —200 foot stage, however,. the
Mississippi. River was still capable of carrying gravels as far south as the present shore line.

‘ Period of Gravel Alluvial Fan Growth, —80 and —55 Foot Stages.. As sea level rose above the —200
foot stage, the decrease in gradient prevented the master stream from carrying gravels to the Gulf of Mexico,
but the tributaries. continued to bring gravel to the valley. The upper surface of buried gravel fans of the
Mississippi and Red River valleys indicates that these syreams carried gravel until sea level reached the —80
foot stage (plate 18). The Arkansas and Ohio rivers, farther removed from the sea than the Red River, and
with slightly steeper slopes, were able to carry gravel until the —55 foot stage of sea level (plate 18).

‘The lenticular nature of the gravels and the poorly sorted character of the deposits indicate that the
streams throughout the early stages of valley aggradation were overloaded and braided and had shallow
channels constantly in flood. During the building of the gravel fans, some of the inter stream divides, like
Macon Ridge, still stood above the alluvial surface and served as guides for the development of lobes of grayel
fans (plate 12). During late stages in gravel fan growth most of the divides became buried with alluvial-
deposits, and upon leaving their narrow, rock-walled, tributary valleys the overloaded streams were able
to migrate widely and to drop their load. As a result the alluvial fans grew rapidly in late stages of gravel
deposition and developed steep fronts into the alluvial valley

Upbuilding and outbuilding of a gravel fan at the mouth of a tributary valley lowered the slope up-
stream within the valley, decreased the carrying power of the stream, and thereby shut off the supply of gravel
being brought to the alluvial fan. Today the only streams bringing gravel to the Mississippi valley are minor
tributaries, such as Thompson Creek, north of Baton Rouge. These streams derive their gravels from the
graveliferous Quaternary terraces of the uplands.

Construction of Highest Fan Surface, A; or —20 Foot Stage. Lack of coarse gravel particles did not
stop the growth of alluvial fans. The tributary streams continued to contribute sand and the gravel fans
were gradually buried as the slope of the master stream decreased. Successive stages of upbuilding of the
fans were marked by a decrease in size of particles; eventually silt constituted the main deposit. Remnants
of‘the great mantle of sands and silts deposited above the gravels of the alluvial fans are found in many -parts
of the alluvial plain. They mark the A; stage of alluvial valley development
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The A stage surface is everywhere marked by the depositional pattern of braided streams overloaded
with silty sediments. In the northern part of the valley the A; surface constitutes the highest portion of the
dissected alluvial plains. Remnants of the A; surface are found as far south as the Catahoula Lake area,
La Salle Parish, La., in the south-central part of the valley where the ancient braided stream pattern con-
trols the present drainage. Farther south, the old surface is buried beneath younger deposits. The recon-
structed drainage of the valley during A; stage is shown on figure 42, and the profiles of the Ohio and Mis-
sissippi rivers during this stage are shown on plate 19. These profiles indicate that during Ay time, sea level
was 20 ft. lower than at present. _

The significant features of the A; drainage are as follows: The A; Ohio River followed braided courses
through the Cache Lowland in southern Illinois and constructed an alluvial fan which extended as far south
as the latitude of Charleston, Miss. It flowed southward across the eastern side of the valley and joined the
Mississippi River near Simmesport, La.

The Mississippi River followed a braided course through the Western Lowland in which it had: con-
structed its alluvial fan. Pronounced southwestward swings in the Mississippi course near the present mouth
of the White River and south of Sicily Island are attributed to deflection of the river along structural depres-
sions in the active Big Creek and Catahoula Lake fault zones. Streams entering the valley from the east
combined and flowed along the eastern margin of the Ohio alluvial fan to the latitude of Helena, Ark. The
Arkansas River flowed almost parallel with the Mississippi in the Macon Ridge area and joined it slightly
north of Sicily Island, La. The Arkansas was meandering near the apex of its alluvial fan but braided to the
south in the Macon Ridge area, where active faulting uplifted the region. The meandering Ouachita River
also joined the Mississippi north and east of Sicily Island. The position of the Red River is not definitely
known inasmuch as traces of the A; stage channels have been buried or cut out by stream action.

The A, Stage. The A; stage ended while sea level - was still rising when the Mississippi and Ohio rivers
were diverted to new braided-course positions near the apex of their alluvial fans. These stream diversions
were about contemporaneous and were the most important of a series of changes on the alluvial fans because
they shifted the junction of the Ohio and Mississippi rivers upstream more than 100 miles.

The Aj positions of the major streams are shown on figure 42. The Mississippi River occupied a course
in the Western Lowland and the Ohio River entered the Eastern Lowland by its course through the Cache
Lowland. The valley slope profiles of the Ohio and Mississippi rivers are shown on plate 18. As indicated
on the profile, the Ohio during A, stage was flowing on a low slope within the Yazoo Basin area and had,
for the first time, started to develope a meandering course. Its course continued to braid upstream on the
steep frontal slope of its alluvial fan. The Mississippi River may also have started to meander south of the
Ohio junction, but all traces of this stage course have been destroyed.

" The A; stage alluvial fans of the Mississippi and Arkansas rivers were entrenched by their respective
rivers as a result of faulting. The Ao surface of the alluvial fan of the Mississippi River lies below the A,
surface from the mouth of the Advance Lowland to the Big Creek Escarpment. - Just north of the Big Creek
Escarpment, the As surface is 10 ft. lower than the A; surface, but the interval between the two surfaces
-gradually decreases northward. The relationship of the drainage to the Big Creek Escarpment shows that
the entrenchment of the A; surface was initiated by the active upward movement along the Big Creek fault
Zone. :
The alluvial fan of the Arkansas River in the Macon Ridge area was entrenched as a result of move-
ment along the Catahoula Lake fault zone. The braided course of the Ay Arkansas River follows a surface
which is 5 ft. lower than the Ay surface near the southern end of Macon Ridge. The Ay surface is entrenched
within the A; surface as far north ag Forest, La., near the head of Macon Ridge.

Epoch of Standing Sea Level

The As Stage. The A stage marks the time when sea level first reached its present position. The A,
stage is regarded as having ended when the Ohio River was diverted from its Cache Lowland position to the
Metropolis Lowland in southern Illinois. The conditions which made this diversion possible are shown on
plate 20. The Metropolis Lowland was once occupied by a minor drainage system tributary to the Ohio
River in the Eastern Lowland near Cairo, Ill. The headwater streams of this west-flowing tributary system
‘headed in the uplands south of the Metropolis Lowland and their prinecipal branchworks drained the wide-
spread late Pleistocene Prairie Terrace, which rises 20 to 40 ft. above the present Ohio floodplain. A low divide
on the Prairie Terrace, Metropolis Gap, separated the west-flowing system from an east-flowing minor stream
system tributary to the Tennessee River which then flowed northward to join the Ohio River. Floodwaters
from the Tennessee River poured westward through the low Metropolis Gap and in time scoured a channel
sufficiently deep to permit the diversion of the entire low-water flow of the Tennessee-Cumberland-Ohio
trunk stream from the Cache Lowland.: (See point of diversion, plate 20.) .

The diversion of the Ohio River from the Cache Lowland to the Metropolis Lowland was a slope adjust-
ment which provided the Ohio system with a steeper course to the Eastern Lowland. The diversion resulted
from the lowering of the slope of the master streams brought about through the upbuilding of the alluvial
fan of the Ohio River which had its apex at the mouth of the Cache valley. Growth of the alluvial fan caused
the aggradation of the Cache-Ohio valley and caused the lowering of the slopes of the Ohio and lower Ten-
nessee-Cumberland rivers. It is probable that flood stages were increased -as the valley slopes decreased
and an increasing discharge passed through the gap. Diversion of the entire system through Metropolis
Gap( rlesulted) in the entrenchment of the former floodplain deposits between Paducah, Ky., and Golconda,
I11. (plate 20). ' :

The elevation and slope of the As stage floodplain provide data for the interpretation of the flood stage
necessary for overflow to pass through Metropolis Gap. Between Paducah and the head of the Cache Low-
land where the Tennessee and Ohio joined, the northward slope of the Tennessee-Cumberland floodplain
was slightly less than 0.2 ft. per mile. The southward slope of the present Ohio floodplain in the same region
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is nearly twice as great. The elevation of the terrace at the margins of the Metropolis Gap is slightly over
360 ft. M. S. L. and the elevation of remnants of the floodplain of the north-flowing Tennessee-Cumberland
system is approximately 350 ft. A stage of only 10 ft. greater than bank-full stage in the Tennessee River
would have permitted flood-waters to pour through Metropolis Gap into the trunk stream of the west-flowing
tributary. The flood stage on the present Ohio River is over 20 ft. and it seems probable that equally high
stages were present on the lower slopes of the A, stage.

Ag stage drainage of the alluvial valley is indicated.on figure 43, and profiles of the valley surface along
the Mississippi and Ohio river channels are shown on plate 19. The Ohio River maintained a meandering
channel south of Memphis, Tenn., and occupied a position near the eastern valley wall to a junction with the
Mississippi River near Tutwiler, Miss. During Ay time the Mississippi had been diverted from the Western
Lowland to the Eastern Lowland by way of the Marianna Gap. Diversion of the Mississippi through the
Marianna Gap was the direct result of active uplift along the Big Creek fault zone near Helena, Ark. This
uplift forced the Mississippi to concentrate its flow in a gathering channel which had started to function in
the gap during A, time.

Below the Ohio-Mississippi junction the Mississippi River meandered and formed the Yazoo meander
belt. These meanders are similar in every respect to those within the present meander belt. They are trace-
able as far south as Techula, Miss.; in the lower end of the valley they have been destroyed or buried. The
profiles of the Az stage valley surface indicate that the shore line extended inland to the latitude of Lafayette,
La., and formed a shallow Mississippi estuary. Marine shells found at shallow depths in this region indicate
the extent of the estuary. Following As time, the history of shore line alluviation has been one of deltaic
masses building outward toward the edge of the continental shelf.

The B Stages. At the end of Aj stage, the Mississippi River was diverted from the Drum Lowland
to the Advance Lowland at the north end of the valley. This shift caused a westward diversion of the river
at the apex of its alluvial fan near Wappapello, Mo. This upstream shift diverted the Mississippi from its
course through Marianna Gap to a course along the central part of the valley in the same latitude (figures
43 and 44). The B stages cover the time between the abandonment of the Drum Lowland and the construc-
tion of the oldest known delta system, the Bayou La Rose Delta.

Successive westward shifts of the Mississippi in By, By, and Bg stages were the result of continued
uphft along the Big Creek fault zone. During each stage a low terrace was formed (plate 15). The succes-
sive terraces mark the entrenchment of the Aj stage alluvial fan and resulted in a progressive narrowmg of
the zone in which the stream braided.

While the Mississippi River was being incised during the By stage, the Arkansas River was shifting
westward and was being incised within its alluvial fan. The Ohio River maintained essentially its A position
‘throughout the B stages. The Mississippi and Ohio rivers joined near the center of the Yazoo Basin and.
meandered in a channel similar to that of the present Mississippi River.

The C Stages—The Abandonment of the Western Lowland. There is no sharp break between the
B and C stages. Rather, C; stage may be regarded as the culmination of developments which started in the
A stages and went on all through the B stages. The C stages offer the earliest good evidence of deltaic and
coastal features and are regarded as marking the time when the oldest mappable Mississippi delta was con-
structed.

The drainage of the valley in C; stage, just before the occurrence of the Morehouse diversion, is shown
on figure 45; the valley slope is given on the profile (plate 19). In this stage the Mississippi was braiding in
a trench cut in the deposits of the earlier A and B stages. This trench was less than 5 miles wide through-
out most of its length from Cape Girardeau, Mo., to St. Charles, Ark., but locally it had a width of 12 miles
between Knobel and Newport, Ark. (plate 15). Below the Big Creek Escarpment the C; stage Mississippi
continued to braid in the wide alluvial flats of the present Yazoo and Tensas basins. The abandoned meander
belt ridge of the B3 stage Ohio_—Mississippi River separated the C; stage Ohio and Mississippi rivers through-
out the lower Yazoo Basin region as far south as St. Joseph, La. In this stage the Ohio was maintaining
a meandering channel along the eastern margin of the valley in the Bear Creek segment of the Yazoo meander
belt.

The diversion of the Mississippi River through the Morehouse Lowland has been recognized by several
writers. Both Matthes' and Marbut® have directed attention to the Morehouse Lowland, but both con-
sidered the diversion to be of Pleistocene age. Marbut believed the diversion to be the result of capture of
the Mississippi River by headward erosion of a small Ohio tributary ia the Eastern Lowland. Matthes con-
sidered the diversion to be the result of the narrowing of the divide between the Mississippi and Ohio rivers
by active lateral erosion of Crowleys Ridge by the. Ohio River.

The diversion of the Mississippi River into the Eastern Lowland through the Morehouse Lowland was
initiated between C; and Cj stages of the Recent epoch. Mississippi scars through the Morehouse Lowland
- truncate older scars which- can be traced down the Western Lowland where they overlie the late Wlsconsm
Mississippi trench (plate 21).

The diversion took place because of the gradient advantage afforded by the course into the Eastern
Lowland. A factor which facilitated diversion was the progressive reduction in flood storage aréa as the
Mississippi entrenched its alluvial fan. Flood stage heights were increased upstream, and an increasingly
greater overflow passed through-the Bell City-Oran Gap. A possible additional factor, faulting across the
Advance Lowland near the point of diversion, may have reduced the local slope of the Mississippi upstream
from Advance and thus favored diversion.-

Following the Morehouse diversion, many readjustments took place in the drainage of the valley. The
initial slope through the Bell City-Oran Gap was steep, almost 2 ft. per mile. The Mississippi River entrenched

1 Matthes, F. E., “The Pleistocene Diversion of the Mississippi River across Crowleys Ridge, Southeastern Missouri,”” Science, New Series, vol. 77, pp.
459-460, 1933.

1902 Marbut C.F., The Evolution of the Northern Part of the Lowlands of Southeastern Missour{,"” University of Missouri Studies, vol. 1, no. 3, pp. 18-33,
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until the slope was adjusted and the gradient through the Bell City-Oran Gap was no longer appreciably
steeper than that upstream. The record of the entrenchment of the Mississippi is preserved in a series of
levee ridges east of Advance, Mo., and in the Morehouse Lowland. Each successively younger levee ridge
at Advance is found at a lower elevatlon, indicating that entrenchment was progressive (figure 27 and plate
21). The most westerly and highest levee was probably the result of diversion of bed load at the point where
the stream initially bifurcated.

This progressive entrenchment of the Mississippi River in the Morehouse Lowland continued through
J stage, as long as the Mississippi continued to flow through the Bell City-Oran Gap.

When the Mississippi River was first diverted into the Eastern Lowland, it followed an independent
course west of the Ohio River to Cleveland, Miss., near the north end of the Yazoo Basin. This condition
was short lived, however, as the Ohio soon shifted away from its course along the eastern valley wall and
established a Junctlon with the Mississippi east of Marked Tree, Ark. Below the Ohio-Mississippi junction,
the combined stream, flowing in its earliest Sunflower meander belt, meandered in a channel similar in every
respect to that of the present lower Mississippi River. Above the junction the Mississippi was still a braided
stream, entrenching in the Morehouse Lowland. .

D Stage—The Sunflower System. D stage is synonymous with the period of oceupancy of the Mar-
ingouin Delta following the abandonment of the Bayou La Rose Delta at the end of C3 stage. The D stage
Mississippi and Ohio rivers joined east of Marked Tree, Ark. (figure 46), and flowed to the delta by way of
the Lower St. Francis and Sunflower meander belt segments (figure 36). The Sunflower system differed
most markedly from the present system in that the Mississippi River was still actively adjusting itself above
the Ohio junction. This adjustment is evidenced. by the entrenchment of the Mississippi in the Cy surface
and by the braided character of the channel. It was this process of readjustment by the Mississippi that
led to the break up of the Sunflower system and the eventual abandonment of the Sunflower meander belt ,
segment. D stage (plate 19) shows that the gradient through the Morehouse Lowland had flattened sig-
nificantly since Cp stage and also indicates a comparative flattening of slope downstream in the Yazoo Delta
portion of the channel.

E-J Stages—The Breakdown of the Sunflower System. The time following the abandonment of the
D stage Maringouin Delta system, but prior to the diversion of low-water flow of the Mississippi through
Thebes Gap, constitutes stages E to J. During this period there was a gradual increase in the proportion of
the Mississippi flow through Thebes Gap and the Cocodrie Delta system was built. The Ohio River was
diverted down the “Wolf-Hatchie”” River into the Yazoo meander belt, the Mississippi River occupied the
short lived Upper Tensas meander belt, and finally the combined Ohio-Mississippi began to occupy the pres- .
ent meander belt from approximately the vicinity of Helena, Ark., to Vicksburg, M]SS The sequence. of
these events may be summarized as follows:

Early E Stage: Start of the diversion of the Ohio River down the “Wolf-Hatchie” River into the Yazoo
meander belt and the beginning of the deterioration of the Sunflower meander belt.

E-H Stages: . Gradual diversion of the Ohio River into the Yazoo meander belt and the estabhshment
of the H Stage MlSS]SSlppl Ohio junction near St. Joseph, La.

F-H Stages: Gradual diversion of the Mississippi River from its Sunflower course near Helena, Ark.,
to form the Upper Tensas course in the portion of the modern meander belt as far south as Alsatia, La.

H-I Stages: Gradual westward diversion of Ohio River. By I Stage the Yazoo River carried only
a small percentage of the Ohio flow. ’

The Ohio and Mississippi flowed in nearly parallel courses on the same floodplain for nearly 400 miles
during H Stage (figure 47 and plate 15). The H stage drainage system, which is termed the Cocodrie system,
after Bayou Cocodrie in central Louisiana, the best preserved segment of the master stream, was very un-
stable and soon gave way to a simpler system in which the main flow of the Mississippi and Ohio rivers was
concentrated in a single channel throughout the valley. The COCOdI‘le system is perhaps better represented
as the end product of the breakdown of the Sunflower system.

I-J Stages: Gradual abandonment of Upper Tensas course by Mississippi River in favor 6f the Walnut
Bayou course.

The Thebes Diversion. The same factors which permitted the diversion of waters from the Advance
Lowland through the Bell City-Oran Gap into the Morehouse Lowland caused the diversion of the Missis-
sippi River through Thebes Gap.  The shorter course through Thebes Gap to the Ohio R1ver provided a
gradient advantage over that by way of the Morehouse Lowland.

Diversion followed the trunk channel of a north-flowing stream within the Commerce Hills (plate 21).
The topography of the area indicatés that the headwaters of the north-flowing tributary system had been
truncated near the mouth of Thebes Gap This truncation may have been accomplished by faulting which
is known to exist at the mouth of the gap,’ or by the bluff cutting action of the Ohioc River when it was occupy-
ing its Cache Lowland course, or by a combination of the two processes. It left a sag in the escarpment of
the Eastern Lowland, which made possible the diversion.

The north-ﬂowmg tributary stream system had been subjected to alternate cutting and filling which
affected the major streams during the Quaternary period. During the late Wisconsin glacial stage, the stream
was entrenched to meet the lowering Mississippi River and cut a deep, narrow gorge which later filled as the
Mississippi alluviated its valley. As valley filling progressed, the trunk tributary was subjected to back-
water flooding by the MlSSlSSlppl and eventually floodwaters spilled through the sag into the Eastern Lowland.

Floodwaters probably spilled through. Thebes Gap from as early as the A stages, when alluviation of the
Western Lowland had reached its maximum. The narrowness of the gap and the extreme resistance to scour
of its Paleozoic rock floor made difficult the cutting of a channel capablé of carrying low-water flow. Braided
channels below Thebes Gap can be traced from the area at the eastern foot of Sikeston Ridge directly into

1 Geologicai Map of Missouri, Missouri Geol. Survey and Water Resources, 1939, ' *
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the gap. They were established by Mississippi flood waters flowing through the gap and indicate that as
much as one-half the flood discharge passed through the gap during H-J time.

The diversion of low-water through Thebes Gap following J stage was facilitated by the migration of
a bend of the Mississippi River directly against the head of the gap (plate 21). The bend was so shaped
that the Mississippi flood was directed into the gap, and eventually the entire low-water flow was diverted.

The waters flowing through Thebes Gap late in J time abandoned the Eastern Lowland course near
Sikeston Ridge and shifted their position at the mouth of the gap. They established a short, southeasterly
course to the Ohio River near Cairo, Ill., and probably followed the lower course of the Cache-Ohio River.
This shift increased the gradient advantage and helped to bring about complete diversion of the Mississippi
River.,

Stages 1-20—The Evolution of the Present Meander Belt

Introduction. The early aggradational history of the alluvial valley was characterized by many shifts
in positions of the streams. The junction position of the Mississippi and Ohio rivers varied widely in early
stages but has remained near Cairo, Ill., since the time of the Thebes Gap diversion. Following the Thebes
Gap diversion the only major changes in the master stream have been four downstream diversions which
initiated new meander belt segments. The most northerly of the diversions resulted in thé abandonment
of the St. Francis segment in favor of the presently occupied meander belt between Richardsons, Tenn., and
Helena, Ark. The next diversion downstream took place near Vicksburg, Miss., where the Walnut Bayou
segment was abandoned in favor of the meander belt between Vicksburg and Angola, La. The third diversion
occurred when the Walnut Bayou meander belt bifurcated from the Teche meander belt near the mouth of
the present Black River and flowed southward past Donaldsonville, La., in the Lafourche segment. The
. diversion from the Lafourche segment to the present course past New Orleans took place at Donaldsonville.
Minor changes have resulted from meander migration and from the development of distributary systems
in the deltas. The position of the meander belts, delta systems, and distributary streams are shown on
plate 15.

