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PREFACE
Authorization for this study was contained in a letter
dated 23 July 1963, from the District Engineer,
U.
S.
Army
•
Engineer District, Vicksburg, to the Director, U. S. Army
Engineer Waterways Experiment Station (WES), subject "Ouachita
and Black Rivers, Arkansas and Louisiana, Geology Studies."
This study is one of a series of geological investigations of lock and dam sites along tbe Ouachita and Black Rivers,
Arkansas anq Louisiana. The report was submitted to the U. S.
Army Engineer District, Vicksburg, for inclusion in a design
memorandum.
The text and plates for this report were prepared by
Mr. Roger T. Saucier, Geology Branch, Soils Division, WES~ The
study was conducted under the direct supervision of Mr. W. B.
Steinriede, Jr., Chief of the Geology Branch, Soils Division,
'
and under the general supervision of Messrs, W. J. Turnbull and
A. A. Maxwell, Chief and Assistant Chief, respectively, of the
Soils Division, WES.
,
Director of
the preparation of
Technical Director

the
WES during the conduct of this study and
.
this report was Col. Alex G. Sutton, Jr., CE.
was Mr. J. B. Tiffanya
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SECTION III - GEOLOGY
3-02o Scope of Investigations. Initial subsurface explorations
in the vicinity of the proposed lock and dam were accomplished between
June 1962 and January 1963 and consisted of 58 rotary-drilled borings
(see borings JC-1-62 through J-60-62-U, Plate III-2)o In 54 of the
borings, samples were obtained at approximately 5-foot depth intervals
by either the auger and drive tube method or the vacuum-type Shelby
tube methodo Four borings, located along the proposed centerlines of
the lock and the dam, were drilled to obtain continuous undisturbed
cores 5 inches in diametero Water content analyses of the clayey
sediments and grain size analyses (n ) of the silty and sandy sedi10
ments were performed on all samples o Of the total number of borings
35 were drilled into the uppermost Tertiary deposits (average eleva- ~
tion ~76) while the remainder were drilled to an average elevation
of -30o No water table data were recorded in any of the borings.
After an examination of the 58 borings and the development
of the local stratigraphy, it was decided that the proposed location
of the lock and dam should be shifted about 600 feet to the north to
avoid as much as possible a buried mass of backswamp clayso These
clays vary appreciably in thickness (0 to 60 feet) and have relatively
low compressive strengths and moderately high water contents.
To confirm the prospect that a shift in location of this
magnitude would place the structures essentialLy beyond the limits
of the clay mass, an additional 31 borings were made in the area between June and August 1963 (see borings JL-61-63-U through JL-91-63-U,
Plate III-2) o Of the total, 13 '\>~ere drilled into Tertiary deposits
while the others were drilled to an average elevation of -30o Undisturbed samples were obtained in four of the borings. Laboratory tests
of various types were performed on selected samples from most of the
boringso
In addition to the 89 borings, all available literature,
maps, and aerial photographs were used in determining the origin,
nature, and distribution of the deposits in the vicinity of the siteo
To supplement the information contained on the laboratory logs of the
borings, selected samples (both disturbed and undisturbed) were examined in the Vicksburg District laboratory. A field investigation
of the site was not considered necessary for the study.
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3-03 o General Geology.

a. Physiography. The Black River,
which trends north-south near the center of the Alluvial Valley
of the lower Mississippi River, conducts the combined flow of the
Ouachita, Little, and Tensas Rivers from their confluence at Jonesville,
Louisiana, south to the Red River near Acme, Louisiana. Throughout
this entire distance of about 25 miles (40 river miles), the Black
River occupies an abandoned meander belt of the Mississippi River
and in places actually follows an abandoned course of the Mississippi
River o This explains the appreciable increase in the meander radii
of the Ouachita-Black river system from less than 1 mile in the area
north of Jonesville to 1 to 3 miles in the area south of Jonesville.
To only a limited degree has the Black River meandered vli thin the
confines of the larger meander belt and produced its own cutoffs.
In the general area of the proposed lock and dam, surface elevations vary from about elevation 40 in backswamp areas and
in the larger swales in point bar areas to about elevation 55 along
the crests of the natural .levees. The .Black River averages about
500 feet in width and has an average thalweg elevation of about -15.
