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ABSTRACT 

A study was made of eighteen samples collected at four 

selected exposures of the contact of the Eutaw and Selma groups 

(Tombigbee Sand Member and Mooreville Formation) of Late 

Cretaceous (Austinian) age in central and west-central Alabama o 

The sediments consisted primarily of quartz sand and glauconite 

with muscovite and garnet secondary in abundance in the elas

tic fraction o Several of the samples were calcareous o 

Particle size analysis, fossils, and mineral content in

dicate the depositional environment before and after the erosional 

cycle between Tombigbee and Mooreville sedimentation was 

neritic and more likely epineritic o Certain areas of deposition 
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may have existed as quiet bays and lagoons as part of the shore

line as evidenced by the presence of glauconite and pyrite. 



INTRODUCTION 

Location 

The Tombigbee Sand Member of the Eutaw Formation and the 

Mooreville Formation of the Selma Group crop out in the Gulf 

Coastal Plain physiographic province. The Tombigbee Sand Member, 

which is of Austinian Age in North America and Coniacian Age in 

Europe, is exposed from south-central Tennessee through northeast 

Mississippi, central Alabama, and into west-central Georgia. The 

Mooreville Formation, of Austinian Age in North America and 

Coniacian Age in Europe, crops out from northeast Mississippi to 

central Alabama. In east Alabama the Mooreville Formation merges 

laterally with the lower part of the Blufftown Formation. 

Purpose of Investigation 

This thesis is an attempt to reconstruct the depositional 

environment of the marine sands now assigned to the Tombigbee 

Sand Member of the Eutaw Formation and the calcareous marine 

sands of the Mooreville Formation of the Selma Group. Particle 

size analysis techniques were used to determine depositional 

conditions along the Tombigbee - Mooreville contact at selected 

outcrops in west-central and west Alabama. 
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GENERAL STRATIGRAPHY 

Eutaw Formation 

The name "Eutaw" was first used by Hilgard (1860, po 61) 

and applied to a series of irregularly bedded sands, clays, and 

gravels in Alabama which had earlier been recognized by Tuomey 

(1850, p. 118-120) as being Cretaceous in age. Hilgard referred 

to the series of beds as the "Eutaw Group II which included beds 

now classified as Tuscaloosa Group and the overlying beds up to, 

but not including, the Tombigbee Sand. Smith and Johnson (1887, 

p. 95-116) modified Hilgard's sequence by assigning the name 

"Tuscaloosa Formation II to the lowest exposed Cretaceous unit. 

(The Tuscaloosa Formation was later classified as the "Tuscaloosa 

Group"). Subsequently, the Eutaw Formation was restricted to the 

sediments between the Tuscaloosa Group and the overlying Moore

ville Formation. The Tombigbee Sand was then ranked as the upper 

member of the Eutaw Formation which is the currently accepted 

classification (Keroher, 1966, p. 3911). 

5 



6 

Tombigbee Sand Member 

The term 11 Tombigbee 11 was first used by Hilgard (1860, p. 61) 

and is the second, in ascending order, of a series of four Upper 

Cretaceous sedimentary accumulations in Mississippi. Current 

classification places the Tombigbee Sand Member in the Eutaw 

Formation of early Austin age as the uppermost member (Kercher, 

1966, p. 3911). Plymouth Bluff, on the Tombigbee River, Lowndes 

County, Mississippi, is the type locality of the Tombigbee Sand 

Member. 

The Tombigbee Sand Member is exposed in an arcuate pattern, 

convex southward, through Pickens, Greene, Hale, Perry, Dallas, 

Lowndes, Montgomery, Macon, and Russell Counties, Alabama. 

The outcrops studied and described were selected on the basis of 

good exposure and contact relationship with the overlying Moore

ville Formation in Pickens , Greene, and Dallas Counties , Alabama. 

Through Hale and Perry Counties, and eastward from Selma, Alabama, 

the contact is not exposed or is difficult to identify accurately. 

