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PREFACE 

This study was authorized by the President, Mississippi River Com

mission, in a letter to Dr. H. N. Fisk, consultant, dated 29 July 1947. 

Because of higher priority work, little progress was made during 1947 and 

1948. Work acccmplished during the Fiscal Year 191~9 was reported in 

Waterways Experiment Station Technical Memorandum No. 3-298 entitled 

"The Entrenched Valley of the low'Br Red Ri vor, " which report was pre -

pared by c. R. Kolb and furnished the basis for a thesis for the degree 

of Master of Science in geology at Louisiana State University. Tho 

present memorandum constitutes a final ccmprehensive report on the entire 

project. 

Field work, collection of boring logs, and preparation of maps and 

sections were carried out by E. L. Krinitzsky assisted by J. W. Cagle, 

Jr., acting under the general supervision of J. R. Schultz. The text 

was prepared by J. R. Schultz and E. L. Krinitzsky. All phases of the 

work wre under the general supervision of W. J. Turnbull, Chief, Soils 

Division, Waterways Experiment Station. 
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GEOUlGY OF THE LOWER RED RIVER 

PARI' I: INTRODUCTION 

Purpose a.nd Scope of Investigation 

1. The geologic stud:i,es of the Lower Red River Valley reported 

herein wore carried out principally for the following :purposes: (a) to 

determine the types and distribution of soils in the alluvial portion of 

the lower valley and conditions under which these materials were formed; 

(b) to delineate the confiauration of the bedrock surface on vhicli tlie 

alluvial materials were deposited; and (c) to establish the geologic his-

tory of tho region. 

2. This report discusses the geology of the Red River Valley below 

the Louisiana-Arkansas boundary. Emphasis is placed on the Recent allu-

vium, but the Pleistocene terraces bordering the valley are also described 

briefly and the bedrock geology is outlined. Sources of construction 

materials and other geologic-engineering considerations are discussed in 

a general way. The bedrock geology and configuration of tho entrenched 

valley in the stretch between Shreveport, Louisiana, and the confluence 

of the Rod and Atchafalaya Rivers are described in somewhat greater detail 

in an earlier report on this area by the Waterways Experiment Station 

(24 )*. In preparing the present report liberal use has boon made of in-

formation contained in this earlier memorandum. 

* Numbers in parentheses refer to source materials cited in the bibliog- · 
raphy. 
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Geography of the Red River Valley 

3. The Red Ri var rises in the semi -arid plains region of eastern 

New Mexico and flows in a general southeast direction to its junction 

with the Atchafalaya and Old Rivers 6-1/2 mi above the confluence of the 

latter and the Mississippi River at Red River Landing, Louisiana, about 

1300 mi from the source. As shown in figure 1, the Atchafalaya River 

offers an alternate outlet into the Gulf of Mexico which is approximately 

--l~O-I!li ~hort~r than the one through Old River and the Mississippi River. 

Direction of flow through Old River depends on river stages. When the 

Red River is high and the Mississippi stage is low, most of the Red River 

discharge passes through Old River into the Mississippi; but when the 

stages are reversed a portion of the Mississippi discharge flows through 

~ 
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Figure 1. The Red River and tributaries 
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Old River and joins the Rod River discharge flowing into the Atchafalaya. 

4. For its entire length the Red River is normally a shallow, un

stable stream. A repo11; by the Chief of Engineers (10) states that above 

the confluence of the Red and Washita Rivera near Denison, Texas, the Red 

River flows on a steep slope in a shifting channel which at times runs 

dry. From there to the vicinity of Fulton, Arkansas, the low-water chan-

nel is more stable but still shifts considerably. The slope averages 

about 1 ft per mi, and at low water the depth over bars is less than 1 ft • 

From Fulton, Arkansas, to .Al&Xa.."ldria, Louisiana,- tha channel_ is more 

stable and the slope decreases. At low water the depth over bars is often 

less than 2 ft. Below Alexandria the channel is fairly stable, but the 

controlling dep~h at low water is something less than 4 ft. The ordinary 

low-water discharge at Alexandria is approximately 2000 cfs; the maximum 

flood discharge of record was 210,000 cfs. The principal tributary of the 

Lov;er Red River is the Black River which with its large tributary, the 

Ouachita River, drairis a considerable portion of northern Louisiana and 

southern Arkansas. The area of the Red River drainage basin, exclusive 

of the Black-Ouachita River basin, is estimated as 66,640 sq mi. Rainfall 

in the drainage basin ranges from an annual average of 21 in. in the 

western part to 50 in. at the mouth. 

5. As stated in the report by the Chief of Engineers (10), betvieen 

Denison, Texas, and Alexandria, Louisiana, about 1,600,000 acres of low

lands border the river, which, before the construction of levees, were 

subject to flooding. Backwater of the Mississippi extends as far upstream 
' 

as Alexandria, and the arsa originally subject to overflow from the Mis

sissippi was about 1,700,000 acres. Overflow areas of tributaries amount 
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to another 1,700,000 acres, making a total of 5,000,000 acres formerly 

subject to flooding. From 1890 to 1930 six major floods occurred. The 

flood of 1908 was the greatest of record and inundated about 95 per cent 

of the lands subject to overflow. 

6. In its unimproved state the Red River, in common with many 

others of the southern United States, formerly was obstructed by a mass 

of driftwood known as the "great raft," which extended from the vicinity 

of Natchitoches upstream to within 3 mi of the Louisiana-Arkansas bound-

-ary. Between 1820 -an-0. 1-872 ~he average yearly rate of upstream. advance 

of the raft was about 4/5 of a mile. The mass of floating timber formed 

a barrier to navigation and in 1833 its removal was undertaken. The work 

:proceeded rather slowly, and owing to renewed formation of rafts in 

cleared reaches often had to be repeated, but by 1873 it was essentially 

complete. Minor rafts continued to form, however, for the cleared channel 

was very narrow and everywhere obstructed by silt, snags, and fragments 

of the former raft. By 1900 persistent snagging and closing of outlet 

bayous had enabled the river to enlarge its channel to a point where it 

was capable of carrying floating timber without much chance of renewed 

formation of rafts. 

7. Plans for the improvement of the Red Ri var for flood control and 

navigation are described in detail in a report submitted to Congress by 

the Chief of Engineers on 2 December 1935 (10). A :plan for :providing 

navigation as far upstream as Shreveport was transmitted to Congress on 

9 June 1947 (ll), and has since been. authorized. Flood-control dams and 

reservoirs under construction in the Lower Red River Valley include the 

Texarkana Dam on Sulphur River and Bayou Bode au Dam on the tributary 
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of that naiµe (see fig. 1). Other projects in various stages of planning 

and investigation aro the Mooringsport and Ferrells Bridge Dams on Cypress 

Bayou, CooJ?er Dam on the Middle Fork of the Sulphur River, and Black Bayou 

Dam on Black Bayou. In the Old River area a project is under study for 

control of Bed Bi ver backwater. This project includes a large controlled 

floodway and a navigation lock. 

Sources of Information and Investigation Methods 

8. In regions cov&ra-d by Recent alluvtum the usual method_of'__ gaolo_-

Sic mapping by ground traverse is of comparatively little value and re-

course must be had to other means, principally aerial photographs and soil 

borings. Boring logs available for the present study, exclusive of the 

51 project borings and 489 other borinGS used in the earlier study of the 

area (24), are listed in the following table. If tho borings use1 in the 

two studies are ccmbinod, they total 1146. Sources of data aro listed in 

Appendix A. The logs listed in tho table differed greatly in the accuracy 

Logs Logs 
Available Used 

Oil well borings 450 200 

Water well borings 150 100 

Seismic shot point borings 600 300 

Louisiana State Highway 
Department borings _JQ 6 

Total 1230 606 

and detail with "Which the information was recorded, and it was found 

necessary to discard over one-half as either too generalized or unreliable 

to serve any useful purpose • The remainder were grouJ?ed into three 
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categories: Class A, considered as reliable; Class B, not entirely reli

able but usable; and Class C, generally unreliable but of some value when 

interpreted in the light of all other available information. Aerial 

photograph mosaics of the entire I.ewer Red River Valley were available on 

scales of 1:20,000 and 1:62,500. 

9. Aerial photographs and boring logs can be used to classify river 

deposits according to environment of deposition. This includes point 

bars, natural levees, and backswamps. Inasmuch as the depositional en

vironment is -reflected in the type a.."ld physical characteristics of ma.te-

rials deposited, classification of alluvial soils according to origin has 

proved valuable for studies of their engineering properties , A detailed 

discussion of the principal environments.of alluvial deposition and cri

teria for recognition of corresponding deposits ma.y be found in pages 17 

to 20, inclusive, of Fisk's report on the alluvial valley of the Missis

sippi River (5). 

10. The procedure followed in this study consisted of preparation 

of soil maps from uncontrolled aerial mosaics • These maps were checked 

against all other sources of information such as boring logs, surface ob

servations, and published reports. The maps and boring logo were used as 

the basis for construction of the various soil profiles included in the 

plates. The Pleistocene terraces and bedrock geology were delineated 

mainly from publications of the U. s. Geological Survey and the Louisiana 

State Geological Survey. 

Previous Geologic Studies 

11. The Red River Basin has been studied geologically since the 
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period. of early exploration of the region. Most of the early stud.ies 

were not systematic and. many contain ideas which now seem rather fanci

ful. Investiga.tions made prior to 1899 are d.iscussed. in detail by Harris 

and.. Veatch (9) and. need. not be repeated. here. 

12. The period. of modern investigation may be said to begin with 

the work of Harris and. Veatch mentioned above. This report contains a 

good general account of the geology of Louisiana. In 1906 Veatch (23) 

pu.blished. a report on the geology and und.erground -water resources of 

northern Louisiana and southern Arkansas which contains an excellent 

account of the bedrock geology of the region. The sections dealing with 

the Pleistocene geology, however, need extensive revision. For o:x:ample, 

some of the stratigraphic torms used to describe Pleistocene and late 

Tertiary deposits, such as the Lafayette fonnation, are no longer in use. 

Nevertheless, this publication is still valuable and should be consulted 

by all those interested in the geology of the region. 

13. In 1936 the Louisiana Geological. Survey began a series of 

studies in the Red River Basin which have resulted in :publication of 

bulletins describing tho geology of Catahoula and Concordia Parishes (l): 

Avoyelles and Rapides Parishes (4) 7 Grant and La Salle Parishes (3), 

Caldwll and Winn Parishes (12): and Red Rivor and De Soto Parishes (17). 

These :publications contain detailed descriptions of the geology of the 

areas in question. The bulletin on Avoyelles and Rapides Parishes also 

contains a detailed account of various fundamental principles of alluvial 

geology. 

l'+. The extensive petroleum d.ovelop:nent in the Red River Basin 

which began after 1918 resulted in publication of numerous articles 
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dealing with various aspects of oil possibilities of the region. These 

publications are cited in the bulletins of the Louisiana Geological Survey 

mentioned above. 

15. Geologic-engineering studies of the region began in 1944 with 

Fisk's report on the alluvial valley of the Lower Mississippi River (5). 

This report contains a description of the extreme lower portion of the 

Red River Valley. Geology of the Texarkana Dam Site was investigated by 

Fisk in 1947 (7), and the Ferrell's Bridge Dam Site was investigated in 

1948 (8). In 1949 a preliminary report on the Red River Basin entitled 

"The Entrenched \lalley n:f the Lower Red River" was ])Ublished by the Corps 

of Engineers (24) • .Although dealing primarily with configuration of the 

entrenched valley, this report contains a fairly detailed description of 

the bedrock geology. Engineering studies of the Red River Basin are re

ported in House Document No. 378, 74th Congress, 1st and 2nd Sessions 

(10), and in House Document No. 320, 80th Congress, 1st Session (11). 



