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ROMl LOG: JACKSON - VICKSIHJRG - NL\TC!Il~Z''c 

By 

C. R. Kolb, E. E. Russell and W, B. Johnson** 

0.0 Depart from Holiday Inn - Medical Center, Jackson. Turn right (south) 
on to State Street. 

0.1 Traffic light. Intersection of Stati Street and Riverside Drive. Turn 
left (east) and continue on Riverside Drive. 

0.5 Stop sign. Intersection of Riverside Drive and Peachtree Street. Con
tinue on Riverside Drive. 

1.3 Intersection of Riverside and Highland Drive. Continue straight ahead 
on Riverside Drive to Riverside Park and City Golf Course. Turn right 
into parking lot and park beside walkway. Walk to outcrop at "waterfall". 

STOP No. 1. Hoody' s Branch Formation (Jackson, Upper Eocene age). 
Conrad (1855) first applied the term Jackson to fossilifercus outcrops 
in the vicinity of Jackson, Mississippi. These strata are today known 
as the Moody's Branch Formation of the Jackson Group. Figure 2 illus
trates the exposure at STOP l. 

The Moody's Branch Formation was named by Lowe (1915) from 
exposures along Moody's Branch near Belhaven College, Jackson. At these 
outcrops, the unit is about 15 feet thick consisting of very calcareous, 
clayey, glauconitic sands. Fossiliferous exposures of the Moody's Branch 
Formation occur in several creeks in the Jackson area. 

Some truly remarkable fossil collections have been made from 
glauconitic sands in the Moody's Branch along Town Creek. Molluscs 
dominate the fauna. The diversity of gastropods coupled with their 
excellent state of preservation, ri'Jal th'lt of the classic Upper 
Cretaceous fauna at Coon Creek in Tennessee. Preservation is so good 
that some gastropods even retain traces of color patterns. A portion 
of this fauna was described in 1855 by Conrad. 

Geologic mapping done as early as 1854 confirmed that the city 
of Jackson is situated on a dome. The center of uplift is ne&r STOP 1. 

* Figure 1 shows route from Jackson to Vicksburg to Natchez, Mississippi and 
approximate location of stops. 

** Consulting Geologist, Vicksburg, Mississippi; Geology Department, Mississippi 
State University, Starksville, Mississippi; and Geology Department, Millsaps 
College, Jackson, Mississippi, respectively. 
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YAZOO 
CLAY 

12' 

MOODYS 
BRANCH 
FM. 

16' 

V
COCKFIELD 
FM. 

12' 

Clay, gray to buff, calcareous, with glauconitic streaks 
microfossiliferous (abundant Foraminifera). 

Depositional Environment: middle to outer neri.tic. 

Contact gradational. 

Sand and sandy marl, gray to greenish-gray, very 
-giauconitic and fossiliferous. 

Depositional Environment: shallow open sea marine, 
inner to middle neritic. 

Contact unconformable. 

Shale, gray, silty, carbonaceous, micaceous, with 
-abundant borings at top and a two foot bed of 

lignite at base of exposure. 

· Depositional Environment: nonmarine, mainly 
lagoonal. 

SECTION EXPOSED AT REFERENCE LOCALITY MOODYS BRANCH FM. 

Figure 2. Exposure at STOP 1, from Rainwater (1960). 

2 

The younger formations swing southward in concentric bands around the 
dome. A schematic geologic section from Jackson to Vicksburg illustrates 
the warping of the strata above the dome (Figure 3). In 1930 gas was 
discovered on the Jackson dome. The gas was trapped in a porous limestone 
reef (Selma Chalk equivalent) at a depth of about 4500 feet. He?VY 
asphaltic oil has been encountered on the flanks of the dome but has not 
been produced commercially. 

1.6 Keep to right, pass swimming pool, tennis courts and community house. 

1.9 Turn right on Frontage Road. 

2.4 Traffic light. Intersection of Frontage Road and Lakeland Drive. Turn 
left and continue on Lakeland Drive, St. Dominic's Hospital on left. 

3.2 Traffic light. Intersection of Lakeland Drive and Old Canton Road. Turn 
right on Old Canton Road. 

3.4 Traffic light. Intersection of Old Canton Road and Duling Avenue. Turn 
left arid continue on Duling Avenue. 
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3.6 Traffic light. Intersection of Duling Avenue and State Street. Turn 
right and continue on State Street. 

4.8 Traffic light. Intersection of St~te Street and Triangle Drive. Turn 
left on Triangle Drive. 

5.0 Stop sign. Intersection of Triangle Drive and Northside Drive. Turn 
left and continue on Northside Drive. 

5.2 Traffic light. Intersection of Northside Drive and Hanging Moss Road. 
Turn right on Hanging Moss Road. 

8.1 Junction of Hanging Moss Road and County Line Road. Turn left and con
tinue on County Line Road. 

12.8 Turn right on "Capitol Gun Club" or "Cynthia" Road. 

13.5 Turn right and cross railroad tracks. 

3 

STOP No. 2. Jackson Lightweight Aggregate Plant, Cynthia Pit. Pit exposes 
60 to 80 feet of upper Yazoo Clay. The Yazoo Formation is essentially a 
calcareous, montmorillonitic clay, blue-green to blue-yellow. Some pyrite 
is present. Selenite is common along joints and limonite staining is 
characteristic. The Yazoo Clay is fossiliferous and the whale-like 
mammal Basilosaurus cetoides is common. The clay contains an excellent 
microfauna and nannof-lona. When the clay and silt sized particles are 
washed out of some beds, little but foraminifera and ostracoda remain 
as residue. 

At Jackson, the Yazoo formation has a maximum .. thickness of 
about 450 feet. The clay is montmorillonitic with occasional stringers 
of bentonite. Swelling characteristics of the clay cause serious engi
neering problems. These difficulties are particularly severe in and 
around Jackson and along the blufs overlooking the Mississippi Alluvial 
Valley to the west where the formation crops out from Yazoo City to the 
vicinity of Vicksburg.. Numerous slides have required constant highway 
and railroad relocations and repairs. Swelling of the Yazoo Clay in the 
Jackson area has conspicuously warped and broken Interstate 20, 
Interstate 55 and numerous other highways entering the city. Soil move
ments have critically affected the foundations of several of the larger 
buildings and caused innumerable problems in residential area. 

Return to County Line Road. 

14.5 Turn right on County Line Road. Turn south and follow road signs to 
Clinton, then take Interstate 20 west toward Bolton. In case of incle
men~ weather, it will not be possible to visit Cynthia Pit. In this 
event, follow road log below to Alternate Stop 2. 
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16.0 Stop sign. Intersection of County Line Road and Highway 49 North. Turn 
right on Hwy. 49. 

16.3 Loess and Forest Hill in road cut on left. 

21.6 Pocahontas, Mississippi. 

26.7 Turn left on Mississippi H\-lY. 22. 

' 

27.2 Turn left at sign "Mississippi Petrified Forest" and continue on gravel 
road. 

29.0 STOP No. 2 (ALTERNATE). Mississippi Petrified Forest. The lower portion 
of the Forest Hill formation containing numerous petrified logs is exposed 
at this site. The Forest Hill is overlain by Pleistocene sand and loess. 
Cooke, in 1918, proposed the name "Forest Hill Sands 11 to replace Lowe's 
term "Madison Sands''. The type locality for these sands is Forest Hill 
community, about six miles southwest of Jackson. In west-central 
Mississippi, the unit consists of interbedded, nonmarine, lignitic sand 
with abundant fragments of 9ilicified wood. 

Return to Hwy. 22. Turn left or south. 

40.5 Brownsville.· Baptist Church, turn left on blacktop road. 

47.1 Stop sign. Keep to left. 

47.5 Bolton Oil Field. Several pumping oil wells in vicinity produce from 
mulitiple reservoirs of Lower Cretaceous·age. First oil production was 
in 1955. In 20-years time, the Bolton Field has produced approximately 
17,000,000 barrels of oil, the daily consumption of oil in the United 
States (1975). Figure 4 shows schematic geologic section through the 
field and the deepest test, the Weston No. 4 Roberts, which reached a 
total depth of 14,751 feet. 

47.6 Interstate 20. Turn right toward Vicksburg. 

55.6 Edwards exit. Note that the topography is changing to rolling hills with 
a greater degree of dissection. 

57.1 Grass covered roadcuts to left and right formerly exposed the eastern-· 
most of the loess banks along the Interstate between here and Vicksburg .• 
Loess thickness in this area is on the order of 30 feet. 

57.5 Entering the floodplain of the Big Black River, Although not visible from 
the highway, the Big Black swings from a generally north-south to an east
west course and parallels the highway for several miles before it again 
assumes a north-south direction. The east-west course of the river is 
believed to be fault controlled. 



A 

SUBSALT 

WESTON 
ROBERTS NO.4 
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VERT. SCALE 1" = 3000' (APPROX.) 
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-FIGURE 4. SCHEMATIC GEOLOGIC SECTION THROUGH BOLTON OIL FIELD 
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60.3 Exit to Flowers. 

63.7 Clear Creek. Figute 2, Pap~r B, is a profile from this point to Vicksburg. 

Note the highly dissected loess deposits which overlie Pleistocene sand 
and gravel terrace deposits along·this profile. Highs on the eroded 
terraces are often duplicated by highs on the overlying loess. Sand-and
gravel terraces correspond to Fisk's Bentley and possibly Williana t;erraces. 

We are entering an area of rugged loess hills, forming part of the loess 
belt bordering the eastern side of the Mississippi Valley from Illinois 
to Louisiana. The loess is calcareous~ containing about 90 percent silt, 
9 percent clay and 1 percent or less sand. Density ranges from 75 to 
105 lb./cu. ft. Clay content increases with distance eastward from the 
Mississippi Valley. Loess reaches thickness of 100 feet at the bluff 
overlooking the Mississippi floodplain, and decreases irregularly toward 
the east. 

64.2 Bovina exit. 

65.7 Road cut on right illustrates the capacity of the loess to stand in 
vertical cuts. Loess is commonly benched every 15 to 20 feet to achieve 
safe high cuts. 

68.7 Good vertical section of loess showing ·its relationship to the red under
lying terrace materials. Here as elsewhere, the loess section consists 
of a 3 to 4-foot laye·r of leached or noncalcareous loess. This layer is 
underlain by calcareous "true" loess presenting a smooth face in the 
roadcuts. Dark colored lichen cover much of the calcareous loess face. 
The discolored zone at the base of the loess is often noncalcareous. This 
zone is thought to be either a buried soil or a transition zone developed 
prior to or in the early stages of loess deposition. White particles in 
the loess are shells of pulmonate gastropod Helix. Calcareous concre
tions are common. 

70.1 Exit south of Hwy. 27 toward Utica. 

71.6 Warren Central High School on left. 

78.0 STOP No. 3. Runyon Gravel P~t. Turn right into pit. 

This is one of the many gravel pits that have been or are being worked in 
the loess hills. Exposed sections vary from a few to as much as 80 feet 
of sand and gravel. Gravel content varies widely from pit to pit. Some 
pits, as does this one, expose thick layers of clay gravel, the origin of 
which is highly speculative. Fisk and Russell (formerly of Louisiana 
State University, now deceased) have hypothesized these gravels are 
interglacial in origin, corresponding to substratum deposits of former 

S.UkCWWO:JlJ'\I'It EL 4 Zt&Z£142&. 4 UIJDU.!JYI!MI!l.!~::tlMllfl~MW : ZZJ.tbttt4%4W51$ikd a ~MM"r ~ :awe FWJ!fffli¥¢JW§f .. Q J!tl!iJQ.&J&i@§ifJJ~ 
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Mississippi River floodplains, but now tectonically .upHfted as terraces. 
Gravels in this area are mapped as Bentley Terrace corresponding to the 
Yarmouth interglacial stage. Materials in the pits vary from very fine 
sizes to occasional boulders weighing 500 pounds. Almost all gravel is 
chert with possible source beds hundreds of miles to the north. Occasional 
angular sandstone blocks of Miocene age are found. Chert gravels con-
tain silicified fossils of many kinds. Trilobites, coral, crinoids, 
brachipods, palms, etc., are occasionally found. Petrified wood of more 
recent age is common and the teeth and bones of Pleistocene manunals are 
also found. 

