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PREFACE 

Authorization for this study was contained in a letter dated 
2 November 1962, from the Acting Executive Officer, U. S. Army Engineer 
District, Vicksburg, to the Director, U. S. Army Engineer Waterways 
Experiment Station, subject, "Ouachita and Black Rivers, Arkansas and 
Louisiana, Geology Studies." 

The geologic investigations were conducted by Daniel G. Stanley, 
Lieutenant, Corps of Engineers, U. S. Army, assigned to the Geology Branch, 
Soils Division , Waterways Experiment Station. Mr. W. B. Steinriede, Jr. 
and Mr. Roger T. Saucier of the Geology Branch wrot e the text ; Lt. Stanley 
prepared the plates. The study was conduc ted under the direct supervision 
of Mr. W. B. Steinriede, Jr.", and under the general supervision of Messrs. 
W. J. Turnbull and W. G. Shockley , Chief and Assistant Chief, respectively, 
of the Soils Division, Waterways Experiment Station. 

this 
CE. 

Director of the Waterways Experiment Station during the conduct of 
study and the preparation of this report was Col. Alex G. Sutton, Jr., 
Technical Director was Mr. J. B. Tiffany. 
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Introduction 

The Ouachita and Black River Project is concerned with navigation 
improvement from the mouth of the Black River upstream to Camden, Arkansas, 
on the Ouachita River. The results of geologic studies made to assist in 
selection of a site for a lock and dam to be constructed on the lower Ouachita 
or the Black River in the vicinity of Jonesville, Louisiana, are presented 
in this memorandum. 

Five sites (plate 1) were initially selected for investigation by the 
Vicksburg District on the basis of both navigational and constructional 
considerations. An additional site (site 3 at river mile 55) was recommended 
for consideration by the Fish and Wildlife Service of the Department of the 
Interior. This site was later eliminated from the exploratory program for 
site selection by the Vicksburg District on the basis of economic studies. 
As no borings were drilled to investigate this site (site 3), a discussion 
of the geological conditions in that area is not included in this report. 
Two of the five original sites (sites 1 and 2 north of Jonesville, Louisiana) 
were also later eliminated from consideration by the Vicksburg District. 
These sites, however, were investigated by borings and are briefly discussed 
in this report to permit the range of geologic conditions which exist with
in the study area (both north and south of Jonesville) to be presented. 

Approximately 31 air miles separate site 1 to the north (5 miles 
north of Jonesville) from site 6 to the south (1 mile above the mouth of 
the Black River). At site 1 (mile 64), 5 (mile 6), and 6 (mile .l), the 
lock and dam structure would be located within the river. At sites 2 
(mile 59.5) and 4 (mile 25), the structure would be located in cutoffs 
approximately one mile long. 



1-01. Scope of investigations. Sixteen exploratory borings, all of 
which extended into the uppermost Tertiary clays, were drilled by the Vicksburg 
District to investigate the five original sites. Boring samples (both general 
and undisturbed) were classified in the Vicksburg District laboratory where 
water content and D10 grain-sizes were determined. Subsurface geologic in
terpretations were made from an analysis of boring logs, samples and laboratory 
records. The areal distribution of the depositional environments and related 
engineering soil t ypes at each site were mapped by an examination of aerial 
photographs ranging in scale from 1:10,000 to 1:40,000. The interpretations 
are presented on t opographic base maps and in geologic cross sections for 
each s i te ( pl ates 2a4). No geologic field investigations were conducted at 
any of the s iteso 

1-02. General geology. 

a. Physiography and stratigraphy. The sites under consideration 
lie near the center of the alluvial valley of the Lower Mississippi River 
some 40 to 50 miles east-northeast of Alexandria, Louisiana (see insert on 
plate 1). In the area north of Jonesville, the Ouachita River occupies an 
abandoned meander belt of the Arkansas River which averages about 3 miles in 
width. South of Jonesville, a marked change occurs in the character of the 
stream. At this point the river (called Black River below the confluence 
of the Ouachita and Tensas Rivers) enters a much larger meander belt 
(averaging about 6 miles in width) formed by a former course of the Mississippi 
River. The meander scars and ox-bow lakes associated with this meander belt 
have an average radius of about 2 miles, considerably larger than those north 
of Jonesville. Floodplain elevations in the area under consideration vary 
from approximately 40 feet above usl in backswamp areas to about 60 feet 
above msl on natural levee crests. 