Recorded stage variations range from an extreme .low water of approximately elevation 5 to a maximum high water of approximately elevation

65o
bo Stratigraphy. At the proposed site, the sediments
consist of a mass of Recent alluvium disconformably overlying eroded
Tertiary deposits. The Recent sediments are approximately 125 feet
thick, extending from the surface to an average depth of about elevation -75· The youngest or uppermo~t Tertiary formation probably is
at least several hundred feet thick.
Most of the Recent deposits consist of topstratum clays
(CH and CL), silts (ML), and fine sands (SM and SP) . These deposits,
representing several environment s of deposition (paragraph 1-04), vary
in thickness from about. 75 to 125 feet . Throughout most of the area
under consideration, the topstratum is separated from the Tertiary
deposits by substratum sands (SP) o~ sands and gravels (SP or GP).
Although substratum thicknesses as great as 55 feet do occur , the
average thickness is less than 15 feet .
The Tertiary deposits , included \vi thin the Fleming formation of the Grand Gulf group (Miocene), consist of a thick se~uence
of interfingering fluviatile silts and si.lty clays with lenticular
sands and occasional brackish-water clays and silty clayso Considered
in gross terms, the formation dips to the south at a rate of probably
less than 10 feet per mile.
.
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c. Tectonic Activity. There are no physiographic ind:i.cations of faulting in the vicinity of the proposed site. Futhermore, the borings at the site do not indi.cate any evidence of fault
displacements in the subsurface. The nearest known faults follow a
northeast-southwest trend about 9 miles northwest of the site along
the courses of Little River and Bushley Bayou (Plate I-1). These
faults are part of the Catahoula Lake Fault Zone, one of several
large zones responsible for the general confi guration of the Lower
Mississippi Valley.

A review of historical records showed that no epicenters
of damaging or destructive earthquakes have occurred within a 50-mile
radius of the proposed site. Because of the low seismic probability
in this area (Zone 0 according to the Uniform Building Code, 1961
edition, Volume l) and the lack of any indication of movement along
any of the faults in the area during historic times, no further
consideration of this problem appears necessary.
3-04. Site Geology. The areal distribution of the environments
of deposition of the Recent sediments is shown in Plate III-1 for a
20-square-mile area surrounding the proposed site. Three generalized
cross sections are included to provide an indication of the vertical
extent of the major environments. The detailed subsurface lithology
and stratigraphy are indicated in Sections A-A through P-P (Plates
III-3 through III-16) and by means of correlations between borings
in three additional plates (Plates III-17 through III-19 ). The
sections include the complete graphic logs of the borings and the
D10 and water content data and represent the areas lying beneath
the lock, the dam, the upstream and downstream approach channels,
and the closure levee and dam in the Black River. It should be
noted that the locations of the various portions of the structures
shown in the plates reflect the 600-foot northward shift in location
(see paragraph 3-02). In addition to the sections, maps have been
prepared to show the configuration of the mass of backswamp, natural
levee, and abandoned channel clays that lies west and south of the site
and the thickness of the fine-grained abandoned course deposits in the
site area (Plates III-1 and III-21).
The lock and dam structure will be located near the western
side of a mass of Recent deposits -vrhich fills an abandoned course of
the Mississippi River. The old river course had an average width of
about 2,500 to 3,000 feet and had an apparent maximum thalweg elevation
of approximately -73. The westernmost limits of the abandoned course
(the former right bank) are generally defined at the surface by a
slight topographic break (about 6 feet) which trends about 100 feet
east of and roughly parallel to Louisiana State Highway 124 (Plates
III-1 and III-2). Since the right bank of the former river course was
the cut bank, the thalweg occurs close to this bank in a position
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approximately directly below the lock.
West of the abandoned course and north of boring
JC-10- 62 (Plate III-2), the Recent deposits occur in what is
considered to be a normal depositional sequence, i.e., natural
levee deposits overlying backswamp deposits which, in turn,
overlie substratum deposits (see Section A-A, Plate III-1).