9 

PARr II : ALLUVIAL GEOLOGY 

Physical Features of the Lower Red River Valley 

16. The Lower Red River Valley lies entirely in the Gulf Coastal 

Plain, a region of low relief bordering and sloping to'Ward the Gulf of 

Mexico. The valley may be d.i vided. into an alluvial section underlain by 

materials deposited by the P.ed and Mississippi Rivers during Recent 

tilne;* a terrace section underlain by an older series of alluvium. de-

posited during the Pleistocene, or Glacial, epoch; and a marginal belt 

underlain by Tertiary and older rooks. These- divisions are- fa-irly easily-

recognized on topographic maps and aerial photographs. As indicated on 

figure 2, except where constricted by the outcropping of resistant rock 

ledges or near the mouths of tributary streams where considerable enlarge-

ment occurs, the alluvial section has a fairly constant width of about 

8 mi as far do'Wilstream as the Avoyelles Hills near Marksville 'Where it 

merges with the alluvial valley of the Mississippi River. This section 

is characterized by very low relief, meandering stream courses, natural 

levees, ox-bow lakes, and other typical features of alluvial valleys. 

Distribution of Pleistocene terraces in the stretch above Alexandria is 

sho'W!l in plate 16. The contact with the adjoining terrace section is 

marked by bluffs which average about 40 ft in height. In places, they 

reach elevations of 150 ft or more above the general level of the 

* As used herein Recent tillle is considered to date from the last major 
rise of sea level resulting from melting of the Pleistocene glaciers. 
The time involved is estimated as 20,000 to 30,000 years. 
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Figure 2. Generalized areal geologic map of the Lower Red River Valley. 



Figure 3. Red River floodplain in the vicinity of Natchitoches, Louisiana, 
showing extensive natural levees along abandoned Cane River Lake course 

of the Red River. Aerial mosaic flown in 1941. 
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floodplain. The terrace section attains its greatest vidth of about 50 

mi near the Louisiana-Arkansas boundary but at a few :points is lacking 

entirely; here the alluvial. valley abuts directly on the bedrock. 

To:pography of this section is fairly flat, except where cut by streams, 

and resembles a series of benches, or steps, bordering the alluvial sec

tion. In comparison with the alluvial :portion, relief of the terrace 

section is considerable and ranges from less than 50 to about 100 ft. 

Maximum relief is usually developed on the older and higher terrace sur

faces. Tertiary bedrock areas are normally marked by somewhat greater 

relief than the terrace section and are also characterized by relatively 

flat upland surfaces, which in this instance reflect the very slight dip 

of the underlying sediments toward the Gulf. 

The .Alluvial. Valley 

Natural levees 

17. Throughout most of the area under consideration the Red River 

and principal tributaries are bordered by natural levees built up by 

deposition of sands and silts during times of flood. These features forI!l 

the highest portions of the alluvial valley and rise from 10 to 20 ft 

above the adjoining backswamps. The best farm land is usually located on 

natural levees, and on aerial photographs they are often readily dis

tinguished as winding strips of cultivated land (see figures 3 and 7). 

The width is highly ve.riable, but along the Red River averc.ces about 1 mi 

on each bank. The width of natural levees is proportional to the volume 

of the stream that formed them; the height is an indication of the 

difference in water levels of ordinary floods and low water (19). 



4. Red River floodplair: in gap through Avoyelles Hil1s 
contact of alluvial valley with bordering terrace secticn. 

Aerial mosaic flmm in 1941. 
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Consequently, a comparatively small stream may build up natural levees 

almost as high as those of a larger one, but the width is normally 

considerably less. Height and width of natural levees are thus valuable 

aids in working out drainage changes in alluvial valleys. It has been 

pointed out that natural levee crests along the present channel of the 

Red River are somewhat lower in elevation than those along abandoned 

channels (4), and in some segments where the Red crosses the alluvial 

valley of the Mississippi River natural levees are completely lacking 

(see figures 5 and 10). Causes of this condition are somewhat obscure, 

but a reasonable explanation is that diversion of the Red River into its 

_pre.aent _course "through the Avoyelles Hills resulted in a shorter course 

and a steeper slope which enabled the river to entrench its alluvial 

plain (4). Furthermore, because of their relationship to tho stream that 

formed them, natural levees are reliable indicators of the positions of 

former channels • In the region upstream frcm the Avoyelles Hills the 

natural levees of the Red River often show a network of crevasses formed 

by ovortopping during floods that occurred prior to construction of the 

present artificial levees. Typical examples of crevasse topography are 

shown on figures 3 and 4. 

Meander belts 

18. Former courses of meandering streams can be fixed with cer

tainty frcm past surveys, but lacking such information it is possible to 

obtain fairly reliable results by application of principles derived from 

a study of alluvial rivers. Former stream courses can be determined from 

natural levee deposits, configuration of point bars laid down on the 



Fi~ure 5. View of Lower Red River Valley showing change in meander size 
at junction of Red und Mississippi River Alluvial Valleys. 

Aerial mosaic flmm in 1941. 



inside of meander loops, channel fillings, ox-bow lakes, etc. With a few 

exceptions such as immature and inhibited meanders, it is generally agreed 

that the widths of meander belts bear a fairly close relationship to the 

size of the stream that formed them, and it has been estimated that the 

width of a meander belt is about 18 times greater than the width of the 

parent stream (13). The meander belt of the Red River is about 2 mi wide 

on the average; that of the Mississippi River averages about 10 mi in width. 

19. Application of the above rules discloses that at many locali-

ties below the Avoyelles Hills the Red River occupies meander loops formed 

at an earlier time by the Mississippi River. This situation is well 

illustrated 1n Yigure-5, where the broad curve of a former ~lississippi 

River meander in the upper part of the photo contrasts sharply with the 

smaller meander loops of the Red River in the lower portion. Figure 6 

shows an abandoned Mississippi River meander at Lake Pearl that has been 

entirely filled by sediments and would not be distinguishable today were 

it not for configuration of the Prairie terrace margin. These meanders 

were made by the Mississippi River at a time when the Red River course 

was well to the south of its present one (see figure 9). Their occupation 

by the Red River took place when that stream was diverted into its present 

course through a gap in the Avoyelles Hills at Moncla. According to 

Fisk (5), the Moncla Gap was cut by the Arkansas River during stage c2*; 

diversion of the Red River through this gap occurred during stage 16, or 

about 500 years ago. 

* The time interval designated by Fisk during which the Mississippi 
River abandoned its course west of Crowley's Ridge and began to flow 
in the eastern lowland. 
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Figure 6. View on south side of Avoyelles Hills showing arcuate scar of 
former Mississippi River meander and natural levees bordering abandoned 

Bayou Rouge course of the Red River. Date of aerial mosaic unknown. 

20. There is also some evidence that prior to diversion through 

Moncla Gap the Red River occupied teilI]?orarily a former Mississippi 

River course now followed by Bayou des Glaises. As shown by figure 7, 

the meanders of this bayou poisess about the same radius as those of the 

Mississippi River. The natural levees, however, are somewhat narrower 

than those of equal height occurring along the Mississippi River and 

correspond very closely in width with those of the Red River. Abandoned 

meanders resembling those of the present Red River are visible on the 



Figure 7. Mississippi River Alluvial Valley near Simmesport, Louisiana, 
showing former Bayou des Glaises courses of the Mississippi and 
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northern margins of Pomme de Terre Swamp. Furthermore, what appear to be 

Red River meander loops are visible within the present course of Bayou 

des Glaises. The inference is that the over-all radius of the meanders 

was determined by a former course of the Mississippi River which was later 

occupied by the Red River for a sufficient length of time for it to build 

up the present natural levees. When the Red River was diverted through 

Moncla Gap to follow essentially its present course, the old channel 

shrank to the relatively insignificant proportions of the present Bayou 

des Glaises. According to Fisk (5), the Bayou des Glaises course was 

occupied by the Red River during stage 10, or about 1000 years ago. 

21. Former courses of the Red River in the stretch above the 

Avoyelles Hills are shown on figure 8. It should be noted that in a 

general way migration of the Red River meander belts dtU·ing Recent time 

has been from southwest to northeast. The Cane River Lake Course was oc-

cupied by the Red River until 1849 when it was deserted for the present 

channel (9). Changes in river courses thought to have been brought about 

by the great raft have been discussed in considerable detail by Veatch 

(9, 23) and need not be repeated here. Since the final removal of the 

raft in 1873, the Red River has occupied essentially its present channel. 

Lakes -
22. Lakes are cow111on features of the lower valley of the Red River. 

According to origin they may be grouped as follows: (1) ox-bow lakes 

formed by natural cutoffs of meander necks; (2) swale and chute lakes oc-

cupying old swales and chutes in belts of point bar accretionary topogra-

Phy; (3) backswamp lakes occupying low spots in backswamp areas; 



20 

I 
~INCOL..N I -,-
~ i 

-N- I .JACKSON 

~ ' 

-------~------
WINN 

------------1 
i 

SABINE 

L_, \ 
I \ 
i '\." >. 

I BAYOU P1£Ml eouiaS& 
D ""'AIAtE RIVER COURSE 
• aA'l"OU MD COUllK. 
• FLAT RIVtR COUR5E. 

L_l c ~ '\. 
I' ~~ 'l'f"7'/ 

'II l&A'l'OU DOL[T COUft.X ~ 1' COUSHATTA BAYOU COURSl 

.. 9AYOU MIOOLl COURH L' ,.r 
• BAYOU eoRKAUX COUR.Sl I 
m GANI. Al'llA c.ouAK.-AaANOONIO 1a4e ------ _j 
X OLD RIV£" COUflK ~ 
J3: LITTLl RIV[R COURSE .,_, 

JD: llAYOU RAPIDES COUR.K l, 
..... 

VERN ON '-J 

i RAPIDES 

FORMllt COURSE OI R£D RIYUl 

VALLEY WALLS 

···-==·--==·-•Oc::=====::J'°----IOMI. 
Figure 8. Abandoned courses of Red River in stretch between Shreveport 

and Alexandria, Louisiana 

(4) marginal lakes formed by obstructions near the mouths of tributary 

streams; and (5) lakes occupying basins formed by natural levee accretions. 

23. Ox-bow lakes formed by cutoffs of Red River meanders are fair-

ly evenly distributed from the Louisiana-Arkansas boundary to the vicinity 

of the Avoyelles Hills. These lakes are rather permanent features and 

only cease to exist when entirely filled with fine-grained sediments. 
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When so obliterated they constitute what are known as clay plugs. All 
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stages of sedimentary filling can be observed along the Lower Red Riv~r. 

Below the Avoyelles Hills ox-bows made by former Mississippi River 

occupancy are present. Larto Lake (plate 14) is a very good example of 

an ox-bow lake formed by the cutting off of a Mississippi River meander. 

24. Lakes occupying swales and chutes occur sporadically in areas 
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of point bar accretions throughout most of the Lower Red River Valley. 

They are especially numerous in the stretch below the Avoyelles Hills 

where a preponderance of them occupy former Mississippi River accretions 

(see figures 5, 7 and 10). Lakes of this type can be readily distin

guished by their crescentic outlines and tendency to be found in clusters. 

Superficially they resemble ox-bows in shape, but they can usually be 

identified on the basis of their smaller size and grouping. The size and 

number depend somewhat on river stages. When the river is high a great 

proportion of swale depressions is flooded, but at low water only compara

tively deep and undrained basins continue to contain water. Similar to 

ox-bows, they eventually become filled with fine-grained sediments, forming 

what in this case are known as swale and chute fillings. 

25. Backswamp lakes are best developed in the extreme lower portion 

of the valley. Good examples are found in Lower Sunk Lake and Smith Bay 

(figure 10). Such lakes merely occupy chance depressions on the surfaces 

of backswa.m.ps and are flooded at high water. Inasmuch as each flood 

carries in a quantity of fine-grained materials, lakes of this type 

eventually become filled with clay and silt deposits. 