Uplands composed of Tertiary and Pleistoce~e deposits are 
located about 5 mi l es northwest of site 1 (plate 1). None of these deposits 
are exposed at the surface in the immediate vicinity of any of the sites. 

The Recent deposits throughout the study area may be 
divided into a fine - grained topstratum and a coarser-grained substratum. 
This sequence is underlain by an eroded Tertiary surface which has a gentle 
southward slope. Contours on this buried surface are shown in plate 1. 
Depths to Tertiary vary from about 90 feet at site 1 to about 325 -at site 6. 
An exa~nation of boring samples indicates that the uppermost Tertiary de
posits are inclu~ed in the Fleming formation of Miocene age. No deposits 
of Pleistocene .age were encountered in any of the borings at the various 
sites. 

b. Lithology. The Tertiary deposits encountered in all of 
the borings (plates 5 and 6) are composed of very stiff gray to olive-green 
fat clay (CH) or silty clay (CL) with silt (ML) laminations. The clays are 
occasionally mottled, indicating possible oxidation. The lenticular nature 
of the sediments is a reflection of various stages in the depositional 
history of the Fleming formation. 
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, The Recent deposits may be divided into a topstratum and 
a substratum on the basis of lithology. The substratum deposits which dis
conformably overly the Tertiary surface are primarily composed of dense to 
very dense, gray or tan, . fine- to medium-grained sand (SP) with occasional 
lenses of silt (ML) in the upper portion, and medium- to coarse-grained sand 
(SP) and gravel (GP) in the lower portion. Silt and silty clay horizons are 
occasionally present within this unit (see site 5, section E-E'). In general, 
the thickness of the substratum increases toward the south from less than 
20 feet at site 1 to approximately 220 feet at site 6. Without exception, 
the substratum deposits are the coarsest and the most permeable deposits 
encountered in the area. Although most of the n10 sizes range between 0.10 
and 0.40 mm, considerably higher values can be expected. Topstratum deposits 
are normally subdivided on the basis of environments of deposition into 
natural levee, backswamp, point-bar~ abandoned channel or "clay plug," and 
abandoned course deposits. Natural levee deposits, varying from about 
15 to 25 feet in thickness, occur adjacent to the Ouachita and Black River 
at each of the proposed sites. These deposits consist of firm to stiff, 
mottled brown and gray fat c l ays (CH) and silty clays (CL) with occasional 
silt (ML) lenses which are transitional with the underlying backswamp, 
point-bar, abandoned channel, or abandoned course deposits. 

Backswamp deposits consist primarily of medium to stiff, 
gray, concretion-bearing fat clays (CH). This depositional environment is 
unlike other topstratum units in that the sediments are quite uniform in 
both thickness (averaging about 50 feet) and lithology. Backswamp deposits 
can be distinguished from the overlying natural levee deposits by their more 
uniform gray color and higher water contents. 

Point-bar deposits, varying in thickness from approximately 
60 to 100 feet, were encountered by borings at each site studied with the 
exception of site 2. These deposits are composed of gray silts (ML), silty 
sa1;1ds (SM), and fine sands (SP) with minor quantities of s,ilty clays (CL). 
Point-bar deposits vary rapidly both laterally and vertically due to their 
lenticular nature (see sections E-E' and F-F 1

9 plate 4). Considered as a 
unit, point-bar deposits have n10 sizes which normally range between 0.05 
and 0.20 mm. In general the smaller sizes are predominant~ particularly in 
the upper po~tions of the unit. At the surface~ this depositional environ
ment is characterized by distinct ridges and swales. Although not indicated 
in any of the borings, the swales frequently contain appreciable fine-grained 
materials (CH and CL). 