The measured thickness, perpendicular to the strike, of the 

Tombigbee Sand Member varies because of the irregular contact 

between it and the underlying Eutaw Formation; however, the average 

thickness was reported to be about 100 feet (Adams, et al., 192 6, 

p. 235) o In Valley Creek, Dallas County, Alabama, the writer 
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measured the total thickness of the Tombigbee Sand Member to be 

slightly over 21 feet. According to Monroe (1941, p. 52), the thick

ness is 19. 5 feet; however, water level of the creek during Monroe 1 s 

visit may not have permitted the exact measurement of the lower 

portion of the section. 

Stephenson and Monroe (1940, p. 65) describe the Tombigbee 

Sand Member as 11 
• o • composed chiefly of massive glauconitic, 

more or less calcareous sand with indurated ledges o • • • 
11 At the 

locations discussed, the writer found the lithology varied markedly 

as to clay and calcium content and to color and induration. 

Terrigenous quartz is the major elastic component observed 

in all samples o Glauconite is the second most abundant mineral 

and, in a few samples taken, exceeds the occurrence of quartz 

by weight in certain modal classes. Muscovite, garnet, and a 

small amount of magnetite are other obvious accessory minerals 

present. Occasional fragments of lignite are found. Clay and cal

cium carbonate act locally as cementing agents. 

Stephenson (1956, p. 277-250) described invertebrate fossils 

(Pelecypoda) of the Eutaw Formation in the Chattahoochee River 

area o The Tombigbee Sand Member is more fossiliferous than the 

Eutaw (restricted) and includes the lower portion of the Exogyra 

oonderosa Roemer zone which is widely traced over the Gulf Coastal 

province o The term "restricted II is applied to the Eutaw Formation 



in this case to indicate the sediments between the underlying 

McShan Formation or Lower Eutaw Formation and the overlying 

Tombigbee Sand Member. The McShan Formation is exposed in 

Pickens County, Alabama, along U o S. Highway 82. The name 

"McShan II has been generally used since 1945, according to 

Murray (1961, p. 347) o According to Stephenson (1956, p. 227), 

the McShan Formation consists of about 2 00 feet of cross bedded, 

fine marine sand containing some leached glauconite o However, 
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the McShan Formation disappears west of Montgomery, Alabama, 

presumably from a transgressive overlap of the Eutaw Formation. 

According to Louis Conant, the McShan Formation cannot be traced 

out of its type locality (oral communication) • The U o So Geological 

Survey is now mapping all of this as Eutaw Formation. 

Pelecypods are the primary fossils - specifically, Exogyra 

ponderosa Roemer, Gryphaea wratheri Stephenson, and Ostrea 

cretacea Morton. 

Selma Group 

Winchell (1857, p. 91) applied the name 11 Rotten Limestone" 

to the Cretaceous chalk of Alabama. This name was changed by 

Smith, Johnson, and Langdon (1894, p. 276) to "Selma 11 with the 

type locality in the river bluff on, the Alabama River at Selma, 

Alabama, near the base of the groupo Monroe (1941, Po 46-65) 
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divided the "Selma Chalk II into three members: the lower marly 

member (unnamed at the time) , the Arcola Limestone Member, and 

the Demopolis Member. In 1945, the Mississippi Geological Society 

proposed the name "Mooreville II for the lower Selma Chalk member, 

named for exposures near Mooreville, Lee County, Mis sis sip pi. 

The Arcola Limestone Member was included as the upper member of 

the Mooreville Formation. This usage was extended to Alabama by 

Monroe in 1946. The Demopolis Chalk subsequently was divided 

into an unnamed lower member and the Bluffport Marl Member at 

the top (Monroe, 1946, p. 2 7 40-2 7 42). 

Mooreville Formation 

The Mooreville Formation is the lowest unit of the Selma 

Group and crops out in an arcuate band, convex southward, from 

northeast Mississippi, through west-central and central Alabama 

and merges laterally with the sandy Blufftown Formation east of 

Montgomery County, Alabama. The outcrop varies in width from 

four to fifteen miles and constitutes the area known as the Alabama 

11 Black Belt 11 
0 Total thickness is near 4 0 0 feet in central Alabama a 

According to Monroe (1941, p .. 15), the first description of the 

Black Belt was done by Withers in 1833, with first references to 

rocks of Cretaceous age in Alabama being made by Morton (1829, 

p. 12 7) 0 
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The Mooreville Formation is a thin-bedded chalky marl con

taining a basal sandstone which varies in thickness up to about six 

feet. It is uniformly gray in color except on the surface where it 

weathers white to buff. Monroe describes the basal Mooreville 

Formation as 11 
• • • compact calcareous sandstone containing 

scattered quartz pebbles, phosphate pellets, and phosphatic in

ternal molds of shells 11 (1941, p. 49). No reference is made to 

shark teeth and the abundance of microfos sil forms. 