Return to Hwy. 27 and retrace route toward Vicksburg. 

84.4 Warren Central High School on right. 

86.0 Return to I-20 and turn left toward Vicksburg. 

89.6 Exit at Halls Ferry Road and turn left. 

91.6 STOP No. 4. U.S. Army Engineers Waterways Experiment Station. (Figures 5 & 6) 

91.8 

93.1 

93.6 

The Waterways Experiment Station is the chief research facility of the 
Corps of Engineers. It was established in 1929 as a result of the 1927 
Mississippi River flood· and early efforts concerned hydraulic engineering 
problems associated with the Mississippi. They developed an early 
expertise in hydraulic model studies which rapidly expanded to include 
models of structures and waterways through the United States and many 
foreign countries. Hydraulic studies were later augmented by soils
mechanics capabilities which included geological studies. A concrete 
research unit and a mobility laboratory were added prior to ~~II and since 
that time laboratories concerned vJith \veapons effect and the environment 
have been added. The Waterways Experimen-t Station currently (1976) has 
1400 employees, 450 of whom are professionals, e.g., engineers, geologists, 
hydrologists, biologists, chemists, etc. 

Exit Waterways Experiment Station and turn right on Halls Ferry Road. 

Site of the excavation of mastodon bones in 19)6 and in 1976. Much of 
the earlier finding was reburied to prevent pilfering. Site and remaining 
bones now lie partially beneath the fill placed for the I-20 Interchange. 
Carbon-14 dates on the bones found in 1956 indicate an age of 17,000 years 
before present. The 1976 findings consisted of badly deteriorated bones,. 
dated 15,665 ± 400 years before present. 

Cross I-20 Interchange and turn right on Frontage Road. 
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Figure 5. Aerial view of Waterways Experiment Station. 

~------------------·······""·~le.;··'7~ 
~~~~~~~.'·~~2'<;:;;;;-~;:;.:;i~;;,;;~~~~~~~-

Figure 6. Model Study in Waterways Experiment Station. 
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94.2 Turn left into Battlefield Shopping Center and proceed to the rear (the 
northwest corner) of the area. 
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STOP No, 5. Bluff at Rear of Battlefield Shopping C~nter. Center is 
partially ringed by loess bluffs. In the northwest corner is a loess 
bluff approximately 45 feet high overlying sand and gravel of Pleistocene 
age·. Note thin layer of intermixed loess and gravel at this contact. 
Wetting along the base and undermining of the cut has resulted in arcuate 
spalling of the banks. Note chimneys formed by surface wash and strati
fication, accentuated by rainwash. The dark, sooty coating on several 
sand and gravel lenses is manganese dioxide. 

Return to Frontage Road and turn left in Indiana Avenue. Interchange. 

95.1 Head east on I-20. 

Note well preserved arcuate banding or stratification in loess in bluffs 
to the left. 

96.2 Crossing over railroad cut made about 1840. The cuts are still nearly 
vertical in many places. Rut.ting and slope adjustment is evident over 
this long span of years but vertical slopes are common. 

97.3 Exit to Rolling Fork, 61 Bypass north. 

99.7 STOP No. 6. Vicksburg and Pre-Vicksburg Loess. The exposure (Figure 3, 
Paper B) was originally noted by Kolb (1961 and 1967) and was further 
described by Krinitzsky and Turnbull (1967) who subdivided the exposure 
into a lower horizon which they called the Pre-Vicksburg -and an over
lying younger loess which they called the Vicksburg. The two loesses 
are separated by a leached buried soil horizon. The Pre-Vicksburg is 
exposed in several instances in the Vicksburg area and in one known 
i.nstance in the Natchez area. The Vicksburg loess represents the 
dominant sheet and in most places is the only loess that remains. The 
Vicksburg is separated from the underlying Pre-Vicksburg in this locality 
by a basal, 3-feet thick transition zone which is less calcareous than 
the overlying loess. Beneath this transition zone is a distinct iayer 
of buried soil approximately 4-feet thick. The soil is dark reddish 
brown, clayey, with distinctive blocky fissuring. The entire soil zone 
is noncalcareous, nonfossilif~rous, weathered, and lacking in internal 
evidence of stratification. The Pre-Vicksburg is a brown clayey silt, 
uniformly calcareous, contains gastropod fauna and is significantly 
denser than the overlying Vicksburg. It is presumed to be an older loess 
of Sangamon age. Radiocarbon dating of snail and other organic remains 
in the Vicksburg loess in this general area resulted in age variations 
from 25,600 to 17,850 years BP. (Snowden and Priddy, 1968) 

101.3 Note fault in loess deposits on right. 



101.6 Mastodon remains were excavated from approximately the center of the 
present road (Figure 7) .· Portions of the mastodon are on display at the 
Geology and Rock Mechanics Division of the Haterways Experiment Station. 

102.8 Descend from the loess hills into the alluvial valley. Note gravels 
beneath loess on right. 

103.2' Junction of Hwy. 61 Bypass and Hwy. 61. 

103.4 Good exposure of Glendon Limestone. Note large fault with "gouge" zone 
on extr.eme rigl::. t edge of exposure. 

Continue north on Hwy. 61. We are now riding on an alluvial apron; 
alluvial fans from the hills to the right have coalesced into single 
silty surfaces of redeposited loess. These fans stand somewhat higher 
than the alluvial plain off to our left. This is the lower end of the 
Yazoo Basin. See figures in Paper A. 

The lower or southern end of the Yazoo Basin is to the left. Most of it 
_was under water during the floods of 1973, 1974, and 1975. During the 
1973 flood, water levels reached an elevation of 101 feet msl. Since 
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the surface in places is as low as 85 feet msl, floodwaters sometimes 
reach depths of 15 feet. Thousands of homes were flooded, many to the 
rooftops. Most of the roads in the area were under water. Only Hwy. 61 
and the roads on top of the ~evees remained above water. Waves generated 
by winds sweeping across the vast expanses of the open water, (an inland 
sea some 60 miles long and 40 miles wide) caused considerable damage to 

· . buildings and other structures in thei_r path (Figure 8). 

104.2 The road is traversing the Blakely Dome, a topographic and structural P,igh. 

106.8 The rock outcropping in the bluff to the right is Glendon limestone. 

107.0 Redwood. Foilow State Highway 3 to the right. 

107.2 Cross bridge. Glendon limestone sometimes exposed in bottom and sides of 
creek. 

108.2 Fort St. Peter. Earliest white settlement in the area (1699). Site of 
Indian Mas·sacre in 1729 while Fort was occupied by French. ExtensiVe 
archaeological excavations are currently (summer of 1975) underway. 

110.0 STOP No. 7. Mississippi Valley Portland Cement Company. Glendon lime
stone is enriched with imported Louisiana oyster shell for cement pro
duction. A large quarried area just to the right of the road exposes an 
excellent section of Glendon and the overlying Bryam Marl and clay. 



Figure 7. Mastodon remains excavated from loess, Vicksburg, 
Mississippi. 
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Flooding at lower end of Yazoo Basin, 1973. 
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The glauconitic sands of the Mint Springs Marl that represent 
the initial marine deposits of the Vicksburg seas are not exposed in the 
quarry. When the quarry was first opened, the Mint Springs was exposed 

·in gullies just east of State High\vay 3. The Glendon exposed in the 
quarry walls consists of alternating beds of impure limestone and marl 
and is the most striking formatron of the Vicksburg Group in this area. 
Both the limestone and the marls are sandy, glauconitic and fossiliferous. 

The Bryam Marl consisting of glauconitic fossiliferous sands 
is the shallow water regressive facies of the Vicksburg and lies con
formably above the Glendon. Conrad collected most of the fossils he 
described from the Bryam Marl. Carbonaceous thin bedded lignitic silts 
and clays of the Bucatunna overlie Bryam Marl in this area. 

Vicksburg beds are highly fossiliferous, containing a diverse 
microfauna and nanoflora. Macrofossils are predominately molluscs. 
Conrad described more than 100 species mainly from the Bryam Marl in 1848, 
and plates from this paper are included in Paper C. 

Retrace route southward on Hwy. 3. 

111.7 Fort St. Peter. Yazoo River bridge at this point collapsed because of 
large slide affecting Glendon limestone. 

112.8 Junction Hwy. 3 and Hwy~ 61. 

116.6 Intersection of Hwy.-61 and 61 Bypass. Continue on Hwy. 61 south. 

120.3 Good fossil collecting locality in the Bryam along roadcut and on small 
flat to the left. 

121.3 National Cemetery. Mostly a thin sheet of loess on Bryam and Bucatunna 
clays. Many slides occurred and bodies surfaced for decades after the 
cemetery was established. The area i~ now well stabilized and few massive 
failures have occurred during the past 50 years. 

121.5 STOP No. 8. Type Locality of the Mint Springs Marl. Turn left into flat 
at entrance gate to National Cemetery and proceed along footpath to the 
base of Mint Springs Falls (Figure 9). Forest Hill sand was once well 
exposed at the base of the Mint Springs Marl. However, recent (1973) 
failure of the Glendon limestone ledges have covered the base of the 
exposure with large limestone blocks, obscuring most of the Mint Springs 
and all of the Forest Hill. See Paper A, Figure 2, for a detailed section 
exposed here after ~ slide stripped vegetation and topsoil from the area 
in 1947. 
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Figure 9. Mint Springs type locality before collapse of ledge. 

As you continue south on Highway 61, note riverside battery with 
series of cannon pointing directly toward the old Mississippi River bend 
now marked by the channel of the Yazoo River. Most of Vicksburg now lies on 
the Yazoo. Only the. southern part of the city, where the I-20 bridge 
crosses the river, fronts the Mississippi. The impressive bluff to the 
east is Fort Hill, the site of a fortification occupied by Spanish, French, 
English and eventually Confederate forces. The site affords a good view 
of the floodplain of the lower Yazoo Basin. An abandoned channel of the 
Mississippi River lies at the toe of the bluff. Figure 5 in Paper A shows 
the development of this bend from 1863 to the present. 

Vicksburg Harbor lies to the north of the Yazoo River Channel. 
The harbor was created by dredging alluvial fill and discharging it into 
a ponded area surrounded by levees to form a 250-acre industrial park. 
Consolidation of this fill was a slow process but the site is now com
pletely filled with industrial sites and no soil problems have developed. 

~~~,~~~~~~~~~~~~"~~~~,~~1~~~~~~~~~~~~~~;,;;:;::~~ 
--~ 
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The 1973 flood reached ~o within about 5 feet of the top of the fill. 

Continue south on Hwy. 61. 

122.9 North Washington Street - go straight ahead and through Vicksburg on 
Hwy. 61 Business Route. The downtown area is being renovated und·er the 
urban renewal program. Many old buildings are being torn down and some 
are being restored. Suits totalling m6re than $1 million have been filed 
against the city and construction company because of slides and failures 
that have developed in some of the Washington Street buildings presumably 
because of the construction associated with urban renewal. 

125.6 Turn right into short loop which affords an excellent view of the 
Mississippi River. 

126.3 Interstate 20 and Mississippi River Bridge. Continue ahead on Hwy. 61. 
Two bridges to the right, one completed in 1972 as part of I-20, the other 
built around 1929. The easternmost pier of both bridges has been con
structed on a large slump block of Glendon limestone. Over the years, the 
older bridge pier has tilted and subsided slightly. 

128.8 Baxter Wilson Electric Plant on the right, one of the largest steam 
generating plants in the South. The plant uses 500,000,000 gallons of 
water per day and generates 1,320 megawatts of electricity. Although the 
plant was built to use natural gas, shortages of gas and government 
allocations to other areas are currently (1975) forcing a gradual conver-

·sion from gas to oil. 