South of boring JC-10-62 and w~st of the abandoned course, a
thick mass of Mississippi River abandoned channel or "clay plug"
deposits occurs between the overlying natural levee deposits
and the underlying backswamp and substratum deposits (see Section
B-B, Plate III-1). Although a narrow wedge of point bar deposits
exists between the clay plug and the abandoned course, by far the
most continuous mass of these materials lies east of the abandoned
course in Concordia Parish, Louisiana. The nature of the sediments in each of the major units is described below.
a. Tertiary Deposits. As indicated in 48 borings,
the buried Tertiary surface varies from elevation -73 to elevation
- 82. The amount of relief indicated ( 9 feet) is extracrdinarily
small as compared to the relief known to occur in areas of similar
size elsewhere in the Lower Mississippi Valley. Furthermore, the
slight variations that do occur give no indication of the presence
of an entrenched drainage system. The surface is essentially flat
with no discernible regional slope.
The Tertiary deposits encountered in the borings consist
of hard to very hard pale olive green or occasionally mottled olive
green and gray clay with varying quantities of silt. Variations in
t he silt content are reflected by the engineering classifications of the
deposits which are fat clay (CH), lean clay (CL), or silt (ML). The
silt is more characteristically mixed with clay rather than in distinct
lamina, although the latter situation does occur.
The natural water contents of the Tertiary deposits are
low, the average being about 24 percent dry wei ght with the total
observed range being from 18 to 34 percent.
It is not anticipated that significant variations in
lithology will be encountered in the upper 20 or 25 feet of the Tertiary
formation; however, this possibility cannot be dismissed completely
since none of the borings penetrated more than 7 feet into the Tertiary
deposits.
b. Recent Deposits. The substratum deposits in the
vicinity of the proposed lock and dam consist of dense to very dense
gray silty sands (SM), fine to medium sands (SP), and sands and gravels
(SP or GP). Occasional thin horizontal clay strata (CH or CL) may be
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present in all three types of materials.
In general, the amount of coarse sand and gravel in
the substratum deposits increases with depth and reaches a maximum near the base of the unit. This situation is well illustrated
in the borings shown in Section K-K, Plate III-12 . The total range
of D1o sizes for the entire unit of substratum deposits is from
0 . 014 to 4.70 millimeter (mm.); however, most of the D1o sizes range
from about 0 .10 to 0.30 mm. (based on data from borings JC-1-62 to
J-60-62-U).
The substratum deposits are relatively uniform and have
an average thickness of about 40 feet northwest of a line projected
through borings J-44- 62-U, J-33-62-U, and J-14-63-U (Plate III-2).
Throughout the greater portion of this area, the deposits are overlain by backswamp deposits and were not affected by the scouring
action of any of the former Mississippi River courses. Southeast
of this line, the occurrence of substratum deposits is highly
irregular. As a result of significant scouring by the former river
courses and natural irregularities in the deposit, its thickness
varies from 0 to a maximum of 30 feet. As indicated in Sections
L-L (Plate III-13), M-M (Plate III-14), and N-N (Plate III-15) , the
substratum is very thin or completely absent beneath most of the
lock area.
Small quantities of reworked substratum deposits are
present in the lower portion of the mass of abandoned course deposits.
These are discussed later in this paragraph.
Backswamp deposits typically consist of medium to very
stiff, gray or mottled brown and gray, homogeneous fat clays (CH) or
less frequently lean clays ( CL) that were deposited in broad, shallow·
basins at some distance from active stream channels. Silt (ML) laminations and silt zones up to several feet in thickness may be encountered in any portion of the clay mass. Similarly, fragments of
organic matter and calcareous and ferruginous nodules up to 2 mm.
in diameter occur throughout the deposits. The brown coloration
that occurs in varying degrees in most parts of the clay mass is
interpreted as an indication of oxidation. This coloration plus the
presence of fissuring suggests that most portions of the clay mass
were once at or close to the ground surface and were subjected to
desiccation. However, there are occasional pockets or zones up to
several feet in thickness that lack brown coloration and fissuring
and that are normally soft to medium in consistency. It is quite
likely that these represent localized areas of rapid deposition that
were never subjected to alternate wetting and drying . Typical
sequences of backs\{amp deposits are illustrated by the logs of
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borings J - ll- 63- U through J - 59- 62- U in Section K- K (Plate III-12)
and borings J - 36- 62 -U through J - 51-62- U in Section L- L (Plate
III- 13).