26. Marginal lakes formed by obstruction of the mouths of tribu

tary streams _fil'_e _a _striking feature of the stretch between Alexandria and 

the Louisiana-Arkansas boundary. As is illustrated in figure 11, they 

tend to be grouped around the main stream much like leaves on a twig. It 

has been argued that such lakes.are formed by varying rates of sedimenta

tion by the main and tributary streams (2). The tributaries are usually 

comparatively clear 1n1ile the main stream ordinarily carries greater 

quantities of suspended material, a part of which may be deposited to 



Figure lO. Mississippi River Alluvial Valley near Black Hawk, Louisiana, sho•ring present course of Red 
River in e~tensive Mississippi River backswamps. Date of aerial mosaic unknown. 
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Figure 11. Lakes of the Lower Red River Valley at their fullest 
recorded development (From Veatch, 1906). 

build up the banks of the trunk channel above those of the tributary 

mouths. Ponding of the tributaries results. Veatch (23) has advanced 

the following objections against this view and in favor of the opinion 

that these lakes originated from obstruction by the great raft: (a) the 
----·---~--~ .---~ 

lakes do not extend above the upper limit of the raft; (b) the uppermost 

of them is known to have been formed by the raft; (c) since removal of 

the raft, all the lakes have shrunk in size and some have drained com-

pletely; and (d) the floodplain of the Red River in this section is not 

being built up, but is actually being cut down. In places near Shreve-

port as much as 15 ft of lowering of the Red River channel is reported to 
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have taken place subsequent to removal of the raft. It should be noted, 

however, that in view of the amount of alluvium deposited during Recent 

time downcutting cannot be more than a temporary episode in an over-all 

tendency toward deposition, and it is doubtless the result of changes 

following removal of the re.ft. This consideration detracts scmewhat from 

point (d), for it is probable that prior to obstruction by the raft the 

Valley was subject to alluviation. Fisk's observation (3) to the effect 

that similar marginal lakes have fanned along the Mississippi River with

out the benefit of rafting, although true enough, does not invalidate 

Veatch's arguments for the stretch occupied by the raft, and in this por

tion of the valley, it is not possible to eliminate entirely the raft 

hypothesis advocated by Veatch. Lakes occurring along the lower courses 

of tributaries in the region below the foot of the foxmer raft, however, 

must have an entirely different origin and probably have been caused by 

al.luviation by the Red River. Of these, Big Creek Lake (figure 12) is a 

particularly good example. 

27. If through lateral shifting of the stream channel the neck of 

a meander loop becomes narrower than twice the width of its natural 

levees, a depression will be foxmed on the inside of the loop which may 

became filled with water. Lakes of this t;yIJO are illustrated in figure 

13, and were very appropriately termed "lakes of inclosure" by Veatch (9). 

Such lakes are rather ephemeral features, for they are not only subject 

to sedimentary filling dur~ .. g times of floods, but to draining should a 

natural cutoff occur. In instances where necks of meander loops abut 

against bluffs or similar obstructions, lakes of inclosure may be fanned 

even though the distance across the necks is considerably greater than 

221a1 



Figure 12. Red River course through the Avoyelles Hills showing 
adjoining terraces and marginal lakes occupying dro'Wlled 

tributary vai..-ieys. :Aerlal mosaic flo'Wll in 1941 

twice the width of the natural levee. In this case closure across the 

necks is accomplished by the bluff or valley wall. 

Point bar a.ccretionary topegraphy 

28. Point bars are crescentic ridges consisting principally of 
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Figure 13. Abandoned Bayou Rouge course of Red River near Bunkie, Louisiana, showing lakes of inclosure 
formed ·by coalescence of natural levees. Aerial mosaic flmm in 1941. 
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sand and silt formed on the inside of meander loops as the stream 

migrates toward the concave bank. As the process continues a succession 

of bars may be formed, the height of which may be as much as 10 ft above 

the mean low water level. The shape tends to conform to the curvature of 

the channel in which they were laid do'Wil, but in response to downstream 

migration of meande:i.·s they often truncate each other in a complicated 

manner. The low areas between point bars constitute what are kno'Wil. as 

swales. They develop dense willow growths which trap fine sediments and 

in time are filled with silts and clays forming what are kno'Wil. as swale 

fillings. Consequently, point bars are usually separated by belts of 

silts and clays containing organic matter. The combination of point bars 

and swale fillings constitutes what may be termed point bar accretionary 

topography. On maps and aerial photographs this type of topography is 

easily distinguished by the alternation of crescent-shay.ed ridges and 

valleys (see figures 5 and 7). The latter may contain small lakes. 

29. Point bar accretionary topography covers a considerable por

tion of the alluvial valley of the Red River, and is especially widespread 

in the stretch above Alexandria where it constitutes over one-third of 

the total area of the alluvial valley (plates 2-10) • Below Alexandria 

this ty:pe -of' -topography -1-s -quantitatively somewhat less important, and in 

this stretch it seems to have been formed entirely by the Mississippi 

River (plates 11-15). The absence of Red River point bar accretions in 

this stretch is difficult to account for but may be related to the recent 

occupancy of tho present course. The absence of natural levees in some 

reaches of the stretch below the Avoyelles Hills referred to in paragraph 

17 may also be attributable to the same cause. Point bar accretionary 
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topography is not only found along most of the present course of the 

Lower Red River, but it also occurs in positions marking former courses. 

Above Alexandria the point bar tyie of topography forms approximately 90 

per cent of the area imn:ediately adjacent to the river; below this point 

it constitutes hardly more than 30 per cent. In both instances, however, 

there are stretches in which this type of topography is found on only 

one of the banks • 

Backswamps 

30. This term is applied to the low-lying areas bordering natural 

levees and point bar accretions which are flooded during times of high 

water. Such areas have very little relief and usually support a dense 

growth of vegetation. On aerial ph0t.ographs they are distincuishable as 

flat, tree-covered areas (figures 4 and 10). Backswamp topography occurs 

Only sporadically in the stretch above Natchitoches; below this point it 

becomes progress! vely more important. In the Mississippi River flood

plain it constitutes almost one-half of the total area. 

31. Murray (17) has divided backswamps into the following catego

ries: (1) interlevee low.lands which are inclosod on all sides by natural 

levees; (2) rim swamps, or low areas bo~dering the floodplain and abutting 

against the valley walls; and (3) marginal basins, or depressions created 

by alluviation by the trunk stream across the lower portions of tributary 

Valleys. Interlevee lowlands are fairly common in the Lower Red Rl ver 

Valley, a particularly clear example being found just above Alexandria 

(see plate 10). Rim swamps are much less common, the bast example being 

the one at Lake Paarl (figure 6) • Marginal basins c~rrespond in a general 
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way with the marginal lakes described in paragraph 26 ·and, as has been 

previously mentioned, in the region above Natchitoches may have been 

formed by the raft rather than by varying rates of sedimentation by the 

main and tributary streams. Bayou Pierre Lake (figure 11) is a typical 

example of a possible raft lake. Big Creek Lake (figure 12) and similar 

features in the region below the foot of the former raft occupy what are 

clearly marginal basins formed by Red River deposition. 

Pleistocene Terraces 

32. Four terraces which form ascending benches, or steps, sepa

rating the low-lying alluvial vall.ey from the Tertiary uplands extend 

along both sides of the Lower Red River Valley (see plate 16). The 

terrace belt is wider on the east than on the west bank and including the 

alluvial portion of the valley varies from about 10 to 50 mi in width. 

A similar so~uence of terraces borders much of the Lo"16r Mississippi 

River and tributaries. The terraces are recognizable on topographic maps 

either as rather flat areas, or as more or less eroded areas whose intor

stream di vi des tend to be at about the same elevation. On aerial photo

graphs indications of former stream meanders may be found at some locali

ties _(figure 12) • These features indicate that the terraces represent 

surfaces of alluviation formed at a time antedating the building up of 

the present floodplain (figure 14). All have been more or less affected 

by erosion subse~uent to their formation. 

33. In his work in Grant and La Salle Parishe~ Fisk ( 3) named the 

various terraces ln order of oldest to youngest; i • e • , highest to lowest 

topographically, the Williana, Bentley, Montgomery, and Prairie. Later 
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Figure 14. Reconstructed pleistocene meanders on terraces of the 
Avoyelles Hills near Marksville, Louisiana. 
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work (17) has shown that these names are applicable throughout tho entire 

lower valley of tho Rod River. In the vicinity of Alexandria the Prairie 

terrace stands about 40 ft above the Red River floodplain. The height 

decreases when followed up the course of the main stream and in De Soto 

and Red River Parishes is only about 25-30 ft above the floodplain (17). 

In Grant and La Salle Parishes the slope is to the south on an average of 

0 .4 ft per mi • Streams have cut into the former level surface of the 

terrace, but extensive remnants of flat topography remain. The Montgcmery 

terrace is usually separated from the Prairie by an escarpnent 35 ft or 

so in height. In Grant and La Sa.J.le Parishes the surface of this terrace 

slopes southward at an average of 1 .25 ft per mi. The Montgomery terrace 

has been much affected by erosion and but little of the originally flat 

surface remains • At present only isolated patches survive of what 

probably was once a continuous even surface. These remnants are found 

chiefly on the east side of tho valley. The Bentley terrace is separated 

from the Montgomery by an escarpnent approXimately 30 ft high. The 

terrace surface slopes southward at a rate of about 5 ft per mi. Like 

the Montgomery, it is also much eroded and is preserved principally as 

isolated patches found chiefly on the east side of the valley. The 

Williana terrace is neparated from tho Bentley by an escarpment 25 ft or 

so in height • It has been severely eroded and the slope is difficult to 

determine, but in Grant and La Salle Parishes. Fisk (3) estimated the 

slope of the Williana surface at not less than 10 ft per mi. Remnants of 

this terrace occur chiefly on the east bank of the river, and it is note

worthy that distribution of this and lower terraces indicates that during 

the time of their formation the over-all direction of migration of the 
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Bed River was from northeast to southwest, or the opposite of the direc -

tion of Recent migration. 

34. Origin of the terraces has caused considerable discussion, and 

to treat thoroughly all the considerations involved would expand this 

section beyond its proper limits. Perhaps the moat reasonable explana

tion offered to date is that of Fisk (3) who attributed their formation 

to :periodic rise and fall of sea level during the Pleistocene (eustatic 

change in sea level) acting in conjunction with uplift of the land sur

face. According to this theory, periodic lowering of sea level resulting 

from. glacier advance permitted the Mississippi River and tributaries to 

widen and deepen their valleys. As the sea level rose following retreat 

of the ice, the change in base level caused the streams to deposit rather 

than erode. Uplift following deposition elevated the alluvial surface 

and a new cycle of entrenchment followed the ensuing drop of sea level 

caused by readvance of the ice sheets. In this manner four terraces were 

formed, corresponding to the four advances and retreats of the Pleistocene 

Slaciurs. The steps in terrace formation are shown schematically in 

figure 15. It should be noted that upli~ was not necessarily inter

mittent, for a slow continuous upheaval would accomplish the same result, 

:provided that a sufficient period of time elapsed between each cyclic 

eustatic change in sea level. 

35. Points favoring this interpretation are: (a) the progressively 

lower southward slope of younger terrace surfaces indicates that uplift 

along a general east-west axis was in progress during the entire period 

of terrace formation; (b) presence of meandering stream courses on the 

terrace indicates that valley entrenchment was followed by aggradation; 
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THICK ALLUVIAL SEQUENCE 

FllTRENCHMENT STAGE 4 ENTRENCHMENT STAGE 5 

Figure 15. Paired and un:;;iairerl terraces formed by cyclic eustatic 
shifts in sea level during either continued or intermittent 

uplift of the land (From H. N. Fisk, 1940) 

(c) in a general way sedili'.lents underlying the terrace surfaces grade do'Wil.

ward frcm fine to coarser materials; and (d) the terraces correspond in 

number with the known glac laJ. and interglac ia.l stages. Sane geologists, 

especially those femiliar with the glP..cieted. region of the North Central 

States, have questioned this interpretation, however, and prefer to 

ascribe the terraces to intormittent uplift occurring during the Pliocene, 

or the epoch :irnroodiately rireceding the Gla.c ial epcch. Perhaps the 

strongest argument so far adduced in support of this view is the general 

lack -of -granite -and -other -±grreous materials in the grav-ela underlying the 

terrace s12rfa0es. The glacial drift of the North Central States contains 

a high :r;ercentage of such materials, and it is difficult to see why they 

were not caITied into the lower Mississippi River Valley by streams 

draining the glacier front. Inasmuch as the Red River Basin lies entire-

ly outside the glaciated region, absence of igneous materials in the 

terrace deposits is of no significance. However, there can be little 

doubt that the terraces of the Lower Red and Mississippi Rivers are 
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genetically related. Final solution of the question awaits more accurate 

correlation between the glaciated and unglaciated portions of the Missis-

sippi River Valley and is fortunately of little engineering importance. 