. Bryam Marl 
collecting locality. 
area by salt doming. 

131.8 Airport. 

exposed in Hennessey Bayou to left. Good fossil 
Bryam Marl is stratigraphically uplifted in this 

132.2 Leaving floodplain and reentering loess hills. 

133.7 Marathon-LeTourneau Plant. Makes offshore tripod drilling rigs. 

135.5 4-lane ends. 

136.6 Yokena. Hwy. 61 from here south was built in 1933. Many of the roadcuts 
in the loess are about as vertical as they were at that time. 

140.8 Low terrace along Big Black River. 

142.4 Floodplain of Big Black River. The high road embankment is necessary 
since this area floods sometimes to within 2 or 3 feet of road level. 

143.5 Big Black River Bridge. 
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143.8 The vines covering the loess and the trees are kudzu, imported from Asia 
at least 40 years ago as a bank protection cover. This vegetation has 
not proven to be a very good bank stabilizer. Bare vertical bluffs are 
usually better preserved than those with kudzu growing on them .. 

149.1 Road to right leads to Grand Gulf.State Park and to the nuclear power 
plant currently (1976) under construction. The massive reactor portion 
of the plant was founded on Miocene Catahoula siltstone, overlain by 
Pleistocene sand and gravel, and loess. 

149.7 Terrace along Bayou Pierre. 

150.2 Bayou Pierre. Large blocks of sandstone in creek to left are Catahoula. 

152.8 Little Bayou Pierre and Port Gibson, the town Grant said was "too beautiful 
to burn." One of the landmarks in the area is the church steeple directly 
ahead with a finger pointing heavenward. 

153.3 Stop light. Turn right towards Bruinsburg. 

153.5 Blacktop road crosses railroad. 

159.0 Bridge. Sandstone in the creek on the right is Miocene Catahoula. 

162.0 Note the rather flat, terrace-like aspect of the surface. 

163.7 Note deep gully to left of road, exposing 30 to 40 feet of loess. This 
gully has worked rapidly headward in the past several years, undermining 
road. 

Turn left on gravel road leading into Windsor. 

164.1 STOP No. 9. Windsor Castle. 

Ruins of Windsor, a famous antebellum home in the area.. Construction 
cost a fabulous (for 1860) $200,000 and took 600 artisans and s1aves one 
year to complete. It :was used as the locale for the movie "Raintree 
County" with Elizabeth Taylor and Montgomery Clift. Many of the 
plantation homes of the 1830-1860 period were built on broad flats such 
as the one on which Windsor is located. Here the flat extendE to the 
very edge of the bluffs overlooking the alluvial valley of the Mississippi 
to the west. This is unlike the very intricate dissection co~~on in most 
loess area, particularly those close to the borders of the alluvial 
valley. Large flats such as these, at roughly corresponding elevations, 
are found throughout the loess belt. 

165.7 Return to highway and turn left. 

166.7 Church built in 1826. 

i 
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169.0 

169.2 

172.7 

176.6 

185.0 

198.9 

200.5 

Alcorn University - Negro College with about 5000 students. 

Turn left on Hwy. 552. 

Note. loess expos~re overlying a thick section of sandy and silty 
Pleistocene in the gully on left side of the road. 
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Hwy. 61, turn right. The loess between Lorman and Fayette, which is the 
next town down the road, is relatively thin. Roadcuts are mostly in 
leached loess or brown loam. Due to the thinness of the loess, there 
is a lack of intricate and deep dissection. 

Fayette. Continue south on Hwy. 61. 

Turn right on Hwy. 553 to Emerald Mound. 

STOP No. 10. Emerald Mound. Emerald Mound is the third largest Indian 
temple mound in the United S_tates (Figure 10). Preexisting hills were 
trimmed and built up with earth. Emerald Mound covers nearly 8 acres, 
measures 770 by 435 feet at its base and is about 40 feet high. In 
addition, it contains a secondary mound rising from the flat top of the 
main mound. ·Use of Emerald Mound roughly spans the period 1300 to 1600 A.D. 

Figure 10. Aerial view of Emerald Mound. 
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201.5 Return to Natchez Trace Parkway and turn right, south,, to Natchez. 

211.5 Natchez . 
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PAPER A 
GEOLOGICAL NOTES ON VICKSBURG AND THE YAZOO BASIN 

by 

Charles R: Kolb* 

Vicksburg is situated on loess bluffs overlooking the alluvial valley 
of the Mississippi River. Hydrologically it is located at the southern end of 
an oval-shaped lowland called the Yazoo Basin, Fig. l, The basin begins at 
Memphis, about 200 miles to the north, where the Mississippi impinges against 
the bluffs.and ends at Vicksburg, some 300 river miles to the south, where the 
river once again touches the bluffs. Natural levee ridges of the Mississippi 
River enclose the basin on the west; the loess bluffs, rising 100 feet or more 
above the floodplain, enclose the basin on the east. About 7000 square miles of 
the most fertile agricultural land in Mississippi are encompassed in this vast 
flat lowland. 

Floods 

Only in the past 50 years has the area been sufficiently free from 
flooding to realize its agricultural, and more recently, its industrial poten
tial. DeSoto, the first white ·man to enter the region, characteristically saw 
it during flood. He recorded that flooding began about the lOth of March, 
1543, and that the river returned to its banks by the end of May, having been 
in flood for about 80 days.- The Indians who dwelt along the river's banks and 
within the basin stoically climbed into their houses built on stilts or climbed 
to higher ground until the flood subsided. Long after the Mississippi had 
returned to its channel, stagnant waters remained in the countless low places 
within the poorly drained, almost featureless floodplain. Low natural levees, 
which the river builds near its banks, though serving to contain the river at 
heights somewhat more than bankful stage, also effectively prevented flood
waters that breached or overtopped these natural dikes from returning to the 
river. The result was that early geographers characterized almost the entire 
basin as swamp -- in many places an impenetrable jungle of mud and alligators. 

As late as the 1830's the only means of travel within the basin was 
along the rivers and bayous that drained the area and along a few Indian trails 
open during the dry season. Farmins was confined principally to the narrow bands 
of natural levees that flanked the streams. But man could not long be kept from 
inhabiting this vast fertile flatland. At first he moved to the higher of the 
natural levees immediately adjacent to the river or to old abandoned courses of 
the river. When floods came they breached the lower portions of the natural 
levees until water surrounded the early farmer on all sides, leaving only elon
gated islands of dry land visible above sheets of water miles in width. Often, 
floods of such magnitude swept down the valley that even the highest of the 
natural levees were inundated. 

* Consulting Geologist, Vicksburg, Mississippi 
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Fig. 1. The Yazoo Basin 

In the early 1700's the first artificial levees were built along the 
river in New Orleans and by the 1800's low levees were common along considerable 
stretches of the river. But now a new problem arose. It was noticed that whe~e 
once 3-foot-high levees did a passable job in protecting against flood flow, 
flood.stages were now so high that 6- or 9-foot levees were needed to do a com
parable job. In the early 1900's there \vas considerable hue and cry that the 
river was gadually silting in between the levees and raising its bed so that 
it would eventually flow in a channel dangerously high above the al1uvial plain. 
However, careful studies conclusively proved that this was not the case. The 
bed of the river remained at ·an overall constant level. As had been expected, 
there was a rise in flood stages due to confinement of the flood flows. l.fhcrc 

once these flows had been allowed to spread out across the 50-mile-wide flood
plain, they were now kept within the narrower confines dictated by the lcveea. 
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Of interest was the fact that floods of similar magnitudes, because of the 
increased gradient due to the increased flood stages, were carried to the sea 
much more quickly than before. In other words, the flood flows now reached the 
sea in record time. 

As more and more levees were built and increasing portions of the 
floodplain protected, the levees continued to increase in size. By the early 
1900's the river was thought by many t6 be essentially walled in. A long 
series of floods, culminating in the disaster of 1927, brought about a different 
temper. During this flood almost all of the Yazoo Basin was inundated and about 
23,000 square miles of the total 30,000 square miles in the alluvial valley were 
inundated.. The total length of levee breached in main river lines exceeded 5 . 
miles. Cities, to•-ms, and farms were flooded; crops were destroyed; and industry 

, was paralyzed. Scores of lives were lost, and property damage ran into the 
hundreds of millions. 

The disaster of 1927 resulted in a renewed respect for the 
power of the Mississippi. It was conceded that such a great alluvial stream could 
not be contained by force alone -- that it must be thoroughly understood, 
never underestimated, never permitted to expend its vast energy blindly against 
its yielding alluvial banks -- that it must be allowed to release its enormous 
volumes of water only along carefully planned routes of exit. Flood protection 
works of unprecedented scope and magnitude undertaken since that time make the 
Mississippi Alluvial Valley, despite its size, one of the best protected of the 
major river valleys of the world. 

Where the levee of 1882 was 9-feet-higp with a cross-sectional area 
of 274 square feet, levees at the present time are 30-feet-high and close to 
5000 square feet in cross-sectional area. ·The system is now designed to contain 
and safely route the "project" flood --a flood of 3,000,000 cubic feet per 
second -- through the Mississippi Valley. It i~ a flood that is larger -- by 
approximately 400,000 cubic feet per second -- than any flood ever recorded in 
the valley. Besides this levee system, other major features of the flood con
trol plan are (a) overbank floodways that divert flow from the river down 
levee-protected routes; (b) cutoffs on the Mississippi River that speed the flow 
down the river and lower the flood stages; and (c) reservoirs on the tributary 
streams in the highlands designed to hold back flow that can be released at a 
more propitious time. There are four such reservoirs in the hill lands bordering 
the Yazoo Basin: Enid, Sardis, Arkabutla, and Grenada. 

In addition, an internal drainage and flood routing system has been 
inaugurated in many areas. This is particularly true of the Yazoo Basin where · 
a comprehensive plan is being implemented as the area develops and funds become 
available. Of interest in the extreme southern end of the basin is the Yazoo 
Backwater area, Hhere basin drainage is channeled through a tortuous maze of 
streams and bayous into the Yazoo River, which eventually enters the Mississippi 
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through a drainage "bottle-neck" at Vicksburg. The area also has lorig been the 
site for backwater flooding frori1 the Mississippi River. whose eastbank levee 
formerly ended just north of Vicksburg to permit the entrance of the largely 
unleveed Yazoo. The backwater area encompasses close to 1,000,000 acres of 
poorly drained sHampland that provide ·some of the best hunting arid fishing in 
the mid-South. 

Cooperative studies by the U. S. Army Corps of Engineers and the U. ·s. 
Fish and Wildlife Service have produced a comprehensive plan to protect the area 
from undesirable flooding and at the same time maintain water levels within the 
Yazoo Bac.kwater of sufficient height and duration to retain its recreational 
potential. A complex levee system, auxiliary channels, and several pumping and 
drainage plants are integral parts of this plan. 

Except for the moderate flood of 1953 these flood control features 
went essentially untested for two decades. In 1973 a flood of major proportions 
swept down the Lower Mississippi Valley. For 90 days the Mississippi was out of 
its banks at Vicksburg. During that time, fresh water in quantities sufficient 
to supply the needs of Greater New York City for an. entire year flmv-ed past 
Vicksburg each day. In the lower Yazoo Basin an inland lake 40 miles wide and 
60 miles long flooded all but narrrow strips of dry land along major highways, 
along the tops of the artificial levees, and along some of the highest of the 
natural levee ridges. 

Despite the enormous quantities of water that flowed between the levees 
at Vicksburg, the actual·measured discharge was estimated at some 500,000 cfs 
less than occurred in the catastrophic flood of 1927, i.e. 2.1 million cfs versus 
2.6 million cfs. Had a flood of the magnitude of 1927 occurred in 1973, it is 
very likely that the levees would have been overtopped, and had the "project" 
flood of 3.0 million cfs occurred, they would surely have been overtopped. During 
the 20-year period of moderate-to-low flows in the river, the channel between the 
levees had obviously deteriorated to the point that the levees as presently 
designed were not high enough to accommodate the project flood. As a result more 
than 800 miles of main line Mississippi levees are currently (1975) being raised. 