As indicated in Section C- C, Pl ate III- 1, the base
of the mass of backswamp clays is rel atively uni form at e l evation
- 35 or - 40 as far south as the position of the abandoned channel
or cl ay plug . Beneath the cl ay p l ug and a port i on of the abandoned course, the base of the uni t increases in depth to elevations as great as - 70 (see Sections B- B and C- C, Pl ate III-1 ) .
Since neither of the Mississ i ppi Ri ver courses that affected the
area "'Yvas able to scour suffi ci ent l y deep to compl etely remove
all of the deeper backs"'Yvamp clays from beneath their channe l s,
as they were able to do farther to the north (see Section A- A,
Pl ate III-1), a w·edge or tongue of backswamp cl ays remains
beneath the former channel s .
To better i llustrate the nature of this wedge of
backswamp clays and the confi guration of the western s i de or
bank of the abandoned course, the bur ied surfaces of the natural
levee, backswamp, and cl ay plug depos i ts forming the bank have
contoured in detail on Plate I II-21 . I t can be seen that the
l ast Mississ i ppi Ri ver cour se to occupy the a r ea cut into and
c r eated a rather smooth and strai ght bank to a depth of about
e l evation - 30 in all three types of materials prior to abandonment . There are no indi cations that one deposit was signi fi cantl y easier or harder t o erode t han another .
The wedge of backswamp cl ay l ying beneath the abandoned course reaches a maximum thickness of about 60 feet in the
vici nity of boring JC- 2- 62 ( Section L-L, Pl ate III-13). At thi s
l ocation, the cl ay mass i s in di rect contact with Tertiar y
deposits, i . e . , the substratum i s compl etely absent . To the
north, east, and south of this l ocation, the mass thins sharpl y
unti l it eventuall y termi nates . To the west , it merges with the
main mass of backswamp cl ays . I n reference to the proposed lock
structure, a maximum clay thickness of 20 feet wi ll be encountered beneath the downstream wing wal l be l ow an el evation of - 50
(Plate III-21 ) . However, the cl ay mass i s ent i re l y absent
beneath the south pintl e and does not exceed 5 feet in thickness
el sewhere beneath the lock .
Sections A-A through P- P, Pl ates III-3 through III-16,
pr ovide additional information on the confi guration of the various
cl ay deposits and shovr their str ati graphi c relations to the abandoned cour se , point bar, and substratum deposi ts .
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The typical range of natural water contents for all
backswamp clays is from about 26 to 48 percent dry weight -vri th
the average natural vrater content being approximately 38 r,ercent.
These values compare favorably vTi th those representing backswamp
deposits at various other construction sites in the Alluvial
Valley. Althcugh there is no discernible tendency for a significant increase or decrease in the average water content with depth,
there is a definite increase in the variability of the vrater
contents below an elevation of about -10 . Almost all water
contents below 20 percent and above 50 percent occur below this
elevation.
In terms of areal distribution, the \,T ater contents
are rather uniform, except in a small area penetrated by borings
J-46-62-U (Section L-L, Plate III-13) and J-47- 63 -U (Section M-M,
Plate III-14). For some unkown reason, the water contents of
the tested zones in these borings average 4 to 8 percent higher
than those in any of the other borings at the site.
In the previous geologic report on the site area
(Jonesville Lock and Dam, Design Memorandum No. 11, Site Selection),
it was stated that the wedge of backswamp clays lying beneath the
abandoned course deposits possibly represented a mass of clay which
slumped from west to east into the deeper portion of the river
channel. However, this possibility no longer appears tenable in
view of the additional borings made at the site.
Averaging 15 to 20 feet in thickness, natural levee
deposits overlie the backswamp and clay plug deposits in the area
west of the abandoned river course. These deposits represent
materials deposited adjacent to the channel during overbank flooding
by the Mississippi River while it occupied the latter course in the
area.
The natural levee deposits are similar to and gradational
with the underlying backswamp deposits and can be differentiated from
them only on the basis of greater oxidation (red, brown, and yellow
staining and abundant ferruginous nodules) and a higher silt (ML)
content (most soils classified as CL or ML). The consistencies of
the natural levee deposits are equally as great as those of the backswamp deposits and the average water contents are slightly lower
(28 percent dry weight).