Abandoned channel or "clay plug" deposits are indicated on 
the geologic maps in plates 2, 3, and 4. Those in plate 2 are of Arkansas 
River origin, while those in plates 3 and 4 were created by the Mississippi 
River. No borings were made in any of these "clay plugs," and it is not 
anticipated that such deposits will be encountered at any of the proposed 
sites. The clay plug in the vicinity of site 1 (cross section A-A'). is 
estimated to be about 70 feet thick and to consist primarily of soft to 
medium, gray fat clay (CH) and silty clay (CL). 
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The abandoned course deposits shown in sections c-c• and 
D-D' (plate 3) are predominant only in the vicinity of site 4. These deposits 
represent materials that accumulated in a channel of the Mississippi River 
during and after an upstream diversion to a new course. Viewed in cross 
section, the deposits form a body about 2500 feet wide and about 90 feet in 
maximum thickness. Although the abandoned course deposits vary rapidly both 
laterally and vertically, there is a tendency for the deposits to coarsen 
with depth, i.e. a downward gradation from silty clays (CL) through silts (ML) 
a1d silty sands (SM) to fine sands (SP). The »10 sizes of the abandoned course 
deposits generally range between 0.05 and 0.12 mm. However, lenticular zones 
with D10 sizes up to 0.19 mm are occasionally encountered in the lower portion 
of the unit . 

c. Tec tonic activitv,. As interpreted from physiographic and 
subsurface evidence~ northeast-southwest trending faults occur to the north 
and west of Jonesvill e. The trends of two of these fault s are shown by the 
positions of Bushley Bayou and Little Rive r (plate 1) . There are neither 
physiographic nor subsurface indications of Recent faulting in the immediate 
vicinity of any of the proposed sites, however. A review of historical 
records showed that no epicenter~ of d~aging or destructive earthquakes have 
occurred within a 50-mile radius of any of the sites. Because of the low 
seismic probability in thisarea (Zone 0 according to the Uniform Building 
Code, 1961 ed., vol. 1) 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. 

d. Groundwater conditions. No groundwater data were recorded 
in any of the 16 borings made at the proposed sites. However, previous 
experience in the area indicates that the groundwater table can be expected 
to be within 20 feet of the surface throughout most of the year. Provisions 
for dewatering during excavation must be planned regardless of the site 
selected. 

The wat er table should vary rapidly and in direct response 
to stage variations of the Ouachita and Black Rivers at sites 1, 3, 4, and 
5. Each of these four sites is located near the river and is characterized 
by the presence of abundant silts (ML), permeable sands (SP), and silty sands 
(SM). At site 2, the thick deposit of backswamp c lays would result in a 
slower reaction to stage variations of the Ouachita River. These clays 
would also tend to minimize rainfall infiltration. Measures to reduce 
excess hydrostatic pressures at this locality would be necessary, however. 

e. Construction materials and mineral r esources. Details 
concerning the availability of materials for construction purposes will be 
covered in a separate Design Memorandum. Materials suitable for most con
struction purposes, excluding embankments and earth-fill structures, are 
not present within the topstratum of the Recent alluvi um in this area. 
Howeverp it would be possible to obtain limited amounts of pervious sands 
from selected point-bar deposits on the Ouachita and Black Rivers. 
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Fine and coarse aggregate for use in concrete and as filter 
material are available from the Sicily Island area about 15 miles northeast 
of site 1. Washed sands and gravels are also available some 20 miles west 
of site 1 from terrace deposits which blanket the Tertiary hills in the 
vicinity of Enterprise and Rinehart, Louisiana. 

Rock suitable for prot ecti on stone is not available within 
the area studied. The neares t s ources of stone include the calcareous sand
stones and s i ltstones of t he Catahoula f ormation at Sicily Island, the lime
stone and anhydrite format i ons a t Winnf iel d , Louisiana, and the calcareous 
sandstone at C~ochie Br ake near Alexandr i a p Louisiana. Proven sources of 
durableo hi gh-quality stone occur mainly i n Arkansas in the vicinity of 
Little Rock, DeQueen, and Mens. No c~ercially important mineral resources 
are known to exist in the areas which would be affected by construction of 
any of the l ocks and dams being consider ed . 