The flood of 1973 disrupted the lives of hundreds of thousands of people 
and the economic losses were estimated at about one billion dollars. No lives 
were lost, but about 69,000 people were made homeless and around 16,500,000 acres 
of land were inundated. Had the. levee system and the associated flood protection 
works failed at any point, however, these figures could have increased 100-fold. 

Tertiary Geology 

The formation of the Yazoo Basin and the flanking alluvial deposits 
to the south and west is only the last stage in the geomorphic history of the 
Vicksburg region. The story of loess deposition, which culminated in the 
rugged-hills on which the city is located, is outlined elsewhere in this 



guidebook. Deposition of Pleistocene fluviatile terrace materials which usually 
underlie the loess is complex.and controversial and will not be considered here. 
Tertiary deposits of Miocene, Oligocene, and Eocene ages underlie the hills and 
the floodplain at varying depths and crop out occasionally in creek beds, in 
road cuts, and along the bluffs. 

Most of these Tertiary deposits consist of poorly indurated silts, fine 
sands, and clays. Some are continental, but most are of marine origin and range 
from sparsely to abundantly fossiliferous. Only two fairly thin strata, in more 
than 1000 feet of Tertiary deposits exposed in the Vicksburg area, can be 
classified as rock. These are the Glendon Limestone (about 30 feet thick) and 
the Catahoula siltstone or fine sandstone (about 20 feet thick). The former is 
used extensively in the manufacture of cement; the latter is occasionally used 
as poor-grade building stone. 

The limestone and marl beds that crop out in the area were described 
as the Vicksburg "group" by Conrad in 1846. He examined sediments normally exposed 
at the Mint Springs Bayou falls at the north edge of the city. Fig. 2 is 
on a carefully measured and sampled profile taken at Mint Springs locality 
following a large slide that exposed a great deal more of the section than is 
normally exposed. Not included in the section but occurring in the vicinity of 
Vicksburg are (a) approximately 400 additional feet of Yazoo Clay, underlain by 
(b) Moody's Branch Marl, a foss-iliferous clay sand with occasional indurated 
layers in nodular zones, and (c) about 400 feet of the Cockfield of the Claiborne 
Group. The Cockfield is a highly lenticular nonmarine sand and shale. The basal 
portion of the formation_consists of massive to highly cross-bedded iron-stained 
sands. In the upper portion of the formation, carbonaceous and lignitic shales 
predominate with numerous lenses of greenish to.light grey lignitic leaf-bearing 
clays and silty clays. Black impure lignite beds (used for fuel during the 
Civil War) up to 5 feet in thickness, as well as limonitic sandstone and silt
stone concretions, are common. 

Alluvial Geology 

The geomorphic history of the alluvial deposits at the base of the 
Vicksburg bluffs begins about 18,000 years ago with the gradual retreat of the 
late Wisconsin ice sheet. · Sea level is postulated to have been about 450 feet 
lower than at present. The streams flowing within the area now occupied by the 
Mississippi River floodplain were entrenched to a considerable depth in the 
underlying Tertiary deposits. As the ice melted and the continental glacier 
retreated, sea level rose and the entrenched valley began to fill with coarse 
glacial outwash, gradually building up a sequence of braided-stream substratum 
deposits. A portion of the Yazoo Basin just north of Vicksburg is shown as 
Fig. 3. 

The substratum (see Fig. 4) is composed principally of medium-grained 
sands grading downward into coarser sands and eventually into sands and gravels. 
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As is common in most alluvial deposits, however, fine sands may be dispersed 
in irregular lenses throughout the substratum, gravel may appear at high eleva
tions in the section, and widely scattered, and occasional discontinuous lenses 
of clay o.r silt may be present in any part of the section. The substratum 
contains a tremendous reservoir of groundwater. For example, estimates made of 
the extent of this aquifer indicated that 111 cubic miles of pervious sands and 
gravels lie beneath the Yazoo Basi.n alone. Based upon an approximate porosity 
of 35 percent, the groundwater actually present in these sands and gravels is 
estimated at 37.7 cubic miles or 127,300,000 acre feet, only a small proportion 
of which is presently being exploited. 

As the glaciers waned and valley gradients decreased, progressively 
finer grained topstratum materials were deposited. The major rivers that 
occupied the alluvial plain changed from a braided regimen to their present 
meandering regimen and the present-day, almost level floodplain of the Mississippi 
was created. Few surficial deposits in the floodplain are thought to be more 
than 5000 years old; most are considerably younger. The complexity of these 
topstratum deposits is illustra~ed in Fig. 4. 

The geologic history of the area includes the formation and abandon
ment of several ancient meander belts of the Mississippi and Ohio Rivers when 
the latter entered the Mississippi near Vicksburg rather than at Cairo, Illinois, 
some 400 miles upstream. Migration of these rivers within their meander belts 
and their eventual diversion to other courses where they built new meander belts 
are important fea.tures of this history. 

The Yazoo River itself is a relatively recent development; it came 
into being after the Ohio River completely abandoned the Yazoo Basin and 
established its confluence with the Mississippi River north of Memphis. The 
Yazoo River, in all probability, began as a longer stream than it is at present, 
collecting the waters of the basin and conveying them southward into the 
Mississippi River, somewhere south of Vicksburg. The Mississippt Rivet, meanwhile, 
gradually migrated eastward and eventually impinged against the valley wall at 
Vicksburg. In so doing, the lar,ger river. cut across the path of the smaller, 
capturing it northwest of the present site of Vicksburg. 

One of the earliest maps of the area, specifically the Ross Survey of 
1765, shows the Mississippi occupying a tight, horseshoe-shaped bend directly 
against the bluffs at Vicksburg. During the Civil War this bend was even more 
pronounced, as shown in the 1863 map reproduced in Fig. 5. Vicksburg was one 
of two strong points on the river still in Confederate hands in the spring or · 
1862 and Grant's campaign to reduce the area included an attempt to construct 
a canal through the neck of this bend with the hope that the river would follow 
the manmade channel, form a cutoff, and permit Union river traffic to by-pass 
entirely the Confederate guns at Vicksburg. However, problems associated with 
canal construction, an unscheduled rise in the river that flooded his equipment, 
and the general contrariness of the river conspired against him. He abandoned 
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this plan in favor of encirclement of.the city from the east. In 1876 the river 
shortened its course naturally by cutting across the Vicksburg bend, but oddly 
enough it ignored Grant's p~rtially completed canal and chose a path parallel 
but slightly to the north of it. 

The river now passed to the south of the city and Vicksburg was left 
on a cutoff meander, which, as is the case with most such abandoned meander loops, 
began rapidly filling with sediment. In 1898 a canal was begun at Yazoo Lake 
(see the 1916 map in Fig. 5) to bring the waters of the Yazoo River southeastward 
into the abandoned Mississippi meander at Vicksburg. A dam was constructed 
across the .western arm of the abandoned loop, forming Lake Centennial, and forcing 
the Yazoo River to flow directly in front of the city. The canal was completed 
in 1903 and since that time the entire flow of the Yazoo River has been routed 
past Vicksburg to enter the Mississippi south of the city. Of interest to 
students of stream meandering is the fact that in the 70 years or more since the 
Yazoo Diversion Canal has carried the flow of the Yazoo River, almost no 
meandering has taken place in the essentially straight canal. This is particularly 
striking since the Yazoo River elsewhere in the basin meanders widely, gradients 
are markedly low along the canal, and materials along the bottom and banks of 
the canal often co~sist of silty sands and sands of point bar deposits within 
which meanders can be expected to form. 

Fig. 3 (previously introduced) illustrates the complexities of the 
topstratum deposits in the Lmver Yazoo Basin. It is based on detailed mapping 
done on inch-to-the-mile quadrangles and shows the distribution of four of the 
major environments of deposition "that make up the topstratum: backswamp, point 
bar, abandoned course, and abandoned channel deposits. Because of the scale of 
the figure the distribution of two additional important depositional environments 
occurring in the area have not been shown:· natural levees and alluvial aprons. 
Each environment exhibits certain similarities in the predominant soil types of 
which they are composed, the depth and configuration of the fine-grained constit
uents (as seen in the generalized profile in Fig. 4) and the water content and 
other physical characteristics of the sediments. Fig. 6 illustrates each of 
these environments with block diagrams, describes their method of deposition, 
and the occurrence and characteristics of each. 

A-ll 
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METHOD OF DEPOSITION 

Point bar deposits consist of sediments laid 
down on the insides of river bends as a result 
of meandering of the stream. Although the de
posits extend to a depth equal to the deepest por
tion or thalweg of the parent stream, only the 
uppermost, fine-grained portion is included as 
part of the topstraturn. Within the point bar top
stratum, there a.re two types of deposits: silty 
and sandy, elongate bar deposits or "ddges" 
which are laid down during high stages on the 
stream, and silty and clayey deposits in arcuate 
depressions or "swales" which are laid down 
during falling river stages. Characteristically, 
the ddges and swales form an alternating se
ries, the configuration of which conforms to the 
curvature of the migrating channel and indicates 
the direction and extent of meandering. 

Abandoned courses are lengthy segments of a 
river abandoned when the stream diverted to a 
new course across the floodplain. The aban
doned course, varying from a few miles (but 
always more than one meander loop) up to hun-

. dreds of miles in .length, gradually filled with 
sediment and was often occupied by a smaller 
or underfit stream. Indications are that the old 
course filled with a wedge of sand, thickest 
where the new course diverged from the old, 
and gradually thinning downstream. In many 
cases, the underfit stream meandered within 
the confines of the larger meander belt and de
stroyed segments of the abandoned course. In 
other cases, the underfit stream marks the lo
cation of the abandoned course when all other 
indications of its presence have been obscured. 

Abandoned channels are partially or wholly 
filled segments of meandering streams formed 
when the stream shortens its course. Soon after 
formation, th!'Y are usually characterized by 
open water or "oxbow lakes.'· Subsequently, 
they may become essentially filled and occa
sionally completely obscured by various mean
der belt deposits. The abandoned segment may 
represent an entire meander. loop formed by 
the strean: cutting directly across a narrow 
neck of two converging arms of a loop (a neck 
cutoff)l or it may represent a portion of a loop 
formed when a stream occupied a large point 
bar swale during flood stage and abandoned the 
outer portion of the loop (a chute cutoff). 

OCCURRENCE AND CHARAcrERISTICS 

Point bar deposits are by far the predominant 
sediments in the Yazoo Basin. They owe their 
origin to meandering courses of the combined 
Mississippi and Ohio Rivers, these rivers now
ing separately, and to a lesser extent ~o smaller 
streams such as the Sunflower River. Suc
cessive occ1.lpation of rr.any areas by· different 
streams of different sizes has resulted in com
plex patterns of ridge-and-swale topography. 

Point bar topstratum ·deposits consist of tan 
to gray clayey silts, silts, and silty sands in the 
ridges, and soft, gray silty and sandy clays in 
the swales. Excluding the larger swales, which 
occasionally may be over 40 ft thic~. the top
stratum varies from 5 to 25 ft in th!cl<...;,e~s. 

Both water and organic content are relati-..,ely 
high in the S\.vale ·deposits, whereas :.hey are 
both commonly low in the ridge deposits. 

Surface expressions of considerable leng:hs 
of abandoned cour3es of the combined ~1issis
sippi and Ohio Rivers, as well as the individual 
streams, have- be~n severely modified or de
stroyed by the subsequent meandering of smaller 
streams. However, the few unmodified seg
ments well illustrate the original size anC con
figaration of the parent stream a~d permit its 
identification. 