Details of the history of the Mississippi Rlver following its diversion through Thebes Gap are shown
on maps of plate 22. This late epoch of the river’s history has been divided into 20 stages, separated by
intervals of 100 years, each of which is represented by a reconstructed ancient course. (Stages 17 through
20 are marked by historical courses dating from 1765.) The maps of plate 22 are confined to a strip along
the present river and do not show the Teche segment, large parts of the Walnut Bayou segment, or the St.
Francis and Lafourche segments of the meander belts in their entirety.

The position of each reconstructed course in the meander belt was established from study of local decretion
topography shown on aerial photographs. Reconstructions of stream courses were made by projecting the
curvature of an isolated channel segment to its junction with another channel segment whose comparable
age had been, previously determined by similar studies of local accretion features. The ¢urvature of channel
segments is shown in the shape of bar ridges and swales, in the shape of arcuate streams and ox-bow lakes .
occupying abandoned channels, and in the distribution of natural levee deposits. ‘The relative age of channel
segments within local areas of the meander belt was determined by the cross-cutting relationships of the
various channel scars but the dating in years given was determined by the rate of Iocal channel mlgratlon
based on analogy to known migration since 1765.

Only the major events in the evolution of the present meander belt are discussed herein. Those details
considered are illustrated on the map (plate 22) or on the profiles of the reconstructed stream courses shown
on plate 23. "Significant events of the history are summarized and tabulated at the end of this section of
the report. -

Stage 1 Drainage. The drainage system of stage 1 is shown on figure 48. The Mississippi River
occupied its present meander belt as far as Richardsons, Tenn., thence swung westward in the St. Francis
segment to Helena, Ark:, followed the present meander belt to Tallulah, La., and entered the Gulf south of
Houma, La., by way of the Walnut Bayou and Teche segments (plate 15). This course differed from the
preceding H and J courses mainly in the position through which the Mississippi River entered the valley,
the location of the Mississippi-Ohio junction, and in delta position. The Vermilion River at Lafayette, La.,
probably served as a distributary of the Mississippi for the first time during this stage.

The Teche segment and delta were first occupied following J time, when the Mississippi River broke
from its Cocodrie channel near St. Joseph, La., and took a new course to the Gulf. The channel of the com-
bined Red and Arkansas rivers, which were flowing to the Gulf in an independent course along the western
valley wall, probably served as the pilot channel followed by the newly diverted Mississippi.

Stage 2 Drainage. This stage marks the final occupancy of the St. Francis segment, which was aban-
doned at the end of the stage for a shorter course past Memphis, Tenn. Scars on the floodplain south of
Memphis, indicate that the combined eastern marginal drainage, the “Wolf-Hatchie” River, must have served
as a by-pass channel for the Mississippi floodwaters as early as stage 1.. This by-pass channel carried an
increasing flow during stage 2 until the entlre low-water flow of the Mississippi was diverted info it.

Stage 3 Drainage. Starting with stage 3, the Mississippi River flowed in a meandering channel within
its presént meander belt from Commerce, Mo to the latitude of Vicksburg, Miss.; south of this latitude,
it followed the Walnut Bayou and Teche segments to the Gulf. The drainage of stage 3, just before the Mis-
sissippi shifted out of its Teche channel, is shown on figure 49. Details on the final position of the Teche-
Mississippi channel and courses in its delta are shown on the map (plate 15).

Stage 4 Drainage. The Mississippi River left its Teche channel north of Marksvﬂle, La., and took
a new course down the western side of the valley to the Gulf in stage 4. Details of this diversion are not known,
but is seems probable that the shift was to a deep-water pilot channel which was carrying the marginal drain-
age from Memphis, Tenn., southward. (See Yazoo River, figure 50) Diversion probably took place as a



37°

. W//////i

32°

29°

9

2°

91°

<
-
-

72

//////

=,

ssoum7///

9

N
. \1
I\

z

7
VA

_

i
//

U

’ v L6
r"”.h'. /

G

#

iz

. ”_ 7! eo\md.
E)

SN P 7/,
o R/C'/

y /A, N

<!

&/5”’/& .
4=

P42
)

/ 7, o M:r.:h;use A ;2:7/
/ é j rd o ‘ man’
v = S

7

ARK,

£

7

Harrisonbi
i
ne:

Jo il

o
Lo,

Ui
Vi

e

tohQulo

PR X [
?A ANDRIA \’2@{

A
o ’%\ mm&;'

o

Ferriday )
q

%
\’

A\

7

J

{

r\/A

ALLUVIAL VALLEY
OF THE

MISSISSIPPI RIVER

DRAINAGE SYSTEM
STAGE D

§

89°
MRC/2588 Sh. 31

FIGURE 46



29°

37°

36°

92°

17

_

M
/]
- ///Z//_ Z

AL ;

.

7Y

b

/\
N

50

A
(
i

=

L

4

%

7 Z -
3 4@ 2 ////
- _ TSP IS
v 70! VERS/ON &
: s
1[;“/
n;
i)
z Yoca/
/

R

A

7~

)

74,

_

g

Wit
15
rrid YI ANATCHEZ

ALLUVIAL VALLEY
OF THE

MIsSsSIss

DRAINAGE SYSTEMS

IPPI RIVER

: Py Y i ////
leveﬁind} &
) WPGREENVIL L :J /;//
W W s% //
WRY L il
a I 5
MONROE 3 'h;/ § \C.{‘;\/D/////,/ //
/// | ; . ansitn © hcudsuns’
22, § g 7 ) /JJ/AC /
N7/ /Cé“//"'}’" < % //r// Z // A e
4 Ic:s{fgph U‘ //' % L /

== = —— - 0 ]

o/‘ \ £ I%' ¢
& \ ufport
\ Mississippi S,
ll'm kY 30°
)A 7 o’j
\* 1
- :
\ s
,.,. L.
e = C .
< & - f N
v 4 <t ” DELTA Rﬁ }
] c O /4
°r M E x|l
92° - L

89°
MRC /2568 Sh. 37




9

37

N~

_

%///// ;;/ )
__/%/ 2/ Y
v

Blyd
SCe

S

it

ary! v
eville ©,
ola

D

ine off %y//

by .
Tked "Jes

Z />>

rh/e//4,//

e

PINE
~ BLUFF
X7
X

33° e

M/SS) corplor =
158&S 7

/Mlﬁl /
< /MISS.
5

12

320 p5

Crowley

29°

pu
?Ie’\

7
e

¢

X

7

rriday DA NATCH

ALLUVIAL VALLEY

MISSISSIPPI RIVER
DRAINAGE SYSTEM
STAGE 3

OF THE

== = = = == ]

in

/| a
BATQN ROUGE

° Hammondé
Covi

LA

i
o
®,
/vrcmp s
=)
REWN
= - = B N

22¢

89°
MRC/2588 Sh. 36

37°

“A32°

31°

29°

FIGURE 49




29°

37°

3e°

kI

90

.

/ K ;
.\/R//

!/ b
</ Wappapell
‘3\/

47

\ar Blyff

74 (e
Blyth
)

0l
&

c// ca;%/?%/{/
W N EER

Vto me

arieston ©

O,

CgBioomfieid o\ °Sikeston
orehouse

ked ‘Deer

ruther: ) /
/| JE il
e © / 2}///%
> ~/ TENN:

<

N 222
Sl
obi"“//
947

ers
!

bie ///

Golconda

157

%puqd/&;y

AR 7 Paducan
Wick% aduca
7

%

Colum
o7

Hi¢kma)
Z

L L L L L 22 L 30

N
g

/é
L
o
’I\//<<

.

/‘//

//
7

o
.

4°

32

ALLUVIAL VALLEY

52
Y OF THE
< chrar MISSISSIPPI RIVER
e f DRAINAGE SYSTEMS
w4 — STAGE |
CYSsY( KLl m——— — STAGE 2
placks MiLes
o Lsim Q 20 40 60 80 100 i e
>
"eoo /
Iville k
Opelousas o) ?hé < %‘/OAC'E .,Hammndé/ %

Coawl ) ok, LAK 2 :
////5 %-‘:. ONTCHARTRY) Miss1SS1P0! Soug
it > Ak~ | . "

~ = 1 Al

D) a]
5 %, Sy
, : ‘,,,;\zf’\.
3 )a \I\/}p@;fﬁuus
G L AL /2
d 4 7z v:f%g VR 29°
c o ¥
o F M E X|I
92¢% 9l° 90°

89°
MRC/2588 Sh. 35

FIGURE 48




g2° 91°

7 =
3,/%;’;/}/%/2};}{(1/ Y%
A

//// i

£
i7 e
%//

- 4 /// ,
| \M}:; / /7')‘ //
fc\ «Sdal 3
\ ! s }
N A ¥ ¢ Charleston 340
| mw?r 7 r/ /
, Glendgra renada’
rKansas ° Elca b o g, i
dic) 7’ W 4§77 /// 7
) s {
‘ GREENVI i / / // //' g
| Betdoni o i AR M/lssy
33 - i j / ,//Q/%///////Q 330
G Rt W //&////
7 e C 7
/// 0 ,/% //
- , NI
/\'AONROE 7, /// /
Gy ;
////
LA
//;Cﬁmbua N ;
7 < ////// - Josept” & %) \‘; / 7 ol
2 /% i~ 75 7
/Ha //'eu 7/ / ALLUVIAL VALLEY
/\ 2 e Phcier OF THE
&< N twef 17777 MISSISSIPPI RIVER 7
B\ o o 11| DRAINAGE SYSTEM |/
&{ iy Avie & 7744, STAGE H 7
“ S W 0) é; ville /
' %P A 24
AT

280K 8

30°

godhu )
NN CocoDrERN
TNDELTAA Y

29° Vi

92° 921° 90° 89°
MRC/2588 Sh 32

FIGURE 47




90° 89°

37°

36°

/// 4 1L /1, Golconda
;\/_ ,”;%/ Wy \“ “Cape grard ay { %
> dvance
Gri 520 X R o
‘<'/ ; % o rleston © ani\iF/Fg/ ; Paducall
////i\//w \ o mﬁedc l :S‘kesfan d/k///
7 N \Wi
A s, n‘:l\denrd Jr{%’“‘)‘l 7 d
/ “ P4 evi 5 s o0,
£

i AN

nnnnnn

L L Lt gsse

=N
.

7

34°

7
len: ! 5
c > ! 1ol ‘/o/o,({.-//
(8 Marks ol o /}I/ '/// //
S & Clarksdall 5 // .,
e 2
£ /|
A Tutwileg W /
4 Glend
Clevela
EREENVI L|

33°

33°

32

SS/SSIpA/

32%

ALLUVIAL VALLEY
OF THE

MISSISSIPPlI RIVER

DRAINAGE SYSTEM
STAGE 10
MiLes
3 0 20 40 60 80 100
e
/|
ra,
A 4 o
Opelousas //%/-// oHammond” /| // 7
ABATON ROUGE <& o foh ? o
lidell Gulfport 4=
Crowle o iy LAKE 2
//y“ Q{a PONTCHARTRA MissioSIPP! Soupey
83
2 Vi 5
30° =~ Idsonville ‘ E %‘ 30
3 Ve £
44—@ 8 YT hibods: 7 aj
Fran o'gant
f )
/. r 4:'[)1»"} 3 @%;nssn
G 7 X 7" |LA FOURCHE, / =<
200 v 4 = 2 \ r DELTA Wﬁ& -
o
o F M E X|I €
92° o1 =0

89°
MRC/2588 Sh. 38

FIGURE 5I



Alluvial Valley, Lower Misstssippt River. 43

result of faulting along the Red River fault zone. Traces of fracturing on the floodplain between the Marks-
ville Hills and Lake Maurepas are observable on aerial photographs. These traces correspond with the
direction of stream diversion.

The drainage of stage 4, the stage immediately following the abandonment of the Teche, is shown on
figure 50. This map shows the Mississippi River in its first occupancy of the great Lafourche Delta system
which built out from near Thibodaux, La. During this stage, the combined Red and Arkansas rivers flowed
directly to the Gulf because the Mississippi left its Teche channel above the Red and Arkansas junction and
thus abandoned them in its old channel. The Arkansas River soon left the Teche channel for a course down
the Atchafalaya Basin and did not rejoin the Mississippi before stage 5. Traces of Red River occupancy
of the Teche channel are well preserved in the narrow inner levees of the present Teche Bayou.

Fifteen Mile Bayou By-pass Channel. The Mississippi River had part of its flow diverted into a
secondary channel west of Memphis. This secondary course, termed the Fifteen Mile Bayou by-pass channel,
came into existence in stage 6, when part of the Mississippi flow was diverted by a crevasse channel down
the abandoned St. Francis segment. (See plate 15 and figure 34.) It continued to be an important channel
carrying perhaps a third of the Mississippi flow until stage 9, when it was abandoned because of & cut-off of
the Mississippi bend from which it derives its name. In stage 10 and the following stages the diversion channel
was considerably modified by the St. Francis River which occupied the old channel.

Stage 7 Drainage. The drainage of stage 7 is shown on figure 50. It differs from that of stage 4 mamly
in the existence of the Fifteen Mile Bayou diversion channel, in the direct junction of the Arkansas River
with the Mississippi River south of Jonesville, La., and in the delta region where the trunk stream was. to
the east of its stage 4 position. By stage 7 the Red River had abandoned the lower portion of the Teche
channel and flowed to the Gulf south of Morgan City, La., through what is now known as the lower Atchafalaya
Basin.

Stage 10 Drainage—Final Occupation of Walnut Bayou Segment. The drainage of stage 10 is shown
on figure 51. By this stage the drainage north of Rosedale, Miss., had assumed essentially the form it has
today. South of Rosedale it differed mainly from the present dralnage in the more westerly course followed
by the Arkansas and Mississippi rivers, the Red River course through the Evergreen Gap to a junction with
the Mississippi River near Bordelonville, La. (figure 39),and the more westerly position of the delta. Portions
of the abandoned stage 10 Mississippi channel are shown on figures 22 and 38. A part of the extensive La-
fourche Delta of stages 4 to 11 is shown on figure 23.

For reconstruction of the stage 10 channel from Lake Providence, La., south, see plate 15. Detailed
reconstructions of parts of stage 10 along the present meander belt are shown on history sheets (plate 22).

State 11 Drainage—The Vicksburg Diversion. The Walnut Bayou course was abandoned. following
stage 10. The diversion which took place near Vicksburg is shown on figure 2. It can be seen that the meander
of stage 10 expanded until it encroached on the nearby channel of the Yazoo River at the ‘“‘diversion point.”
Mississippi- River waters followed this channel south to Angola, La., and soon enlarged it to form the main
channel, gradually abandoning the older channel to the west (figure 52).

Stage 12 Drainage—The-Donaldsonville Diversion. The Mississippi River abandoned the Lafourche
Delta followmg stage 11 (figure 52). The Donaldsonville, La., area where the diversion took place is shown
on figure 53.  The Mississippi broke out on the outside of a sharp bend in course 11 and thence followed a
new course to the sea. The stage 11 channel of the Amite River probably functioned as a pilot channel for
this new course (figures 52 and 54). A factor which may have contributed to the diversion was movement -
aleng the Red River fault zone. Evidence of recent movement along this zone has been traced southward
into the Barataria Depression region.

Diversion of the waters was probably gradual and started with the enlargement of a distributary which
together with the Amite River had established a course to the Metairie subdelta east of New Orleans. As
the discharge through this channel increased the course became incised in late Pleistocene sediments which
underlie Recent deposits at very shallow depth.

The Plaquemines-St. Bernard Delta. Since the Donaldsonville diversion the Mississippi River has
occupied its present meander belt from Cape Girardeau, Mo., to the apex of its Plaquemines-St. Bernard
Delta. The only major shifts of the Mississippi subsequent to course 12 have been shifts from subdelta to
subdelta.

 Stage 12—The Metairie Subdelta The earliest, or stage 12, subdelta of the Plaquemines-St. Bernard
system was the Metairie subdelta. The portion of thls channel 1nd1cated by Metairie Ridge continued to be
occupied as late as stage 15 (figure 54 and plate 15). The subdelta was abandoned when the Mississippi
River broke out of its channel within the present city limits of New Orleans, La., and established a new channel
to the southeast.

Stage 13—The St. Bernard Subdelta. Stage 13 was the period of the building of the St. Bernard sub-
delta. The Mississippi River occupied a channel at St. Berriard time which followed Metairie Ridge to New
Orleans, turned south through the center of the city to McDonoghville, La., and then flowed east in a course
indicated by Bayou Terre aux Boeufs-Bayou La Loutre Ridge.

Stage 14—The River aux Chenes Subdelta. Stage 14 started with the abandonment of the St. Bernard
subdelta. The important Bayou Terre aux Boeufs (plate 15) distributary channel remained open until a
later period, but the main area of deltaic deposition shifted to the south. The shift oecurred when major
distributary channels were established in two positions, north of Gretna and just west of English Turn. This
Mississippi River built out from these distributaries the River aux Chenes subdelta (plate 15).

Stage 15—The. Barataria Subdelta. At the end of stage 14 a major distributary was established near
" Kenner, La., and by stage 15 (plate 15) this distributary carried Mississippi Waters to the Barataria subdelta
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south and west of New Orleans. The Barataria subdelta, however, did not attain a development compar-
alble to tt}:;t of the earlier subdeltas, because much of the flow of the river continued to flow eastward into the
older subdeltas.

Stage 16-—The Bayou Cheniere Subdelta. A major change took place when at the end of stage 15 the
Mississippi River broke out of its Barataria subdelta between Walkertown and Marrero, La., and took a
new course to the east along the Lake Borgne fault zone. The alinement of the stage 16 course appears to
have been controlled by the earlier channels of the River aux Chenes subdelta channels, but the direction of
flow was reversed between Harvey and Algiers, La.

The system of distributaries which built southward from the vicinity of New Orleans in stage 16, the
Bayou Cheniere subdelta, might well be considered as part of the present or Balize subdelta, inasmuch as
it was in this stage that the Mississippi River was first established in its present course in the vicinity of New
Orleans and in its great swing at English Turn.

Stages 17-20—The Balize Subdelta. The Balize subdelta evolved from the Bayou Cheniere subdelta -
by concentration of the entire flow of the river into one distributary channel. As the Balize subdelta built
outward from the trunk stream, many new distributary channels developed. The period of occupancy of the
Balize subdelta extends throughout the period of European occupancy of Louisiana, i.e. 1699 to the present,
but probably not much longer.

Dohm' lists over 250 maps which include the area of the Mississippi delta. Unfortunately, delta topog-
raphy is extremely difficult to survey; consequently, old maps lack the accuracy and completeness necessary
for critical comparison with present-day maps. Comparison of recent maps with Captain Talecot’s map of
1838, however, shows that the chief change in the delta has been a general widening of the strip of land south
of the great bend at Forts (plate 15). The exact area added to the delta since the days of La,Sa,lle is not
known, but presumably it includes a very large part of the present Balize subdelta.

Profile Characteristics of the Stream Codrses, Stages 1-20

Several characteristics of the stream profiles as reconstructed from meander belt studies have an im-
portant bearing on the interpretation of the evolution of the present Mississippi River. Differences between
profiles reflect local aggradation and entrenchment, local disturbances by faulting, prograding at the deltas,
and lengthening and shortening by meandering cut-offs.

Local Entrenchment of the Mississippi River below Thebes Gap. Stream profiles of stages 1-3, plate
23, indicate that the Mississippi River while flowing through Thebes Gap during these stages, entrenched
the Ohio alluvial fan between Commerce and New Madrid, Mo., by a depth of 15 ft. ~ This entrenchment
resulted as the Mississippi adjusted its slope to its shorter course 'to the Ohio River. It reflects the gradual
enlargement and deepemng of the Thebes Gap channel. Enlargement of the channel through the gap is still
‘going on, but there is no evidence of continued entrenchment south of the gap subsequent to stage 3.

Local Flattening of the Profiles. Local flattening of a stream gradient is associated with excessive
meandering. A notable example of flattening of the gradient by excessive meandering of the Mississippi
River is the Greenville area where several large bends developed and were cut-off artificially (figure 55).
Studies of older meander belt courses show that excessive meandering was associated with the abnormally
low gradient of the Walnut Bayou stage 3 segment between Marksville and Tallulah, La., and with the low-

" gradient stage 10 Walnut Bayou segment between Arkansas City, Ark., and Angola, La, Diversions of the
Mississippi which took place in these segments indicate that slope flattening tends to produce conditions under
which bifurcation is likely to ocecur. The position of diversion, however, is controlled by faulting or by the
point of intérsection of a deep channel and a migrating river bend.

Local Faulting. Abrupt breaks in the stream profiles which cross the Tiptonville- Reelfoot Lake area
are the result of continued movement along the Reelfoot Lake fault. (See figure 33 and plate 23.)

Breaks in the valley slope shown on the profiles of plate 19 indicate that movement along the Big Creek
fault zone continued from the Aj to the C; stage.

Adjustment of Stream Gradient to Prograding of Deltas. Progradlng of the delta by lengthening of
the streams tends to flatten the lower part of the stream gradient, but the river builts up its banks upstream
and thereby tends to maintain its slope. Examples of adjustment to local out-building of the delta are shown
on profiles, plates 19 and 23, where in the vicinity of Baton Rouge there has been an aggradation of 15 ft.
between stages 4 and 10 and a farther 10 ft. of upbuilding between stages 10 and 18. -

Length of Streams. The profiles (plate 23) show the length of the Mississippi River-at various stages.
The length of the river has not varied over 10 percent of its mean length during its period of occupancy of
Thebes Gap. Local sections, however, have varied greatly because of lengthening by meandering and shorten-
ing by natural cut-offs. Natural cut-offs cause local steepening of the gradient, and excessive meandering
causes local gradient flattening. The effect of local variation in length is shown by the dlfference in distance
between the location of towns shown on the proﬁles

- Correlation Chart

The main features of the Recent geological history of the Lower Mississippi Alluvial Valley, which
have been described in the preceding paragraphs, are summarized on the correlation chart, table 3. This
chart indicates the character of the Ohio, Mississippi, Red, and Arkansas rivers during the various stages of
. the Recent alluvial valley history. It also shows where the Mississippi and Ohio rivers entered the alluvial
valley and their junction positions. The last three columns of the chart show the channel segments and

1Dohm, C. F., “List of Maps Dealing with Plaquemines and St. Bet_nard Parishes,” Louisiana Dept. Cons., Geol, Bull, No. 8, pp. 321-338, 1936,
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Alluvial Valley, Lower Mississippi River. 45

deltas occupied during the various stages. Valley slopes for several stages are expressed in feet per mile
and correspond with graphic slopes indicated on the profiles (plate 19). The nature and position of the Mis-
sissippi and Ohio rivers at any stage may be ascertained by reading across the chart.