1-03. Proposed s ites. 

a. Si t e l . The are~l di stribution of the environments of 
deposition in t he vi cinity of site 1 are shown in plate 2. As interpreted 
from boring E-1-62 (sec tion A-A', plate 2) 9 the deposits which underly this 
site consist of approximately 13 feet of natural levee fat clays (CH) and 
lean clays (CL) overlying 55 feet of point-bar deposits consisting of silty 
and sandy c l ays (CL) , silts (ML), and silty sands (SM). The point-bar 
deposits extend t o an e levation of -14 feet msl 9 below which are encountered 
approximately 19 f eet of substratum sands and gravels (SP) and silty sands 
(SM). Underlying these relatively coarse substratum deposits at a depth of 
92 feet (elevation -38 feet msl) are hard , gray Tertiary clays of the Fleming 
formation. 

b. Si te 2. The lock and dam proposed for this site would be 
constructed in a cut off about 3000 f eet long. The environments of deposition 
and their associated soil types along this cut of f are shown in section B-B', 
plate 2. At the proposed site of the l ock and dam (indicated by boring 
D-1-62), approxi mate ly 18 feet of oxi dized natural levee clays (CH and CL) 
overly a unit of gray backswamp c lays ( CH and CL) which extend to an eleva
tion of -8 feet msl. About 50 feet of dense substr atum sands and gravels 
(SP) occur between the backswamp deposits and the s tiff gray, green, and 
brawn Tertiary clays which occur at a depth of 117 feet (elevation -62 feet 
msl). 

c. Site 4. The l ock and dam proposed f or site 4 would be 
constructed in a 1-mi l e-long cutoff near t he west bank of Black R{,yer at 
river mile 25. The subsurface distribution of deposit s at this site, 
determined from 10 borings, is i ndicated by sec t i ons C· C0 and D-D0

, plate 3. 
The distribution of the environment s of deposition i n t he general area , 
interpreted from aerial photographs, is shown on the geologic map in plate 3. 
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The area that would be occupied by the proposed lock 
and dam is characterized by 15 to 25 ~eet of natural levee deposits over
lying a thick unit (up to 100 feet) of abandoned course deposits. The 
latter deposits consist of silty and sandy clays (C~) which grade down-
ward into silts (ML) and sands (SP)' (see sections c-c' and D-D', plate 3). 
Since the base elevation of the proposed structures would be at -20 feet msl, 
excavation for the structure would encounter the upper portion of the basal 
sands. The D10 sizes of the sands generally range between 0.05 and 0.12 mm, 
indicating a permeability of about ~5 to 350 x l0-4 em/sec. However, occa
sional zones within the unit have Dio s~zes as large as 0.19 mm (permeability 
of about 950 x lo-4 em/sec). 

The mass of clay (CH and CL) which occurs at the base of 
the abandoned course is restricted to an area between borings JC-4-62 and 
JC-8-62U in a north-south direction and between borings JC-9-62 and JC-10-62 
in an east-west direction. These clays may have been deposited originally 
at the base of the abandoned course; however 9 their lithology strongly 
suggests that they may be backswamp clays which slumped as a mass from 
west to east into the deeper portion of the old river channel. 

Substratum deposits consisting of sands (SP) with 
varying amounts of gravel are encountered throughout the area but are 
thickest to the west of the abandoned course (where overlain by backswamp 
deposits). These deposits attain a thickness of 55 feet in the latter 
area, while beneath the abandoned- course deposits they do not exceed a 
thickness of 20 feet. The D10 sizes of the substratum sands and gravels 
usually range between 0.15 and 0.35 mm, suggesting a permeability of about 
580 to 2500 x lo-4 em/sec. 

The Tertiary clays which underly the entire site area are 
extraordinarily uniform at an average depth of about 120 feet. In the 10 
borings at the site; the Tertiary surface has a maximum relief of only 
7 feet between elevations of -75 and -82 feet msl (plates 5 and 6). 

d. Site 5. An examination of the samples from two borings 
(F-1-62 and F-2-62, plate 6) drilled along the east bank of Black River 
at river mile 6 and interpretations from aerial photographs reveal that 
this site is located within an extensive zone of Mississippi River point
bar deposits. The subsurface distribution of the deposits is shown in 
section E-E', plate. 4. The point-bar deposits are composed of gray silts 
(ML), silty sands (SM), and sands (SP). As in the case of the abandoned 
course, the .deposits tend to coarsen with depth. The DlO sizes of most 
of the sandy materials range between 0.08 and 0.14 mm, indicating perme
abilities ranging from about 120 fo 500 x l0-4 em/sec. 