Data regarding the nature of abandoned cou!'se 
deposits are extremely sparse and inconclusi...,·e. 
While some courses appear to be essentially 
clay filled, others exhibit thick sand or silt de
posits. It is postulated that the greater quan
tities of silt and sand occur closer to the point 
of diversion and that courses which were aban
doned relatively slowly contain more. silt a::d. 
sand than those which were abando::>ed rapidly. 

Abandoned channels formed by meandering 
str"eams of all sizes are numerous in the Yazoo 
Basin. Combined Mississippi and Ohio River 
abandoned channels are usually 5 to 10 miles or 
more long (following the loop), several thousand 
feet wide, and average 70 to 90 ft deep. Chan
nels originating from Ohio River or ~ississip?i 
River courses flowing separ-ately are notice
ably shorter and narrower, but not apprecia:,ly 
thinner. 

The upper portions of the arms of the loo;>s of 
neck cutoffs are normally filled with a wedge of 
fine sand and silty c.;;and. The soft. gray or bll.:.e
gray clays with high water con~e:-:.ts that fo:-m 
the characteristic ••clay plug•· pur-t:oo~ of the 
abandoned channel occur around the lao;> be
tween the sand wedges and occasionally at:ain 
thicknesses of over 100 ft. Clay plugs a~e less 
well developed in chute cutoffs, and 'he deposits 
usually contain more silt and sand . 
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BACKSWAMP 

NATURAL 
LEVEE 

ALLUVIAL 

APRON 

Backswamp deposits consist of fine-grained 
sediments laid down in broad, shallow basins 
within the floodplain during major periods of 
stream flooding. The. sediment-carrying flood
water may be ponded between the natural levee 
ridges on separate meander belts, or between 
natural levee ridges and the uplands. Back
swamp areas typically have very low relief and 
a ·distinctive, dendritic drainage pattern in which 
the channels alternately serve as tributaries 
and distributaries at different times of the an .. 
nual flood cycle. 

Natural levees are broad, low ridges which 
flank both sides of streams that periodically 
overflow their banks. Since the coarsest and 
greatest quantities of sediment are deposited 
closest to the stream channels, the natural lev
ees are highest and thickest in these areas and 
gradually thin away from the channels. In gen
eral, the greater the diptance from the stream, 
the greater the percentage of the finer-grained 
sediments. Small drainage channels trending at 
right angles to the parent stream (down the back
slope of the levees) are c;ommon; major cre
vasses are indicated when these channels are 
1 a r g e and pronounced. Abandoned crevasse 
channels are often filled with sediments that are 
distinc'tly coarser than the remainder of the 
natural levee. 

Alluvial aprons are broad, gently sloping fea
tures composed of both alluvial and colluvial de
posits that are present along the base of the 
valley walls. Typically, symmetrical alluvial 
fans are present at the mouths of streams that 
drain the uplands. When the streams are closely 
spaced, the fans coalesce to form the alluvial 
aprons. When the streams are widely spaced, 
the fans are separated, and the btervening por
tions of the aprons are less well developed and 
composed mainly of sediments introduced from 
the uplands by mass wasting and surface wash. 

FIGURE 6- NATURE AND OCCURRENCE Of RECENT TOP STRATUM DEPOSITS IN THE YAZOO BASIN. 

Backswamp deposits are present 1n various 
portions of the Yazoo Basin, but are ·..videspread 
only in the southern portions where they occur 
between the present meander belt of the !-wiis
sissippi River and older Ohio and. com":lined 
Mississippi and Ohio Ri '-'"er meander belts alo:1g 
the eastern side of the basin. Oi1 the !Jasis of 
only limited subsurface data. the th:ckness of 
the backswamp deposits appears to vary from 
30 to 50 ft. 

Soft to firm, gray to dark-gray clays and silty 
clays are the typical backswamp deposits. Oc
casional thin l.er.ses or lamina of silt and sar.d 
may be present. Average ·.r.·ate:r con!e:1.ts a::-e 
moderately high, but less than :.hose of chanr.e~ 
and swale fillings. Organic matte::- in the !or!il 
of disseminated particles, peat layers, and 
stumps is commonly abu!1dant. 

The largest and most wides?read natural lev
ees in the Yazoo Basin occur along Lhe present 
course and abandoned channels and courses of 
the combined Mississippi and Ohio Rivers. They 
attain crest heights of 10 to 15ft above the ad
jacent backswamp level and may be as much as 
2. miles in width. Natural levees also occur alo:1g 
abandoned Ohio River channels and courses a:1.d 
along smaller crevasse streams an-d d~strib'..!

tarics; h0wevcr, they are usually naLro· .. ver and 
steeper. 

Typical natural levee deposits consist of stiff 
to hard, light tan to grayish-brown silts, sil~y 

clays, and clays that exhibit moderate to high 
degrees of oxidation. Sil!-ce the natural levees 
are well drained, the natUral water contents of 
the soils are low. Organic matter is sel~or:--~ 

present except in the form of roots . 

Alluvial apron deposits occur at the base of 
the valley wall along the eastern side of the Yazoo 
Basin almost contir.uously from Vicksburg, 
Miss .• to Memphis, Ten....'l. They are exception
ally well developed at the points· where streams, 
such as the Tallahatchie River, discharge from 
the uplands and have constructed large alluvial 
fans. 

Reflectii)g the widespread presence of easily 
eroded loess in the uplands, the alluvial aprons 
characteristically are composed of silt wi::h 
subordinate amounts of clay and fine sand. Oc
casional gravel and larger rock masses are 
present where Pleistocene and Tertiary forma
tions are exposed nearby in the uplands. Most 
apron deposits are well oxidized and generally 
quite low in organic content. 

FROM KOLB ET AL, 1967 
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PHYSICAL PROPERT;I:ES AND ENGINEERING CHARACTERISTICS 

OF MISSISSIPPI LOESS 

by 

Charles R. Kolb* 

ABSTRACT 

Precipitous uplands, blanketed with loess, border the floodplain of 
the Mississippi River from Cairo, Illinois, to St. Francisville, Louisiana. 
More than 300 miles of these north-south trending uplands are in Mississippi. 
Loess deposits begin about 20 miles east of the bluff line and reach thicknesses 
of 60 feet. 

Earth-moving operations for highway and residential construction near 
the larger towns have opened deep vertical cuts in the loess. Details of 
megascopic characteristics are well revealed, e.g. concentric banding in many 
of the cut faces, concentration of concretions in specific zones, the coinci
dence of present topographic high~ with highs on the underlying stratified 
Pleistocene. Engineering properties of the loess are strikingly uniform. 
Typically, liquid limits range between 23 and 30, plasticity indexes between 
0 aud 10, water contents between 18 and 25, and densities between 75 and 105 
lbs./cu. ft. Only about 10 percent of the material is finer than silt, and less 
than 1 percent is coarser. There is no appreciable difference in grain size in 
a north-south direction; it decreases perceptibly eastward from the bluffs and 
remains essentially constant from the bottom to the top of any one exposure. 

Highway engineering problems include proper compaction of fill and 
design and protection of high cuts. Foundations for commercial and residential 
buildings are generally uninvestigated and in many cases prove inadequate from 
an engineering standpoint. 

INTRODUCTION 

A narrow finger of loess extends southward from the loessial areas of. 
the Midwest at Cairo, Illinois, and blankets the bluffs that border the Lower 

* Consulting Geologist, Vicksburg, Mississippi 
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Mississippi Alluvial Valley as far south as St. Francisville, Louisiana. From 
5000 to 6000 squace miles of the western part of the state of Mississippi lie 
within this loessial belt. Loess is confined chiefly to the more pronounced 
bluffs that border the Mississippi Alluvial Valley on the east. Much of the 
loessial t·errain is deeply eroded. Knife-thin divides separate deep, heavily 
timbered ravines. The old roads follow the tops of major ridges that twist 
tortuously through the intensively dissected terrain. 

For the past fifteen years the Mississippi loess belt has been the 
scene of the largest earth-moving program in the history of highway construction 
in Mississippi. Close to one billion cubic yards of loess have been removed 
from the ridges and compacted as fill in the ravines along highway rights-of-way. 
Hundreds of loess ridges have been entrenched by earth-moving equipment, and 
thousands of borings were made to test the soil profile. Literally tens of 
thousands of laboratory tests are available on the physical and engineering 
characteristics of the loess. The most remarkable thing about the results of 
these tests is their similarity. The homogeneity of the loess throughout 
Mississippi, and for that matter throughout the loess belt that borders the 
Mississippi Valley, is striking .. 

The origin of the Mississippi Valley loess has been the subject of 
considerable controversy in the past 30 years. The windblown hypothesis of 
origin, generally accepted elsewhere, has been challenged by Louisiana geologist 
(Russell, 1944, and others). They believe that, in the case of Mississippi 
Valley loess, a gradual process of downhill creep has so modified alluvial 
terrace deposits, which flank the present Mississippi Valley on either side, that 
the soils have lost their stratification and become "loessified." No attempt is 
made in the discusssion that follows to take sides in this controversy. However, 
most of the data collected for this paper confirms the majority view that the 
loess is, indeed, windblown. Significant or interesting features exposed in 
the loess cuts, particularly at Vicksburg, Mississippi, are described and test 
results of engineering and physical properties of the soil summarized. Problems 
encountered in the construction of highways and of commercial and residential 
buildings are also discussed. 

PHYSICAL CHARACTERISTICS 

General 

Mississippi Valley loess is a friable, calcareous, buff-colored silt 
of unusually low density that characteristically stands in high vertical bluffs. 
Deep road cuts in some places in Mississippi, particularly in the Port Gibson 
area south of Vicksburg, are said to be essentially unaltered since Grant marche'd 
along them after crossing the river in his Vicksburg campaign more than 100 years 
ago. Thirty~foot vertical road cuts, which the writer knows to have been there 
35 years ago, are still staunchly standing. Initials carved in loess bluffs and 
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dated 1935 are still remarkably fresh. Vertical, and sometimes slightly over
hanging, cliffs support trees ·with 2- and 3-foot diameters. 

A freshly exposed cut normally exhibits a 3- to 4-foot leached A hori
zon; a thin, erratic, and often poorly developed B horizon; and a massive, homo
geneous~ undisturbed C horizon. Normal stratification is absent. The A horizon 
will weather very quickly and assume steep to moderate slopes. The unleached and 
unaltered material is unafffected by erosion when cut on very steep or vertical 
slopes. If cut other than vertically, rain will intensively gully the sloping 
face and form myriad minor vertical or near-vertical slopes. 

Pulmonate gastropods commonly occur in the unweathered C horizon. 
Occasio·nally, remains of Hastodon americanus are also found (see figure 7 of 
Road Log). Irregular calcareous concretions are abundant as are calcareous molds 
of roots or casts of voids left by roots. 

In the remainder of this discussion the tem "loess" refers only to the 
unaltered material forming the C horizon. 

Distribution and Thickness 

Although it is commonly assumed that the loessial belt along the 
Mississippi Valley thins eastward from the bluffs, there is no conclusive evi
dence of this. Where recent highway construction has exposed the entire loess 
thickness, the thickness is highly variable. It is true that by the time one 
gets 20 miles east of the bluffs, there is no more loess; but its thickness within 
the 20-mile zone shows no significant trend of thinning to the east. Greatest 
thicknesses are on the order of 60 feet, and such thicknesses almost invariably 
occur either at the crest of a hill or just downslope from the crest. In the 
ravines loess may be entirely absent or very thin. 

· This relationship is particularly apparent ·~long the deep excavations 
made for highways in the vicinities of Natchez, Vicksburg, and Woodville, 
Mississippi. Here scores of miles of continuous loessial profiles are exposed. 
Almost vertical cuts--some 60 to 70 feet high--exhibit complete sections, i.e. 
sections exposing material underlying the loess. In the Vicksburg area, where 
many such instances occur, the underlying deposits consist mostly of red, strat
ified sand or sandy clay of Pleistocene age. Figure 1 shows a typical cut at 
Vicksburg. The height of this particular cut is about 65 feet. The basal dark 
zone is Pleistocene clay-sand. The overlying loess consists of a dark material 
in the lower one-quarter and a lighter material above. The lower, darker loess • 
is considered by some Midwest geologists to be an older loess. This dark zone 
may be hazy or ill-defined or may be absent altogether. 
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Figure 1. Typical road cut at Vicksburg, Mississippi. 
feet. Lower six feet consist of stratified, oxidized, 
Pleistocene age. 