In addition to the natural levees created by the Mississippi River, the Black River has built small natural levees within
the confines of the abandoned Mississippi River course. The levees
form the slight topographic rise that is encountered as one moves
eastward from the bank line of the former Mississippi River channel
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toward the bank of the present Black River (see Sections E-E and
F-F, Plates III-7 and III-8) .
The Black River natural levee deposits are slightly
finer grained than those of the Mississippi River but are otherwise similar. Since they grade almost imperceptibly into the
underlying clayey portion of the abandoned course deposits, no
attempt was made to delineate them on the cross sections.
The deposits filling the abandoned course of the
Mississippi River can be divided into two units, i.e., an upper
unit consisting predominantly of clays (CH and CL) and silts
(ML) and a lower unit consisting mainly of silty sands (SM) and
sands (SP). Although the t1v-o units are gradational, a line
approximating the change from one to the other is included on
the cross sections (Plates III-3 through III-16) .
The upper unit increases in thickness from a minimum. of about 20 to 30 feet adjacent to the old bank line to a
maximum. of about 50 to 60 feet near the Black River. Excluding
the upper 10 to 15 feet which are largely Black River natural
levee deposits, the materials are typically soft to medium and
occasionally stiff, gray or dark gray, fat clays (CH) and lean
clays (CL) with n~~erous thin silt (ML) laminations. Those
materials classified as silt (ML) contain numerous clay laminations (CHand CL). Small fragments of soft brown organic
matter are found widely disseminated throughout all of the
deposits. The water contents averaged about 35 percent dry
weic;ht for the fat clays ( CH) and about 32 p-ercent dry weight
for the lean clays (CL).
The lower unit of the abandoned course consists of
dense to very dense, dark gray, silty sand (SM) and fine sand
(SP) with numerous thin silt (ML) laminations. Small wood fragments and occasional clay lumps (CL) are encountered throughout
the deposits. As indicated by the D1o sizes, the materials
composing the lower unit become progressively coarser with depth.
The average D10 sizes for various depth ranges are as follows:
Depth Range
ft, m. s .1.

D10 Size, mm.

20 to
0
0 to -20
-20 to -40
-40 to -70

0.029
0 . 082
0.095
0.100
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In addition to the vertical gradation, the deposits vary in an
east-west direction from finest adjacent to the old bank line
(mostly silts and silty sands) to coarsest near the Black River
(ffiostly silty sands and sands).
The relationship between the two units of the abandoned course deposits and the position of the lock and dam is
indicated in Sections D-D, E-E, and F-F (Plates III-6, III-7 and
III-8). It should be noted that the deeper excavations necessary
for construction of the lock and dam will extend well into the
silty and sandy lower unit.
The basal portion of the deposits which fill the abandoned Mississippi River course has been identified as re~orked
substratum in certain areas. The reworked substratum deposits
are similar to the basal abandoned course deposits except that
the former contain small quantities of medium sand and occasional
small gravel. The most continuous zone is indicated in Section
M-M, Plate III-14.
Two Mississippi River abandoned channels or "clay plugs 0
and three Black River clay plugs occur near the lock and damsite
(Plate III-1). However, only the southernmost Mississippi River
clay plug will be encountered during construction and therefore is
the only one of concern in this report.
During the previous geologic investigations concerned
with site selection, the presence of a clay plug southwest of the
lock and damsite was not recognized. None of the original borings
(JC-1-62 through JC-10-62) encountered clay plug deposits, and the
surface expression of the plug was such that it could not be recognized and mapped with assurance on the basis of physiographic
evidence alone.
An examination of the logs of borings J-44-62-U,
J-53-62-U, and JL-87-63, Plates III-9, III-10, and III-11, will
reveal that the clay plug deposits are almost identical in composition to backswamp deposits. The only discernible differences
are slightly lower compressive strengths and slightly higher water
contents (average water content 41 percent) in the clay plug
deposits.
That portion of the western bank of the abandoned
course characterized by clay plug deposits is shown in Plate III-21.

3 - 9

The borings suggest that the probable maximum thickness of the clay
is about 90 feet and that the length (north-south direction) of the
"outcrop" in the former stream bank is about 2,500 feet.
Point bar deposits resulting from river migration
are present over a wide area east of Black River (Plate III-1).