Substratum deposits up to 70 feet in thickness are present 
beneath the point-bar deposits. The upper 30 feet of this unit are composed 
of sands (SP), while most of the lower unit consists of unusual quantities 
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of silty sands (SM) and sandy clays (CL). The only significant con
centration of sand and gravel occurs at the base of the unit toward the 
southern end of the site area. Since most of the n10 sizes of the sands 
within the upper unit range between 0.11 and 0.25 mm, a permeability of 
1500 x l0-4 em/sec should be expected for these substratum deposits. A 
much higher permeability should be expected for the sand and gravel con
centration. 

The Tertiary deposits that were encountered at a depth 
of 151 feet (elevation -102 feet msl) beneath the site are composed of 
hard gray clay (CL). The depth at which these clays were encountered 
indicates that the site is located over a deep portion of the ancient 
Mississippi River entrenched valley. 

e. Site 6. The origin and distribution of the deposits 
at site 6 are similar to those at sit e 5, i. e. a thick (100-foot) se
quence of point-bar deposits underlain by an extensive unit of substratum 
deposits. However 9 as indicated in section FwF'» plate 4, the point-bar 
deposits contain appreciably less sand (SP) than those at site 5, while 
the substratum deposits contain considerably more sand and gravel (SP and 
GP) than those at site 5. Most of the D10 values for the point-bar deposits 
range between 0.075 and 0.12 mm. These Indicate a range in permeability 
of 100 to 350 x 10-4 em/sec. The D10 sizes for the substratum deposits 
vary from a minimum of 0.11 mm to a maximum of 8.1 mm, however most of 
the sizes range from about 0.15 to 0.40 mm. Based on the latter values, 
the permeabilities would range from about 270 to 3000 x lo-4 em/sec. 

Below the approximately 200-foot-thick unit of substratum, 
hard gray Tertiary clays were encountered in the ~o borings (A-1-62 and 
A-2-62, plate 6) at depths of -260 and -275 feet msl. Significantly 
shallower depths to Tertiary should not occur elsewhere in the site 
area. 

' 
1-04. Site evaluation. There are no problems of a geologic nature 

that. would prevent the construction of a lock and dam at any of the sites 
considered in this study. Since sites 1, 2, and 3 were eliminated from 
further consideration by factors other than geologic ones, only sites 4, 
5, and 6 will be evaluated in this section. 

The designs proposed for the locks and dams include the 
use of pile foundations. As the Tertiary surface affords one of the best 
bearing r,horizons for piles, the depth to this surface is of significant 
importance in site evaluation. In this 'regard, site 4 exhibit.s both tm 
shallowest depths to Tertiary (about 55 feet beneath the base of the structures) 
and the most uniform surface conditions (maximum recorded relief of 7 feet). 
At site 5, the depth to the Tertiary would be about 75 feet below the base 
of the structures and at site 6 it would be about 240 feet. 
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Errata Sheet 

GEOLOGIC ASPECTS OF SITE SELECTION 

JONESVIIJ.E LOCK AND DAM1 BLACK RIVER1 LOUISIANA 

Miscellaneous Paper Noo 3=571 

following changes in the text of the report : 

Page 1..,07 = Second paragraph should be omi ttedo 

Last paragraph should read: "In conclusion~ it can be 

stated that from the standpoint of geologic factors site 4 at river 

mile 25 appears to be the most favorable of the sites considered for 

the construction of this lock and dam. It is considered that the 

location of the structures within the site will be approxime.tel:y as 

shown on plate 3· Any minor adjustment that may be required in the 

location will be determined from detailed foundation investigations 

now being conducted." 
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Although the'relatively coarse and permeable substratum 
deposits occur at all three sites, thef a~e thinnest at site 4. This may 
prove to be of significant value from the standpoint of dewatering and 
underseepage control. Similarly, the abandoned course deposits at site 4 
are somewhat finer grained and less permeable than the point-bar deposits 
at sites 5 and 6. In addition, a significantly greater thickness of fine
grained materials (CH, CL, ML, and SM) occurs in the upper portion of the 
abandoned course deposits than in the point-bar deposits. 

Since the proposed structures will be founded on piles, 
the mass of clays (CH and CL) which occurs near the base of the abandoned 
course at site' 4 is not considered detrimental. 

In conclusion, it can be stated that from the standpoint 
• 

of geologic factors site 4 at river mile 25 appears to be the most favorable 
for the construction of a lock and dam on the Black River. . . 
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