Basis for Chronology. Dating of the stages in the evolution of the Mississippi Alluvial Valley is based
on the crosscutting relations between channel scars and the stratigraphic position of deposits and shows only
relative values. The specific dates shown in years in table 4 were established by correlation with chronologies
of Recent time developed from studies in other parts of the world. These ¢hronological studies have estab-
lished the date of maximum late Wisconsin glaciation as approximately 25,000-30,000 years and they fix the
age of the entrenched stage in valley history. The age of the various epochs in rising sea level, inferred from
studies of Mississippi Alluvial Valley deposits, were determined from European and North American glacial
studies which accurately date retreat of the glaciers. The time when sea level reached its present stand
approximately 6,000 years ago, was determined from European glacial studies.

The history of the development of the alluvial valley during stages 1 to 20 was established from study
of floodplain accretion and channel migration in the present Mississippi River meander belt. Stages 1 to 17
cover intervals of approximately 100 years. This interval was determined by comparison with known rates
of channel migration since 1765 (end of stage 17).

The chronology established from the sequence of Indian cultures'> ? in the alluvial valley agrees closely
with the stages in meander belt development.

The chronology of Recent time and the correlation with the stages in the development of the alluvial -
valley are presented in table 4. - :

Evolution of Major Tributary Streams

The history of the tributary streams of the lower Mississippi within the alluvial valley reveals a com-
plexity which rivals that of the Mississippi itself. Changes in character and position of the master stream
have repeatedly disturbed the equilibrium of the tributaries and necessitated readjustment of channel and
gradient. To a lesser extent, activities of the tributaries have influenced the slope and behavior of the master
stream. The histories of some of the more important tributaries are briefly discussed and presented in tabular
form (tables 5 to 9). Their stages are correlated with those established for the Mississippi River. Positions
of tributary streams at various stages are shown on figures 42 to 52 and plate 15. The streams are discussed
in order of their importance to the interpretation of the history of the alluvial valley. .

The Arkansas River. The Arkansas River has been a tributary of the Mississippi River except during
stages Ao, C, and E through H, when it followed an independent course to the Gulf of Mexico. Throughout
most of its history it has followed courses west of Macon Ridge and joined the Ouachita River above its junction
with the Mississippi, but during stages D to 1 and 12 to 20 it flowed east of the ridge. The level to which
the Arkansas River attempted to adjust its course was in turn, the Mississippi, the Ouachita, and the Gulf
of Mexico, depending into which water body it flowed (table 5).

The Arkansas receives no major tributaries in the alluvial valley today, but in the past the Red, the
Quachita, and the White rivers have been direct tributaries. The introduction of these tributaries modified
the activity of the Arkansas by enabling it to flow on a lower slope or by otherwise changing its regimen. On
the northern portion of the Arkansas alluvial fan, abandoned meander scars indicate channels similar to that
which is occupied by the present river. Active faulting along the Catahoula Lake fault zone, however, caused
the river to entrench its alluvial fan on Macon Ridge and to develop shallow braided channels.

Shifts in the Arkansas River course took place most frequently near the head of the alluvial fan at Little
Rock; Ark. An important downstream shift during stage Co diverted the Arkansas to the west of the Marks-
ville Hills in Louisiana. This diversion was southwestward through the Moncla Gap into a south-flowing
tributary of the Red River. Another shift, during stage 5, diverted the river to the west of the Bastrop Hills.
This course followed a valley excavated by the east-flowing entrenched Ouachita River in late glacial time.
The Ouachita had abandoned this gap and shifted to the south early in the alluviation of the valley. In stage
4 just before the diversion of the Arkansas, the gap west of the Bastrop Hills was drained by a minor south-
west-flowing tributary of the Ouachita River. The present stream flowing through this gap, Bayou Bar-
tholomew, has excellently preserved Arkansas meanders. It was abandoned by the Arkansas during stage 12.

Channel shifts of the Arkansas River usually followed those of the Mississippi River. An instance of
such a relationship is the diversion of the Mississippi from its Teche course, which left the Arkansas in the
old Mississippi channel early in stage 4. The Arkansas was not able to maintain this channel and soon shifted
out of it in favor of a more direct junction with the Mississippi. -

. The Red River. The Red River differs from other major tributaries of the lower Mississippi River
in the great width of its alluvial valley. It enters the Central Gulf Coastal Plain along the Texas-Oklahoma
boundary and flows in an open valley from 5 to 15 miles wide, the narrowest portion being where the river
crosses the Miocene outcrop near Boyce, La. Even at its narrowest position, the valley is wide enough to
show scars of several older channels. There is no ‘“fanning out” of the courses from a narrow position compar-
able to that below Little Rock on the Arkansas fan. o )

The correlation chart, table 6, shows the sequence of courses of the Red River below Alexandria, La.
The oldest mappable stage of the Red River is Cy, earlier ones having been buried or destroyed.

During most of its alluvial history the Red River flowed in an alluvial valley whose axis was that of the
entrenched valley, but in stage 8 it spilled through the Evergreen Gap in the Prairie Terrace. Later, in stage
15, it shifted northward to its present course through Moncla Gap where it leaves its own floodplain in favor
of that of the Mississippi River. :

1Ford, J. A. and Willey, G. R., “An Interpretation of the Prehistory of the Eastern United States,” American Anthropologist, vol, 43, no. 3, pp. 325-363,

2 Kniffen, ¥. B., personal communication.



46 Geological Investigation

Although the Red River has, at various times, flowed into the Arkansas River or directly into the Gulf
of Mexico, shifts of the Red mainly represent adjustments to shifts in the position of the Mississippi River.
Diversion of the Mississippi from the Teche and Walnut Bayou segments was in both cases above the Red-
Mississippi junction. The smaller river was not able to accommodate itself to the wide channel and low
slope of the Mississippi and soon abandoned it. Repeated shifting from short-lived channels ultimately
brought the Red River into a course which led directly to the Mississippi River.

It first joined the Walnut Bayou segment of the Mississippi River by way of Bayou Huffpower. The
height of Bayou Huffpower levees and the development of its meander belt indicate even longer Red River
occupancy than does the modern course.

The Huffpower channel was abandoned in favor of the north-flowing short-lived Bayou Boeuf course
which originated from the enlargerhent of a crevasse channel along a fault west of Bunkie, La. The diversion
took place following stage 14. It was facilitated by the flattening of the Red River gradient brought by
lengthening of the Red-Huffpower channel when the Mississippi abandoned the Walnut Bayou segment.
Although the Boeuf served as a flood distributary of the Red and was a navigable channel in the last century,
the lack of characteristic Red River meanders reflects its short period of occupancy as the main channel.

The Present Course of the Red River. The present course of the Red River is a composite feature
involving segments of diverse origin. It was first occupied by the Red in stage 15, when the diversion through
Monecla Gap occurred. Between Alexandria and Moncla, the river follows a very young meander belt developed
from a marginal “rimswamp”’ stream which drained into the Mississippi Valley through the Moncla Gap.
Downstream from Moncla to the mouth of Saline Bayou, the Red River has formed a meander belt within
the abandoned course of the Cgy stage Arkansas River. From the mouth of Saline Bayou to Lake Long,
the Red River meander belt follows an old course of Little River. Between Lake Long and the mouth of
Black River, the Red follows an old channel originally established by the stage 10 Walnut Bayou-Mississippi
course, but subsequently occupied by the Bayou Bartholomew-Arkansas River (stage 11) and by the Black
River (stage 12). In this segment the Red reversed the flow taken by the Black, the Arkansas, and the Mis-
sissippi rivers. Between the mouths of Black and Old River, Red River occupies a stage 13 to 15 Black River
course. The Black was established in a stage. 10 Mississippi crevasse channel which followed a still older Cq
stage Mississippi meander channel.

The Red River is not a direct tributary of the Mississippi; it discharges into Old River. Old River
flows.into the Atchafalaya or the Mississippi, depending on relative stages of the Mississippi and Red rivers.
In most cases, the flow is from the Mississippi into the Atchafalaya; but, when the Mississippi stage is low
and the Red is in flood, part of the flood waters flow into the Mississippi. Prior to the Shreves Cut-off in
1831, the Red River flowed directly into the Mississippi. From 1831 to 1872 the Red flowed into upper Old
River, but since 1872 it has flowed into lower Old River. '

The White River. The White River which enters the Western Lowland from a narrow, rock-walled
valley in the Paleozoic uplands near Newark, Ark., has been alternately a tributary of the Mississippi River
and of the Arkansas River. The correlation of stages of its history are shown in table 7. At various times
the Mississippi flowed fairly close to Newark and prevented the formation of a large White River alluvial
fan. Doubtless the small size of the alluvial fan, less than 350 square miles, also reflects the small sedimentary -
load of the White. The contrast between the silt-laden Arkansas River and the clear-water White is par-
ticularly striking inasmuch as the two streams have somewhat similar discharges.

The present alluvial fan of the White River was deposited in a trench cut during C; stage when the
Mississippi had its final course in the Western Lowland. The White River meandered freely within its narrow
trench, and its principal change in course consisted of a shift from the east side to the west side of Surrounded
Hills.

Following C, stage, the White has successively lost the drainage of the Whitewater, the Castor, and the’
St. Francis rivers, as each in turn shifted to the Hastern Lowland. The last important shift of the White
took place following stage 11 when the river shifted to its present meander belt from its course down Serub-
grass Bayou. Since stage 12 the White River has remained in the same meander belt, except for minor
changes near.its mouth.

The Black River of Missouri and Arkansas. The alluvial fan of the Black River, like that of the White,
has been mainly constructed since the Mississippi River was diverted into the Eastern Lowland in Cj time.
It oceupies a trench cut by the C, stage Mississippi and covers an area of 250 square miles. The history
of Black River is shown in table 8. When the Mississippi first abandoned the Western Lowland, its direct
tributaries, the Whitewater, Castor, St. Francis, and Black rivers, were left flowing in the old channel. The
flow of the combined streams was augmented by residual Mississippi overflow still coming across the levee
at Advance, Mo. The stream resulting from this combined flow may be termed the Cache-Black River,
after the Cache River of Arkansas which marks the. approximate position of the old channel. Portions of
the Cy stage of Cache-Black River are shown on plate 2. The contrast between the wide gentle ares of the
braided Mississippi and the smaller meander loops of Cg stage Black is readily distinguishable. ‘The large
Cache-Black meander pattern could not be maintained in subsequent stages when the Black River shifted
to the western margin of the valley The successive loss in tributary discharge of the Whitewater, the Castor,
and St. Francis rivers is reflected in the decreasing size of the Black River meanders. The present western
tributaries of the Black, the Current, Spring, Eleven Point, and Strawberry rivers, flowed along the western
valley wall during stage Csy and served as a pilot channel down which the Black River was diverted. Black
River is a conspicuous example of a stream which has been controlled by faulting, and the “‘grain” of the Black
alluvial fan drainage coincides with the trend of the regional fault system.

. The St. Francis River. The history and correlation of the channels of the St. Francis River are pre-
sented in table 9. Like the Black, Castor, and Whitewater rivers, the St. Francis was a direct tributary
of the Mississippi River in the Western Lowland. These streams were not able to maintain channels in the
abandoned Mississippi course, and they built alluvial fans where they debouched into the alluvial valley. The
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King Bayou and Ables Cresk, Cutoff Creak Bayou Lafourche
By Pecan Bayou and Overfiow Cr. to Daves Bayou
Ouachita River Two Prairia Bayou, Caney Bayou,
8, Near Deer Park, La. North of Siclly tsland, La. uen; g:ma‘ Mill Bayou, and Croak
Hurricane Creek,
8, Little Bayou LaGrue Big Craek and Turkey Cresk
Big Creek East of Destroyed by Turk X
Az Near Dewitt, Ark. Subsequent Erosion urkey Creo
Slmmesport, La.
Ay Tariston Craek Deer Creek
7
North of Siolly, Prairle Bayou . :
Alligator Bayou
A1(.20 ) Islend, La. _and Hurricane Bayou
-55 ft.
80 ft.
? ? ? ? ?
200 ft.
30040
Entrenched Near Waterproo!, La.

Ouachita River Kear Sonita, La.

Near Western Valley Wall

*ABANDONED ARKANSAS RIVER COURSES LOCATED BY STREAMS NOW OCGCUPYING PORTIONS OF OLD MEANDER BELTS

TABLE 5 — Stages in the Development of the Arkansas River




LOCATION OF COURSES *
ENTRANCE TO ) LOCATION OF MAJOR
STAGES ALLUVIAL MASTER STREAM COURSE SEGMENTS (WEST LONGITUDE)
VALLEY MOUTH TRIBUTARIES 92°157
o T U ° 50’
92730 TO 92°15 TO 92°00" EAST OF 92°00
20
(1939-43) Lower Old River
19
(1890)
(a2 Bisck-Ouachita River
18 Moncle Gap Upper Old River Near Angols, La Present Meander Belt tn Presant Course
(1820) I P Near Acme, La,
17 Mississippl River in Present
(1765) Meander Belt
16
15 Main Red River Valley | To Guif via Atchafalays Swamps |South of Morgan Clty, La, / Bayou Boouf Bayou Courtableau
14
Black Rlver West of
Mississipp! River In Present Angola, Lo Bayou Des Glalses
13 L
Meander Beit Near Angols, La. to Simmesport, La.,
Atchafajays Rlver, to
1z Black Rivar Near Bayou Huffpower, Bayou Lettsworth
Bordelonville, La.
Gap P Bayou Robert to Bayou Rouge and
nsas Rlyer In Bayou Bordslonvilts, Bayou Des Glaises
t Bartholomew Course La. Bayou Boeuf iyt
10 .
Mississippi River In 7 Miles North of Bayou Des Glaises
9 Walnut Bayou Course Simmesport, La.
s Bayou Huffpower to Clear|
Bayou to Dry Bayou Bayou Petite Prairie
§ Gulf of Mexi
T of Moo S|  Bayou Boeut to
South of e .
€ Bayou -§ F Bayou Chene to
Morgan City. La. X e (_=> Lower Atchafalaya
3
] . Marlacroquan % §
S
Pecan Beyou to Bayou 8 @ Z
. Arkansas River Gibson, La. Robert to Bayou Boeuf : £ EBayau B:'zul to
Opelousas ,La. to Bayou Cocodrie S ayou urse
o North of
3 Near Washington, La. - B. Wauksha,
. B. Cocodrie
Mississippl River
2 Dry. B: 3
n Teche Course 5 Miles East of r: ayou,
Palmetto, La, 2you
1 Petite Prairle
’ Gulf of Mexico
ulf of § Indicates not ‘present |,
Near Morgan City, La. /
) . g
3 5 £ Bayou Latanier to Chatlin Lake, Clear Bayou,
H g = a Southwest to Meeker, La., Dry Bayou,
E E H Bayou Cocodrie to Lonepine, Bayou Petite Prairle
=
[ $ Arkansas River Near Palmetto, La, E Eastward to Haasville, La. and Bayou Wauksha
“' ©
€
F H
H _ e L -
E ‘; 7 Near Palmastto,
o Gulf of ‘Mexico La.
< . Bayou Portage
D g / Near Franklin, La, Near Washington,
H La.
£ ? Bayou Cocodrie
C, 2 ¢
] Arkansas River Near Washington, La.
c, H
3
]
By &
£
] !
B =
2
Gulf of Mexico Near
B1 Morgan Cly, La.
As
Az . '7
? £
Near Morgan Clty, La, {
A Misslssippl River Burled
L (20 #t)
<55 ft. North of Plaguemline,
ia.
East of Butte La Rose,
-80 ft. La.
- Near Plaquemine,
200 ft. La.
300 1. Mississipp! River
N Near Courtableau, La.
Entrenched Alexandria, La, to Melville, La.

*_ABANDONED RED RIVER COURSES LOCATED BY STREAMS NOW OCCUPYING PORTIONS OF OLD MEANDER BELTS

TABLE 6 — Stages in the Development of the Red River



LOCATION OF COURSES *

STAGES LOWLAND MASTER LOCATION OF MAJOR TRIBUTARIES COURSE SEGMENTS
OCCUPIED STREAM MOUTH ALL POINTS IN ARKANSAS NEWARK TO GEORGETOWN TO CLARENDON INDIAN BAY TO
GEORGETOWN CLARENDON TO INDIAN BAY MOUTH
20
(o3
(IL’e)
o
i : Minsliaipp! Rivar Near Prasent Mouth
17
(178 Black Rivar Near Jacksonpert,
Uittla Fied . Nosth of Geargetown, Presant Maander Belt
* H Big Crask South of Indlan Bay
a
1 g
u Prosant Meander Bett
3 Mis East Arkamaas River
n Arkanuas River of Yomoorin, Ark.
12
n N
10
]
s
Black River Near
2 Msbarry
’ E : About 8 Niles North Little Red Rivar Naar Erex Bayou
Mlasiasippl River of Rosadale, Miss. Devalts Biuff ond Daparts  Croak Prairie Bayou to
s 2 Big Creak Near Head of Scrubgrans Bayou
] Serubgrans Bayou
M £
4
N -
H Black-St francis River Near b
2 § Maberry Roaring Slough Mesnder Bait Eist of
| t Cacke River Pretant White River
) i
3
R = About 15 Mikes North
& of Ariansss Clty, Ark,
1 BlacksSt. Francls River Near Maberry, Coursa Near Westsrn
Utttie Red River South of Bald Xnob Edgu of White River Lowtand Esvax Bayou, Praicls Bayou,
] to LaGrus Bayou and
Aikarsns River Ruba Bayou South of
a Yancopin
Near Grand Laks, Ark.
B Black St Franchs Rfvar South of Nwwporl, Meandar Balt Hoar Axis
Little Rad River Near Georgelown of Whits R. Lewisnd
Biack-St. FrenclsCastor Whitswater Rivar South of Nemport, ‘Along Extiern Edge of WhKe R
€ Litls Red R, Near Georgrtown Lowisnd South of Newport, Ark.
» Maar Longeood, lias. Black R. South of Newporl, Uttls Red . Naar Georgetown, Saera Bayen & e Boou
Contor-St. Francia R. Neat_Colton Punt o Biack Bayou
Glack -5t Francia- Costor Whttewater River,
2 Hear Dear Park, La. M. of Cotton Plant, Littis Red River Near Clarendon
c Wiast of CurrantSpring Elevan Polnt Strawbarry River
Cotion Mant, Ark. Near Newport ?
Dot Naar Newport,
Misslesippl River Arkaney
Wissiaslppl River
?
b Near St. Cheries, Currant $pring Eleven Polnt Strawbarry River : ?
N Arkansan Mear Rewport, Littis Red*River Naar Des Arc ?
L West Side of ?
Westsrn Lowiend
A 17 ? ?
Misshaiopl Black River Nea? Newport, Litte Rad River Near Davals BIuft
A Ackansas River Southasst of ? ? ?
Cawit, Ark. ? ?
Direct to
A EZONY | Missiaaippl Aver Hoar Ohyphant, Ak
T ?
s
o .
Wisslawippi River ? ? | ot |
2001t | West Margin of Vallay
3001t
Entrenched Haar Greenwite, Miss.

Uttte Rad River Near,Stuttgart

ENTRENCHED VALLEY UNDERLIES PRESENT WHITE RIVER LOWLAND

# ABANDONED WHITE RIVER COURSES LOCATED BY STREAMS NOW OCCUFYING PORTIONS OF OLD MEANDER BELTS

TABLE 7 — Stages in the Development of the White River




LOCATION OF COURSES *

STAGES LOWLAND MASTER LOCATION OF MAJOR TRIBUTARIES COURSE SEGMENTS
OCCUPIED STREAM MOUTH ALL POINTS IN ARKANSAS NEWARK TCO " GEORGETOWN TO CLARENDON INDIAN BAY TO
GEORGETOWN CLARENDON TO INDIAN BAY MOUTH
20
Csnasy
19
(1m0}
0
[4 l'lw) 5 Minslsalppl River Neor Presant Mouth
v
(1%s) Black Rivar Near Jacksonport,
Uttis Red R. Horh of Georgetown, Pratant Meandar Beit
t Sig Cresk South of Tndian Bay
4
15 s
" Prasant Ussnder Ban
13 Arkansan River 5 Mlas Exst Arkansss River
of Yancopin. Ark.
17
1
10
s
°
. Black River Nesr
Waberry
7 E . About B Hiles North Litts Red River Hoar Esuax Bayou to
3 Hisisizpl Rivar of Rosadale, Miss. Devalls Biuts and Deparie  Creak e sayu
& £ BIg Creek Naer Muad of Frmes Bayou
é Scrubgrass Bayou
s
a
) E .
H BlackSL Francis Rive Nase
2 3 Maberry Roaring Slough Masndar dalt Eist of
b to Cache River Present White River
. §
k3
R ¥ About 15 Miles North
3 of Arkanwas Clty, Ark.
1 Black-St. Frencls River Nasr Mubarry, Course Near Weatsrn
Uttie Red Rivar South of Bald Knob Edge of White Rivar Lowlsnd Essax Bayou, Praicls Bayou,
" & LaGirue Bayou sand
Adkantes Rivar Rube Bayou South of
° Yansopin
Naar Grand Lake, Ak
r Black St Francls River South of Newport, Monnder Bait Near Axis
Little Red River Naar Geocgetown of Whita R, Lawland
Black-St. Francls-Castor-Whitewatar Rlver South of Newsort, Along Esstemn Edge of White R.
€ Littla Red R. Nesr Georgetomm Lowland South of Newport, Ark.
° ear - Mise, Black R. South of Newporl. Littie Red . Hasr Georgetown, ‘Snake Bayou to Ciasr Bayou
Caator-St Frencls R. Haar Cotton Plent to Black Beyou
Black -SU Franch - Castor Whitewater River,
2 Howr Doar Park Lo, NAW. of Cotton Plant. Uttle Red River Near Clarandon
¢ West of Current Spring Elevan Pont-Strawbarry River
Cottan Plant, Ark. Near Hewport 7
Diract to Hear Newport
el Missianippl River Artansas
Misalaalpol Rivar
[N ! ? ?
Near St. Charies, Currant.Spring Eleven Pélat:Strawberry Rivar :
. Ackansae Near Newport, Litlla Red-River Near Des Arc 7 ’
Wert Side of
Western Lowiend
A5 — ? ? ?
Black Rivor Heat Newport, Litlle Red River Kasr DeValte Blott
. Aranses River s:";:;":: ? ? 7
Diract &5
ME20R) | eauatopt mver Hasr Olyphanl, Aric
- ?
e
on -
Mhsstealppt River ? ? Inicatas not preeen |
2000 | WestMargin of Valley
3001
Entrenched Noar Greenwite, Miss.