Tertiary Uplands 

36. The terrace section is bordered by an irregular rolling type 

of topography rising from a few to 100 ft above the general level of the 

highest terrace, or about 60 to 240 ft above the alluvial valley. Relief 

of the upland area ranges from about lCO to 200 ft and has been developed 

by stream erosion on a formerly level surface that sloped gently seaward 

in conformity with the dip of the underlying strata. Unequal hardness of 

the uriderlying beds has given rise to several transverse ridges that 

Persist for many miles and follow the strike of the more resistant beds 

that produce them (see figure 16). 

Four major ridges of this type are 

found in the stretch betw~en the 

Ouachita Mountains and the mouth of 

the Red River and have been named 

the ~ockesburg, Saratoga, Sulphur, 

and Kisatchie Wolds {23). Wold is-

an archaic English term that has 

since been replaced by the Spanish 

Word, cuesta. The Lockesburg and 

Saratoga cuestas are formed by 

Cretaceous beds, the Sulphur cuesta 

by sandy beds of lower Eocene age. 

~ AREAS. LESS THAN 100 FEET ABOVE GUL.f' LEVEL 

~ AREAS MORE THAN .00 FEET A80VE GULF LEVEL 

Figure 16. Principal topographic 
features of the Gulf Coastal Plain 
of southern Arkansas and northern 

Louisiana (From Veatch, 1906). 



The Kisatchie cuesta crosses the Red River between Alexandria and 

Natchitoches where it is reflected in a noticeable narrowing of the 

valley. In this area, it averages about 250 ft in height. This cuesta 

is formed by the outcropping of the resistant Catahoula formation of 

Miocene age. The upland surface and the terrace areas are often spotted 

with low, circular mounds, the so-called "pebble" or "pimple" mounds, the 

origin of which has provoked much discussion but is still unsolved. In 

wet weather thoy form low, sandy islands. Soils of tho Tertiary uplands 

and the higher terraces are largely of residual origin as contrasted with 

the depositional soils of the alluvial valley. 

The Entrenched Valley of the Lower Red River 

37. The existence of a deep entrenched valley under the alluvium 

of the Lower Mississippi Ri.ver is wall known, and presence of similar 

features on the lower courses of its major tributaries may be deduced 

from geologic probabilities. One of the major objectives of tho prosent 

study was to determine the presence or abs9nca of an entrenched valley 

under the lower courses of the Rad River, and, if present, to delineate 

its configuration as accurately as possible. As reported in the earlier 

study of the Lower P.ed Ri vor (24) an entrenched valley has been found 

to exist below the Recent alluvium of the Red River throughout the entire 

area investigated. 

38. According to Fisk (5) origin of the entrenched valley of the 

Lower Mississippi River is attributable to changes in sea level resulting 

from advance and retreat of the ice during the last, or Wisconsin, Glacial 

epoch. When the glaciers reached their maxim.um extent sea level was 
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approximately 400 ft lowr than now. As a consequence, the Mississ ipPi 

River was able to dee:pen its valley, and when sea level rose following 

retreat of the ice a wave of alluviation spread upstream and filled the 

entrenched valley to a maximum depth of nearly 400 ft • The findings of 

the present study are entirely in accord with a similar explanation for 

origin of the entrenched valley of the Lower Rod River. 

39. Configuration of the entrenched valley of the Lower Red River 

in plan view is shown on plates 20-26. Similar to the existing valley, 

it has an average width of about 8 mi and tends to narrow when followed 

upstream. The entrenched valley also resembles the modern one in widen

ing near the mouths of tributary streams and narrowing in tho vie inity of 

resistant Tertiary bedrock ledges. For example, the constriction of the 

alluvial valley caused by outcropping of the Catahoula sandstone is even 

more strongly marked in the bottom of the entrenched valley (see plate 23) . 

As shown by the plates, the channel of the entrenched valley almost never 

coincides with that of the modern river. In all other respects, however, 

the alluvial valley reflects the configuration of the underlying trench. 

4o. The entrenched valley is bordered by highly irregular 

topography, and it is likely that if sufficient points were available for 

contouring the valley vould exhibit similar irregularities. The limited 

number of borings made it impossible to delineate the topography of the 

entrenched valley in detail comparable with that of adjacent areas, and 

in plates 20-26 the deep valleys and sharp-crested divides of the border

ing highlands are extended beneath the Recent ·alluvium as comparatively 

smooth features. The existence of subsurface irregularities was often 

indicated by isolated borings, and where borings were lac king streams 



flowing into the entrenched valley were considered to follow the trends 

of tributaries entering the existing alluvial valley. It is probable 

that errors caused by unavoidable generalization of contours do not 

greatly exceed the contour interval . 

41. Plate 25 illustrates the configuration of the entrenched 

valley in the vicinity of the Avoye\les Hills. Here the Red River leaves 

its entrenched valley through a gap ~r Marksville and f'lo'WS eastward 

across the alluvial valley of the Mississippi River. The entrenched 

valley of the Red River continues southward past the Evergreen Hills and 

Gum Ridge, two Pleistocene "islands" forming a line of low hills which mark 

the divide between the entrenched valley of the Mississippi River to the 

east and that of the Red River to the west • The dashed 1 ines shown on 

plate 26 are contours indicating the entrenched valley of the Mississippi 

River. 

42. The longitudinal profile of the entrenched valley is shown on 

figure 17. It differs f:rom the normal stream profile in being convex up-

ward. The upward convexity indicates that lowering of sea level was too 

rapid to allow the Red Riv-er to establish a normal profile. As suggested 

in the earlier report (24), it is possible that the barrier formed by the 

resistant Catahoula sand.stone has contributed to the upward convexity. 

Above Colfax the average slope of the entrenched valley bottom is about 

1 ft per mi. South of this point the slope increases and in the vicinity 

of Bunkie the drop of the entrenched valley into that of the MississipPi 

River is at the rate of 5 to 6 ft per mi. The thal weg of tho modern ri vor 

slopes at a fairly uniform rate of about 0.5 ft per mi. 

4 3. As indicated on plates 32-35, the cross-sectional configurat ·:on 
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Figure 17. Average aloi;es of the entrenched valley of the 
Lower Red River 

of the entrenched val.lay varies from a flattened V-shai;e in the northern 

Part of the area to a steep-·wa.lled valley with a flat or gently sloping 

bottom at the southern end. A minor V-shai;ed notch marking the deei;est 

Part of the entrenched valley is usually found in the va.lloy floor. Depth 

Of the entrenched valley gradually increases toward the south and is 

everywhere below tho depth of scour of the modern Red River. 

Entrenched Valley Fill 

~.4. Ex:cept for the 51 project borings, sediments filling the en

trenched Red River Valley wre identified entirely on the basis of written 

logs. Consequently, it was often necessary to apply a certain amount of 
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judgment in interpreting the character of the sediments encounterGd. For 

this reason some inaccuracies may exist in the sections showing subsurface 

distribution of Recent sediments. Furthermore, there are doubtless many 

irregularities and gradations in contacts between soil tyIJes that are not 

shown on the illustrations • The data are sufficiently complete and accu-

rate, however, to permit a reasonably reliable interpretation of the 

broader phases of Recent sedimentation. Similar to the alluvial valley 

of the Lower Mississippi River, the alluvium. of the Lower Red. River Valley 

may be divided into a lower sand and gravel-bearing section, an inter-

mediate section consisting mainly of clean sands, and. a fine-grained. top-

stratum.. Maximum. thickness of the Recent alluvium ranges from 120 ft 

near the Arkansas-Louisiana boundary to about 300 ft near the confluence 

of the entrenched. valleys of the Red and Mississippi Rivers. 

Gravel-bearing section 

45. The gravel-bearinfJection is thickest near the mouth of the 

Red. River, where as much as er ft of such materials were encountered., and. 

gradually thins in an upstream. direction until it practically disappears 

·north of·Coushatta. Above Shreveport, however, gr-a.val-bearing sediments 

again become important and may attain a thickness of 70 ft or more (see 

plates 32 and. 33). The limited data available indicate that these mate-

rials consist predominantly of sand with more or less gravel and minor 

amounts of silts and clays. These materials were deposited as sea level 

began to rise following retreat of the continental glaciers, and they 

thus tend to fill irregularities in the entrenched valley. Deposition 

started at the mouth of the Red River and a wave of alluviation spread 
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upstream. In conformity with the conditions of sedimentation, the verti

cal gradation is almost invariably from fine materials at tho top to 

coarser at the bottom. The gravel is composed principally of chert and 

ranges from fine to coarse in size. The color may be red, bro'Wil, tan, or 

gray. As a rule, bro'Wil and red colors predominate in the upper part of 

the valley; owing to the influence of Mississippi River deposition, tan 

and gray colors are more apparent near the mouth. 

46. Inasmuch as the underlying Pleistocene terrace deposits are 

usually brown to red in color, it is often difficult to distinguish be

tween Pleistocene and Recent materials solely on the basis of color. This 

is particularly true in the upper reaches of the valley where the color 

contrast is at a minimum. In areas where color of the Recent and 

Pleistocene deposits is the same, a distinction can often be made on the 

bas is of sedin:entary sequence • In a general way the sequence of 

Pleistocene terrace materials grades from coarse at the bottom to fine at 

the top, and as has been previously mentioned a similar sequence is found 

in the gravel-bearing Recent alluvium. Therefore, when this sequence is 

repeated in any given boring, it is permissible to infer that the upper 

sequence represents Recent materials overlying Pleistocene deposits. 

Where the fine-grained portion of the Pleistocene terrace deposits has 

been removed, however, and Recent gravels lie on Pleistocene gravels, 

this criterion c9.nnot bo applied. In such situe.tions the break can often 

be determined by either a .,olor change or a change in the rate of drill 

bit penetration, for as e rule the Pleistocene gravels are better con

solidated than their Recent counterparts. At some localities (see section 

I-I', plate 35), a considerable thickness of clays underlain by gravels 



42 

was encountered near the bottom of the entrenched valley. These clays 

and gravels may represent Recent materials; they may be hillocks of 

Tertiary bedrock; or they may represent Pleistocene terrace deposits. In 

this report, they are rather arbitrarily interpreted as belonging in the 

Tertiary. 

47. Contours depicting the upper surface of the gravel-bearing 

alluvium in the stretch bet"Ween the southern boundary of Bossier Parish 

and Old Ri var are shown on plates 27 -31 • Above the southern boundary of 

Bossier Parish these materials are generally too thin and irregular in 

distribution to warrant contouring. As indicated on plates 27 and 28, a 

narrow ridge of gravel exte~ds from the vicinity of Coushatta downstream 

as far as Montgomery where it broad.ens considerably. Widening of gr~vel 

deposits in this area coincides with widening of the valley walls and may 

indicate the building up of an alluvial fan of coarse materials. South

east of Montgomery, the central gravel ridge terminates abruptly. The 

over-all ridge-like character of the gravel deposits may reflect deposi

tion of coarse materials in the center of the valley concurrently with 

deposition of finer sediments along the margins. 

48. South of Alexandria (Ill-ate 29}, there occurs a large island

like mass of gravel-bearing alluvium which trends roughly parallel to the 

valley walls. The lo!!gth is in the order of 12 mi; the maximum width is 

about 5 mi.· This mass coincides with a slight widening of the valley. 

49. Between Cheneyville and Bunkie (plate 30), a similar but 

smaller stringer of gravel-bearing materials is found, along with a basin

like area in which the gravel-bearing sediments are very thin. Similarly, 

there are numerous minor irregularities in the region between Bunkie and 



Cottonport that are difficult to interpret. In St. Landry Parish there 

appears to be a certain regularity of deposition. 

50. The contours shown on plate 31 are much smoother and the slopes 

gentler than in areas upstream, chiefly because of more uniform deposition 

by the much larger Mississippi River. However, the borings in this area 

are much more widely spaced than is usual farther upstream. The lack of 

minor irregularities, therefore, may be more apparent than real. 

51. It should be noted that in all plates showing configuration of 

the top of the gravel-bearing alluvium no cognizance has been taken of 

gravel pockets occurring within the overlying sands and the fine-grained 

topstratum.. These materials were either introduced by tributaries after 

the main stream had ceased to carry gravels, or they were deposited in 

Point bars after having boon scoured from deep pools extending down into 

the gravel-bearing section. 

~nd section 

52. AB shown on plates 32-35, the gravel-bearing section is noarly 

everywhere overlain by sands which comprise over 50 :per cent of the Recent 

alluvium. These deposits rill irregularities in th~ up:per- surface of' the 

gravels, and according to the boring logs the contact is usually distinct. 