Height of cut is 65 
sandy clay of 

Figure 2 generalizes a carefully measured section along a traverse 
made by the Mississippi State Highway Department. The section covers 12 miles 
of a highway running east from Vicksburg. The topography from west to east 
rises from the flat floodplain of the Mississippi River to the loess heights, 
then drops off to the level of the floodplain of Clear Creek, a minor tributary. 
of the Big Black River. Loess forms every ridge along this profile. Although • 
dissection is severe the tops of the loess ridges rise to roughly similar heights, 
about 275 feet msl, until about Mile 6 where they rise to a new level, then drop 
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again to the previous level. The lower level is considered by Fisk (1944) to 
be the Bentley alluvial terrace level and the higher, the Williana. A number 
of instances occur where Pleistocene stratified materials are exposed beneath 
the loess along road cuts. There are a few instances in which the underlying 
Miocene and Oligocene deposits are exposed. Borings made along the profile 
permit the generalized reconstruction of contacts shom1 in figure 2. A double 
line is shm11n whenever exposures or boring data permit an accurate delineation 
of.the contact between (a) the loess and the stratified Pleistocene and (b) the 
stratified Pleistocene and the Tertiary. 

400 w 
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Figure 2. Loess Profile at Vicksburg; Mississippi, based on a detailed profile 
made by the Mississippi State Highway Department. Stratigraphic contacts based 
on exposure in road cuts along this profile and on borings. 
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Normally the loess overlies red Pleistocene sand or clayey sand but 
in a few instances a second loess horizon is exposed below the first. Several 
such instances ha~e been noted at Vicksburg and one at Natchez. Krinitzsky 
and Turnbull (1967) have named the lower horizon the Pre-Vicksburg and the 
overlying younger loess, the Vicksburg. The two loesses are separated by a 
leached buried soil horizon. 

The exposure shown in figure 3 is located northeast of Vicksburg 
along U. S. Hwy. 61 (Stop 6 in this Guidebook). The exposure consists, from 
the top d~wn, of: 

3 ft. of leached Vicksburg loess, homogeneous, nonfossiliferous, 
and noncalcareous . 

45 ft. of calcareous Vicksburg loess. It consists of tan to 
brown clayey silt, is unweathered, and contains abundant 
gastropod fauna. 

5 ft. of a buried soil horizon. It consists of noncalcareous, 
hrown clayey silt and silty clay with pronounced blocky 
fissuring. Rather than presenting a smooth vertical face 
as do the calcareous loesses above and below, the material 
has eroded irregularly and receded into the bluff face. 

8+ ft. of Pre-Vicksbu~g loess; calcareous clayey silt containing 
gastropod shells. It is somewhat darker than the Vicksburg 
loess, more oxidized, and denser. The base of the Pre
Vicksburg is not exposed in the road cut. 

Krinitzsky and Turnbull tentatively correlate the Pre-Vicksburg with 
the Loveland loess of Illinois giving it an upper Illinoian or Sangamon age. 
The. Vicksburg loess they correlate with the Peorian and the Farmdalian of upper 
Wisconsin and early Holocene age. Available radiocarbon dates of the gastropod 
shells indicate an age span of 17,000-25,000 yrs. BP for the Vicksburg, and a 
date beyond the limits of radiocarbon dating for the Pre-Vicksburg. 

Banding 

A common phenomenon in Mississippi Valley loess is banding or 
pseudostratification consisting of roughly concentric bands of dark- and light
colored loess. Figure 4, taken in the Natchez area, illustrates this phenomenon. 
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Figure 3. Road cut near Vicksburg on Hwy. 61 Bypass, 
2.4 miles north of intersection vJith Interstate Hwy. 20, 
showing Vicksburg and Pre-Vicksburg loess. 

" 



i 

I 
I 
I 

I 
; 

r_,·,_·:_·_o -"'~---,.-,_:·•:o:-_·_, __ ,._ .. ,._--,~---~-·--·._-·, '"'"::~,.,,.~_-._,,_·.· -, . , .. . --,·---t!:!! . ' . - > ' - ·- ~ •• :· ' ·- • ., •• " ...... ·.' ~-- -:, - .... 

t< , 
t' 
.:.·-: 

:. .. ~: -- ..;·- · .. 

Figure 4. Concentric banding in road cut at Natchez, Mississippi. Height of 
cut estimated at 40 feet. 

It is sometimes lacking, but is more often obscured by a cover of dust, lichen, 
or slope wash. A light rain will accentuate the contrast between the dark- and 
light-colored bands. In some instances, weathering may increase the contrast, 
the light-colored bands tending to weather more rapidly than the dark-colored 
ones. This causes a slight retreat of the lighter bands into the face of the 
bluff (figure 5). Calcareous concretions are also more prevalent in the.darker 
bands (figure 6). Other visual and measurable properties of the two differently 
colored materials are essentially the same. Grain size, Atterberg limits, 
calcareous content and organic content, for example, are the same Tfllhether a 
sample is taken from a light- or a dark-colored band. Work by Daniels, Handy, 
and Simonson (1960) on Iowa loess, where similar banding is found, indicates 
that the two materials differ mainly in that the darker bands have an appreciably 
higher manganese content and a somewhat higher iron content. They postulate 



Figure 5. View showing slight recession of light-colored bands into face of 
loess road cut at Vicksburg. Figures indicate location of samples for which 
grain sizes are shown in Figure 9 .. 
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Figure 6. View showing characteristic concentration of calcareous concretions 
in dark··colored bands. 
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that the bands are old paleosols or weak A horizons of individual waves of wind
borne silt, each succeeding wave covering the former and preserving the paleosol. 

Whenever the stratified clay-sand beneath the loess is. exposed it is 
an interesting fact that the highest point in any o·,1e cut lies directly beneath 
the highest point in the overlying loess ridge. In other ~-Jords, there is a 
pronounced coincidence of present topographic highs with highs on the underlying 
stratified Pleistocene. The bands are almo_st invariably roughly concentric to 
(a) the contact with the underlying Pleistocene clay-sand and (b) the present 
topography. The curvature of the banding is normally slightly greater than the 
curvature of the contact with the clay-sand and somewhat less than the curvature 
of the present topography. 

Referring again to figure 5, note that the loess illustrated in this 
exposure is divisible into a darker textured, lower loess and a light textured, 
upper material, the dark loess being considered an older loess by some geologists, 
separated from the light loess above by an erosional hiatus. Note that banding 
is also visible in the photograph and that the banding cuts obliquely across this 
supposed erosion surface continuing without interruption from the darker into 
the lighter loess. This observation is, of course, incompatibl~ with the 
supposition that the darker loess is a distinctly older material separated from 
the loess above by an erosion surface. Additional evidence indicating that the 
entire loess bluff is essent-ially the same sequence is the density of the 
material. Density from top to bottom of the cut typically ranges from 75 lbs./cu. 
ft. to 105 lbs./cu. ft. This is apparently the result of normal consolidation· 
under load. There is no-abrupt break in the density of the darker loess compared 
with the loess above it. The change in density_is gradual, increasing regularly 
from top to bottom of the cut. 

Mineralogy 

. 
Quartz is the predominant constituent of the loess (Krinitzsky and 

Turnbull, 1967). In the unleached, calcareous loess it ranges from 55 to 70 
percent. Feldspar rang~s from 5 to 10 percent and carbonates from 5 to lS per
cent. Heavy minerals vary between 1 and 4 percent. The size of the qu<lrtz 
grains is almost entirely-within the silt range. The quartz is subangular to 
subrounded and is generally clear and in discrete particles. Occasionally the 
grains of quartz are made up of several quartz particles that appear to have 
been cemented by siliceous matter. 

Feldspars are observed to grade in size through the silt range very • 
much as does the quartz. However, the feldspars are more characteristically 
subangular to angular and show distinct evidences of cleavage and, to a lesser 
extent, of twinning. Orthoclase feldspars predominate over plagioclase. In the 
Vicksburg loess, the feldspars vary from unweathered particles to grains that 

B-10 



show various stages of weathering. In the Pre-Vicksburg loess, and in the 
leached loess, the feldspars are clouded or are weathered almost to the point 
of obliteration. 

Carbonates, almost entirely ~n the form of secondary calcite, are 
present in significant quantities in the Vicksburg loesses. The predominant 
clay mineral in the Vicksburg and Pre-Vicksburg loess is montmorillonite, 
however, chlorite, kaolinite, and illite are present in both loesses in minor 
amounts. 

Grain Size 

The grain size of Mississippi Valley loess samples is remarkably 
similar. Loess averages 90 percent silt size (between 0.074 and 0.005 rnrn), a 
little less than 10 percent clay size, and less than 1 percent sand size. 
Figure 7 shows the general range of grain sizes and compares this range with 
that of loess in the Midwest. Note that Midwest loess may consist of distinc
tively coarser material. Figure 8 compares four samples of loess selected at 
a distance of 5 miles east of the bluff line at Memphis, Vicksburg, Natchez, 
and Tunica Bluffs. Memphis is just north of the Mississippi-Tennessee line; 
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Vicksburg is about 200 miles south of Memphis; Natchez is about 70 miles south 
of Vicksburg; and Tunica Bluffs is in Louisiana just south of the Louisiana
Mississippi line. The airline distance between Memphis and Tunica Bluffs is 
more than 300 miles, yet the individual curves plot almost on top of one another. 

Coincidence of grain size is found when comparing material from the 
base to the top of any one loess exposure. Figure 9 compares three such samples 
taken from the cut shown in figure 5. Samp;Le 1 is taken from the bottom of 
the 45-foot cut and sample 3 from near the top. ·Note the similarity in the 
grain-size plots. Considerable additional data are available that confirm this 
homogeneity of materials from the bottom to the top of an individual cut. 

The samples plotted in figure 9 were chosen to illustrate not only the 
similarity between grain sizes in an individual cut but also the similarity of 
materials within two differently colored loess bands. Sample 2 was taken from a 
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dark-colored band and sample 1 from a light-colored band that had receded 
slightly into the face of the bluff. The materials are obviously similar in 
grain size. 

Be_cause of its possible implication in the controversy concerning 
loess origin, 150 samples were selected at increasingly greater distances east 
of the Vicksburg bluffs for grain-size analysis. Figure 10 plots distance 
from the bluff against the grain size of these samples. Although there is 
considerable scatter, the increase in the clay content with distance is unmis
takable. Note that the scatter becomes much more pronounced with distance 
eastward. 
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The sand fraction (greater than 0.074 mm) within Hississippi Valley 
loess averages 0.5 percent.· In some instances as much as 10 percent sand has 
been reported. Where details are available, however, any fraction of material 
larger than 1 percent and coarser than silt size has turned out to be small 
calcareous concretions, broken gastropod shells, etc. 

Summarizing some of the grain-size characteristics of Mississippi 
Valley loess: 

a. There is no appreciable difference in grain size in the 
material for 300 miles along the Alluvial Valley bluff line. 

b. Exhaustive data indicate a slight but distinctly perceptible 
decrease in grain size, specifically in clay content, in a 
direction eastward from the bluffs. 

c. There is no significant change in grain size from the 
bottom to the top of any one exposure. 

Plasticity 

The plasticity of a soil as measured by Atterberg limits is an 
important engineering index. The water content at which a soil is in a liquid 
state is called its liquid limit. When it begins to acquire the properties 
of a plastic, its water content is called the plastic limit. When it has 
reached the water content at which it ceases to decrease in volume it has 
reached its shrinkage limit. In the case of in-situ loess, however, such 
measurements are artificial. 