Uttie Red River Near,Stutigert

ENTRENCHED VALLEY UNDERLIES FRESENT WHITE RIVER LOWLAND

# ABANDONED WHITE RIVER COURSES LOCATED BY STREAMS NOW OCGUPYING PORTIONS OF OLD MEANDER BELTS

TABLE 7 — Stages in the Development of the White River




L OCATION LOCATION OF COURSES *
LOWLAND| MASTER COURSE _SEGMENTS
STACGES | ccupten| stream | O MAJOR TRIBUTARIES POPLAR BLUFF. MO. CORNING. TO POCAHONTAS, TO | BLACK ROCK,TO
MOUTH TO CORNING. ARK. POCAHONTAS. ARK.| BLACK ROCK, ARK. MOUTH
20
{19354)
19
{1e%0)
18
Ds20) £
1Y)
(168) § Present Meandar Balt
_ﬁ Cathrine Siough, 3 Miles South, 3 1/2
16 i 3 Milos East of Popldr Bluff, Mo.
g =
18 H $
= 3 Unnamed Sloughs
14 ] East of
z Poptar Bluff, Mo,
® &
3
12 i Palmer Slough. 4 /2 Miles East of
] Popiar Bluff, Mo., to Dan Rivar
11 “
2
10 s
E Uittia River
9 < .
H H Coney Slough 4 Miles East Noar Presant Black River
[ H 2 e and 4 Miles South of
? - - 2 Poplar Blul, Mo.
2 2 s b
7 H & £ z
3 E] 2
. i f ol s
H 5 &
s i £ H
- .
4 H Course East West of Prasant Along Wastem Vally Wal
of Poplar Bluff, Mo. Black River as Far South ws Mouth of
3 3 Near Corning. Ark. Dan River Strawberry River
2 ’g Mile 1590, Blck Rivar Wost of Dan River
2
1 ‘g . Pile wnd Blg Hunling Stough
H Near 90°27'W, 36°31' B - Rankine Slough,
3 2 % 3 Miles Wast, 1 Mita South of
H S Knbbel, Ark.
Noar Maborry, £ H West of Pike Slough
' = H Near Moark, Arc
m | B £
8 : £ant of Piks Slough to
" 4 15 M. 8. Poplar Biufl, Mo. Uttls Hunting Slough
e West of Pike Siough
Near Moark, Aric
F : Big Cane Croex
South of -
€ Southeast of Paptar Bluft, West of Blg Huntihg Slough } East of Black River and Curla
. Newport, Ark. and Castor-Whitawater River, Largs Meandors Along Blutfs Large Manders East of Croek, Weat of Black River
Seuthemt of Coming. Betwean Coming and Focahontar, Black River ek, Wea! of Bl
o 3; 6lg Cane Crosk T A From Mite 10-30
Cche River, | Near Cotton ‘Whitawater-Castor-St. Francls River i
< owand ot Ak, Noas Swem . S Coursa South tram Popiar Bl Mo. Valtey of Cache Rivar, South from nobel, Ark.
Near Maberry,
A
Missiaslppl | Near Neelyvine,
River Mo.
£ ?
LY 3 Pocshontas, Current River
i
Ay = .
é White River | Mewport; Arkc Currant:Spring-Elevan Point. Strawberry Rivers
Ay 3
i Rear Popiar /
Mezon) H Blutt, Mo,
FIY ) § ?
o
5 Misicalop 2
200 tt. ’ g Rtver
a0
Entrenched Hewr McDougal, South of Poptar Bluff, Mo,
Ak

*ABANDONED BLACK RIVER GOURSES LOCATED BY STREAMS wa OCCUPYING PORTIONS OF OLD MEANDER B.ELTS.

TABLE 8 — Stages in the Development of the Black River




LOCATION OF COURSES”

COURSE SEGMENTS

LOWLAND OR GAP MASTER MAJOR
STAGES SCCUPIED STREAM | LCCATION OF MouTH TRIBUTARIES WEST OF CROWLEYS RIDGE EAST OF CROWLEYS RIDGE
SCUTH O NORTI
NORTH OF POPLAR BLUFF, Mol PORL AR BLUKF. MO.IPAR5 Ht 255_ SOUTH OF PARKIN, ARK.
2
[
1
()
1 SL Francis Band
(100)
10 Miies Morth of Helens, Ak
17
()
18 H
=
3
Enft of Nui, Mo, & St Francls Gap Noar Horsthos Laks, 8 Miles East, co
1 2 Mlen South o Hughes, Ak Gavtor. Litte River Haar Mo Presant To Bogey Bayeu 1 Fleh Bayou
10 5L Francs Miles East of Mis 250, Harked Tree. Ark
Lowiana: 2 Mes Ean 3 -
1 at of Hughes o To Bogzy Bayou
© UM River Lowiand Neat Horsethos Lake Southeast of Haar Presant Courta to Bisck
1z Hughas , Ark. Fish Bayou to Fiftean Mlla Bayou
O Walnut Band 12 Miles Eart of
u Ak To Amgutor Bayou
1 Mike East, 2 Miles South of
10 Cderondion, Ak To Cutatt Bryou
v
k]
R L33 Mase Lakavide, Ark, 12 Sies
i5¢: Eretof Forant Ak Nese Prasant Coursa
§% 3
£
7 ] g
bt
¢ Naar Prasant Course to Biack Flsh Bayou
e Miataslop Horthwest of Hughes, Atk
Rear Present Course to B
Mingo Swamp 1 Duck Creek Lowiand & Riwr ot Rhear & e Tortnert o Mingo Creek, 1o Duck Crask. o Present 2 Mias € - Spancer Beyou
4 €xrt of Fisk, Mo, to S Francls Gap e e St Francle River 2 L 5. of Fisk, Mo, ot Plggott, Ark.
€ant of Pk, ho. 15
3 Black River Lowland MNear Coming. Arc Mendrianct Slough Bouth of Fisk, Mo, Kenorkesut Sleugh
2 Waar MZs 190, Birck R. Bured by
Bius Spring Slough. Black River Sediment
6 Miles East of Popiar Blufr, Mo.
1
Near 90°27'W., ISV K.
E]
' West of Fisk, Ma. 1o Sleck River oar Mosr, bek. Sutes of Unnamed Sioughs
Black River Lowtand Batween Plka Siough and
" 18 Miax South of Poptar B, Mo. Dun River
a Serlan, of Unnamad Shoughs
Notheast af Poplac BIUN, Mo,
Noar Mosrk, Ak
[
€ 7 Miles Southesst of Poplar Bluff, Mo,
Wost of Flak. Mo Yo Lowtand of the
° Cachn Hiver of Ackhnses wihite River Near Cotton Plant, Aric CastorWbibewnter iver Nasr Cache Laka
- Bl tuland, Southeast of
< West of Fisk, Mo, Bleck Abvar Mear S°27' W, 36°3TN. Foptar Biofr, Mizsourt Unnemed Slough East of Rombauer, Mo. eurled by Black River Sediment
€
L3
e
il
A
Ar isstaappl
Diract 1o Miasleslop River v Har Wapgapetio, Mo,
A
(z0n)
s
19
200 f1 /
xon
Entranched

% ABANDONED ST. FRANCIS RIVER COURSES LOCATED BY

OF oLD

BELTS

TABLE 9 — Stages in the Development of the St. Francis River
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St. Francis River, through successive shifts on the alluvial fan, was able to spill into the Eastern Lowland
through St. Francis Gap. The diversion of the St. Francis was caused by the partial damming of the Western
Lowland by the Black River alluvial fan to the south.

Present Course of the St. Francis River. At present the St. Francls River flows through a narrow
gap in Crowleys Ridge into the Eastern Lowland where it follows a channel of the A; stage Ohio River. East
of Crowleys Ridge, the St. Francis has smaller meanders and a channel of less capacity than in the Paleozoic
highlands to the north of Wappapello, Mo. This contraction is a reflection of natural conditions which
existed before the St. Francis was leveed between Wappapello and Crowleys Ridge. Before levees were
constructed, much of the flood flow was diverted southward into the Black River Lowland and also northward
into Mingo Swamp, so that only a small discharge reached the Eastern Lowland.

The Lower St. Francis River. Near Marked Tree, Ark., the St. Francis - River is joined by the Little
River system (Pemiscot Bayou and Left Hand Chute of Little River). From Marked Tree to the Missis-
sippi River, the St. Francis flows in a channel having meanders of the Little River system, with bends inter-
mediate between those of the Mississippi and the St. Francis.. The stream which constructed these meander
loops is believed to have received much of its flow from the Mississippi, mainly from overflow into the More-
house Lowland. (Overflow is reported to have followed this lowland from near Cape Girardeau, Mo., as
late as 1908.) , Other sources of discharge were the Castor, St. Francis, and Whitewater rivers plus the drainage
of the Bastern Lowland collected in Little River and St. Francis Bay. The Pemiscot Bayou-Little River-
Lower St. Francis channel constituted a gathering channel for all flood waters of the St. Francis Basin prior
to the artificial leveeing of the Mississippi River.

Quachita River. The Ouachita River developed an extensive alluvial fan north of . Monroe, La. Secars
on its surface indicate its meandering character during the A stages. Since Aj stage, the Ouachita has deeply
entrenched its old floodplain as the result of faulting along the active Catahoula Lake fault system.? Below
Monroe, the present course of the Ouachita occupies abandoned Arkansas and Mississippi channels.

190él Veatch, A. C., “Geology and Underground Water Resources of Northern Louisiana and Southern Arkansas,” U. S. Geol. Survey Prof. Paper 46, pp. 65-66,
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Part VI
THE MISSISSIPPI RIVER

INTRODUCTION

The present Mississippi River evolved through a series of changes in the valley drainage system which
were brought about by valley aggradation during and subsequent to the late glacial rise of sea level. Slope,
load, discharge, and the nature of bed materials largely control river characteristics. With the possible
exception of discharge, these were all greatly modified as the stream system became adjusted to the gradual
rise of its base level,’ but they have not been markedly altered since sea level reached its stand and the river
became established in its present course through Thebes Gap. A delicate adjustment between them now
keeps the river in a poised* condition.

The effect of valley aggradation on the factors controlling river activity has been established from a
study of the stream history as recorded in the distribution of the alluvium and in traces of ancient stream
courses.

Valley Aggradation and River Activity

Changes in Valley. Slope. The valley slope of each epoch in drainage history was low near the coast
and steep in the headwater tributaries. As valley aggradation progressed inland from the Gulf of Mexico,
it caused a .gradual lowering of the valley slope within the entire Mississippi River system. Lowering of the
major tributary valleys in turn decreased the gradients of smaller tributaries and reduced thelr capacity to
transport coarse load.

‘Changes in Load.® Closely related to change in slope was a corresponding change in load. During
the early stages of valley aggradation the large volume of coarse sediments caused an overloading of the streams,
and discharge was maintained .in numerous shallow, constantly flooding, braided channels. As the valley.
slope near the coast gradually lowered, the master stream was left with a lessened gradient and was unable
to carry the introduced coarser part of its load as far as the Gulf. This condition, combined with the widen-
ing of tributary valleys at their junction with the alluvial valley, caused the construction of alluvial fans
which blocked tributaries and speeded the process of tributary valley aggradation. The consequent loss in
- carrying power of the major tributaries resulted in a gradual decrease in the size of particles and in the volume
of load introduced to the Mississippi River. The dominant introduced load came to be fine sands, silts, and
clays, and discharge was concentrated in a single channel.

Even after braiding had ceased in the major tributaries at the margins of the valley, the streams flowing
on the relatively steep outer faces of the alluvial fans were still overloaded with sediment locally derived from
scouring and redistribution of alluvial fan deposits. KEventually the steep faces of the alluvial fans were
gradually destroyed as the overall lowering of valley slope continued to accompany rise in sea level, and areas
of stream braiding were finally limited to the northern part of the valley. After sea level had reached a stand
and valley slopes had become stabilized, the introduced load of silty sediments formed the dominant load of
the Mississippi River and the main element in delta building.

Changes in Discharge. There is nothing in the sedimentary record of the Recent alluvium to prove
that great changes in discharge of the Mississippi River within its alluvial valley occurred during the aggrada-
tion of the alluvial valley. It has been assumed by many writers that during late glacial time the discharge of
the river was greatly increased by meltwaters from the continental ice-cap. This assumption is open to serious
question. Although meltwaters were undoubtedly large and were carried by the Mississippi, the growth of
the glaciers obliterated a large part of the drainage basin area and thus caused a marked decrease in the volume
of normal run-off. No accurate data are available‘, and it is assumed herein that the volume of the river
remained practically constant with the increase in the volume from meltwaters balancing the loss in run-off.
v The shifting of the confluénce of the tributaries with the Mississippi River has generally been north-
ward during the construction of the alluvial plain. This has brought about a general up-valley increase
in dlscharge of the trunk stream.

Changes in Bed Materials. The bed materials are principally alluvial deposits -the nature of which
varies with changes in stream activity during ‘valley aggradation. Their importance rests in the manner
in which they control channel scouring, lateral migration of the stream, and the amount of locally derived -
stream load. The alluvium laid down durlng early stages in valley aggradation consisted primarily of coarse
sands and gravels, the deposits of steep-gradient braided streams. These coarse deposits offered little resist-

ance to river scouring or, migration and were continually reworked and redistributed as local load of the streams.
.As sea level rose and valley slopes were decreased, the finer-grained sediments deposited in the lower slopes
of the deltaic plain became thicker and offered an increasing resistance to erosive actions of the rivers. Streams
near the coast were unable to pick up an overload of coarse sediments and gradually became confined within
deep channels. The thickness of the fine-grained deposits gradually decreases up-valley where they form
only a thin cover overlying the coarse sands and gravels of the alluvial fans.

Streams in the north end of the valley were able to obtain a local load of coarse sediments throughout
. most of the valley history and as a consequence maintained inefficient braided courses. After the Missis-
1 Loecal adjustments were also made to compensate for structural nmovements but these were of secondary 1mport&nce
2 Matthes, Gerard H., “Basic Aspects of Stream-Meanders,”” Trans. Amer. Geophysical- Union, pp. 632-636, 1941. poxsed . .(is) used to denote

strenms having no apparent tendency to either aggrade or degrade, but not synonymously with the mcrphologma,l term graded
3 Load is derived from two sources: load introduced to the master stream by the tributaries; and load derived Iocally by erosive action of the river,
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sippi was diverted through Thebes Gap, the river flowed across the surface of the Ohio alluvial fan and scoured
a shallow valley into sandy deposits of the fan while it adjusted its slope to the shorter course. The abundance
and accessibility of the coarse deposits are now important factors in controlling stream load and other char-
acteristics of the meandering in the northern part of the valley.

THE POISED MISSISSIPPI RIVER

The meandering Mississippi River is considered to be a poised stream because it has shown no tendency
to either aggrade or degrade its channel since the Thebes Gap diversion, perhaps since sea level first reached
its stand. The poised condition is shown in the similarity of present channel depths and cross seetions with
those of abandoned meanders, and in the similarity of heights of natural levees along the present and older
channels of the meander belt. Further proof is exhibited in the nearly constant length and overall slope
maintained by the river throughout the stages of development of its present meander belt (see plate 23).
The poised condition implies that a general overall equilibrium exists between the major factors controlling
river activity. It should be noted, however, that although the river is poised, its alluvial valley is being
slowly aggraded by the deposition of fine- grained sediments in floodwater basins.

The Meandering Channel

Perhaps meanders afford the best known ‘“‘trademark’ of the poised Mississippi- River, but they do
not mark all sections of the channel. Extensive reach areas are common all along the river, and meanders
are absent or poorly developed in the southern segment below Donaldsonville. Their irregular distribution
indicates that the meanders are merely an expression of local river adjustment to factors controlling stream
activity. Analysis of the effect of controlling factors on the nature and distribution of Mississippi meanders
is permitted by the use of empirical data gained from a study of the development of the river. With the
constant valley slope, which has existed since the river reached its poised condition, meander growth is directly
related to discharges and the bed materials through which the river flows.

Mississippi River meanders are much larger than those of tributary streams in the same area. (See

“figure 26 for contrast in size of Mississippi and White River meanders where both flow on the same valley
slope and in the same type of materials.) The fact that meanders maintained by the Mississippi River
throughout its history have had the same general range in size proves that bank-full discharge has remained
fairly constant.

, Meanders can only be developed in bed materials which permit scouring and bank caving and the down-
stream transfer of sediments. The lack of large meanders south of Donaldsonville is but an expression of
river activity in the thick mass of fine-grained resistant sediments forming the bed of the river there. That
the absence of meanders in this area is not related to possible variation in discharge?® or to the low valley slope
on the deltaic plain is shown by the fact that the older Teche course of the Mississippi River had well-developed
meanders as far downstream as Franklin. The Teche course flowed on the same valley slope as the present
stream but through the generally more sandy sediments which lie close to the western valley wall. Through-
out the valley, meanders develop in sandy sediments at a rate which is conditioned by the thickness of the
fine-grained topstratum blanketing the sands.

Bed Materials. The bed materials through which the Mississippi flows consist largely of alluvial deposits
although the river has scoured into resistant bedrock sediments in a few areas (see frontispiece). In the north-
ern and central parts of the valley where coarse sediments lie close to the .surface, local thick masses of silts
and clays fill abandoned channels in the meander belt and form the resistant hard points, clay plugs,® in the
river bank. In the southern part of the valley where fine-grained sediments form a widespread thick cover,
sandy alluvial fans of minor streams and old point bar deposits form local easily eroded banks.

The bed materials are of utmost importance in determining and maintaining the poised condition of the
river. As a factor controlling stream activity, they are interrelated with both stream.load and valley slope.
The channel is wide and generally shallow in the northern part of the valley where the river slope is steep and
where the river flows through sandy deposits. It is deep and narrow where the valley slope is low in the
fine-grained erosion-resistant bed materials of the deltaic plain (see figure 56).

The nature of the bed materials ‘determines the relative stability of the river banks and together with
variations in stage largely controls the local characteristics of the meandering stream. The relative bank
stability controls the rate of bank recession, variations in river stage shift the area of bank attack. During
low-river stages the bank attack is along the upstream part of a bend; as the stage increases the attack normally
shifts downstream. These two factors shape the bends, regulate bend migration, and thereby determine
river .alinement and the position of reaches.

‘ Bed Materials and Local Bank Recession. The primary cause of bank recession is scouring in the
talweg of the river channel which destroys the equilibrium between bottom and bank sediments. This scour-
ing brings about an adjustment of.the subaqueous profile by riverward movement of the water-charged sands
under the pressure of the overlying bank sediments (see plate 24).

Most banks along the Mississippi River show an alternation of sandy sediments interspaced with
relatively narrow areas of silts and clays. The sandy areas slough and form embayments in the bank line
called ““false coves” whereas the more resistant silts and clays form hard points or ‘“false capes” (see diagrams

1Tt is beyond the scope of this report to present a , discussion of meander phenomena Factors controlhng meandering have been isolated and briefly described
by Matthes See: Matthes, Gerard H., “‘Basic Aspects of Stream-Meanders,” Trans, Amer. Geophysical Union, pp. 632-636, 194
lack of effective stage diﬁerence in the lower part of the river is used by Russell to explain the absence of meandermg See Russell, R. J., ''Physio-

graphy of the Lower Mississippi Delta,"” Louisiana Dept. Cons., Geol. Bull. No 8, 1936,
8 For a brief discussion of clay plugs see Part III (Recent’ Alluvmm), p. 19,
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1, 7, plate 24). Fine-grained silty and clayey sediments offer a greater resistance to bank recession than
do sandy sediments because of their lower permeability, greater cohesion, and their more compact nature.
These properties permit a steeper subaqueous profile of equilibrium to be maintained than do those of sandy
sediments. (See plate 24, diagrams 2, 3, and 4 for a contrast between two subaqueous profiles developed
in sandy bed and bank materials and one developed in silty sediments in the same area of bank recession on
the east bank of the river below Mayersville, Miss.)