However, it is probable that in some areas at least the gravel-bearing 

sediments grade upward into sand. Owing to irregularities in both the 

lovier and upper contacts, the thickness is highly variable and ranges from 

100 ft or more to 20 ft or less. 

53. In a general way the sand section is more homogeneous than 

either the underlying gravel-bearing section or the overlying fine-grained 
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topstratum. However, at a few localities lenses of clay and silt are 

found in the sand (see plates 33-35). As previously mentioned, gravel 

pockets also occur in both the sand section and the fine-grained top-

stratum. The grain size ranges from coarse to fine with medium-sized 

materials slightly predominating. The gradation in grain size ls almost 

invariably from coarse at the bottom, through medium, to fine at the top. 

Above the Avoyelles Hills the color is predominantay red or bro'Wil; below 

this point buff and gray colors predominate. This change in color re-

fleets the influence of Mississippi River deposition. At a few local!-

ties organic materials ware found in the sand. 

54. The sand section -was laid dow.n as sea level continued to rise, 

and the accUllIUlatlon of coarse materials filled the entrenched valley to 

a :point where the Red and Mississippi Rivers no longer carried particles 

larger than sand. The upward gradation of the sand deposits from coarse 

to fine reflects a. continued lowering of the river gradient. 

Fine -grained topetratum 

55. This term includes all ty::pes of predominantly fine-grained 

sediments oocurring -above -the -sand sectlon. Tn composition it is the 

most heterogeneous of the three major units comprising the entrenched 

valley fill. On the areal maps (plates 2-15) it has been subdivided into 

natural levees consisting principally of sands; swale fillings made up of 

• 
silts and clays; channel fillings (clay plugs) composed of clays and 

silts; and baclmWBinp deposits of predominantly organic clays. Criteria 

for recognition of these deposits are listed in paragraphs 17-31 • On 

the cross sections (pl.ates 32-35) it was not feasible to subdivide the 
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unit, and the fine-grained portion of the topstratum has been indicated 

by a pattern of di2gonal lines. 

56. In the area below the gap in the Avoyelles Hills near Moncla 

the topstratum was laid do'Wil largely by the Mississippi River. In this 

region swale deposits fonn.ed by tho Mississippi River have been de

lineated, but owing to their sma.11 size it was not practicable to depict 

Swale deposits laid down by the Red River in tho region above this point. 

The limits of Mississippi River alluviation are indicated not only by 

relative size of :point bars and swales, but as in the case of the under

lying sand and gravel-bearing sections by a color change as well. West 

of the Avoyelles Hills tho topstratum is predominantly brown or red; to 

tho east buff, gray, and dark-brown hues of Mississippi River sediments 

predominate over interfingerings of brighter-colored Red River materials. 

57. In localities where the underlying sands have been reworked 

and incorporated into the topstratum the sand-topstratum contact is ex -

ceedingly difficult to determine accurately, for in the geologic sense 

the reworked sands belong in the topstratum. In the illustrations, how

ever, it was thought best to use a purely lithologic criterion, .and the 

contact has been rather arbitrarily drawn on tlie oase of the overryihg 

clays and silts. Consequently, the apparent lack of a continuous top

stratum seen on some of the sections (plates 32 and 35) may really indi

cate that in some localities these materials are predominantly sandy in 

character. 

58. Owing largely to irregularities of the lo'W9r surface, thickness 

of the fine-grained topstratum is highly variable. In the area above 

the influence of Mississippi River deposition it ranges from a maximum of 
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40 ft in the vicinity of Shreveport to al.most nothing in the lover part 

of the valley near Bunkie. In the Mississippi River floodplain these 

deposits are considerably thicker than in the Red River Valley proper, 

and in the first region as much as 60 ft or more of fine-grained top

stratum deposits were encountered. The fine-grained topstratum was 

deposited when the rise of sea level and subsequent alluviation in the 

entrenched valley had proceoded to a point where the Red and Mississippi 

Rivers ceased to be overloaded with coarse materials and began to 

establish their present meandering courses. 

Pleistocene Terrace Deposits 

59. Cross sections of Pleistocene terrace materials bordering the 

Red River Alluvial Valley are sho'Wll on plates 17 and 18; the areal dis

tribution is indicated on plate 16. Origin of the terraces has been dis

cussed in paragraphs 32-35. These deposits overlie TertiaTy strata that 

dip eastward at a rate of approximately 50 to 75 ft per mi. Relatively 

few borings through the terrace deposits were available. Consequently, 

the contact between the terrace deposits and underlying Tertiary forma

tions is highly -gene-rali-ze-i. The aur:face topography has been taken from 

u. s. Geological Survey maps. In view of the limited control, it is 

probable that the lover surface of the terrace deposits is not as smooth 

as indicated on the plates. According to Fisk (4); the greatest thick

ness of these deposits is found in the southern portion of the valley. 

60. The best sources of information concerning the composition of 

the terrace materials are found in Fisk's ( 3) report on the geology of 

Grant and La Salle Parishes and a report by Murray (17) on the geology 
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of De Soto and Red River Parishes. The following descriptions have been 

taken largely from the report by Fisk. 

61. Near the( town of the same name, the Williana terrace deposits 

/ 
consist of lentiCular masses of gravel at the base overlain by mottled 

•ands and~ In oome places, fine -grained sediment• ]?I'Odominate over 

sands and gravels. Between Pollock and Alexandria clay is an important 

constituent, but predominance of clay is generally restricted to 

isolated portions of the terrace situated in coastwise regions. In 

De Soto and Red River Parishes Murray found that as in the region farther 

downstream the Willian.a terrace materials consist of gravels overlain by 

sands. 

62. The Bentley terrace deposits fill valleys eroded into the 

W1111ana surface. Ferruginous conglomerate forming a bod about 50 ft 

thick occurs in these materials. At Forest Hill, south of .Alexandria, 

huge boulders are found in the gravels • The sand phases of the Bentley 

terrace deposits sometimes contain ferruginous concretions. In De Soto 

and. Red River Parishes, Bentley deposits appear to consist principally 

of gravel. 

63. The Montgomery- and Prairie terrace- deposits-- are- very- s-1milar 

in composition and resemble the Recent alluvium. Coarse sands and gravels 

are present, but in some localities they appear to be rather thin. Near 

Little River, Montgomery terrace deposits increase in thickness from 60 

ft near Georgetown to 90 ft near the mouth of Bayou Ftumy Louis. In 

Grant Parish, Prairie terrace materials reach depths of 270 ~ below the 

level of the present floodplain of the Red Ri var. 

64. Ple:J.stocene terrace remnants are definitely known to exist 
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under the Recent alluvium of the Red River (see plate 34). .Although not 

indicated on the illustrations, it is probable that they are mainly 

Prairie in age. As mentioned in paragraph 46, some of the clay hillocks 

in the floor of the entrenched valley may represent Pleistocene terrace 

deposits, but owing to lack of sufficient evidence they have been included 

in the Tertiary bedrock. 



PARI' III : BEDROCK GEOLOGY 

Stratigraphy 

65. In the Lower Bed. River Valley bedrock may be considered to 

consist of all strata older than Pleistocene. In Louisiana the rocks 

exposed at the surface a.re Tertiary in age, but in Arkansas and Oklahoma 

Mesozoic and Paleozoic outcrops are found. For the purposes of this re

port, however, only the Tort ia.ry strata need be discussed. The areal 

distribution of the major units of the Tertiary system is sho'WI1 on figure 

2; plates 22-25 illustrate the distribution of various formations. 

These illustrations have been compiled from various published and un

published maps. A composite stratigraphic section is contained in table 

l. Aa indicated in figure 2, the Tertiary beds tend to outcrop in broad 

bands roughly at right angles to the a.xis of the valley of ~he Red River. 

This is in conformity with a d.ip toward the Gulf of approXimately 50 to 

75 ft per mi. These strata are all of sedimentary origin, and nearly all 

of the formations were deposited in a shallow northward extension of the 

Gulf of Mexico. The remainder were laid down by rivers draining into 

this water body. If the- entire Tertiary: sequence oacuxrecL at~ any ona 

Place, the thickness would total something over 1 mile, Generally, the 

Tertiary deposits are better indurated. than the Pleistocene and :Recent 

materials, but compared with underlying Paleozoic beds they can scarcely 

be considered as hard rocks. In fact, they contain a considerable amount 

of material that from an engineering viewpoint should be classified as 

sou. This comparatively compact mass of sediments is exposed in the 

highlands and at intervals along tho valley walls • Except for a few 



TABLE I 
STRATIGRAPHIC SECTION 

LOWER RED RIVER VALLEY 

ERA SYSTEM SERIES GROUP FORMATION MEMBER UTHOLOGY 

I RECENT Alluvium Flne .. ar•lned tQp1tratum 1r•dln1 do.nward lnto 1and1 and aravela. 
a:>- I i.J Pralrle .... a: !!!z ~< ........ Montgomery 

Clay1 and .tlh aradlna downward into a&Dd.1 and aravela. :::>Z [~ Bentley a Wllllana 

Blount• Creek Fluvlatlle dlta with local channel 1ancl lentl11. 

Caator Creek Brackl1b-water calcareou1 claya and non-calcareou1 1llt1. 
Wllllamaon Creek Fluvtatlle 1Uta and channel aancl lentlb. 

... 
Douah Hlllo 

Bracklah-water calcareoua clay1 and 1Ulceou1 allta with lo~al 
..... ..J Fleming pyrocl&atlc lentll1. :::> z 

"' Fluvlatile 1llt1 and channel 1and1 with local brackl1b-water cal-.... Carnahan Bayou 
0 0 careou1 ct.y lentlla. 
0 z Bracktab-water calcareoua claya with .tllceou1 .tlt1 and local 

:I! < Lena 
pyrocla1tic lentll1. a: 

"' Upper (oandy Hetero1eneou1 mixture of lenticular bodi•• of loo••ly compacted 

Catahoule 
member) coar•• •and•, flnely .. bedded •llty clay• and or1anic •llta. 
Tu.ffaceoua Ma••ive, blocky, tuffaceou• dltatone, purple ln color, contalnln1 

Silt.ton• palm frond• and •tumpa. 

.... "' 
(Formation di• .. Non-marine micaceou• •andy clay• with lenticular bodleo of 

z a: tinctlona apparent rounded medium to coar•• •anda interfin9erln1 wt.th fo••lllf•rou• .... :::> Upper 
0 m in Mh•b•lppi bracld•h .. water beda contalnln& marine lentil• and alauconitlc, 
0 UI cannot be located lianitlc •halea. 

"' :ii: 
:::i 0 in central 

Lower 
Gyp•U•rou• khald ... colored, ma•aive clay• and a few thin beda of 

0 > Loulolana) only ol19htly lndurated fln•·aralned an1uler oancl. 

Danville Landlna 
Khaki-colored lnterbedded •anda and clay• containln1 loullll· 
erou• concretion•. 

Serl•• of aparinaly fo••lllferou•, bracki•h-water Uanitlc claya 

Verda and interbedded •llty •and• with intercalated lenticular marine 

z •and•ton••· fre•h water leafbearlna •lite and marine clay•. 

0 ~ Union Church Alternating thin bed• of aandy •llt• and clay• contalnlna con .. 
II) Yazoo Clay 

(Trano. phaoe) cretlona and foaslliferoue nodulea cemented by limonlte. 
:ii: 

u 0 Calcareous clays, deep blue-araycolor in freab cuh but weather-
<( Tullo• ing to a drab, yellow or Uaht gray, eventually breaklna down into 

- > 
., 

b1ack ooll. 

0 a: Coar•e-arained alauconitlc marl with acattered llme•tone con-

N ( Moody'• Branch cretions. Marl coneista of very fosslllferoua alauconltlc •anda 

Marl tran•itlonal wt.th the lower U1nltic silty clays of the Cockfield and 

0 I- the overlyina Yazoo claya. 

z a: Lignitlc •llt• and plant-bearing Uanittc ebales occur mo•t abun-

w .... Cockfield dantly. Lianltic ••nd• occur al•o but are neither aa extenalv• 

w z nor aa well developed as the •ilh and •hale• • 

I- .... a: 

u z 0 Cook Mountain 
FoaaUUerou• calcareoua •hal••· and glauconitlc Uanttlc •halea .... m and marh. 