A microscopic examination of the material shows it to consist of 
angular silt-size particles, loosely packed, but apparently cemented by a film 
of calcareous clay. This gives loess, in its undisturbed state, an inherent 
strength caused by cementation that has little relation to its Atterberg limits. 
Measurements of Atterberg limits of the soil requir~ its being manipulated in 
a prescribed fashion as the water content is changed. This breaks dm.;rn the 
cementation between particles and results in a determination of the plasticity 
of the material only in its disturbed or remolded state. There are instances, 
for example, when the water content of in....,situ loess is bigher thim its plastic 
U_mit and possibly even higher than its liquid limit. Cementation, hm.;rever, 
is sufficient to keep the material rigid. Similarly, road cuts exposing loess 
faces with water contents as much as two or three percentage points higher 
than the measured plastic limit do not develop shrinkage cracks on drying. 
There is no volume change in the material as the water content decrP-ases. 
Atterberg limit determinations, therefore, are valid only for a disturbed loess. 
No data on the shrinkage limit of remolded loess were available to the writer; 
however, some shrinkage should be expected in the remolded material compacted in 
fills. 
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Plasticity of materi.al increases roughly as its plasticity index 
(liquid limit minus plastic limit) increases. The plasticity index of loess 
varies from 0, nonplastic, t~ 10, (figure 11). It averages about 4. Special 
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Figure 11. Range in plasticity of loess at Vicksburg. Compares the posi
tion on the Plasticity Chart of 50 loess samples taken within 1 mile of the 
bluffs and 50 loess samples taken from 9 to 10 miles of the bluffs. 

precautions are taken by the Mississippi Highway Department when a material useo 
as fill or as subgrade foundation has a plasticity index of more than H. Such 
instances occur infreque1.1tly in loessial areas and are readily predictable. They 
are confined to local pockets of alluvium, the fill in valley bottoms, and to 
areas where a road cut has penetrated Pleistocene or Tertiary clays. 
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Since Atterherg limits reflect the plasticity of remolded loess, 
which in turn, is influenced by grain size, a ch;1nge in limils, as well <1s in 
grain size, occurs with distance from the bluffs. Figure 11 is a plasticity 
chart used in classifying soils according to the Unified Soil Classification 
(USC) developed for the U. S. Army Co!:"ps of Engineers and nm..r w.idely used by 
the engineering profession. As the chart indicates, a material is classified 
with respect to its liquid limit and its plasticity index. Mississippi Valley 
loess almost always falls ~vi thin the small rectangle shown in the figure in a 
position that just straddles the "A-line" dividing a CL or lean clay soil from 
an ML or silt-type soil. In this instance' 50 samples were taken within 1 mile 
of the bluffs; another set of 50 samples ~..rere chosen from 9 to 10 miles from 
the bluffs. Note in the enlargement of the small rectangle that the material 
close to the bluffs is all silt while the material at some distance from the 
bluffs consists of a mixture of both silt and lean clay, a reflection of the 
increase in clay content of the material w~th distance from the bluffs. 

It is significant and unfortunate from the standpoint of the USC 
system that Hississippi Valley loess occupies a position on the plasticity 
chart that permits such similar material to be classified in one instance as 
a silt or ML and in the other as a lean clay or CL. A natural material could 
hardly be found that is more homogeneous from both the standpoint of its 
physical and engineering characteristics. Classification of loess in engineer
ing-soil profiles as two distinctive types is unwarranted and misleading. 

Other Physical Properties 

Table 1 summarizes typical ranges of physical properties of about 
500 randomly selected samples of loess in the Vicksburg area. Note that in-situ 

Table 1. Typical Ranges of Selected Physical Properties of Vicksburg Loess 

Physical Properties Range Average 

Moisture Content i8-25 21 

Liquid Limit 23-30 26 

Plastic Limit 20-24 22 

Dry Density 75-105 85 

Porosity 43-54 50 

Percent Sand 0-8 0.5 

Percent Clay 0-25 10 

CBR 10-13 12 

B-16 



,-
~. 

f 

~ -

moisture content of the material averages 21 percent. Thii is a fortunate 
circumstance since the optimum moisture content, i.e. the moisture content 
at which the material can be compacted to its greatest density under a given 
compactive effort, is about 16 or 17 percent. The amount of aeration involved 
in moving the material from nearby cut to fill dries it just enough to reach 
optimum moisture. Hot, dry days require some sprinkling of the loess before 
compaction. Proper compact-ion of fill is difficult to impossible during rainy 
days. 

Fill is· sometimes 40 feet high and may span valleys 300 feet wide. 
Loess is usually compacted in six-inch lifts with either sheepsfoot or rubber
tired rollers. Special care is necessary in ravine bottoms. Organic clays may 
require removal and '"here the \vater table is close to the surface, compaction 
of basal layers of a fill may be difficult. The \vater tends to work upward into 
the loess under the kneading action of the compaction equipment. Moisture con
tent reaches values significantly higher than optimum and the material tends to 
become spongy and rubbery. 

CBR or California Bearing Ratio values listed in table 1 are for 
disturbed loess compacted in fills. The value indicates an average strength 
typically reached by silts compacted under Standard Proctor effort*. Although 
data are incomplete, there is every indication that loess compacted at Standard 
Proctor effort in fill has a bearing capacity that is often less than that of 
the undisturbed material, even though density of the material may be increased 
from 75 to 110 lbs./cu. ft. by compaction. This, again, reflects the inherent 
strength imparted to the material by the clayey calcareous bond that cements 
the silt particles. 

Like most soils, strength of loess increases as its density increases 
and its water content decreases. However, even at its lowest natural density, 
the material has considerable strength. Undisturbed loess with a density of only 
75 lbs./cu. ft. will typically exhibit a cohesive strength of 1200 lbs./sq. ft. 
and an angle of internal friction on the order of 20 degrees. Remolded loess 
with a density as low as this would have a strength only a minor fraction of that 
of in-situ loess of the same density. 

* Standard Proctor effort is an arbitarily chosen compactive effort determined 
in the laboratory by dropping a specified weight on the material a specified 
distance a specified number of times. The number of passes of the compaction 
equipment required to reproduce this compactive effort in the field can be 
correlated with laboratory results. 
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SLOPES 

One of the most striking characteristics of loess. is its tendency to 
stand in vertical bluffs. Early highway construction methods utilized 1 on 1 
or shallower slopes. It was found, however, that such slopes rapidly became 
intensively gullied and unsightly. Grass sod was almost impossible to maintain. 
Slopes were soon altered. to 1/4 to 1 or vertical, where they were found to be 
very stable if protected from saturating drainage. Present practice is to ter
race at 20-foot intervals and to leave slopes vertical. ~1ere such slopes are 
properly protected from saturation they have stood for remarkably long periods 
of time. Figure 12 illustrates the improper protection of a vertical loess 
face. Drainage was allowed to flow along the base of the bluff. This resulted 
in saturation and rapid removal of the material at the base. The overlying 
loess, losing its support, collapsed. Current highway methods call for keeping 
drainage m..ray from both the top and the base of loess cuts. Trees are usually 
trimmed from the edge of such bluffs, not because of their weight, but because 
their root systems in expanding cause spalling of the bluff face. 

Grass or vines on steep slopes hinder rather than help slope mainte
nance. Figure 13 illustrates a frequent type of slide that occurs along loess 
cuts that have been planted or have become overgrown with grasses or vines. 
During protracted rains this vegetative cover absorbs moisture at the surface 
and in its root system. This wets the loess to some depth below the surface, 
breaks down the intergranular structure, and a soupy slide, the consistency of 
cake batter, occurs. During one occasion, .20 such slides blocked the highway 
east of Vicksburg in a 10-mile interval. None of these slides occurred on 
nonvegetated slopes. 

Figures 14 and 15 illustrate slides occurring on steep slopes in 
residential areas in Vicksburg. The usual prerequisites for such slides are 
steep, high slopes, long periods of soaking rain, and a grass or vine cover. 
In the case of figure 15, a leaky underground drainage system was partially 
responsible for the failure. It is not suggested that all grass-covered loess 
slopes are potential sites for slides. A sloping loess embankment must be 
sodded to keep it from gully erosion, and countless such vegetated slopes have· 
stood for decades in the Vicksburg area. In general, however, 45 degree, 
vegetated slopes are stable only up to heights of 10 to 12 feet. Steepen this 
vegetated slope and/or make it higher and a slide can be expected after long 
rains. Low retaining walls at the foot of higher, steeper slopes appear to be 
effective in preventing slides. 

FOUNDATIONS 

Loess in situ is a good to excellent material for a building site. 
It has an inherent strength sufficient for all but the heaviest structures. 
A fairly common type of failure in residential areas occurs on lots built entirely 
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Figure 12. Caving loess banks caused by improper drainage, saturation and 
flow of materials at bluff base, and collapse of overlying material, 
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13. Common type of failure occurring where steep loess slopes are 
by vines or grass. Such slopes are generally stable when unvegetated. 
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Figure 14. A typical slide in a Vicksburg residential. area occurring on steep, 
sodded slopes. Low retaining walls at the foot of such slopes are often effective 
preventive measures, 
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Figure 15. Slides caused by ?rolonged rain and sewerline saturation on steep, 
vegetated slopes. 

B-20. 



or partially of loess fill. Developers of real estate often carve a series of 
level, step-like lots from the steep loess hills with bulldozers. They move the 
lcess to a grass-covered slope, often without taking the precaution either to 
remove the sod or to compact the disturbed material. Houses built on suth sites 
are almost always plagued with foundation problems, problems that a few shallow 
auger holes could have predicted so that preventive measures could have been 
undertaken. 

Figure 16. Failure affecting three houses and several empty lots caused by 
improper compaction of loess during grading operations. 

Figure 16 shows an earth displacement involving an area of several 
acres. It caused abandonment of two homes and damaged a third. Three adjoining 
empty lots will in all probability stay empty for a long time. Beginning with 
a displacement of some 1-1/2 feet occurring along a crack about 400 feet long, 
the crack gradually lengthened to more than 1000 feet. Parallel subsidiary 
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faults formed on the clownthrown side of the block. One year after the first 
cracks appeared, the hup;e block had subsided Dhout 15 feet belmv its original 
level. Borings showed the affected area to he loess fill up to 20 feet thick 
with a very plastic organic layer marking the contact between the old undisturbed 
surface and overlying fill material. The remedy in this instance involved 
installation of drains capable of keeping a discontinuous stratum of underlying 
Pleistocene sands from continually wetting the organic clay contact. Borings 
indicated that a 3-foot trench near the street side of these residences would 
have diverted the subsurface water, which was.the immediate cause of the trouble. 
The basic problem, ho,.;~ever, and one that this failure has in common with most 
foundation failures in loess residential areas, is that the houses are often 
built either partially or completely on loess fill. Had the residences shown 
in figure 16 been located only about 10 feet closer to the street the failure 
might not have occurred, and if it had occurred, it would not have affected the 
foundations of the buildings. 

To preserve the inherent strength of building sites selected on in-situ 
loess, some precautions are necessary. Surface drainage should be good. Ponding, 
particularly adjacent to the building foundations, can cause some slight settle
ment. Should such settlement affect a sewer or a water pipe, a considerable 
amount of damage could occur in a very short time. If the loess is thin, it 
pays to find out something about the configuration of the older surface that lies 
beneath it. A knowledge of the configuration of the contact may permit instal
lation of inexpensive drains that will keep such contacts dry. Where older ma
terial occurs at shallow depth, heavier structures can be founded on cast-in-place 
concrete piles to these horizons. These may be as cheap as intricate footings 
and they are a lot safer. 

As a rule, loe~s is a good to excellent material on which to build 
highways. Concrete pavements built directly on loess or on a 6-inch compacted 
loess layer have failed because of pumping. This is due primarily to the local
ization of moisture beneath the pavement, saturation of the loess, and resulting 
loss of strength. Standard practice is to place a thin blanket of sand or 
other free-draining material directly above the undisturbed loess in.cuts and to 
place the pavement directly on this sand blanket. 