In the vicinity of the lock and dam (west of Black River), only
small quantities of point bar materials occur between the abandoned course and the substratum (for example, see Section B-B,
Plate III-4) and in the form of a narrow· band lying between the
clay plug and the abandoned course (see Plate III-1). Since
the deposits are essentially identical in lithology to those
comprising the lower unit of the abandoned course (dense to
very dense, gray, silty sands (SM) and fine sands (SP)), the
lines on the cross sections separating one from the other are
only approximate and of little significance from the standpoint
of engineering considerations.
Upon completion of the drilling of the initial set
of 58 borings in January 1963, piezometers were installed in
the holes of borings J-26-63-U, J-34-62-U, and J-37- 62-U
(Plate III-2) . The piezometers were placed in fine sands ( SM
or SP) below the backswamp clays in the case of boring J-34-62-U
and belo-vr the upper clayey unit of abandoned course deposits in
the case of t he other two borings.
As can be seen from the piezometer readings (Plate
III-22), the piezometric surface in the area under consideration
varies in direct and rapid response to stage variations in th~
Black River. As would be expected, the total range is greatest
adjacent to the river and progressively diminishes with increased
distance from the river. Because of the thick and continuous
zone of relatively impervious backswamp clays to the west of the
s ite, variations in the piezometric surface caused by local
precipitation should be slight.
When the stage of the Black River is high (above
about elevation 25 ), there is an apparent movement of groundwater
from the river into the abandoned course and substratum deposits,
When the river stage is below this elevation, as it is during most
of the year, the direction of groundwater movement is reversed.
An uninterrupted hydraulic connection between the substratum deposits and the abandoned course deposits occur in the
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Area north of the location of Section G-G, Plate III-9, and south
of the location of Section J-J, Plate III-11 (see Plate III-2)o
In the intervening area, the connection is interrupted by the wedge
of backswamp clays that extends from the base of the abandoned
course down to the Tertiary surfaceo
3-05o Construction Materials~ Details concerning the availability of materials for construction purposes are presented in
Design Memorandum Noo 5, Availability of Construction Materials for
Columbia and Jonesville Locks and Dams, October 19630
3-06o Conclusions. The si.te under consideration is considered
to be satisfactory for the construction of the Jonesville Lock and
Dam and should present no unusual foundation problemso The boring
program accomplished at the site has been adequate to delineate the
major lithologic units that will be encountered during constructiono
The Tertiary deposits that underlie the site consist of
uniform very stiff to hard fat clays ( CH) and lean clays ( CL) o Although no samples have been tested, the cohesion of the soils should
exceed 2,000 pounds per square foot. The surface of the Tertiary
deposits is extremely uniform at an average elevation of -76o
All major excavations for the lock and dam will take
place in abandoned course deposits (Plates III-3 through III-16)o
The excavations will extend through the upper clayey unit (mostly
CH and CL) into the upper part of the lower silty and sandy unit
(mostly SM and SP)o
Any piling that might be needed for the lock and dam
would be driven into or through dense to very dense sands (SM or SP)
or sands and gravels (SP or GP) which overlie the Tertiary deposits o
The 600-foot northward shift in the location o~ the lock and dam was
sufficient to remove the major portion of the structures from over
the mass of ba.ckswamp clays~ Only a limited thickness of clay over
a small area will occur beneath the down stream wing wall of the
locko This is not expected to affect the structural stability of
the lock in any wayo
The closure dam in the Black River will be constructed
on abandoned course and point bar deposits (Plate III-5)o Both
types of deposits consist of silty sands (SM) and sands (SP) with
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minor lenses of clay (CH or CL)o
The downstream exit channel will be excavated entirely
within abandoned course deposits (Plate III-16). The base of the
channel (elevation -11) will closely approximate the division
between the upper clayey unit and the lower silty and sandy unit.
The upstream approach channel (elevation -1) will be
excavated in both the upper and lower units of the abandoned
course deposits and in backswamp deposits (Plate III-12). The
latter deposits will occur mostly on the west side (right bank)
along the northernmost 2,500 feet of the channel.
The clays with the lowest strengths and highest water
contents are most likely to occur in the abandoned channel or
"clay plug" (Plate III-1). These are not expected to be of significant concern since they lie beyond the probable limits of excavation.

,
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