0 
0 < Sperta 

Non-marine aand• and sandy abale, lignite• and llanttic •hale•, 
.... ..J maaslve sand• with pellet. and •trlnaers of clay. 

0 
Foaal1Ueroua 1 aandy, bighlyalauconitlc marl and chocolate brown 

Cane River 
calcareoua ahale•. 

Carrizo 
White to brown, very flne-arained, maaaive to croaabedded •and 

with abundant •hale lnterbeda 1 parttna• and inclu.alona. 

Upper (ohale) 
Silty, laminated, Uanitlc ahale with alauconitic croaabedded fine-

grained aand. 
Sabinetown 

Lower (Pearaon Foaalllleroua, locally calcareou• and indurated alauconltlc •and x 
0 alauconlte) with abale and clay interbeda and concretlonary aiderlte. 

0 Baaal, alauconitic foaalllferou• •and overlain by allta and •and.a 
..J Hl1h Bluff 

containing calcareoua concretionary bouldera. 

~ Pendleton Slaughter Creek 
FoaaUUeroua 1 glauconitlc aanda with pipe-like Umonite nodule• 

and foaalllferoue clays with ala.uconitlc aand lentlla. 

Bayou Lenann 
Olauconltlc foa1l1Ueroua aanda 1radln1 upward into Uanltlc 1Ut1 

and aand1 with thln aeame of llanlte. 

Calcareoua a Uta and claya 1 ll1nltlc ahale• and sand, locally 
Martbavllle 

fosalllferoua. 

Biatlneau Calcareous allta and abales. 

.... Hall Summit 
Grand Bavou Carbonaceoua and llanitlc allta and clava. 

z 
~ Maaalve to broken aand1 with subordinate amounta of aandy 1bale 

Ill Logey Bayou 
0 ~ and clav-ball conalomeratea. 
0 .... 0 Lime Hill Calcareoua •llh and abalea. 
..J :I! Losan1port Cow Bayou Ll11nitlc and carbonaceous abalea. 
< 
Q. Dolet Hilla Maaalv• aanda and aanda interbedded with abale. 

Naborton Calcareou1 allt• and ahalea. 
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isolated instances, however, in the terrace and alluvial sections of the 

Red River Valley it is buried under more recent deposits. Details not 

mentioned in the following discussion may be found in the report on the 

entrenched valley of the Lower Red River (24) and the references cited 

therein. 

Paleocene strata 

66. Paleocene is the term applied to the old.est major division, 

or epoch, of the Tertiary :rariod. In Louisiana, roe ks of this age are 

included in the Midway group comprising 3 formations which are in order 

of deposition; i.e., old.est to youngest or bottom to top; the Naborton, 

Logansport, and Hall Summit. Surface outcrops are limitod to the area 

betwen Shreveport and Natchitoches. The Naborton formation consists 

principally of calcareous silts and sands. The Logansport and Hall Summit 

fonnations are composed of calcareous silts and clays at the bottom, fol

lowed by lignitic silts and clays, followed in turn by massive to broken 

sand at the top. Murray and Thomas (18) have pointed out that this 

sequence forms a sedimentary cycle beginning with sand and ending with 

Calcareous silts and clays. From this point of view, the Naborton forma

tion may be considered as representing the calcareous deposits marking 

the end of a cycle. Estimated thicknesses are: Naborton formation, 150 

:t't; I.ogansport formation, 4.oo ft; and Hall Summit formation, 200 ft. All 

Of these materials appear to be fairly hard and resistant to erosion. 

!Qcene strata 

67. In Louisiana, rocks of Eocene ago are divided into 3 groups 

which in turn are subdivided into a total of 11 formations. The groups, 
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in order of deposition, are as follow: the Wilcox, Claiborne, and 

Jackson. These strata are largely limited in outcrop to the area above 

Cloutierville, where they are widely distributed. The total thickness 

amounts to about 2350 ft. 

68. The Wilcox group consists of about 600 ft of lignitic silts 

and clays, calcareous silts, and sands. Murray (17) has separated the 

lower 100 ~ as the l.fu.rthaville formation; the remaining 500 ft has been 

subdivided into 3 formations, but for engineering :purposes these may be 

thought of as a single unit. The Marthaville formation resembles the 

underlying Midway formations in constituting a sedimentary cycle. It 

consiots of sand at the base, lignitic clays in the middle :portion, and 

calcareous silts and clays at tho top. The undifferentiated portion is 

of a similar composition. Saine of the sands are glauconitic ·* In view 

of the similarity in composition, for engineering :purposes the Midway and 

Wilcox groups may be considered to form a single unit. 

69. The Claiborne group consists of moderately hard and erosion-

resistant sands with interbedded shales, lignite, and marl. The thick-

ness is about 1300 ft. It is divided into 4 formations which in order of 

deposition are: the Cane River, Sparta., Co.ok Mountain, and. Cockfield. 

The Cane River formation is about 250 ~ thick and consists of plastic 

and slightly calcareous clay shale grading upward into a sandy shale. 

The color is usually dark-brown with light-green streaks and s:i:;ecks. The 

Sparta formation consists of sands and sandy shales of non-marine 

* Glauconite is a dark-green hydrated silicate of potassium, magnesium, 
and iron. It is of no particular engineering significance. 
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deposition. Lignites and lignitic shales occur in the upper :portion. The 

thickness is about 450 ft. The Cook Mountain formation is appraximately 

200 ft thick and consists principally of interbedded clayey sands, ligni tic 

shales, sandy shales, and fossiliferous sandy shales. The Cockfield for

mation is composed of lignitic silts and shales, and massive light-colored 

sands with thin-bedded sandy clays. It is about 400 ft thick. 

70. The Jackson sroup is made up of 3 fo:rma.tio:ns which are in 

order of deposition the Moody 1s Branch, Yazoo, and Danville Landing. The 

total thickness is approximately 450 ft. The Moody's Branch formation 

consists of fine- to coarse-grained sandy, glauconitic marl ranging from 

10 to 15 ft in thickness. The Yazoo formation consists of fat clays in· 

the lower portion, alternating thin beds of sandy silts o.nd clays in the 

middle portion, and brackish->m.ter lignitic clays and sands at the top. 

The Danville Landing formation is made up of khaki-colored clays with 

interfingering silts and sands. 

Q_lisocene strata 

71. Oligocene rocks occurring in Louisiana are referred to a 

single group kno'W!l as the Vicksburg and are about 200 ft in thickness. 

This group is subdivided into a lower khaki-colored, gypsum-bearing, 

lnassive clay, and an upi;er non-marine, micaceous, sandy clay with inter

lD.ixtures of well-rounded, medium- to coarse-grained sands. Surface out -

crops are restricted to a narrow band_ which crosses the Reel River Valley 

a short distance above the to'W!l of Cloutierville. 

lli_ocene strata 

72. Bocks of this age constitute the Grand Gulf group. They 



outcrop in a belt about 35 mi wide on the right bank of the Red River 

wst of Alexandria. On the left bank only scattered outcrops are found. 

A considerable thickness of undifferentiated upper Miocene, and :possibly 

Pliocene beds, forms the entrenched valley floor in the region south of 

Bunkie. The Grand Gulf grou:p consists principally of interfingering 

silty sands and clays. The locally well-indurated sand and silt beds 

near the bottom of the section are the most highly erosion-resistant 

strata found in the Lowr Red Ri var Yalley. Tough s iltstonos of Miocene 

age fom.erly outcrop:r:ed in the bed of the Red River just north of 

Alexandria where they caused a 7-ft fall in a distance of 2 mi (22). 

Rapides Settlement from which Rapides Parish takes its name was located 

in the vicinity of these rapids. River scour has since cut through the 

resistant beds and eliminated the shoals. Thickness of tho Grand Gulf 

group is estimated at 2000 ft. 

73. Tho Grand Gulf group is subdivided into an older Catahoula 

and a younger Fleming formation. The Catahoula consists of a lower 

tuffaceous siltstone and an up:r:er sandy member. The tuffaceous silt-

stones are usually massive and blocky. The tuff* occurs as local inter-

beds ranging in _thic-kness from l to 5 i't, ~nd constitutes the sole evi-

dence of volcanic activity to be found in the Lowr Red River Valley 

region. The upper sandy member is made up of a mixture of lenticular 

bodies of loosely compacted coarse sands, thinly be ided silty clays, and 

silts. The coarse sands are more abundant near tho base and are locally 

* ~uff is a fine-grained, usually light and porous rock formed from 
consolidation of volcanic ash. 
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quartzitic. This formation is a.bout 500 ft thick. The Fleming forma

tion consists of interfingering beds of silty sands and clays totaling 

about 1500 ft in thickness. This formation has been subdivided into 6 

members of alternate fluviatile and brackish-"WB.ter deposition (4). 

Surnary 

74. As has been pointed out in Technical Memorandllm No. 3-298 (24), 

from an engineering viewpoint the Tertiary strata of the Lower Red River 

Va.lley may be considered as falling into 4 groups. These are: (a) the 

Mid-way-Wilcox strata consisting predominantly of silty, lignitic, and 

calcareous materials with minor ~aunts of clays and locally indurated 

Sands; (b) the Claiborne group composed essentially of sands with local 

Silty and clayey beds; (c) ~he Jackson and Vicksburg strata made up 

mainly of fat, chocolate -colored clays and minor amounts of sand; and 

(d) the Grand Gulf group consisting of tough, erosion-resistant sands 

and siltstones near the base which grade upward into clays a..11d silty 

clays toward the top of the section. In the extreme southern portion of 

the valley, silts, silty sands, and clays of possible Pliocene age are 

found beneath the Recent alluvium. 

Structure 

75. In geology, the term structure refers primarily to the spatial 

relationships of rock bodies. As has been previously mentior.ed., the 

dominant structural feature of the Lower Red River Valley is a fairly 

Ulliform dip toward the Gulf of Mexico of from 50 to 75 ft rer mi, forming 

'What is known as a homocline. Older strata usually dip at somewhat 



greater angles than younger beds, and it is probable that the gulfward 

inclination is in part the result of deposition on a sloping surface 

(initial dip) and in part the result of uplift subsequent to deposition 

(diastrophism). The lower courses of the Red River flow dovm the dip 

slope of the underlying Tertiary beds and in this stretch the Red River 

is thus a consequent stream; i. e., the direction of flow is a conse -

quence of the inclination of the underlying rocks. 

76. In numerous places, especially in the vicinity of oil fields, 

regularity of the homoclinal structure is broken by anticlinal domes 

(folds that are convex upward). On the northeas~ side of the valley, 

many of these structures represent salt domes caused by upthrusting of 

salt plugs from below. The areal distribution of those domes follows a 

northwest trend. The principal subsidiary structure in the Lower Red 

River Valley is the Sabine Uplift, a roughly circular dame which affects 

a large part of northwestern Louisiana and portions of the three adjoin

ing states. The oldest rocks in the lower valley have been exposed by 

erosion on the crest of this dome. The Red River flows across the north

east flank of the Sabine Uplift with no apparent deviation in course, 

but according ±o _Murray (17) the Montgomery terrace surface ia upwa.r:fed 

along the Logansport anticline, a subsidiary feature of the Sabine Up

lift. Uplift ca.using the domes probably began in Miocene time, and, as 

is evidenced by tilting of the Pleistocene terraces, has probably con

tinued into the present. Brief accounts of the structure of the oil 

fields in the Lowr Red River Valley may be found in a publication of 

the Shreveport Geological Society (21). 

77. In his study of the alluvial valley of the Lower Mississippi 
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River, Fisk (5) pointed out the general parallelism of the western tribu

taries of the Mississippi and suggested that the Lower Red River may 

follow a northwest-trending fault zone. Northwest-trending faults have 

been mapped in the vicinity of the Texarkana and Ferrell's Bridge dam 

sites (7, 8), and indications of an intersecting system of northwest

southeast and northeast-southwest-trending faults are found in the region 

of Catahoula Lake (26). Various oil fields in the Lower Red River Valley 

also exhibit faulting along one or both of these trends (21). Faults are 

also known to exist in the vicinity of Natchitoches (16), All known 

faults are of the normal type, and the displacement seldom exceeds 100 

ft, It is possible that movement along at least some of these faults may 

continue into the future. 