Bank recession by slumping causes the subsidence and bankward tilting of bank sediments in blocks
or large masses. Slumping is the adjustment caused by the removal of sandy sediments from beneath the
more cohesive topstratum (see diagrams 5, 6, plate 24). Cracks caused by incipient slumping, in the
areas of relatively thin topstratum Tandward of the active caving bank, may show a small amount of dis-
placement before slumping takes place. The size of the slump block varies directly with the thickness of the
topstratum, and eracks are not present far from the active slump plane in areas of thick topstratum.

Bank recession takes place by continuous sloughing of sands in areas where there is little strength to
the topstratum and where sand comes close to the surface, as in river bars. Small blocks may slump into
the river; but, after slippage of the mass takes place, these blocks quickly disappear and the shores become
generally smooth or broadly arcuate (plate 24, diagrams 6 and 7).

Most of the actively caving banks of the river stand nearly vertical above the mean low-water line.
The vertical attitude is maintained by slow attrition as lateral corrasion by the river undermines the bank
at the water’s edge and permits thin segments of the bank face above water level to fall into the river. This
process of undermining is termed ‘‘sapping’ and appears to be a relatively unimportant means of banks
recession (see plate 24, diagram 7). -

Bed Materials and the Shape and Migration of Bends. A meander of a stream flowing in uniform
bed materials exhibits a smooth and regular outline and migrates downstream in an orderly manner. In
the Mississippi meander belt, however, most migrating bends encounter local resistant bank sediments which
slow the rate of bank recession and change the downstream alinement of the river and the directive of stream
attack. Irregularities in migration often result in the formation of a distorted or abnormal meander and
eventually lead to the cut-off of the meander loop. The control which is exerted by clay plugs on bend migra-
tion and the shaping of bends is illustrated by the development of the meander loops in the vicinity of Lake
Lee. Irr(;,gularities in channel migration in this area led to the formation of the American Cut-off in 1858
(figure 57).

Reaches. Reaches occur along the Mississippi channel in many places where a relatively constant
alinement of the river has been maintained. They are found downstream from some of the points where
.the river impinges against the valley wall. They also occur in floodplain areas below cut-offs and in places
where the alinement is controlled by resistant sediments. River history points to the development of some
reaches through a succession of cut-offs in a local area where meander loops are developed on both sides of
the axis of a meander belt. As successive cut-offs occur, the river position becomes established between
infacing cut-off meanders whose arms have been -filled with clay plugs. River alinement is controlled by
these relatively resistant channel ﬁlhngs, and as cut-offs continue, channel migration become localized to a
" gone of decreasing width. A reach is formed when the zone of migration becomes so narrow that meander,
loops can no longer develop. Lake Providence Reach (figure 58) is considered to have formed in this manner.”
The effectiveness with which clay plugs confine the zone of river migration and prevent the development of
meander bends is determined by the spacing, thickness, and toughness of the old channel fillings bordering
the reach.

. Load. The load of the river varies with stage, slope, and distribution of velocities within the water
mass, and with the nature of the bed materials. The principal load of the river, suspended load, has little
direct effect upon river activity inasmuch as most of it is in continuous transit to the Gulf. Coarse load is
transported mainly as bed load and has a direct effect upon channel cross-section. - The stream may become
locally overloaded in areas where a large supply of sand is available and it may become “starved’” where
banks are made up of resistant materials.

There are no measurements to show the quantity of coarse-grained sediments introduced by the trib-
utaries of the Mississippi River. There is, however, no evidence in the nature and distribution of floodplain
sediments near the mouths of tributary streams to prove that sands are being introduced by the streams in
quantities sufficient to cause local channel aggradation.

The change from a shallow-channel braided stream to a deep- -channel meandering stream made it possible
for the Mississippi River to scour deeply into coarse alluvium laid down during early epochs in valley history.
These coarse sediments, scoured from the channel or derived from bank caving associated with bend migra-
tion, form most of the sand load of the river and are carried but short distances from areas of high-water
velocity to areas of low-water velocity where they form bar deposits. The downstream movement of coarse
sediments is therefore a slow and discontinuous process termed ‘“‘trading.” The local transfer of sands from
caving bank to an adjacent downstreain bar halts when the bar is isolated from the river by channel migration
or cut-off. The speed of the trading process is dependent upon the speed of channel migration which increases
with rige in river stage throughout the valley but decreases downstream as banks become less sandy and the
valley slope gentler. Gulfward movement of the coarse sediment is extremely slow, owing to the local and
intermittent nature of transfer by trading. Sandsg are “stored’’ in bars of the meander belt until subsequent
migration of the channel permits reworking of the deposits.

The river also derives a small portion of its suspended load through the winnowing of fine- gramed top-
stratum sediments from the floodplain deposits. Not all of the suspended deposits reach the Gulf in con-
tinuous transit. Some are trapped in flood basins during overflow, some accumulate in cut-off lakes to form
part of clay plugs, and others are laid down in irregularities along the channel during falling river stages.
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Minor Controls of River Characteristics

Local stream behavior is influenced by bedrock® and by the reglonal structure.

Bedrock. Where the Mississippi River impinges against the valley walls or scours divide areas of the
entrenched valley floor, it encounters bedrock which is better consolidated than the alluvial materials and
is considerably more resistant to river attack. Tough bank materials such as occur at Baton Rouge, Vicks-
burg, and Wickliffe, have slowed down meander migration and have caused the formation of excessively deep
and narrow channels. In controlling the local river alinement, the resistant valley walls have in places pro-
duced relatively stable reach channels downstream. Bedrock deposits and the distribution of the alluvium
above the talweg between Cape Girardeau and the mouth of the river are shown on plate 25.

Between Donaldsonville and New Orleans the-tough Pleistocene clays and overlying thick topstratum
produce banks which resist bend migration and the river has scoured a deep channel (plate 25 and figure 56).
At Diamond Cut-off limestones of the Vicksburg group (similar to those shown on figure 10) occur at shallow
depths, between 38 and 45 ft. below mean low water, and may have helped to resist the enlargement of the
artificial cut, known to have been retarded in its development by the resistance of overlying tough back-
swamp clays in the area.

Structure. Although local alinement of the Mississippi within its meander belt is virtually independent
of regional structure, the alinement of long segments of the river with the trend of the regional fracture pattern
indicates that the initial position of the stream course after diversion may have been established along sags
overlying major fracture zones. The section of the river between Helena and the mouth of the Arkansas
River parallels the Big Creek fault zone. The straight course of the river below English Turn, southeast
of New Orleans, parallels the trend of the Red River fault zone. The anomalous bend, English Turn, occurs
in the area where the river is confined to a graben within the Lake Borgne fault zone (see plate 17). Short
sections of the river between Donaldsonville and New Orleans follow courses parallel with either the Lake
Borgne or Red River fault zones.

Active faulting in the Reelfoot Lake area in northwest Tennessee disturbed the local profile of the
river as recently as 1812, the time of the New Madrid earthquake.?

‘Prehistoric faulting may have been responsible for the diversions of the river from well-developed meander
belts to new lowland courses. This theory is supported by the correlation between the position of an ancient
crevasse and the recent faulting at Vacherie, La.’ Furthermore, although no movement of the earth’s surface
was observed at the time, several historic crevasses along the Tiver took place at points where regional fracture
zones intersect the arfificial levees, and the direction of the erevassing is alined with the trend of the faulting.
Study of the relationship of regional fracture zones to river crevasses is being conducted by the Mississippi

River Commission. ,

Channel Segments-

Three major segments 6f the Mississippi River showing transitional channel characteristics correspond
- roughly with the northern, central and southern divisions of the alluvial plain. They are divisible into shorter
sections on the basis of local differences in slope, discharge, bank materials, and channel alinement.

‘.

The N. orthern Segment (Commerce to H elend)

Above Helena the Mississippi has a broad shallow channel with many bars and islands; the valley slope
-is steeper than in “the segments to the south; and channel changes are rapid. The channel is marked by a
series of long reaches.

Commerce-Cairo Section. The tributary Mississippi, above its junction with the Ohio, constitutes
the northernmost section of the river in the alluvial valley. The tributary channel is reach-like in character
through most of its length, but two well-developed meander loops have formed immediately above Cairo.
Only a few old cut-off loops flank the present channel and the banks in this zone are sandy and unstable;
minor channel shifts are frequent.

‘Cairo-New Madrid Section. The reach channel from Cairo to New Madrid lies near bluffs and has
developed as the end product of a number of huge loop cut-offs. The valley slope has been slightly decreased
through uplift of the Tiptonville Dome along the Reelfoot Lake fault near the lower end of the section and
by the deposition of sandy sediment during the excavation of the trench belbw Thebes Gap. This section and
the one below are in the oldest portion of the present meander belt; they have been occupied by the Ohio
since its abandonment of the Cache Lowland course. Bank caving at New Madrid is within Ohio alluvial
fan materials. Elsewhere, the river is flowing in its own meander-belt deposits which have been reworked
from the sandy deposits of the Ohio alluvial fan.

New Madrid-Richardsons Section. This section is marked by fewer reaches than are present in adjacent
sections. The channel is sinuous, but numerous clay plugs have slowed migration locally and only one cut- -
off has taken place within hlstorlc times. Meandering is best developed at the lower end of the section where
the meander belt forks. '

Richardsons-Helena Section. A series of chute cut-offs, some within historic times, have left the river
between Richardsons and Helena in a series of reaches. A number of well-developed meanders exist in tlie
lower part of the section where the river crosses the old ‘Mississippi-Sunflower: meander belt. Although the
characteristics of the channel in this section are transitional with those of the segment below, the meander
belt is here less complex than either upstream or downstream because it has been occupied for a shorter time.

1 Relatively resistant sediments underlymg the alluvial valley fill.

2 See discussion of Tiptonville Dome, Part IV, and Fuller, M. L., "“The New Madrid Earthquake U. S. Geol. Survey Bull, 494, 1912,
# Seo discussion of Vacherie fault, Part IV, p. 33.
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The Central Segment (Helena to Angola)

From Helena to Angola the river has a deeper and narrower channel than to the north and fewer bars
and islands.” The valley slope is intermediate between that of the northern and southern segments. The
channel is very sinuous, meandering is rapid, and only a few reaches have developed. The shape of many
of the bends is controlled by clay plugs, but most channel migration takes place with a regular rate and
direction. Historic cut-offs have been numerous and generally of the loop type.

The river tends to meander most rapidly where it cuts across deposits of older meander belts and alluvial
fans. Most of the sand being traded represents reworked Mississippi alluvial fan deposits. :

Helena-Rosedale Section. The present channel is near the eastern edge of its meander belt in many
places and is actively cutting into old Mississippi alluvial fan deposits. The Arkansas and White rivers
join the Mississippi near Rosedale.

Rosedale-Vicksburg Section. The speed of meandering increases below the mouth of the Arkansas
‘River where the valley slope is locally steepened. Two reaches, Lake Providence and the reach south of
Lake Chicot, appear to have been developed as a result of natural limitation of channel migration by clay
plugs. A large number of clay plugs also control the shape of the channel in the vicinity of Vicksburg where
the river cuts across the old Walnut Bayou and Upper Tensas meander belts.

Vicksburg-Angola Section. This is the most recently formed portion of the meander belt north of
Donaldsonville. In the northern part of theisection the Mississippi River has meandered widely and reworked
the bar sands of the Walnut Bayou meander belt. Clay plugs deposited in the abandoned channels confine
the river to a comparatively narrow zone of migration close to the eastern valley wall. South of Natchez,
bank attack in many bends is directed against thick backswamp clay, and channel migration is slow. The
river reworks small graveliferous alluvial fans of many minor eastern tributaries and in places forms islands
and bars of these coarse deposits.

The Southern Segment (Angola to Gulf of Mexico)

The channel becomes progressively narrower and deeper southward from Angola as the valley slope
gradually decreases. Baton Rouge is near the head of deep-water navigation. Channel migration is slow
and the growth of abnormal meanders ceases below Donaldsonville. Banks are composed of progressively
finer deposits which thicken downstream. Bank attack is generally directed against thick backswamp clays
or deltaic plain deposits, and bank caving and trading diminish downstream. The last towhead in the Mis-
sissippi River lies Just above Donaldsonville and represents the approximate southern limit of low-water sand
transfer by the river.

Angola-Baton Rouge Section. Although it is transitional with the segment upstream, the Angola-
Baton Rouge Section is characterized by a slower rate of meandering because of the thicker fopstratum and
gentler low-water slope. There are few clay plugs and few cut-offs. Channel migration is locally faster
where the Mississippi River is reworking- the deposits of Thompson Creek, which introduces gravels and
sands to the rivers. These coarse deposits have been “traded” downstream as far as Conrad Point below
Baton Rouge.

Baton Rouge-Donaldsonville Section. Meandering is slow here and river bends are angular. Steep
stream slopes and scouring velocities are limited to higher river stages, and the resulting concentration of
bank attack causes angularity of bends. Bank attack is directed against thick backswamp clay on mest
bends; the banks cave slowly and furnish little sand to the channel below. Point bar growth is extremely
slow.

Donaldsonville-New Orleans Section. Bank caving is at a minimum from Donaldsonville to New
Orleans. ~The banks are composed of deltaic plain deposits overlain by natural levees of the present stream
and underlain at shallow depths by tough Pleistocene clays. The deepest parts of the Mississippi channel
are in this section which has shifted its position but slightly since first occupied.

New Orleans-Gulf of Mexico Section. The channel of the river in this section is the latest of a series
of channels occupied by the river, while constructing its deltaic plain, and the bed materials consist entirely
of deltaic plain deposits. The channel is deep and its migration is slight. The river branches into its bird-
foot delta at Head of Passes. ' . '
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Part VII

SUMMARY AND CONCLUSIONS

The general configuration. of the Mississippi Alluvial Valley is determined by the distribution and
attitude of the Central Gulf Coastal Plain strata. .Faulting along regional zones determined the local shape
and alinement of the valley walls and the position of tributary valleys. Movement along the fault zones
represents adjustment to downwarping of the Gulf Coastal Plain margin and has occurred throughout the
history of the region. Observed faulting within the alluvial plain, fault escarpments developed in the Recent
alluvium, and abnormal drainage patterns all indicate that faulting is still active in the region. Inasmuch
as the pattern of the regional fault zones reflects the structural grain of the continent, it is believed that the
faults originate at great depth i in the basement rocks.

The Mississippi River is a ‘“newcomer’” to the Central Gulf Coastal Plain. It first entered the region
in early Glacial time when streams of the Central Lowlands of the United States were integrated and diverted
southward by the growth of the North American Ice Cap. The river was originally established in a course
which approximated the axis of the Mississippi Structural Trough, and it has maintained that general position
throughout its history. Oscillations in sea level accompanying the several advances and retreats of the
Pleistocene glaciers caused the river alternately to incise the region and to alluviate its valley system. Struc-
tural upwarping of the region has left the early deposits to stand as step-like terraces bordering the alluvial
valley.

Because of the lowered sea level attendant on the final advance of the Pleistocene ice cap, the Missis-
sippi River system became entrenched in a deep valley system. The tributary Mississippi River west of
Crowleys Ridge and the Ohio River east of Crowleys Ridge joined in the central parf of the valley. The
Arkansas River followed its entrenched valley west of Macon Ridge to Sicily Island where it joined the master
stream. The trunk stream extended beyond the present shoreline and probably emptied into the Gulf near
the position of the submarine canyon south and west of the present river mouth.

The alluvium with which the entrenched valley system is filled is of Recent age. It was deposited dur-
ing and subsequent to the wasting of the glaciers. As sea level rose, the slope was decreased and the streams
suffered a gradual loss in carrying capacity which is reflected in the upward decrease in grain size of the
alluvium.

The greater part of the Recent alluvium is made up of alluvial fan deposits. The widening of a tribu-

" tary valley at its junction with the master valley, together with the gradual decrease in alluvial valley slope,

permitted the tributary stream volume to dissipate, forced deposition of its sediments, and -thereby caused
the construction of low alluvial fans around the valley mouth. The fans determined the nature of sediments
which reached the master stream and, together with faults, controlled the position of floodplain drainage.

"Alluvial fan remnants above floodplain level indicate a recent incision of their surface by streams. This

incision resulted from uplift by faulting and from drainage readjustments necessitated by excessive alluv1at10n
at the heads of the alluvial fans.

The characteristics of the Mississippi River result from the integration of the present drainage system
by means of a long and complicated series of shifts in the position of both master and tributary streams. While
sea level was rising and valley slopes were still steep, the tributary streams maintained braided shallow-
channelled courses on their alluvial fans. Only the master stream below the Ohio-Mississippi junction mean-
dered in a single channel at that time. The present hydrographic system became established after sea level
had reached its stand and after the Mississippi River was diverted through Thebes Gap to join the Ohio farther
north than at any other time in river history.

The lower Mississippi River has shown no tendency to aggrade or degrade its. channel since the time
of its diversion through Thebes Gap. Although its meander belt history since then has been complicated,
the present channel is no .deeper and the crest of the natural levees no higher than those of earlier stages of
meander belt formation. The overall valley slope has remained constant. This poised condition of the river
has resulted.from a stand in sea level, a constant position of the junetion of the. Ohio-Mississippi rivers, and
a lack of sufficient coarse load introduced by the tributary streams to cause valley aggradation.

Although changes in valley slope, bed materials, load, and discharge determined the principal char-
acteristics of the present Mississippi River, these factors have remained practically constant since the diversion
of the river through Thebes Gap. - Today, the bed materials supply the principal sand load to the river and
determine the local nature of the river channel. In the northern and central parts of the valley the bed materials
are mainly the coarse alluvial fan deposits of the tributaries overlain by a thin topstratum of fine-grained
sediments; to the south the topstratum is much thicker, and the bed materials are principally silts and clays.
The river is able to meander in the coarse sediment, but it has established a deep channel in the finer-grained
deposits where it cannot migrate.

The Mississippi River began to meander below the Ohio-Mississippi junction soon &fter sea level reached
its standing position. The size of the Mississippi River meanders reflects the bank-full discharge of the river,
and meander shape is determined by the resistance of sediments to bank caving and the variation in the river
stage. i .
With its diversion through Thebes Gap the Mississippi River established for the first time a compara-
tively deep-water channel from the head of its alluvial valley to the Gulf of Mexico. From the standpoint
of flood control and navigation, this channel is the best that has existed in the history of the alluvial valley.
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Appendix

GEOLOGICAL SETTING OF THE MISSISSIPPI ALLUVIAL VALLEY

INTRODUCTION

. The Lower Alluvial Valley of the Mississippi River lies wholly within the central portion of the Gulf
Coastal Plain of the United States. Its shape, width, and general configuration bear a direct relationship
to the attitude and distribution of sediments which make up this large physiographic region.

The Central Gulf Coastal Plain

- Location. The Gulf Coastal Plain, which is coextensive with the Atlantic Coastal Plain on the east,
averages more than 200 miles in width between Georgia and the Rio Grande River south of Texas. Where
the Central Gulf Coastal Plain is crossed by the Mississippi River it has an extension, the Mississippi Embay-
ment, which projects inland north of the 34th parallel for a distance of 225 miles to Commerce, Mo., about
600 miles from the Gulf of Mexico shoreline (see plate 1). The embayment gradually decreases in width
from 225 miles on the south to less than 125 miles in the latitude of Cairo, Ill. It includes a part of north-
western Alabama, northern Mississippi, Tennessee west of the Tennessee River, the Jackson Purchase region
of Kentucky, southern Illinois south of the Cache River Lowland, southeastern Missouri, and the lowlands
of eastern Arkansas. The coastwise plain and the embayment. are separated from the Interior Lowlands
of the United States by the lowest and narrowest part of the Interior Low Plateaus, Shawneetown Ridge, in
southern Illinois. They are bordered on the northeast by the southern Appalachian Mountains and the
Interior Low Plateaus and on the northwest by the Ozark Highlands and the Quachita Mountains (see plate 1).

Drainage. Most of the drainage of the region is tributary to the Mississippi River (see plate 1). All
-of the drainage from the Ouachita and Ozark uplands finds its way to the Mississippi River by way of the
Red, Ouachita, Arkansas, White, or St. Francis rivers. East of the alluvial valley the drainage of Kentucky,
Tennessee, and the western half of Mississippi is tributary to the Mississippi River. Before entering the
valley to join the Mississippi River, the Ohio River receives the waters of the Tennessee and Cumberland
. rivers; this system collects the entire drainage of the Interior Low Plateaus and the southwestern slopes of

-the Appalachlan Mountains.

A few streams of the region reach the gulf through eourses independent of the Mississippi River. The
- waters of the southern Appalachians and the eastern part of the Central Gulf Coastal Plain drain to the Tom-
bigbee, Warrior, and Alabama rivers which join to form the Mobile River. The Pearl River and the Pas-
cagoula River with its tributaries, the Leaf and the Chickasawhay rivers, drain the coastal plains of south-
eastern Mississippi. The Sabine and Trinity rivers drain the coastal plains of the eastern part of Texas and
bordering ‘Louisiana. The Calcasieu River and a few minor streams collect the drainage of southwestern
Louisiana. :

Elevation and Slope. The Central Gulf Coastal Plain is everywhere an area of moderate or-low relief
with elevations ranging from sea level to approximately 800 ft. The 500-foot contour closely follows the
interior borders of the plain, and most of the region including the alluvial valley is below this elevation. The
highest elevations are along the divide between the Tennessee and Tombigbee rivers in northwestern Mis-
sissippi. High points in the northern part of Crowleys Ridge reach an elevation of almost 600 ft. and a few
areas in the hill lands of southwestern Mlssissippi are above 500 ft. No part of Louisiana or coastal plain
Arkansas reaches an elevation of 500 ft.

Slopes are gentle from the inland borders of the plains toward the alluvial valley and the gulf. Steep
slopes are found only along valley walls and in‘well-dissected hill lands of moderate relief.