SUMMARY 

One of the most striking characteristics of Mississippi Valley loess 
is its homogeneity. Grain size and other measurable properties are remarkably 
similar in samples taken throughout the 300 mile long loessial belt of western 
Mississippi. Of significance in the problem of loess origin is a small but 
definitely perceptible decrease in grain size with distance from the bluffs. 
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Loess consists almost entirely of loosely packed silt-size particles 
with minor amounts of calcareous .clay that bond the larger particles together. 
This results in a form of cementation that imparts a strength to loess in situ 
considerably greater than material of comparable grain size and density. 
Mechanical reworking of the material o~ saturation destroys its itiherent strength. 
Loess compacted at Standard Proctor effort in fill has a bearing capacity that is 
often less than that of undisturbed material, even though density may be increased 
from 75 to 110 lbs./cu, ft. by compaction. 

Loess stands best in bare vertical cuts. Bare loess slopes will gully 
intensively unless protected by grass sod. If the sodded slopes are steep and 
high, however, large slides are common after soaking rains. Experience indicates 
that grassed slopes steeper than 45 degrees and higher than 12 feet are unstable. 

Most conm10n foundation failures in Mississippi Valley loess are the 
results of (a) slides, (b) building on loess fill, and (c) saturation of the 
foundation because of ponding. Problems most commonly associated with highway 
construction are (a) improper drainage measures at the base of steep loess 
cuts, (b) inadequate treatment of ravine areas prior to the placement of fill, 
and (c) pumping and consequent slab failure because of saturation of loess sub
grade. 
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Conrad's Plates of Vicksburg Invertebrate Fauna 

An Introduction 

by 

Ernest E. Russell 

T. A. Conrad was one of the first and prir.cipal workers in the 
Tertiary of the coastal plains. He began his work in Hississippi less 
than thirty years after that state was admitted to the union, and less 
than 50 years after the Louisiana Purchase from France and after the 
United States obtained a clear title to Florida and parts of Alabama 
and Mississippi from Spain. 

Conrad made major contributions to the basic knowledge of fossil 
faunas in the Tertiary in the coastal plains and named many of the 
species we .work with today. Hm.;rever, it is generally overlooked that he 
made the earliest serious attempt to subdivide the Tertiary of the 
coastal plains and to correlate those beds with the classic European 
section on the basis of paleontology. In the opinion of G. D. Harris, 
Conrad's work on Fossil Shells of the Tertiary Formations of North 
America " ... marks the beginning of systematic research into this period 
of our continent's history". 

Conrad began publishing on the Tertiary of the Atlantic Coastal 
Plain in 1832. In October 1832 he figured 23 species from various· 
localities in the Atlantic Coastal Plain and commented on their relation
ship to similar fossil faunas in Europe. In the same year he described 
nine species from Claiborne Bluff on the Alabama River. Shortly after, 
in 1833, he described one hundred and nineteen species from the prolific 
fossil beds at Claiborne Bluff. 

Some twelve years later, in the spring of 1845, he was in the 
vicinity of Vicksburg, Hississippi. At that time he reports collecting 
from several localities: along the Hississippi River Bluffs at Vicksburg, 
along the banks of Yazoo River "about fourteen miles from Vicksburg", and 
"on Dr. Smith's plantation, six miles Northeast of Vicksburg". He 
"collected about one hundred and nine species of Eocene fossils, most of 
which appear to be new species". In his report he lists one hundred and 
eleven species. 

Conrad could see little similarity between Vicksburg and 
Claiborne Bluff faunas, noting that only two species were common to 
both areas. He not only recognized.that the Vicksburg fauna was younger 
than the Claiborne Bluff fauna hut correlated it with "the white limestone 
at St. Stephens on the Tombeckbe River ... all being connected by the 
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abundance of Nummulites Hantclli". Conrad correlated the Vicksburg 
beds with the --"Upper or Nc\ver Eocene". In 1854 Beyrich proposed the 
term Oligocene for the "Upper Eocene''. 

Conrad illustrated one hundred and two species of fossils from 
the Vicksburg area on Plates 11, 12, 13, and, in part, 14 in the Journal 
of the Academy of Natural Sciences of Philadelphia. Fossil species from 
Orangeburg District and near Santee Canal in South Carolina, Hanover and 
Stafford counties Virginia, Upper Harlborough, Maryland, and Claiborne, 
Alabama are figured also in Plate 14. 

As this field trip has stops in the type locality of the 
Vicksburg Group, it was thought appropriate to seek permission to repro
duce the plates from Conrad's report on the Vicksburg fauna. We are 
pleased that the Academy of Natural Sciences of Philadelphia has gener
ously allowed the reproduction of the four plates, with references, from 
"Observations on the Eocene formation, and description of one hundred 
and five new fossils of that period, from the vicinity of Vicksburg, 
Hississippi" . 
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HEFERENCE TO PLATE XL 

Fig. 1. Dcntalium missis~ippiensis. Fig. 24. Plcurotoma cboroidc~. 
2. Fi~surclla mir;sissippicnsis. ~5. ----- abundaus. 
3. Infundibulmn trochiformis ?* ~G .. ----- rotxdcns. 
4. f-lolarium t.riliratum. :!.7. dec! iva. 
5. J3ulb crassiplica. 28. Buccinuru mississippicnsis. 
G. Cyprrea Aplu:croides. :29. 'l'yphis curvirostratus. 
7. ---lintca. 30. l\I urcx mississi ppicnsis. 
8. N arica mississi ppiensis. 31. l\Ielongcna crassicornuta. 
9. Sigarctus mississippiensis. 32. Fusus spinigcr. 

10. Natica mississi ppicusiM. 33. -- vicksburgcnsis. 
11. --- vicksburgensis. 34. -- mississippieusis. 
12. Turritclb mississippieu~is. 35. Chenopus liratus. 
13. Tcrcbra divisurum. B6. Ringicula mississippiensis. 
14. Scalaria trigintanaria. 37. Actroon andcrsoni. 
15. 'l.'ercbm tautula. 38. Cancellaria mississippiensis. 
1G. Plcurotoma porccllana. 39. fuuerata. 
17. rui~sissi ppiensis. 40. 'l.'riton crassidens. 
18. ---- scrvata. 41. -- mississippiensis. 
19. congesta. 42. ~ abbreviatus. 
20. ----- cristata. 43. Cassidaria lintca. 
~I. ----- tantula. 44; Cassis crelatura. 
22. ten ella. 45. - mississippiensiM. 
23. ----- cochlcariH. 4fl. Phorus hurnilis. 

*This ~hell wus rcf'crrcJ to in the remarks inauverlently placcu unuet the l1end of Fissut·ella, p. lB. 



12 

I 
t 

t 
~: -

1 r 
I ,, 
I 
I 'fd 

1 

~~ f 
I 
{ ~·-[. 

' ' f 
\ 
p 

o!<l 

~ 

,i 
··, 

/·· 
. I 

'i.J 

/~: I 
·1/ II ' 

'~~. ' 

1
\1\ 

1\\ 

~~ 
42 

Pl.ll 

6 

., .~· ..... ,, .... , •• 1'1,,(, 

,....,...,,;:~;:....:~~~'!·:;o~-~-"""''"'· .. ,....,._,.~,,,o;"""........-:.-,.,.,.~__,..,"""""'~-~=--~.,..~'"-~-'"""·''''~"'"'-.'''~71·''•"-'""-.-"~---.,·''<'"'';.;.·-···;,..~-~--;,.,...,..;,.;',....;._.;;,,..;.;.:..~~ ... \~-;.;..,;;_~~;;...,.;,qC.;......;:;,l:··,,;:.:..;:,~ . ..-;-:::;;.;:,;o:,:-:;~-. ,;....,;.,·~----.··-~..;:_~-.-~;;~:,._,:;·_··,: ... 

I· ~ 

I 
I . 

' 

l
j 

' 

. 

~ 

I 
r: 



Fig. 1. l\liira conquisiLa. 

2. -- mississippicnAis. 
8. - .. -- ccllulif,!ra. 
4. -- staminca. 
5. C:nicclb dcmi~~:J. 
n. O!!iscia harpula. 
7. 'L'urbiuclla protmcta. 

~' ~~. ScoLinella cxlata. 
10. ;\ vicula urgcnlea. 
11. L<,ripcs cLurnea. 
1:~. 'l'urLiuclla wilsuni. 
li.l. Mactm fuucrata. 
14. -- mississippicnsi~. 

17. Psummol•ia papyria. 
lJarJium vick~burgcuHe. 

I f1, 
lll. 
13. CVCfAI\111. 

llEFRRENCE TO PLA'rE Xll. 

Fig. Hl. 1\Iodiola missiRsippieusis. 
20. Amphidcsma mississippiensis. 
21. ---- pcrovata. 
22. Lucina pcrlcvis. 
23. •Loripcs turgitla. 
24. --- cburnca. 
25. 'l'cllina lintea. 
26. Psammobia. 
27. 'fell ina pcctorosa. 
28. ~ serica. 
:2!). --- pcrovata. 
3U. Curbula cngonata. 

31, --- iutastriata. 
:12. Tcllina vicksLurgcnsis. 
:!3, 34, 3fi. Corbnla alta. 
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Fig. 1. Fulgoraria mi~sissippicnsia. 

2. Turbiuella pcrcxilis. 
3. Pholas triquetra. 
4. Cyprea lintca. 
5. Ostrea vicksburgensis. 
6. Oliva mississippiensis. 
7. Crassatella. 
8. Cardium divcrsum. 

9. Donax funerata. 
10. Crassatclla mississippiensi~. 
11. Area mississippicnsis. 
12. Panoproa. 
13. Cytherea astartiformi~. 
14. ---- imitabilis. 
15. ·Area mississippicnsis. 

16. Cytherea mississippiensifl. 
17. --- sobri na. 
18. --- pcrbrevis. 

ltEFERENCE TO PLATE XIII. 

Fig. Hl. Cytherea scmipunclala. 
20. C01·bis slamiuca. 

21. Chama niississi ppicnsi,;. 
22. :Madrcpora missis~ippicosis 
23. Byssoar~a lima. 
24; Pcetuuculus arctalus. 

25. ---- mississippicnsiB. 
2G. Nueula vicksburgci.si~. 
27. Chama mississippicusis. 
28. Kellia oblonga. 
:W. Nucula serica. 
30. Lima staminca. 
31. Pinna argentca. 
32. Byssoarca. mississippitm~is. 
83, 34, R5. 'l'urbiuolia caulifcra. 
tlG. Byssoarea protraeta. 
37. Ostrea vieksburgcnsil!. 
38. Oliva missi8sippicnsis . 
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Fig. 1. Ccrithium siliccnm. 

2. Nucub. mucronata. 

3. -· -- carolin~msi~. 

4. ---·. subtrigona. 

5. --- calcarcnsis. 

6. Infuntlibulum cariuatum. 

7. Lithodomus carolinensi~. 

8. Tellina subcqualis. 

9. Cardita bilineata. 

10. --- subquadrata. 

11. --- subrotunda. 

12. ---. vigintinaria. 

13, 14. Pecten clixatug. 

15. Pelagus vanuxemi. 

16. Turritel!a cxlalura. 

17. Pclagus vanuxcmi. 

HEFERENCJ~ 'fO PLATE XIV. 

1 Fig. 18. Cytherea pyga. 

I Hl. ---- Ienis. 
I 

20. ---- liciata. 
~]. cversa. 

2~. Nucula claibotncn"i.<. 

23. --- improccra. 
24. Uardita dcnsata. 

25. Fusus pachylucruH. 

26. Cytherea subimprcssa. 
27. Lithodomus claiborncusif'. 

28. Ccrithium solitarum. 

2D. ---- nassula. 

30. l\Titra tcrcbr~cfonui~. 

. 31. Nucula parili~. 

32. Ccrithium claiLorocnsi~ 
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