78. According to Sheets (20), five earthquakes are known to have 

occurred in Louisiana. These were all of minor intensity, however, 

Three were located near Morgan City, one near the Head of Passes, and one 

near the extreme northwest corner of the state. Although the possibility 

Of future earthquakes cannot be entirely dismissed, in comparison with 

other regions the Lower Red River Valley is an area of but very minor 

Seismic activity. 

79, The most important engineering aspect of the faults is 

Probably their ~ffect on subsurface water circulation rather than the 

earthquake hazard they represent. The present study resulted in little 

new information relating to this subject, but some idea of the relation

ship of faulting to subsurfac~ water conditions may be obtained from 

Maher and Jones (16). 
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P.ARr IV: GEOLOGICAL HISTORY 

80. The earliest dee ipherable eYents in the geologic history of 

the Red River Basin date from the beginning of the Paleozoic era, or 

about 500 million years ago. According to Veatch (23), at this time the 

existing distribution of land and sea was reversed. The present Ouachita

Arbuckle Mountain belt was then the site of a great subsiding trough, or 

geosyncline, occupied by an am. of the sea. Huge quantities of sediments 

which are visible today as a thick sequence of sandstones, shales, and 

limestones fanning the mountains of Arkansas and Oklahcma, viere washed 

into this trough from a mountainous region to the south and southeast. 

At the end of the Paleozoic thd geosyncline was folded and faulted along 

an east -west a.xis and has ever since been above sea level. In the Lovier 

Red River Basin rocks of Paleozoic age are deeply buried, but near the 

headwaters they reach the surface in the form of a series of red sand

stones and shales. Sediments derived from the erosion of these rocks im

part their characteristic color to the Red River and its alluvial deposits•. 

81. During the first part of the Mesozoic era the folds fanned 

during the late Paleozoic -were worn down almost to sea level, and in the 

Cretaceous period when the land began to tilt southward the sea advanced 

north as far as the southern borders of the present Ouachita-Arbuckle 

Mountains. Sediments deposited during the Cretaceous period consist prin

cipally of sandstones, shales, and limestones • The aggregate thickness is 

about 1300 ft on an average but var.ies greatly frcm place to place. 

Variations in type of sediments deposited indicate that depths of the 

ocean water varied considerably, but submergence was essentially 
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continuous from the Cretaceous to Oligocene time; i.e., from about 150 

to 25 million years ngo. Rocks of Cretaceous age outcrop in a fairly 

narrow band extending from oouth-western Arkansas into southeastern 

Oklahoma and northeastern Texas. In Louisiana they are usually buried 

under later deposits but may reach the surface on the crests of salt 

domes. The dip is to the southeast at an average of about 100 ft per mi. 

Near the close of the Cretaceous o. certain amount of warping took place, 

and at some localities, principally in southern Louisiana, salt domes 

were formed. In southern Arkansas small bodies of igneous rocks were 

intruded at this time. According to Veatch (23), the earbh movements 

occurring at the and of the Mesozoic were too slight to cause complete 

withdrawal of tho sea, the break between the Cenozoic and Mesozoic being 

a iialeontologic rather than· a structural and stratigraphic one. 

82. Rocks exposed at the surface in Lcuisiana consist almost en

tirely of Tertiary and Quaternary sediments which dip gently toward the 

Gulf of Mexico at an average rate of 50 to 75 ft per mi. The Tertiary 

formations were deposited in a shallow sea and consist mainly of sand

stones, shales, marls, and limestones. Lignite is often an important 

constituent.. Thickness of thasa beds varies locally but reaches an 

aggregate of -well over 1 mi. During the Miocene epoch (about 15 million 

Years ago) the region was uplifted, and tho sea retreated from the pres

ent location of the Lower Red River Valley. Pliocene deposits are not 

definitely kno'W!l to occur in the Red River Basin, but in southern 

Louisiana Pliocene-Pleistocene beds reach a thickness of more than 3000 

ft• Post-Miocene erosion has cut across alternate hard and soft strata 

to Produce a series of northeast-trending cuestas which extend from the 
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Ouachita Mountain belt to central Louisiana. 

83. The outstanding event of the Pleistocene epoch, which began 

something over one million years ago, -was glac iat·ion covering a large part 

of the northern and southern hemispheres. Although the, ice did not extend 

into the Red River region, it influenced geology of ~he valley in many 

ways. The glaciation was of a multiple character consisting of four 

alternate advances and retreats each of which was reflected in the :posi

tion of sea level. It is estimated that when the glaciers roached their 

maximum. extent sea level was about 400 ft lower than at present. Periodic 

loviering of sea level in combination with uplift led to the fonnation of 

a deep entrenched valley bordered by a series of four terraces similar to 

those occurring in the Lower Mississippi River Valley. In the lower 

valley of the Red River elevation of the bottom of the entrenched valley 

varies from -250 ft near the junction of the Mississippi and Red Rivers 

to +80 ft at the Arkansas-Louisiana boundary. Similar to the entrenched 

valloy of the Lower Mississippi River, the entrenched valley of the Lower 

Red River is filled by unconsolidated sediments deposited during Recent 

time as sea level rose following final retreat of the glaciers. Owing to 

its unconsolidated nature and wide·sj)read distribution, the Recent alluvium 

is of primary importance from an engineering point of view. On the bas 1.s 

of grain size, it may be divided into a lower gravel-bearing section, an 

intermediate section consisting chiefly of clean sands, and a fine-grained 

topstratum. 

84. The gravel-bearing alluvium represents material laid down by 

overloaded streams at a time antedating formation of the meander belts of 

the Mississippi and Red Rivers. In the Lower Red River Valley, the 
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thickness ranges fran 80 ft nea~ the mouth to practically nothing in the 

vicinity of Coushatta. Above Shreveport, it again attains a thickness of 

approxin:ately 70 ft. The upper surface is very irregular, and there is 

some evidence that deposition of gravels vas followed at least locally by 

renewed erosional activity prior to deposition of the overlying sands. 

85. As sea level continued. to rise and the ontrenched valley to 

fill with coarse-graiHed materials, gravels ceaoed to be deposited and 

sands were laid dovm. Thickness of the sand deposits varies from less 

than 20 to over 100 ft, and at a few localities sands are completely lack

ing. Here the topstratum rests directly on the gravel section. Quantita

tively, the sand ~action comprises something over one-half of the en

trenched valley fill. The s8llds and gravels underlying the silts and 

_clays of the fine-grained topstratum. constitute the best foundations for 

heavy structures available in tho alluvial portion of the valley. Iepth 

to th9se materials is, therofore, an important engineering consideration. 

86. The fine-grained topstratum consists predominantly of silts 

and clays and was laid down when tho Red River changed from a braided to 

a meandering stream. It ranges from about 60 to less than 10 ft in thick

ness and in places is ap1'arontly entirely lacking. It is divisible into 

natu:r.al levee deposits consisting principally of sands and silts; point 

bars which also consist mair.ly of sands and silts; clay plugs, chute and 

8 Wle fillings made up of silts and clays; and backswamp deposits composed 

Chiefly of organic clays and silts. Owing to shifting of the river course, 

these deposits often overlap and truncate each other in a complicated 

fashion. The processes responsible for these deposits are still in opera

tion, and various stages in formation of clay plugs, swale and chute 
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fillings, point bars, and backswamps can be observed on aerial photo

graphs of the region. The heterogeneous character of the topstratum 

materials is the cause of ma.ny problems related to levee construction and 

maintenance, bank ste.bility, underseepage, wid other engineering problems • 

87. Folding and faulting began at least as far back as the Miocene 

and may still be continuing. Tho folds are principally o.nticlinal domes, 

many of which contain oil. There is evidence that the Lowr Red River 

Valley is traversed by a network of faults, one system of which follows a 

northwest trend and the other is roughly perpendicular to the first • The 

displacement is of the nonnal tnie and seldom exceeds 100 ft. Al.though 

some of these faults may still be active, it is probable that their chief 

engineering interest lies in their effect on circulation of the ground 

water. 



PARr V: GEOLOGIC-ENGINEERING CONSIDERATIONS 

88. Any specific engineering project generally involves geologic 

:problems that are unique to the site, and broad-scale regional geologic 

studies, no matter how thorough, usually cannot eliminate the necessity 

of additional detailed investigations. Although from a geological point 

of view no two construction sites are ever identical, information derived 

from regional geologic studies is generally very useful during preliminary 

:Planning stages. For example, if there is latitude in choice of site, 

they may be valuable in eliminating less favorable locations. Their chief 

Value, however, is in guiding boring programs for detailed soils and 

design studios. If full advantage is taken of regional geologic studies, 

it is nearly al-ways possible to obtain more accurate and complete infor

mation with fewer borings than when a purely arbitrary spacing is employed. 

Foundations 

89. In a general way foundation problems in the Lower Red Ri var 

Valley are similar to those of the alluvial valley of the Lower Mississippi 

River. Silts and clays of the fine-grained topstratum are suitable for 

foundations of light structures and low embankments such as high-way fills 

and levees, but foundations of heavy structures must often be carried 

down to the underlying clean sands. In some localities, especially in 

the vicinity of Bunkie, suitable sands may exist at, or noar, tho surface, 

but throughout most of the lo~er portion of the valley piling or fairly 

deep excavation is necessary. In areas where the underlying clean sands 

are overlain by silts and clays, depth to the sands is an important factor 
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in site selection. This is es:pec ially true in the stretch below the 

Avoyelles Hills where the fine-grained topstratum is generally rather 

thick. 

EXcavations 

90. L11 places where the river channel extends through the rola-

t i vely 1mi:ervious silts and clays of the fine-grained topstratum and into 

the underlying sand section, it will probably be necessary to de-water 

prior to excavation. In shallow excavations well points are probably the 

best and most economical d.ewatering met.hod. Deep excavations will require 

either multiple-stage wellpoint set-ups or deep wells. In some instances 

both may be necessary. In canal cuts extending into the sand section 

loss of water by seepage may be serious, es:pecially if the bottom of the 

excavation is above the water table. Design of stable excavation sloi:es 

in the heterogeneous alluvial materials constituting a large pi.rt of the 

Bed River floodplain involves considerations beyond the scope of this 

study. 

Levees 

91. Conditions influencing levee construction on the Lower Red 

River are rather variable. Throughout most of its course above Alexandria 

tho river has built llp point bar deposits on both of its banks. Inasmuch 

as artificial levees are constructed from materials near at hand, the 

available constr~ction materials consist mainly of fairly coarse-grained 

point bar deposits. Owing to the nature of the construction materials and 

the presence of sands at the surface in scme areas, both through 



and underseepage are likely to occur. Moreover, undersee:page may be a 

problem in areas where surface clays are either thin or very irregular in 

thickness. Between Alexandria and the Avoyelles Hills, the river is 

bordered by fairly well-developed natural levees which offer better foun

dations and help to minimize seepage. Bolow the Avoyelles Hills, the Red 

River flows through an abandoned meander belt of the Mississippi River. 

This belt is com:posed of point bar deposits and extensive backawamp areas. 

Conditions encountered in the point bar deposits should resemble those in 

the stretch above Alexandria. The bac kawamp materials may involve problems 

of foundation stability, but large-scale construction is unlikely in these 

areas owing to their lack of inhabitants. 

Bank Stability 

92. The s.bundance of ox-bow lakes and. abandoned channel deposits 

indicates that the Lower Red River, in common with other alluvial streams, 

shifts its course considerably, but little information concerning the 

rate of bank recession was secured during the present study. The report 

Of the Chief of Engineers (10) states that in Louisiana the Red River 

cha.r.Lrl.el is more stable than in areas upstream, and this statement seems 

to be borne out by tho geologic information available. It may be signifi

cant that nelther aerial photographs nor topographic maps indicate any 

considerable change to have taken place in the stretch between the 

Avoyelles Hills and Old River. In this region the Red River o~en occu

Pies fo:rmer meander loops of the Mississippi River, and there are few 

Signs of fo:rmation of smaller loops within the large Mississippi River 

Illeanders (see figure 5). Inasmuch as it is the tend.ency for such 



66 

"underfit" streams to form meanders of a size proJ;Ortional to the width 

of their channels, absence of smaller Red River meander loops within the 

larger Mississippi meandors tends to indicate considerable channel sta-

bility measured in terms of years. In the stretch above .Alexandria, how-

ever, the general lack of thick natural levee deposits may mean that 

lateral shifting of the channel is fairly rapid. 