PHYSIOGRAPHY

The Gulf Coastal Plain is characterized by a belted topography of alined hills and valleys which can
be traced as definite units for long distances. In the Mississippi Embayment the topographic units parallel
the inland borders of the region; south of the embayment they trend with the gulf shoreline.

Belted topography results from differential erosion of the alternation of erosion resistant and less resistant
beds which make up the sequence of coastal plain sediments. The asymmetrical hills or wolds have steep
inland-facing broken escarpments overlooking broad-lowland vales or valleys; their gentler backslopes gradually
carry the hills under the adjacent valleys. The hills have been eroded from sands and indurated sediments
whereas the valleys have been carved from clays, silts, and calcareous sediments. The continuity of the
trend of the belts.is determined by the lateral extent of the outcrop of each sedimentary unit, and their
asymmetrical appearance reflects their structure. The gentle backslopes of the hill belts are determined by

- the degree of dip of the erosion resistant sediments, and the steeper inland slopes are mva,rlably developed at
- right angles to the dip of the beds, i.e., along the strike of the outcrop.

For the purposes of this report the Central Gulf Coastal Plain is divided into four physiographic divisions
which can be further subdivided into hill and valley belts (see plate 1), each subdivision marking a definite
geological formation or formations. -
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The Eastern Hills Section. This section occupies the northeastern part of the Central Gulf Coastal
Plain and is limited landward by the Appalachian Mountains and the Interior Low Plateaus (plate 1). Its
western boundary is the bluff line of the alluvial valley ahd its southern one is the lowland belt of the Jackson
Prairie which is the northernmost element of the coastwise belted topography of the Southern Hills.

The Eastern Hills section has been subdivided' into several alternating hill and valley belts. The
Fall Line Hills belt, a hilly region eroded from the sandy strata at the base of the Upper Cretaceous deposits,
is adjacent to the Appalachian Mountains and Interior Low Plateaus (plate 1). The Black Belt next to it
is a prairie or valley region eroded in the calcareous upper parts of the Upper Cretaceous. The Pontotoc
Ridge and the Flatwoods, a valley belt, are eroded from deposits of the Midway, lithologic differences giving
rise to a ridge at one place and a prairie belt elsewhere (plate 1). West of these belts is a generally hilly region
which is eroded from sandy Wilcox and Claiborne deposits. Northward within the Mississippi Embayment
the various belts gradually lose their identity because the lithology of the formations is similar.

Included for convenience within the Eastern Hills section are the distinctive Bluff Hills or Loess Hills
which lie within a zone 5 to 25 miles wide along the western margin of the section and extend southward across
the Southern Hills section almost. to the Louisiana-Mississippi state line. This zone of hills has been eroded
from terrace deposits which follow and obscure the previously developed topography of the Eastern Hills
section in the Mississippi Embayment. The Bluff Hills cut across the topographic belts of the Southern.
Hills and merge with the high coastwise terraces of that section. They are well-dissected along the border
of the alluvial valley and are characterized by a mantle of loess which provides a distinetive topography (see
photograph, figure 59).

The Western Hills. The Western Hills extend northward to the Arkansas River and southward to the
Jackson Prairie (plate 1). Their landward boundary is formed by the Ouachita Mountains and their eastern.
border is the western bluff wall of the alluvial valley. Within the Mississippi Embayment region the belted
topographic features are obscured but their original outline is maintained in the outlines of Crowleys Ridge
and the surrounding lowlands.

The belted character of this section is, in general, not as distinctive as that of the Eastern Hills section.
The lithology and thickness of the underlying formations differ from place to place, and structural move-
ments in the region have changed the strike and dip relationships of the beds. Most of the section has been
eroded from lithologically similar Tertiary deposits, and belts of hills with discontinuous ridges have been
developed over much of the area. The Nacagdoches Wold forms the only continuous hill belt and outlines,
the Sabine Uplift area of northwestern Louisiana and bordering parts of Texas.” This uplift has reversed the
normal gulfward dip of the beds and the wold encircles the structure (plate 1). Mesozoic deposits consisting
mainly of caleareous beds give rise to several prairie belts in the northwestern part of the section.

The Southern Hills Section. The Southern Hills make up the southern third of the Central Gulf Coastal
Plain. They include the hill and valley belts parallel to the Gulf shore and the coastwise seaward-sloping
terraces (plate 1). Most of the Southern Hills is separated from the Gulf shore by a low coastwise plain of
variable width, but at a few places the section touches the gulf shoreline. Continuity is interrupted by the -
alluvial valley, but the trend of the.hill and valley belts clearly shows that the section can be properly con-
sidered a unit.

The Southern Hills is'a predominantly hilly region with hilly areas separated from plains by seaward
facing scarps. The northernmost element of the section is the Jackson Prairie, a lowland belt eroded from
clays of the Jackson group. The most prominent hill belt south of the Jackson Prairie consists of the Grand
Gulf Hills east of the alluvial valley and the Kisatchie Wold west of it. These hills have been eroded from
the basal sandy sediments of the Grand Gulf group. The Grand Gulf Hills merge southward with the high
Coastwise Terraces, a belt of hills developed on gulfward-sloping graveliferous terrace deposits. The Kisatchie
‘Wold is separated from the high Coastwise Terrace hill belts by the Fleming Prairie, a lowland developed on
calcareous facies of the Grand Gulf sediments. This prairie narrows and gradually disappears to the east
where it is overlapped by the terrace deposits. The. Prairie Coastwise Terrace is a little-dissected alluvial
plain which slopes seaward and becomes buried beneath the coastal marshlands.

The Alluvial Valley Section. The broad Mississippi River Alluvial Valley lowland lies across the Central

Gulf Coastal Plain from north to south (plate 1) and divides it about in half. It occupies the western half

of the Mississippi Embayment. area and is almost. centrally located in the Southern Hills section. The deltaic

- plain of this section merges with the low Coastwise Plain marshland along the coast. (For a detailed dis-
ccussion of the physiography ef the alluvial valley section see Part IV.) :

The Continental Shelf. The continental shelf is a submarine area which extends seaward for as great

a distance as 100 miles off the present shoreline. The gulf bottom in this region is characterized by low slopes
_and its outer margin is outlined by the 50 fathom (300-foot) contour. South of the margin of the shelf the
slopes steepen abruptly in the continental slope zone and plunge into the deeps of the Gulf of Mexico.

In the otherwise rather smooth continental shelf along the central Gulf Coast, soundings have revealed
the presence of a deep valley heading into the continental shelf and extending gulfward as a canyon to the
500 fathom (3, OOO-foot) contour. Marked as Submarine Canyon on plate 3, this feature corresponds to
similar canyons® along other coast lines. . .

L For complete discussion and blbhography see Fenneman, N M., "“Physiography of Eastern United States,”” McGraw-Hill Book Company 1938.
Ame:‘ F(:'Ic‘) lﬂf‘iel o]l;lgu‘l1 8ogf 5silzbmarme canyons see Bucher, W. H “‘Submarine Valleys and Related Geologic Problems of the North Atlantie,” Bull. Geol. Soc.

Daly R. A., “The Floor of the Ocean,” Univ. of North Carohna. Press, pp. 99-157, 1942,

Johnson, Douglas ‘The Orlgm of Submarine Canyons,”” Columbia Univ. Press, 19 39.
Veatch, A C. & Smith, P. A., “Atlantic Submarme Valleys of the United States and the Congo Submarine Valley,” Geol. Soc. Amer., Spec. Paper 7, 1939."
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STRATIGRAPHY OF THE CENTRAL GULF COASTAL PLAIN

Sedimentary deposits exhibiting a wide range in geologic age are found within the terrain of the Central
Gulf Coastal Plain or are encountered in borings in the subsurface. A study of these sediments shows that
the area has been the site for the accumulation of a great seaward-thickening sedimentary wedge composed
principally of deltaic deposits. The wedge reaches a maximum thickness of at least 20,000 ft. near the pres-
ent coast line. It has accumulated upon a basement or floor of older rocks which are the age equivalent of
those outcropping in the uplands adjacent to the coastal plains and which have been downbowed under the
load of the sedimentary wedge.

The history of coastal plain sedimentation has been one of a general slow outbuilding of shallow-water
delta deposits into the sea. This gradual encroachment of the land upon the Gulf of Mexico has been punc-
tuated by long periods of slackened sedimentation during which the sea advanced far inland across low-lying
deltaic plains. The widespread marine deposits laid down during these transgressions of the sea, together
with thin marine facies incorporated in the advancing deltaic masses, contain fossils which make it possible
to correlate strata of widely separated areas. Drillers’ logs, electrical logs, and samples from a large number
of borings drilled within the coastal plains permit examination of deeply buried strata. From these data
" the stratigraphic succession of beds can be established. The present report considers only the more important
stratigraphic units and.the general character of the rocks which are essential to an understanding of the deposi-
tional and structural history of the region.

" The Geological Time Scale. A widely accepted reference scale of geological time established from
worldwide studies has long been in use by geologists. The broader units of the scale, the eras, are universally
used and are based on the type of fossils present in the rocks. Periods and epochs are also widely used and are
separated on the basis of diastrophism, movement of the earth’s crust, and upon the faunal and floral succession.
Ages, stages and substages are smaller units of time classification used locally in correlation; they correspond
to lithologic units which are, respectively, groups, formations, and members of rock series. These lithologic
divisions are used to designate and describe restricted sections of rock strata. Formations are the most com-
monly recognized units and are of local importance in that they represent rock divisions which can be mapped.

The geological time scale shown in table 10 indicates the different eras and periods, sucecession of life,
times of major crustal movements, duration of each unit of geological time, and the relative length of time
involved in the development of the complete worldwide stratigraphic sequence. It can be noted that eras
of geological time are of progressively shorter intervals and that the latest era, the Cenozoic, is a very short
one. Most of the rocks of the Central Gulf Coastal Plain have been deposited during the later eras, or within
the last 10 percent of geological time. Thus these sediments are very young as compared to rocks of the
adjacent highland areas of the Paleozoic and pre-Paleozoic eras, which presumably form the basémeént of
the Gulf Coast.

The stratigraphic sequence which has been developed from study of Gulf Coastal Plain rocks is simple
.in its broad aspects because it is controlled by repetitious patterns of deltaic sedimentation, but it is extremely
complex in details of the arrangement of beds within each deltaic mass. Terminology used to designate
minor lithologic units varies widely in different sections of the Coastal Plain and cannot be shown in detail.
Therefore, only generalizations and terms essential to an understanding of regional stratigraphy are used herein,
and emphasis is placed upon the relationship between groups of strata and the environment in which-they
were deposited.. The generalized stratigraphic section-of the Central Gulf Coastal Plain rocks shown in table
11 presents the main epochs of deposition of the Mesozoic and Cenozoic eras, includes the broad lithologic
groups of Cenozoic sediments, and indicates the sequences of major events in the geological history of the
region.

Deltaic Sedimentation. Characteristics similar to those of the modern deltaic plain deposits are ex-
hibited by the Mesozoic and Cenozoic sedimentary rocks exposed at the surface and penetrated at depth in -
the subsurface of the Central Gulf Coastal Plain. One of the principal similarities is the shape of the sedi-
mentary mass. The modern deltaic mass is shaped like a ladle! with a greatly thickened portion near the
shoreline representing the bowl of the ladle and thinner floodplain deposits inland representing the handle.
Another similarity lies in the fact that all sediments incorporated in the modern and older deltaic masses
were laid down close to sea level. As the bowl of the ladle developed, sedlments were buried and depressed by
the weight of each subsequent layer.

The distribution of sediments within both the Recent deltaic mass and older deltaic masses reflects the
three interfingering environments of deposition found within the present deltaic plain and has permitted the
modern deltaic plain to be compared with a leaf.? The veins of the leaf represent the fluviatile deposits, i.e.,
channel sands and natural levee silts; the intervenous areas are marsh deposits consisting of organic mucks
with clays and silts. The serrated margin of the leaf is compared with estuarine bays and salt-water lakes
which are minor marginal embayments of the sea. These are marked by sand and silt deposits which merge
seaward with sandy beach facies of sediments at the outer edge of the leaf. The fine suspended river sedi-
ments carrled seaward from the river mouth are deposited beyond the deltaic plain border in shallow marine
Waters as ‘““pro-delta’ clays.

The modern deltaic plain was developed as the river shifted its mouth and site of deposition. Such
shif’os changed the position of established environments by introducing sediments to new areas; without in-
fluence of accumulating river sediment, abandoned areas could not withstand the attack and advance of the sea.
. Slow but active subsidence of the margin of the land, combined with shifts in the sites of deposition, resulted
in the development of a thick deltaic mass, with a structure similar to that of a pile of superposedleaves.

The Mesozoic and Cenozoic sedimentary rocks represent the outgrowth of many great deltaic masses
into the Gulf of Mexico. They exhibit the “pile of leaves’” structure and ladle shape characteristic of the
modern deltaic mass and differ from it prinecipally in.regard to the degree of induration of their component

1 Russell, R. J., “Quaternary Hlstory of Louisiana,’”” Geol. Bull., Soc. Ameuca, vol. 51, p. 1228, 1940.
2 Russell, R. J., and Russell, R. D., “Mississippi River Delta Sedxmentatxon, Recent, Marme Sedu:uents Amer. Assoc. Petrol. Geologists, 1939.
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beds. The organic mucks of the marshes have been compacted to form clays and silts and carbonaceous
shales carrying a high content of plant remains and marked by brackish-water fossil faunas. The fluviatile
sands and silts occur as sandstones or siltstones which interfinger with marsh sediments in lenticular and
tongue-like masses. The marsh deposits feather out seaward into thin widespread marine deposits of glau-
conitic, sandy marls and argillaceous limestones.

Although the older deltaic deposits represent environment similar to those of present-day deltaic
deposition and are characterized by fossils marking these environments, they differ somewhat as to nature
and size of the sedimentary particles. Such differences are, at least in part, the result of the relative distance
from the delta to the source areas of sediments. Older delta masses, which formed close to the mountains,
contain in places coarser fluviatile sediments. Volcanic debris is found in many beds, and segregations of
diagnostic mineral grains within beds of restricted areas have been distinguished. Evaporite deposits of
salt and anhydrite occur in certain sedimentary units. Such differences do not alter the basic pattern of deltaic
sedimentation, but they do present tools for unravelling the geological history.

Outcrop, Structure, and Isopachous Maps. A large number of deep borings (figure 60) have been made
in search for petroleum in the Gulf Coast region, and the sediments and fossils encountered in them have been
extensively studied. Data accumulated from these deep borings and their electrical logs have permitted
correlation between subsurface and surface beds; maps showing the distribution, thickness and structure of
different groups of sediments appear on figures 61 to 70 inclusive. The maps show the surface outcrop area of
major divisions of Mesozoic and Cenozoic sediments and indicate their distribution in the subsurface. Con-
tours show the elevation of the top of specific groups of strata in the subsurface and point to the structural
deformation which has taken place since the time of deposition. Isopachous contours, i.e., lines connecting
points of equal thickness; are superposed on the subsurface contour maps. The combined depth and thick-
ness maps show the position and shape of the deltaic masses and the relation between the delta masses and
the regional structures. They provide convenient means for interpreting the geological history because
they illustrate the slow seaward progression of deltaic masses and indicate the regions from which the sedi-
ments were derived.

Paleozoic Rocks

The border of the Central Gulf Coastal Plain consists of Paleozoic rocks which are traceable into the
subsurface beneath deposits of younger age. These rocks consist of generally well-indurated shales, sand-
stones and limestones and are considered as the basement of the coastal plain region because they form the
floor upon which younger deposits have accumulated. The surface distribution and subsurface elevation
of the Paleozoic rocks indicate that the basement plunges steeply toward the axis of the Mississippi Embay-
‘ment (figure 61) and toward the coast line as far as the 10,000-foot contour, the depth of deepest penetration.
No attempt has been made to subdivide the subsurface Paleozoic rocks in this report. The contours indicate
only the position of the basement and do not establish the attitude of the Paleozom rocks which portray an
extremely long and complicated history on the surface.

. Mesozoic Deposits

Upper Jurassic Series. Little is known about the lower Mesozoic sediments in the Central Gulf Coastal
Plain. Neither Triassic nor Jurassic beds outcrop; Upper Jurassic deposits are recognized in the subsurface
in northwestern Louisiana where they reach a thickness of over 5,000 fi.* These upper Jurassic beds repre-
" gsent a typical deltaic sequence of sandstones, siltstones and limestones, and they include thick sections of
red sandstones, shales, and anhydrite and salt deposits.

Insufficient borings penetrate the Jurassic to permit the construection of a contour map on its upper
surface. A rough approximation of depth to the uppermost beds at the base of the Cotton Valley formation,
however, can be gained from figure 62 which shows the thickness of sediments of Lower Cretaceous age.

Lower Crelaceous Series

Lower Cretaceous outerops in the Central Gulf Coastal Plain are restricted to a small area near the
Paleozoic border in southwestern Arkansas. These beds were not deposited in the Mississippi Embayment
area and are confined to a basin south of the region. The sediments are predominantly of deltaic origin and
- consist of coarse sandstone, sandy shales, and some thin limestone lentils. The subsurface section which
has been penetrated in many places is made up principally of shales, many of which are red; it also includes
some sandstone, limestone, salt and anhydrite. The distribution of these deposits is shown on figure 62.
The few borings which have completely penetrated the Lower Cretaceous sediments indicate that the deltaic
mass reaches a thickness of over 6,000 ft. in northwestern Louisiana and over 3,000 ft. in central Mississippi.
Thickness of the Lower Cretaceous deposits indicated for some of the wells may include beds considered by
some to be of Jurassic age inasmuch as the similarity between the Lower Cretaceous deposits and the under-
lying Jurassic beds has led to many difficulties in separating the two series of rocks.

Both the. Monroe Uplift region in northern Louisiana and the Jackson Uplift region in Mississippi are
located within the basin of Lower Cretaceous deposits, and both were being actively uplifted during this
epoch of deposition. As a result, some of the Lower Cretaceous beds are missing in these structural areas
and the entire section over the uplifts is extremely thin.

Upper Cretaceous Series

Upper Cretaceous beds outcrop over wide areas around the landward margin of the Central Gulf Coastal
Plain and have been penetrated at depth in many wells (figure 63). They mark the farthest inland advance
of the Mesozoic and Cenozoic seas. The deposits consist of gray and red shales, sandy shales, sand, local

1Imlay, R. W., “Jurnsaié Formations of Gulf Region,” Bull. Amer. Assoc. Petrol. Geologists, vol. 27, pp. 1407-1533, 1943.
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thicken rapidly seaward from the outerop and a thickness of over 8,000 ft. has been penetrated by wells near
the coast in southern Louisiana (figure 68). The manner in which the deltaic mass thickens indicates that
at least 12,000 ft. of Miocene sediments were deposited near the present gulf shoreline.

Miocene-Pliocene (?) Series

In the subsurface a section of deltaic sediments over 4,000 ft. thick (figure 69) is found between the top
of beds containing Rangia johnsoni and the base of the chert- bearing graveliferous deposits. These beds
are lithologically similar to the alternation of underlying Miocene series upon which they rest conformably.
They contain marine fossil beds but definite correlation of fossils has not been established. The beds do
not outcrop.

QUATERNARY SYSTEM

The Quaternary System is characterized by graveliferous formations and is made up of the Recent
alluvium and four similar but uplifted Pleistocene sequences of sediment underlying stream and deltaic plain
terraces. Basal graveliferous beds within the Pleistocene are considered by many geologists to be of Pliocene
age.! The distribution of the gravels, their position within terrace deposits, and their repetitious occurrence
are sufficient proof of their Quaternary age.

Pleistocene Series. The generalized surface and subsurface distribution of the Quaternary deposits
in the Central Gulf Coastal Plain is shown on figure 70. The distribution of the Pleistocene deposits as shown
on figure 5 has been mapped in Louisiana,” but elsewhere no detailed mapping has been conducted for this
report and the deposits are not subdivided into formations. In central Louisiana the Pleistocene sediments
mapped in detail are composed of four similar formations, the Williana (oldest), Bentley, Montgomery, and
Prairie. - Each formation underlies a fluvial or deltaic plain surface which has been uplifted to form a terrace.
Each exhibits a gradation from a basal gravel and coarse sand facies through a predominantly sand facies
into and upper silt and clay facies. The Williana and Bentley terrace deposits vary from a few feet to 220 ft.
in thickness. The Montgomery and Prairie formations are somewhat thicker (see plate 26) with a maxi-
mum known thickness of about 250 ft. The writer and Professor R. J. Russell were able to trace the terraces
and-formations inland to the head of the Mississippi Embayment and to establish a direct correlation with
Louisiana deposits over a long distance.’

The Pleistocene fluviatile terrace deposits dip southward and merge with thick deltaic prisms under-
lying the coastwise plain (plate 26). The sequence of sediments in the deltaic deposits is similar to that of
their thinner fluvial extensions. They have been mapped in the subsurface of Louisiana but no attempt is
made herein to separate the subsurface Pleistocene units. The contour map (figure 69) showing depth to
the top of the Miocene-Pliocene (?) beds indicates the thickness of the entire Quaternary section. The con-
tour map (figure 70) showing the depth to the base of the graveliferous Pleistocene sediments indicates that
the gravel facies were concentrated in definite basins within the deltaic plain. -

_ Recent Alluvium. The area covered by Recent alluvium, except for those deposits which occur along
most smaller streams, is shown in plate 1. The Recent deposits reach a thickness of over 350 ft. in the latitude
of Houma, La., and thicken at an unknown rate within the deltaic plain south of Houma where over 600 ft.
may have accumulated. The alluvium is lithologically similar to the Pleistocene terrace formations and is
therefore considered to have been deposited under the changlng conditions of the latest epoch of the glacial age.