93. Except for the stretch below the Avoyelles Hills, meanders of 

the Red River are mainly rather smooth S-shaped curves that closely 
• 

approximate the ideal meander :pattern in shai:e. Irregular-shaped meander 

loops are comparatively few and are found principally where the river 

impinges on relatively resistant Pleistocene terrace deposits and Tertiary 

bedrock. The various rapids wl:ich formerly obstructed navigation are also 

attributable to the same cause. However, it should not be concluded that 

changes in composition of the fine-grained topstratum. have no effect on 

Red River activity, for it so happens that in the stretch above the 

Avoyelles Hills practically all the clay plugs are at present same dis-

tance away from the river. If in the course of its meanderings, the river 

should happen to come into contact with one or more clay plugs, it is 

likely that they ~-ould act in a :ma:n..11er similar t0 those -Of the Mississippi 

River (6). 

94. A study of aerial photographs indicates that throughout most 

of its course lateral shi~s of tho channel of tho Rod Rivor are accom-

plished in the normal manner; i. o., by gradual wearing a-way of tho con-

cave bank and building up of bars on the opJ;Osite bank. In some places, 

however, small indentations, or scallops, imparting a ragged api:earance 

to the bankline are very noticeable (note upper right-hand corner of 



figure 4 and lower right-hand corner of figure 5) • AJ.though this is a 

characteristic feature of banklines in J;Oint bar deposits, at some J;:Oints 

on the Lower Mississippi River such scallops ap]ear to be indicative of 

1m]ending large-scale bank failures, and they may have the same meaning 

on the Lo-wer Red River. However, there are few indications of large 

Slides on the aerial photographs, and comparatively few major slides have 

taken place since 1941 • On 21 March 1950, a bank failure occurred at 

Coushatta. The area affected was 30 ft wide, 800 ft long, and the amount 

of subsidence about 15 ft • The materials involved were mainly clayey 

point bar deposits. A similar slide occurred near Boyce, Louisiana, in 

1946. This slide affected. a shorter section of the bank, but appeared to 

extend to somewhat greater depth. The materials involved wre also point 

bar deposits. Information available tends to indicate that these failures 

. were of the shear type and. ·were caused. by undermining of the banks by 

river scour. 

95. It is probable that the relatively shallow depth and conse

quently lower banks of the Rod River are the chief factors ma.king for the 

comparative stability of the banks as compared with those of the Missis

sippi River .. 

96. Near the mouth of the Black River the channel of the Red River 

is at times obstructed by mud lumps, or "rapions." These occur during 

times of low water, and thJ Chief of Engineers report (10) attributes 

their formation to hydrostatic pressure from the adjacent swamps. 

Construction Materials 

E.tn.bankments 

97. Owing to the wide range in composition of the alluvial and 
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terrace deposits of the Lower Red River Valley, suitable embankment mate

rials are widely distributed. Ho1'.'6Ver, for certain types of embankments, 

such as levees, where it is necessary to utilize the materials near at 

hand, the available sources of supply may leave something to bo desired. 

For earth dams and other structures requiring careful selection of mate

rials, it is probable that suitable sources can usually be found within 

reasonable distances of the site. This is particularly true in regions 

of point bar deposits which are more diversified in grain size than back

swamp materials • 

Concrete aggregates 

98. Sand and gravel are abundantly distributed throughout the 

Lower Red River Valley. The Pleistocene terrace deposits are the chief 

source of supply, but the Recent alluvium also contains much suitable 

material. This is especially true in the region above Shreveport where 

sand and gravel are dredged from the Red River and tributaries. In 

Arkansas, the alluvium of the Little River is a source of coarse aggre

gate ranging up to 4 in. in size. Bayou Dorcheat also furnishes suitable 

fine and coarse aggre_gate. Below Alexandria suitable deposits of se.nd 

and gravel are comparatively scarce and are largely confined to Pleisto

cene terraces on the west side of the river. In the Avoyelles Hills, 

Pleistocene terrace gravels are generally too deeply buried to be of use. 

East of this point, the Rod River flows through the floodplain of the 

Mississippi River in which gravel is totally lacking. Sand is generally 

plentiful throughout the entire Lc-w"er Red River Valley and can be dredged 

from the river almost anywhere, except in stretches bordered by 



predominantly clayey backswamp deposits. The sand and gravel deposits of 

the region have bee11 described in a bulletin of the Louisiana Geological 

Survey (27), and the list of the more important producers given in Appen

dix B has been largely compiled from this publication. 

Riprap 

99. To be used as riprap, natural stone should possess the follow

ing properties: (a) high to medium density; (b) absence of bedding planes 

and joints along which breakage may occur; {c) resistance to wave attack; 

(d) resistance to alternate wetting and drying; and (e) resistance to 

alternate freezing and thawing. Rocks composed essentially of one mineral 

generally meet these specifications better than those made up of several 

minerals. Natural materials possessing the required properties are 

Chiefly limestones, dolomites, sandGtones, quartzites, and various igneous 

and metamorphic rocks, Tests of the Catahoula sandstone, the most 

promising of the Tertiary formations of th~ Lower Red River Valley, indi

cate that it is generally unsuitable for riprap. However, recent tests 

Of Catahoula-like materials from Coochie Brake, Louisiana, indicate that 

stone from this locality is probably s~tisfactory for this purpose. There 

are thus very few sources of natural material closer than the Paleozoic 

strata of southern Arkansas and Oklahoma. Stone from the vicinity of New 

Braunfels, Texas, has been used as riprap on highway and railway bridges 

and the jetties at Calcasieu Pass, Louisiana. A list of the more important 

riprap-producing localities in southern Arkansas and Oklahoma is contained 

in Appendix c. This list has been compiled from a survey made for the 

Mississippi River Commission (25). 
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100. Transportation of large quantities of riprap to sites in the 

Lower Red River Valley entails considerable expense, and the Ohio River 

Division, Corps of Engineers, has under study a project for the manufac

ture of ceramic riprap from locally occurring clays. These studies are 

still in an early stage, but it is possible to state that suitable raw 

materials are present along the lower courses of the Red River. Clays of 

Wilcox age in the vicinity of Mooringsport, Louisiana, and Recent clays 

in the floodplain near Alexandria have been sampled for laboratory tests. 

Deposits near Ringgold, Louisiana, and Miocene clays exposed in the bluff 

near the Angola Prison Farm, Angola, La., may also be suitable. Should 

the manufacture of ceramic riprap prove feasible, cost of riprap material 

should be very markedly reduced. 
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APPENDIX A 

Sources of Subsurface Information and Boring Logs 

Amerada Oil Corporation, Eola, Louisiana 
Mr. H. X. Bay, Texas Oil Ccmi;any, New Orleans, Louisiana 
Mr. W. F. Blackman, Alexandria, Louisiana 
Mr. L. P. BleviP..s, Natchitoches, Louisiana 
Carloss Well Supply Company, Memphis, Tennessee 
Corps of Engineers, New Orleans District 
Corps of Engineers, Vicksburg District 
Mr. J.B. Dyes, Shreveport, Louisiana 
Mr. B. F. Eddington, Acme Water Wells, Shreveport, Louisiana 
Dr. H. N. Fisk, Humble Oil Company, Hoilston, Texas 
Mr. M. C. Forsong, Shreveport, Louisiana 
Mr. F. R. Gibson, Layne-Arkansas Drilling Company, Lakes Charles, Louisiana 
Grey Artesian Woll Company, Pensacola, Florida 
Haas Investment Company, Bunkie, Louisiana 
Mr. L. P. Hogge, Central Louisiana Electric Company, Alexandria, Louisiana 
lv'l!'. Leo Hough, Louisiana Geological Survey, Baton Rouge, Louisiana 
Mr. Paul Jones, U. S. Geological Survey, Groundvater Di vision, Baton 

Rouge, Louisiana 
Mr. M. N. Kelly, Gulf Utilities Company, Coushatta, Louisiana 
Mr. R. J. leBlanc, Shell Oil Campany, Houston, Texas 
Louisiana State Highway Department, Baton Rouge, Louisiana 
Mr. F. K. McDermott, New Roads, Louisiana 
Mr. W . C • McGee, Tennessee Gas Transmission Campany, Houston, Texas 
Mr. H. L. McMullin, Texas and Pacific Railroad, Dallas, Texas 
Mississippi River Commission, Vicksburg, Mississippi 
Mr. C. L. Moody; Ohio Oil Ccmpany, Shreveport, Louisiana 
Mr. D. R. Pflug, UniteQ Gas Company, Shreveport, Louisiana 
Production Marketing Adminiotration, Alexandria, Louisiana 
Production Marketing Administration, Natchitoches, Louisiana 
Rabon Drilling Company, Shreveport, Louis:'..ana 
Mr• Justin Rukas, Consulting Geologist, Shrewport-, Louisiana 
Mr. E. L. Saulsberry, Kansas City Southern Railroad, Kansas City, Missouri 
Mr. F. J. Scoggins, I.ayne-Louisiana Wells, Monroe, Louisiana 
Mr. S. O. Scoggins, Coastal Water Well Corporation, Welsh, Louisiana 
Mr. S, J. Sin:mons, Big Cane, Louisiana 
J. Y. Snyder Collection, Louisiana State University, Baton Rouge, 

Louisiana 
Mr. J. H. Todd, California Company, New Orleans, Louisiana 
Mr. R. T. Wade, Schlumberger Well Surveying Corporation, Shreveport, 

Louisiana 



APPENDIX B 

List of the More Important Sand and Gravel Producers 
in Southern Arkansas and Northern Louisiana 

Hempstead C aunty 
J. F. Brookes, Belvins 
H. R. Raley, McNab 

Lafayette County 
L. C • Berry, Stamps 

ARKANSAS 

T. s. Clements, 205 Oakley Drive, Shreveport, Louisiana 
Fordyce Brothers, Lewisville 
Sneed Grimmett, Stamps 
Mrs. Snow Henderson, lowisville 
Meriwether Gravel Company, Box 1365, Shrevoport, Louisiana 

Little River County 
B. H. Kinsworth, Box 116, Wilton 

Miller County 
Aubrey L. Cox, 2503 Pine St., Texarkana 
Gifford-Hill, Inc., 412 Texas Bank Building, Dallas, Texas 
J. W. Mason, Fouke 

I.DUIS IAN A 

Avoyelles Parish 
Mayeau Sand and Gravel Company, Marksville 

Caddo Parish 
Acme Sand Comi:any, Shreveport 
E. W. Campbell, Shrevoport 
Meriwether Supply Comµmy, Shrevoport 
Ross Sand and Gravel C .::mpany, Shreveport 

Catahoula Parish 
Gifford-Hill Ccmpany, Alexandria 

Grant Parish 
Lutesville Sand and Gravel Company, Alexandria 

Rapides Parish 
Alexandria Gravel C an.pany, Alexandria 
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Rapides Parish (continued) 
Gifford-Hill Company, Alexandria 
La Salle Material Ccmpany, Alexandria 
Louisiana Materials Company, Alexandria 
Rapides Sand and Gravel Company, Alexandria 

Red River Parish 
Sam Grappe, Coushatta 

Webster Parish 
Braswell Sand and Gravel Company, Minden 
Gifford-Hill Canpany, Box 112, Minden 
Gilmer and Gilmer Sand and Gravel Company, Minden 
Ju ban Gravel Company, Inc • , Box 1615, Shreveport, Louisiana 
Van Peen Gravel Company, Minden 
Winford Sand a."1.d Gravel Company, Minden 

West Feliciana Parish 
Afton Villa Sand and Gravel Company, St. Francisville 



APPENDIX C 

List of the More Important Ripran Producers 
in Southern Arkansas and Oklahoma 

ARKANSAS 

Big Rock Stone and Materials Company, Little Rock 
Coogan Gravol Company, Peoria, Illinois. Quarry is in vicinity of 

Butterfield 
Jack Knight, MalYern 
Locality near Amity, Clark County 
Pro:i;erty of Dierks Lumber Campany, Garland County 
Pro:i;erty of Jesse Caldwell, Garland County 

OKLAHOMA 

Dolese Brothers, Box 1273, Oklahoma City 
Rock Products Manufacturing Company, Box 81, Ada 
St. Clair Lime Company, Box 52, Sallisaw 
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