Other Deposits

The loess of the lower Mississippi Valley has attracted much attention, and many ideas have been
advanced concerning its origin. The main belt of loess deposits is found in the Bluff Hills (plate 1) along
the eastern wall of the alluvial valley, but other loess deposits are present on Crowleys Ridge and on Sicily
Island which lies near the westérn valley wall. Recent work has shown that the thicknesses assigned to the
loess deposits by earlier workers were often greatly overestimated; actually the loess in the Mississippi Valley
region is a surficial mantle less than 50 ft. thick in most places.

Loess along the alluvial valley walls exhibits characteristics associated with loess in many places through-
out the world. It has a sharp limitation in grain size, a tendency to split along vertical joints and to stand
with steep faces, and a calcareous content large enough to cause effervescence with acid; it is marked by thev
presence of land-snail shells.

Many geologists consider loess an eolian deposit, but Russell® has recently demonstrated that in the
alluvial valley region it is a soil developed from ealcareous back-swamp deposits of the Pleistocene terraces
through loessification, a-process involving weathering and colluvial movement.

Igneous Rocks

Igneous rocks, the result of intrusions of magma into the earth’s crust, make up a very minor fraction
of the area of the coastal plain.

Surface or near surface igneous rocks are found south and west of Little Rock, Ark., near the western
margin of the Gulf Coastal Plain. The rock is a nepheline syenite and is probably Cretaceous in age. Igneous
rocks encountered in a number of wells in southeastern Arkansas, northeastern Louisiana, and adjacent parts

- of Mississippi have been identified as a nepheline syenite and nepheline basalt, a fact which indicates their

probable close relationship to the rocks near Little Rock Igneous rocks have also been found in wells in and
around the Jackson Uplift of Mlss1ss1pp1 ' :

1 The Cltronelle gravels.
2 Fisk, H. N. Deposmonal Terrace Slopes in Loulsmna, Jour. Geomorphology, vol. II, No. 2, pp. 181-200, 1939,
* Russell, R. 3., “Lower Mississippi Valley Loess,” Bull., Geol. Soc. Amer., vol. 55, pp. 1—40 1944,
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64 Geological Investigation

Weathered volcanic ash deposits (bentonites) interbedded with Tertlary strata are known at many
localities throughout the Central Gulf Coastal Plain, They are most widespread in the Miocene deposits
of Texas and Louisiana. Igneous ejecta of this nature give a good indication of the close proximity of Tertiary
centers of volcanic activity to the region.

STRUCTURE OF THE CENTRAL GULF COASTAL PLAIN

A knowledge of the structural relationships of the Central Gulf Coastal Plain is a prerequisite to an
understanding of the part which regional deformation of the strata has had in controlling the development
of the present topography and drainage. The location of the alluvial valley and the belted character of the
coastal plain topography are closely related; both have been controlled in their development by the growth
of two great structural downwarps, the east- west trending Gulf Coast Geosyncline and the north-south trend-
ing Mississippi Structural Trough. The broad curvature of the alluvial valley results from the deformations
of the Mississippi Structural Trough by two major upwarps, the Monroe-Sabine Uplift on the west and the
.Southern Mississippi Uplift on the east. The local outlines of the valley, the alinement of drainage, and the
parallelism of tributary valleys closely follow the pattern of minor structural features, the fault systems,
which trend either northeast-southweést or northwest-southeast.

The structural features developed slowly while the deltaic massés were being built out into the gulf or
into its late Mesozoic and early Tertiary extension within the Mississippi Embayment area. Sinking of the
earth’s crust in the downwarped areas progressed simultaneously with the accumulation of sediment; the
existing axes of downwarping directly follow the lines of maximum thickness. Uplift of the limbs of the
structural troughs progressed landward as the axial areas sank and it appears, therefore, to have taken place
as an isostatic adjustment to downbowing. The principal effect of the uplift has been to raise gradually the
landward margins of the troughs and to cause the incision of the drainage.

Uplift of the land is accompamed by fracturing along great fault zones which follow the ‘‘structural
grain” of the continent. The zones parallel the continental slope margins outlining the deep portion of the
gulf and they also parallel the strike of faults and folds within the Appalachian highlands to the east or are
alined at right angles to it. This relationship strongly suggests that inland adjustments to downbowing at
the gulf shore follow lines of weakness established at a much earlier date in the geological history of the
continent.

Major Structural Features

~ Mississippi Structural Trough. The Mississippi Structural Trough is a well-defined north-south trend-
ing downwarp.” It is the major structural feature of the northern part of the Central Gulf Coastal Plain
where it is coincident with the Mississippi Embayment region. To the south, however, its axis is traceable
as the line along which secondary downwarping of the north limb of the Gulf Coast Geosyncline has taken
place. Although the Mississippi Structural Trough does not involve as great a deformation of the earth’s
crust as the Gulf Coast Geosyncline, it has, nevertheless, played a most important part in shaping the history
of the area in which the alluvial valley developed

The general configuration of the structural trough is shown in the east-west cross-sections drawn along
lines of latitude (plates 27 to 32 inclusive). Borings used in the construction of these cross sections are indicated
on figure 60. The cross sections show the thickness of the principal stratigraphic units and their attitude in
the subsurface. They are not drawn through the major uplift areas and therefore do not show local thinning
and upwarping of the beds which is indicated on the isopachous contour maps previously considered.

v The position of the axis of the Mississippi Structural Trough is indicated by the belted topography
which marks a succession of beds dipping toward the alluvial valley. Cross sections of the embayment area
. (plate 27 and section DD, plate 28) show that the trough has an asymmetrical form with slightly steeper
dips and thinner- deposits along the western limb. This distribution of deposits indicates a westward shift
of the axis of downwarping during the deposition of successively younger strata. The axial line of the area
lies directly under the thickest part of the deltaic mass of the Eocene, Midway, Wilcox, Claiborne, and Jackson
-sediments. The Paleozoic rocks forming the floor of the trough are not only deformed toward the axial area
of downwarping but are tilted southward; at the southern limit of the Mlss1ss1pp1 Embayment they are at
least 5,000 ft..beneath the surface.

- The distribution of surface and subsurface sediments within the Mississippi Embayment area shows
that the Mississippi Structural Trough did not become active until the beginning of Upper Cretaceous time -
(see contour maps, figures 12 and 13). hat down-faulting of inland areas initiated development of the trough
is indicated by the straightness of the outline of the western valley margin, the angularity of the salients
within the wall, and the abrupt termination of the Upper Cretaceous and lower Eocene (Mldway) outcrop
along the valley wall.

The northward bulge of the outcrops of beds as young as the upper KEocene (Jackson group) marks the
position of the axis of downwarping within the coastwise plains area; the subsurface relationship of the sedi-
mentary units within the structural trough in this area are shown on the cross sections (plates 30 to 32). The
thickening of the sedimeénts within the trough can be traced séaward to the point where its axis intersects
that of the Gulf Coast Geosynchne

The Gulf Coast Geosyncline. The east-west trending Gulf Coast Geosyncline holds approximately
20,000 ft. of Mesozoic and Cenozoic sediments and is the dominant structural feature of the Central Gulf
’Coastal Plain region. . Knowledge of its presence is largely the result of deep borings made in search of petro-
leum inasmuch gas its size and shape, unlike those of the Mississippi Structural Trough, are not indicated on
the surface. The deepest part of the geosyncline lies south of New Orleans and trends westward into Texas.
Very few deep borings have been made in southernmost Mississippi and southeasternmost Louisiana, and
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Alluvial Valley, Lower Mississippt River. 65

little is known of the shape and configuration of the trough in those areas. There is some evidence to show
that the geosyncline shallows eastward, and the Mesozoic and Cenozoic in southern Alabama may be less
than 15,000 ft. thick.

A long1tud1nal cross section of the Central Gulf Coastal Plain region between Cairo, Ill.,, and the deep
part of the Gulf of Mexico shows the attitude of the beds in the geosyncline where penetrated by deep bor-
ings. Inasmuch as the cross section is drawn along the axial position of the Mississippi Structural Trough,
it also shows the relationship of sedimentary units in that region to those of the geosyncline (plate 33). The
insert diagram on plate 33 shows the hypothetical position of the southern limb of the geosyneline as recon-
structed from the shape of the deltaic masses filling the geosyncline. It has not been actually determined
by drillin

d Thegax1s of downwarping in the Gulf Coast Geosyncline has gradually shifted seaward from its Lower
Cretaceous position south of the Mississippi Embayment area (figure 62). Shifting has been irregular and
has been determined by the position in which the deltaic masses were localized. Sedimentation was localized
in two principal centers of deltaic accumulation until the end of the Eocene epoch (figures 62 to 67). Since then
deposition has fluctuated within a belt or zone nearly parallel with the gulf shore. The position of the modern
deltaic plain is nearly coincident with the position of the axis of Miocene downwarping (figure 68), as were
the positions of the Miocene-Pliocene (?) and the Quaternary deltaic plains.

Major Upwarps

Several prominent uplifted areas are located within the northern limb of the downwarped Gulf Coast
‘Geosyncline. The various upwarps show considerable variation in extent and amount of uplift, and they
were not all uplifted during the same geological time interval. Each, however, has influenced the structure
.of the Central Gulf Coastal Plain and is reflected in the present topography and drainage.

Sabine and Monroe Uplifts. A large area in eastern Texas, northwestern Louisiana, and southeastern
“Arkansas has beén subjected to upwarping along the Sabine-Monroe Uplift axis (figure 5). Uplift is centered
in two broad dome-like areas separated by a structural sag. The domes are 75 to 100 miles in diameter, and
both have had a long and complicated structural history®' and are expressed in surface outerops. The Sabine
Uplift at the western end of the axis is not considered in this report because its structure has had little control
on the development of the alluvial valley. The Monroe Uplift is partly defined from surface evidence and
partly covered with alluvial valley deposits.”? Subsurface data indicate that the uplifted area extends under
the Mississippi River alluvial plain into western Mississippi where it may form the Sharkey Platform.? The
Monroe Uplift is shown by a flattening of the dip on the Mesozoic and lower Eocene subsurface deposits and
by thinning of these deposits over the top of the area uplifted. This thinning is due in part to less deposition
and in part to erosion. There is evidence to indicate that the Monroe Uplift stood above gulf level during a
part of the Lower Cretaceous and was not again submerged until Iate in the Upper Cretaceous epoch.

Southern Mississippi Uplift. The broad belt of hill lands across southern Mississippi marks the axial
position of the wide Southern Mississippi Uplift (figure 5). This region is the highest in the southern part
of .the Central Gulf Coastal Plain with an elevation approaching 500 ft. above sea level. The south flank
of the uplift is bordered by a very sharp downflexing of beds known as the Mobile-Tunica Flexure,* and
the main portion of the uplift is an outcrop area of relatively flat Miocene and Quaternary sediments.

Reconnaissance studies of the terrace formations which make up the gravel-capped central hills of the
uplift region have been made by Professor R. J. Russell and the writer. The high terraces are flattened
over the uplift and dip slightly northward on the northern flank (plate 26). On the southern and western
flanks of the uplift, the terraces are sharply downwarped into the deep basins filled with graveliferous Quater-
nary deltaic deposits which reach a thickness of 4,000 ft. near New Orleans (figure 70). The relationship
between basins and uplifts and the position of the steeply dipping beds-flanking the uplift strongly suggest
that the Southern Mississippi Uplift has been an isostatic adjustment to the downwarping in the basin directly
south of the area.

The Southern Mississippi Uplift is a very important structural element in the Central Gulf Coastal
Plain because movement of the area has been recently active in shaping the alluvial valley. The upward
movement caused the narrowing of the valley south of Natchez and the development of the eastward curvature
of the Mississippi Structural Trough which the valley closely follows. :

Other Uplifted Areas

“Five Islands” Structural Uplift. The region of the “Five Islands” in south-central Louisiana has long
been con‘Sidered a structural area because of the fact that the “islands’ are the surface expression of salt domes
alined in a northwest-southeast direction. Barton® referred to them. as the Iberian Structural Axis which he
considered to be a geosynclinal area in which uplift had occurred. He beheved that this uplift had controlled
the shape of the old Mississippi River course, Bayou Teche.

Studies of the Quaternary deposits in southern Louisiana show a marked parallelism between the aline-
ment of the basins of Quaternary graveliferous sediment and the axis of the “Five Islands” Structural Uplift
(figure 5). The uplifted area is marked by a subsurface ridge along which the base of the Quaternary gravels

- lies cons1derably above the base of gravels in the basins on either side. The only known surface reflections
of the uplift lie in the parallelism of the southernmost western bluff hne of the alluvial valley and in the sur-
face expression of the alined salt domes. .

. 1 For Sabme Uplift history, see Moody, C L., ““Tertiary History of Region of Sabme Uplift, Louisiana,"’ Bull Amer Assoc. Petrol, Geologists, vol. 15, pp.
531- 525F1‘er9 Preston, Monroe Gas Field, Luumana Geology of Natural Gas, Amer. Assoc. Petrol. Geologlst,s Dpp. 741- 772 1935
3 Mc! lothlm Tom., “General Geology of Mlssnsmppx Bull. Amer. Assoc. Petrol, Geologists, vol. 28, No. I, p. 29, 1944

4 Howe, H. V Lomsmna. Petroleum Str&tlgrﬂphy Am, Petroleum Inst., Paper 901-12B, 27 pp., 1936.
§ Barton, D. &., “The Iberian Structural Axis,” Jour. of Geol., Vol. XLI, pp 225-242, 1933,
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66 Geological Investigation

Jackson Uplift. A large localized area of uplift centered near Jackson, Miss. (figure 5), is evident in the
surface outerop of the Tertiary sediments. It is noteworthy because of the sharply elevated nature of the
uplift and the occurrence of igneous rocks, probably intruded at the time of the uplift. The depositional
record indicates that movement occurred at least as early as Lower Cretaceous and continued into middle
Tertiary time.! Its history indicates that development of the Jackson Uplift was closely associated with the
major movement which caused the Monroe Uplift to the west.

Salt Domes.” Many minor uplifts and downwarps have been mapped in the Central Gulf Coastal Plain.
Most of these features are associated directly with the intrusion of salt plugs.

Gulf Coast Fracture Pattern

Faults. Faulting has exerted an important control in the development of Central Gulf Coastal Plain
features and has been particularly active in shaping the region of the Mississippi Alluvial Valley, The prin-
cipal faults occur in a definite rectangular fracture pattern with one set of faults trending northeast-south-
west throughout the region and the other trending northwest-southeast. This fracture pattern has not been
previously recognized in the alluvial valley region, although many of its local units have been mapped either
from surface indications or from their subsurface expression.

The parallelism of the fracture system in the Central Gulf Coastal Plain to the mapped systems of

faulting within the Interior Highlands (the Appalachians on the east and the Ozark-Ouachita mass oti the
west) and to faulting of the adjacent coastal plains areas is indicated on figure 71. The fractures are also
alined parallel with the submarine outlines of the deep portion of the Gulf of Mexico as defined by the angu-
larity of the continental slope below the 100 fathom line. The fact that the fault system of the Central Gulf
Coastal Plain is but a part of the fracture pattern of the entire southern United States is direct evidence that
all faulting in the region has been controlled by weakness in the earth’s crust which antedates the formation
of any single feature.
- The existence of the fracture pattern within the Central Gulf Coastal Plain was determined principally
from a study of aerial photographs. Evidence for mapping the fracture patterns from aerial photographs is
found in the presence of scarps offsetting meander scars (figure 72) of abandoned stream courses, in pecu-
liarities in the drainage obviously controlled by adjustments of the land along extended lines,? and in sharply
defined soil changes along definite lines (figure 73).° Field studies of several faults in the alluvial valley
region have been made and their subsurface displacement has been determined by borings. Confirmation of
the existence of others has been found in direct correlation with subsurface faults mapped by geophysical
‘methods* or from study of well records in petroliferous areas.® Many isolated faults, which have long been
known and are referred to in the literature of the Gulf Coast states, follow the trends of the fracture pattern.
Only those fracture zones which can be readily isolated from a study of aerial photographs, and which provide
control for the development of the regional fracture pattern are shown on figure 71. Several times as many
faults as are plotted are known to exist within the Central Gulf Coastal Plain. Attention is directed to a
few isolated north-south and east-west faults which are related to another fault system not well-defined in
the region.

Surface displacement within a well-defined fracture zone was observed in the development in April
1943° of a fault near Vacherie, La., and in faults which accompanied the New Madrid, Mo., earthquake of 1811-
1812. In most of the alluvial valley area, however, the faults are not indicated by measurable surface dis-
placement but are manifested in ill-defined elongate topographic sags trending across floodplain aceretion
features. In some places these sags are 2,000 ft. wide. Many of them exhibit insufficient relief to be shown
on topographic maps (with an interval of 5 ft.) but nevertheless have localized floodplain drainage and have
ponded small streams to form minor lakes (figure 73). The sags are marked by soil and vegetation differences,
and some have secondary limitations parallel with the trend of the major feature. It is probable that the
“topographic sags represent a structural zone in which the loose superficial alluvial sediments became adjusted
to deep-seated movement along subsurface fault planes. Settlement in the alluvium was acconiplished through
. the development of a multitude of minor fractures, each of which.exhibits only a small amount of displace-
ment. ' '

The courses of the streams within the Central Gulf Coastal Plain are parallel in many places to the
principal fault systems, and western tributaries of the Mississippi maintain a common alinement parallel
to the fault zones. The main zones of northwest-southeast faulting are named for the Red, Ouachita, Arkansas,
and White rivers (figure 6). The main zones of northeast-southwest faulting are named for features within
the alluvial valley; the Lake Borgne fault zone of the south and the Catahoula Lake and Big Creek zones
represent the basic sets of the system. The northeast-southwest set of faults has controlled the direction
of flow in the Homochitto, Big Black, upper Pearl, Tallahatchie, Coldwater, and Obion rivers.

Salt domes may be alined along the principal fracture zones but.the relationships are not as yet clearly
demonstrated except in the “Five Islands” area where faulting parallels the structural axis. Igneous in-
trusions near the western valley wall in the vieinity of Little Rock are definitely alined in the direction of
the northeast-southwest fault set. Such occurrences point to the deep-seated nature of the faulting and
indicate that the fault movement must originate in the basement rocks. '

Origin of Fracture System. A direct correlation ean be drawn between the warping of the fracture
pattern and the gradual change in trend of the axes of successive deltaic accumulations in the Central Gulf
‘Coastal Plain. The trend of the axes of the deltaic masses diagonally crosses the rectangles formed by the

1 Monroe, W. H., 'The Jackson Gas Field, Hinds and Rankin Counties, Mississippi,”” U: 8. Geol. Survey Bull. 831, pp. 1-17, 1932. i
- 2 Barton, Donald C., ”Surface Fracture System of South Texas,” Bull. Amer. Assoc. Petrol. Geologists, vol. 17, pp. 1194-1212, 1933. Barton describes
relation of drainage in south Texas to fracture pattern from study of aerial photographs of the region. Lo . i 3
@ 3. Surface evidence of movement on some of the fault sets is indicated riot only by displacement of meander scars but by disruption or ponding of drainage
re 73). . :
e Maénetomeh—ic and gravity maps of Missouri and Alabama, published and unpublished geophysical records of oil companies.
5 Wallace, W. E., Jr., "‘Structure of South Louisiana Deep-Seated Domes,” Bull. Amer. Assoc. Petrol. Geologists, vol. 28, No. 9, pp. 1249-1312, 1944.
8 “Geological Investigation of Faulting at Vacherie, Louisiana,” Report to Brig. Gen. M. C. Tyler, President, Mississippi River Commission, by H. N. Fisk,
Consultant, May 1943, '
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intersection of the two principal fracture sets. The fault zones trend approximately N 50° E (and at right
angles) within the Mississippi Embayment area and are warped to N 35° E near the coastline. The trend
of the axes of successive deltaic masses makes a comparable angular shift between the southern limit of the
Mississippi Embayment and the present axis of the Gulf Coast Geosyneline (see figures 61 to 69). The fracture
pattern appears, therefore, to be directly related to the distribution of the Mesozoic and Cenozoic sediments
and may result from the release of stresses set up in the earth’s crust as thick masses of deltaic sediments
accumulated.

Studies of the relationship of the slopes of Pleistocene terrace surfaces in Louisiana' to the Recent
deltaic deposits show that the terraces have been simultaneously uplifted inland and downdragged near the
shoreline. The inferred mechanism whereby terraces are deformed may provide an explanation for the develop-
ment of the fracture patterns and general regional deformations which have accomplished downbowmg of
the earth’s crust in the Gulf Coast Geosynchne

. The hypothetical structural relations in an area of active delta growth are shown on figure 74. It is
indicated that active downwarping at the delta is accompanied by landward uplift and that a transition zone
with steepest surface slopes exists between areas of downwarping and areas of uplift. Stresses set up in the
landward area, probably by the flowage of subcrustal substance from the area of active subsidence, are relieved
by the faulting within the zone of fracturing. The orientation of the fault zones with fractures in adjacent
reglons indicates that the faults are adjustments along previously existing lines of weakness following the

“structural grain”’ of the continent. .

SUMMARY OF PRE-PLEISTOCENE GEOLOGICAL HISTORY

Since the initiation of the Mesozoic Era the Central Gulf Coast reg‘ibn has gradually advanced into
the Gulf. Marine and deltaic sedimentation alternated in three similar cycles. Each started with a period

~ of widespread marine conditions and, with little evidence of fluviatile activity. Fluviatile activity then

increased-and reached a maximum as deltaic masses were rapidly constructed in the middle of each cycle.
The last part of each cycle witnessed a gradual decrease in the influx of fluviatile sediments; it is characterized
by an alternation of marine and fluviatile deposits marking the fluctuating shoreline of very shallow seas
which slowly advanced inland. A brief summary tabulation showing the principal events of the geological
history of the region is presented in table 11.

The control of the cycles of sedimentation is the supply of sediments brought to the gulf by streams.
Periods of great delta growth must, therefore, représent epochs when the inland areas stood high and the
streams draining them had steeper gradients. Greatest deltaic accumulations occurred during the upper

Jurassic-Lower Cretaceous, Wilcox, and Miocene-Recent epochs, when the land masses of -the continental

interior are known to have been rejuvenated by orogenic movements.

: As indicated by the shape and thickness of the deltaic masses and the nature of the deposits, most of
the sediments came from two sources, the existing Ouachita Mountains on the north and west of the Central
Gulf Coastal Plains and the existing Appalachian Mountains on the east. The Appalachians are known to
have supplied sediments to huge deltaic masses in the Eastern Gulf Coastal Plain throughout the Mesozoic,
but it was not until the Mississippi Embayment region was initiated by faulting at the end of the Lower
Cretaceous that drainage from the Appalachlan region brought sediments to the Central Gulf Coastal Plain
area. Streams from the Appalachian region supplied sediments to the Mississippi Structural Trough and the
Gulf Coast Geosyncline throughout Upper Creataceous and lower Eocene time, but they were not active in
the final cycle of delta building.

.The initial or Mesozoic cycle started with the depos1t10n of late Jurassic sediments and continued until
the late Cretaceous seas had extended northward to the head of the Mississippi Embayment. The second
or early Tertiary cycle began with Midway seas occupying the Central Gulf Coastal Plain. Slow outbuilding
of the land began with Wilcox deposition, gradually slackened during the Claiborne, and ended as the Jackson
sea advanced inland beyond Memphis, Tenn. -Uplift of the landward margins of the coastal plain coincident
with the downwarping of the Mississippi Structural Trough and the Gulf Coast Geosyncline forced a sea-
ward progression of the deltaic masses and caused the final withdrawal of the sea from the Mississippi Embay-
ment area. The last cycle, the late Tertiary-Recent cycle, began with the seas over the coastal plain south
of the embayment in Vicksburg time. Continued uplift during Miocene time subjected the embayment
area to weathering and stream erosion and initiated the belted topographic features of the region. The cycle

-was interrupted by the advent of Pleistocene glaciation which brought about the integration of the Missis-

sippi and Ohio river systems and witnessed the diversion of this drainage into the Central Gulf Coastal Plain.
During this last cycle, the present features of the region were shaped and the thick masses of deltaic sediment
extended the land area gulfward. The land advance which began in Miocene time is continuing at present
and the cycle appears to be at its climax of delta building. ,

- THE PLEISTOCENE EPOCH

INTRODUCTION

World-widé glaciation during the Pleistocene epoch introduced new conditions to the history of the
Céntral Gulf Coastal Plain. Climatic changes during this epoch, which is commonly called the “Great Ice
Age,” permitted periodic world-wide advance and retreat of the ice sheets. Each ice advance upon the con-
tinents, called a glacial stage, was followed by a period of warm climate, an interglacial stage, durlng ‘which

1 Fisk, H. N., “Depositional Terrace Slopes in Louisiana,” Jour Geomorphology, vol. IT, pp. 181-200, 1939.
Fisk, H. N., “Geology of Avoyelles and Rapides Panshes, Louisiana Dept Cons., Geol Bull. No. 18 1940,
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glaciers retreated from the continents. The main periods of ice advance and retreat are believed to have
been nearly synchronous in Europe and North America. Four glacial stages and four interglacial stages,
the last of which is considered as Recent time, are known to have occurred in Europe. In North America
four advances and retreats are also recognized. but a significant retreat during the last ice advance gives it a
dual nature. Therefore, many authorities in North America consider that there were five glacial and five
interglacial stages, the last of which is set off as the Recent. The names applied to these stages are indicated
on figure 75. )

Cyeclic changes in sea level accompanied the glacial and interglacial stages. Sea level was lowered by
the accumulation of glacial ice derived from oceanic water; it was raised during interglacial stages by the melt-
ing of the ice. These changes had a profound effect upon thée regimen of streams outside of the glaciated
areas. During glacial stages, streams entrenched their courses to accord with the lowering base level. With
a rise in sea level during the interglacial stages, streams alluviated the valleys entrenched in the preceding
glacial stage.

The variation in the level of the oceans during Pleistocene time has been considered by several authors.*
Most estimates of the fluctuation of sea level have been based on the probable extent and thickness of the
ice sheets. Approximately 20,000,000 square miles’ of the earth’s surface are considered to have been covered
by ice in the maximum stage of Pleistocene glaciation (figure 75). The thickness of the ice sheets is difficult
to estimate; from the occurrences of glacial deposits, extent of glacial scouring in mountain areas, and known
slopes of ice sheets, it is believed that the ice may have had an average thickness of about one mile. Estimates
of the amount of water locked up in the present glaciers and ice caps, about 5,000,000 cubic miles,® indicate
that this volume would be sufficient to raise sea level about 150 ft. Thus, with 20,000,000 cubic miles of ice
in existence at the time of maximum glaciation, sea level was lowered about 450 ft.

The above value for the lowering of sea level is greater than most calculations indicate but accords
well with data from the entrenched valley system. At Houma, La., the base of the Recent alluvium is 350 ft.
below the present floodplain. Houma is only a few feet above sea level and is about 40 miles from the present
shoreline and over 100 miles from the edge of the continental shelf. 1t-is in an area which is believed to have -
suffered little sinking or disturbance by faulting, inasmuch as the slope of the entrenched valley upstream is
constant for a long distance (plate 11). South of Houma the slope of the entrenched valley on which the Mis-
sissippi River carried gravels must have been nearly as great as that of the entrenched valley above Houma,
about 0.8 ft. per mile. On this slope and one hundred miles to the south, the trench could have been 430 ft.
below the present sea level. Recent gravels exist at depths of 600 ft. below sea level a short distance south of
Houma, but this depth is believed to be due to structural deformation (faulting within the Lake Borgne
graben). Although there is no direct evidence for the total amount of lowering of sea level, the above data
all indicate that it was between 400 and 450 ft.

Pleistocene Glaciation in North America. The extent of maximum Pleistocene glaciation on the North
American continent is shown on figure 76. In the United States the glacier fronts advanced as far south
as the approximate position of the Missouri and Ohio rivers. Nearly 4,000,000 square miles of the continent
were covered by ice during the maximum ice advance. In the glaciated areas the pre-existing drainage lines,
particularly those streams draining northward, were forced to take new paths, and the interior lowland rivers
made extensive readjustments.

\

Pre-Glacial Drainage. During late Tertiary time the Central Lowlands of the northern United States
were drained principally by streams flowing northward into Canada. The late Tertiary reconstructed drain-
age (figure 76) indicates that the existing northern tributaries of the upper Missouri and Ohio were pre-glacial
streams which drained north and eastward into Canada.®* The northern tributaries of the Missouri, i.e.,
the Big Horn, Yellowstone, Little Missouri,. Cheyenne, Grand, and White River of South Dakota, drained
northward into Hudson Bay. The principal tributaries of the present Ohio River, Le., the Monongahela,
Allegheny, Muskingum, Kanawha, Scioto, Miami, Licking, Kentucky, Green, and Wabash rivers, had north-
flowing pre-glacial courses across Pennsylvanla, Ohio, or Indiana, and were tributarigs of the St. Lawrence
'system. There is little information about the Missouri tributaries south of the Platte River. It is possible
that some of these streams drained southward into the Central Gulf Coastal Plain during late Tertiary time.

Effects of Glaciation on Drainage. The present Mississippi River system is the produect of drainage
integration during the advance of the earliest ice sheets (figure 76). In early Pleistocene time the streams
which were flowing northward were ponded at the front of the advancing ice sheet. Ponded waters of various
streams were united and diverted southward across the lowest. part of the interior high lands, Shawneetown
Ridge in southern Illinois, into the Mississippi Embayment. It is possible the diversion may have followed

_drainage lines established in pre-glacial time by the present lower Missouri River tributaries, the Osage and
Gasconade rivers. The Ohio system was diverted across the eastern end of the Shawneetown Hills through '
a gap near the present Tennessee-Ohio junection.

- The Mississippi River established its course in a belted lowland lying close to the western margln of the
Mississippi Embayment. Ohio River drainage was established in & course in a lowland belt along the eastern
margin of the Mississippi Embayment and reached the Gulf of Mexico independently of the Mississippi River.
It probably flowed southward in a course approximately coincident with that now occupied by the north-
ward-flowing lower Tennessee River and reached the Gulf near Mobile, Ala., by a course now occupied by the
Tombigbee and Mobile rivers (plate 1). Changes during subsequent g1a01al stages shifted the Ohio River
course westward to its present position.

1 Daly, R.A., The Changing Werld of the Ice Age,”’ Yale Univ. Press, New Haven, Conn., pp. 47-48, 1935,
Antevs, Ernst ‘The Last Glaciation,”’ Amer. Geograplnca,l Soc., Research Series No. 17, pp. 81- 82 1928.
anht G. F., “The Ice Age in North America,” Bibliotheca Sacra Co., Oberhn Ohio, p. 503, 1911
2-8chuchert, Charles, and Dunbar, C. O., ""Outlines of Historical Geology John Wlley & Sons Inc p. 160, 1941,
8 Daly, R. A,, op. cit., pp. 5-12,
4 Alden, W. C “Physmgraphy and Glacial Geology of Eastern Montana and Adjacent Areas, ’ U. 8. Geol. Survey Prof. Ps.per 174, 1932,
Leverett Fra.nk ‘Pleistocene of Northern Kentueky,” Kentucky Geol. Survey, Ser, VI, Bull 31, 1929,
Spencer, J. W., “Origin of the Basins of the Great Lakes of Amerlca " Amer. Geol., vol. 7, pp. 86- 97, 1891,
Todd, J. E., “The Pleistocene History of the Missouri Rlver, Sclence, new ser;, vol. 39, 1914,



TABLE 11

GEOLOGICAL HISTORY OF CENTRAL GULF COASTAL PLAIN.

g
- 5]
8 'E Epoch = Age Important Characters and Events
m o) P
g A
g8
E. Recent..___._ .. g. S | Alluvium_._____
g > Cyclical changes in sea level associated with advance and retreat of
) continental ice caps cause alternating entrenchment and alluviation-
s Prairie by rivers. Recent floodplain represents end of latest cycle. Epirogenie
8, So | pf2N e uplift inland and subsidence of coastal margin throughout the period.
Plei & & | Montgomery..__
eistocene._._._ S | Bentl
S8 | Bentley. ...
=) Williana________
Pliocene~ ° g Separation of deposits from Miocene questionable. Belted coastal
Miocene (?).___ e plain topography continuing development.
. o
8_ Period tf)‘f mfa,xinllum de}ita growth. Shoreline retreated gulfward. Over
. = : 8,000 ft. of deltaic sediments accumulated in southern Louisiana and
8] Miocene._ - .. 8 Grand Gulf._.. constitute the thickest known single deltaic mass in Gulf Coast Geosyn-
S 4 cline. Epirogenic uplift initiated development of belted topography.
N o -
(=2
-0 Sm Widespread marine conditions gradually superseded by delta growth
= : Oligocene _ . ____ S g | Vicksburg____..| and seas gradually retreated from coastal plain. Thickest deltaic masses
M o o> in southwestern Louisiana and ad]acent parts of Texas.
-
© Jackson Marine advance to vicinity of Memphis marks cessation of fluviatile
H acksoD- - ------ sedimentation in Mississippi Embayment.
w0
§ Fluctuation of shoreline as sedimentation slackened. Deposits char-
> | Claiborne_______ acterized by alternation of marine and deltaic deposits. Thickest
Eocene___..__._| ' 8 deltaic masses in southwestern Louisiana and adjacent parts of Texas.
S -
S Delta growth and retreat of shoreline. Thick deltaic deposits located
S | Wileox________. in southeast Mississippi and in central western Louisiana and Texas.
] Land areas standing high; geosyncline sinking.
; : : Widespread thin marine beds show marine conditions existed inland to
Paleocene...... Midway..._..- head of Mississippi Embayment. Land areas low during period.
=]
= Mississippi Embayment formed by down faulting. Fluctuating shore-
Upper S5 | quf line with the seas reaching inland to head of Mississippi Embayment.
Cretaceous. .. __ b= | T Deltaic accumulations thinner than those of the Lower Cretaceous and
4 P=3 mark a gradual slackening of sedimentation.
o =
o | g
8 ® = -Delta growth and retreat of shoreline. Centers in northern Louisiana
3 Lower e |, and Arkapsas and in Alabama. Sediments derived from highlands
N Cretaceous 8 g | Comanchean____| in Ouachita region of Arkansas and southern Appalachians of Alabama.
© T gl ~ Salt and other evaporite deposits present. Land areas high; sinking in
: & geosynelinal region.
s -
2 S Several thousands of feet of deltaic sediments penetrated by a few bor-
a =3 ings in the Central Gulf Coastal Plain. Marginal land areas probably
Y gL rising. Salt and other evaporite deposits present. Coarse sediments
= =] mark position of shorelines.
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Correlation of Central Gulf Coastal Plain Deposits and Glactal Stages

Although the Central Gulf Coastal Plain was not covered by ice during the glacial stages, the results
of oscillation of sea level associated with the advance and retreat of the ice sheets are very evident in this
region. Each stream flowing through the region is bordered by a step-like sequence of four fluviatile terraces
which merge gulfward with their corresponding widespread coastwise deltaic-plain equivalents. An idealized
relationship of the fluviatile terraces is indicated on figure 77. Each terrace surface is underlain by a basal
graveliferous sandy facies which grades upward through sands into an upper facies of silts and clays. These
deposits make up a formation in which the variation in lithology from base to top reflects the change in con-
ditions as sea level rose with the melting of the ice. Each of the four interglacial formations is emplaced in
an entrenched valley system excavated during the previous epoch of falling sea level. The major features
of the valley eroded by the Mississippi River system, as sea level was falling during late Wisconsin time, are
shown on figure 78. The character of this entrenched valley, as established from the records of many borings,
probably differs only in minor details from that of the valleys cut during each of the preceding glacial stages.

Terrace Relationships. Uplift of the land occurred contemporaneously with the changes in sea level
associated with the advance and retreat of the ice. It caused the separation of the terraces, facilitates the
recognition of their underlying deposits, and makes possible the establishment of a general chronology of events.
The relationship of the four uplifted Pleistocene depositional terraces to the present alluvial plain in areas
where field studies have been made is shown on plate 26. Section A-A’; an approximately west-east section
across the Mississippi Alluvial Valley near Forrest City, Ark., shows the elevation of the terraces and the
nature of the Pleistocene and Recent formations. The highest terrace, the Williana, has been uplifted about
350 ft. above the level of the present alluvial plain. The Bentley has been uplifted 200 ft., the Montgomery
more than 100 ft., and the Prairie terrace about 40 ft. above the flood plain of minor streams. The relation
of the terraces to the present floodplain in the southern part of the alluvial valley between east-central Louisi-
ana and southern Mississippi near Natchez is shown on section B-B’ of plate 26.

The gulfward increase in slope of the coastwise deltaic plain terraces is shown on the north-south sections
C-C’ and D-D’ of plate 26. Measurements of the slopes of the terrace surfaces in central and southern Louisi-
ana' indicate that the oldest terrace, the Williana, has the steepest slope, 8 ft. per mile, as compared to 5 ft.
per mile for the Bentley, 1.5 ft. per mile for the Montgomery, and 0.5 ft. per mile for the Prairie Terrace.
The fact that these slopes appear to have been formed by continuous uplift, indicates that the interval of
time. between the deposition of each terrace was progressively less. From this, it is reasoned that the lengths
of the glacial stages have not been the same, but that the more recent ice advances and retreats have been
separated by shorter interglacial stages. The terrace slope relationships bear out the belief of glacialogists
that the longest interglacial interval was the Yarmouth stage. '

- Studies of the thickness of the fluviatile terrace formations indicate that the older terraces, the Williana
and Bentley, have thinner deposits than the younger terraces. Accurate comparisons of thickness of the
deltaic plain deposits, equivalent to the fluviatile terraces in age, have not been made. Each fluviatile ter-
race, however, thickens greatly as it merges with deltaic plain deposits (see plate 26).. In central Louisiana
the maximum known thickness of the fluviatile Williana and Bentley formations is 220 ft. in contrast to the
250 ft. thickness of the younger terrace deposits (section D-D’, plate 26). This fact suggests either that less
ice accumulated upon the continents during the Nebraskan and Kansan glacial stages (and consequently
sea level was higher than in the later glacial stages), or that the earlier ice sheets did not waste away as com-
pletely as the later ice sheets.

Length of Pleistocene Epoch. The relative duration of the stages of valley cutting and valley filling
and the stages of the advance and retreat of the ice during Pleistocene time as indicated on figure 75 are inter-
pretations deduced from a study of coastal plain features and from an accepted length of Quaternary time,
slightly over 1,000,000 years. The figure«50,000-60,000 years, which is allowed for the advance and retreat
of each ice sheet, is also an accepted unit of glacial time.

Studies of the terraces confirm studies made in glaciated regions which indicate that Quaternary time is
divisible into two parts, the older including that portion up to the end of the Yarmouth interglacial stage,
and the younger part continuing in the present (figure 78). The fact that Recent deposits differ in no major
respect from deposits of interglacial stages suggest that the Recent epoch is similar to an interglacial stage.
This epoch is considered to have begun with the initiation of the last ice retreat and to cover a period of 25,000
to 30,000 years.

PLEISTOCENE HISTORY OF THE CENTRAL GULF COASTAL PLAIN

_At the beginning of Pleistocene time, the belted topography of the Central Gulf Coastal Plain had lower
relief than it possesses today. The inner belts were established, but the belts formed on the Miocene deposits
were not yet in existence: In the Mississippi Embayment the main drainage was along the margins following
the inner topographic belts of the Central Gulf Coastal Plain, and only minor streams drained the central
part of the embayment. The surface of the coastal plains, and also of the continental interior, was probably
deeply weathered as a result of the milder climate which had endured for a long period during late Tertiary
time. . )
' When sea level began to drop as ice accumulated upon the continents in the Nebraskan time (the first
glacial stage), the streams of the Central Gulf Coastal Plain cut down to keep their junctions accordant with -
the falling base level. Downcutting began at the Gulf and worked headward, resulting in stream gradients
which steepened gulfward; a similar gulfward steepening is shown by the slope in the late Wisconsin entrenched
valley (plate 11). '

1Tisk, H. N., “Geology of Grant and La Salle Parishes,” Louisiana Dept. Cons., Geol. Bull. No. 10, pp. 67-75, 1939,

.
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The streams flowing along steep slopes which existed within the entrenched valley system were able to
transport the abundant coarse debris made available from erosion in the deeply weathered surface of the
stream basins. The gravels' which form the basal facies of the terrace deposits consist chiefly of brown cherts
derived from the weathered limestone formations of the continental interior and of minor amounts of igneous
and metamorphic rocks derived from the St. Francis, Arbuckle and Wichita mountains on the west, the
Appalachian Mountains on the east, and the Lake Superior region of the north. Although the gravels form
only the basal phase of the terrace sequence, there is no reason to attribute their presence here to an increase
in transporting power resulting from an increase in the volume of streams. Gravels carried by streams
originating in the non-gla(:lated drainage basins of the Red and St. Francis rivers, and of minor streams, are
as large and occur in quantities similar to those transported by streams issuing from the glaciated regions.
The steeper gradients of the entrenched streams afford sufficient explanation of the cause for the transportation
of large amounts of gravels during each glacial stage.

Melting of the ice in each of the interglacial stages raised the base level of the streams. As the base
level rose, the gradient of the streams was decreased and their ability to transport coarse sediment was lost.
Boulders, cobbles, and pebbles were the first sediments to be dropped, but the continuing rise of sea level re-
sulted in the deposition of finer sediments. Along with the decrease in the carrying power of the streams, the
decrease in the gradients, and change in the character of the alluvium deposited, the stream channels themselves
were changed. From the steep-gradient shallow, braiding channels of the glacial stages, which flooded their
valleys almost constantly, the stream channels changed in late interglacial times to narrow, deep, meandering
types which flooded their valleys only seasonally.

When sea level reached a stand in interglacial stages, the streams had built up broad alluvial plains on
which they left traces of their presence in meander scars and drainage lines similar in pattern to those on
the present alluvial plain. Studies of the drainage patterns on terrace surfaces permit reconstruction of
meander belts comparable in size to those of the present Mississippi River. Meanders on the Bentley flu-
viatile surface have been reconstructed from the drainage pattern on the terrace south of Memphis (figure
79). Meanders identical in size with those of the modern Mississippi River can be clearly seen in the topog-
raphy of the Prairie deltaic plain terrace in southern Louisiana (figure 80). The similarity of these old
meanders to those of the modern Mississippi River indicates that a similar volume-slope relationship was
attained during each interglacial stage of the Pleistocene.

The older glacial stages, the Nebraskan and Kansan, were widely spaced and probably involved a smaller
accumulation of ice upon the continents than did the younger glacial stages (see figure 75). The valleys
entrenched in these stages consequently are not as deep as those of later glacial stages. The younger glacial
stages, the Illinoian and the early and late Wisconsin, had greater accumulations of ice but were separated
by shorter interglacial stages. The valleys weré entrenched deeper during these younger stages, and thicker
deposits were accumulated in the interglacial stages. There appeais to have been a speeding up of the cycles
of glaciation with an increase in the volume of ice which perhaps reached its largest accumulation during
the late Wisconsin stage. It was during this last growth of ice sheets in the Pleistocene epoch that the en-
trenched valley beneath the present Mississippi alluvial plain was eroded, but its filling and the development
of the alluvial plain are part of the Recent epoch.

\“Fisk, H. N., “Igneous and MEt&lI“lOl'phic Rocks from Pleistocene Gravels of Central Louisiana,” Jour. Sedimentary Petrology, vol. 9, pp. 20-27, 1939,
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