East of Montgomery, Alabama, the Mooreville Formation 

becomes increasingly sandy and lithologically similar to the under

lying Tombigbee Sand Member o Topographically the Mooreville 

Formation has been eroded to low, rolling hills and broad, open 

grasslands. Trees grow mainly in local sandy or sand-clay zones 

and in terrace deposits but, generally, not in the marl its elf. 



METHODS OF INVESTIGATION 

In this paper the writer is attempting to reconstruct the 

depositional environment of the Tombigbee Sand Member and the 

Mooreville Formation by studying particle-size distribution, 

fossil content, and minerals present in samples collected at 

selected outcrops. Both the Tombigbee Sand Member and the 

overlying basal part of the Mooreville Formation contain large 

percentages of quartz and glauconite with quartz being the most 

abundant elastic fraction in all samples studiedo Pettijohn (1957, 

po 3 7), Krumbein and Sloss (1951, p G 209), and Cloud (1955, 

po 489) have done extensive work on the relationships of particle

size distribution and the presence of glauconite in sediments as 

a function of the depositional environmento Work also has been 

done on the formation of glauconite by Burst (1958, p. 314), and 

studies on particle-size distribution have been done by Moiola 

and Weiser (1968, Po 45 - 63), Friedman (1967, Po 327-353), 

Folk and Ward (1957, Po 3-26), and Passega (1957, p. 1952-

19 84) • 

Samples used in this study were collected at the contact 

of the Tombigbee Sand Member and Mooreville Formation along 

strike in Pickens, Greene, and Dallas Counties, Alabama, in 
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June and July, 1967 o Localities were selected on the basis of 

good contact exposure o 

Samples were collected vertically at each location and 

were compared for variations in particle-size distributiono 

Sampling was made after a portion of the outcrops had been 

scraped with a geologist 11 s pick to clear vegetation and weath

ered sediments from the exposed surfaces of the formations o 

Twenty-three samples were collected of which eighteen are 

described in this paper o 
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A fifty-gram, oven-dried portion of each sample was washed 

in tap water through a #150-mesh screen. The remaining fraction 

was dried, weighed, and screened using a "Ro-Tap II shaking 

machine. A whole phi screen interval was used. A half phi 

screen interval could have been used; however, work done by 

Moiola and Weiser (1968, Po 48) and Jenkins (1967, Po 36-42) 

shows no significant increase in accuracy of measurements is 

gained by the use of half phi screens o Each screened portion was 

weighed again to the nearest 1/100 gram. 

All fractions which remained on 2 5 0 micron, 12 5 micron, and 

62 micron screens were processed through an S. G. Frantz Iso

dynamic Separator to separate the magnetic and non-magnetic 

fractions of the sample. For general separation of quartz from the 

magnetic fraction in each size, a downslope of 20 degrees tilted 
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five degrees toward the non-magnetic side was used. The mag

netic field strength was varied from O. 75 to 1. 00 amperes which 

was the maximum limit, depending on particle size, that could be 

used without having particles adhere to the pole of the separator. 

Pickensville Sample #6, Choctaw Bluff Sample #1, and 

Choctaw Bluff Sample #2 were selected on the basis of apparent 

high accessory mineral content for re-processing through the mag

netic separator in an attempt to separate the magnetic portions 

into mineral suites o Only moderate success was achieved because 

of the abundant glauconite. The more weathered a glauconite 

particle was, the less magnetic, and, as a result, glauconite 

separated over a wide range of field intensities. However, glau

conite appears to be most sensitive to a field strength of O. 75 

amperes. For separation of minerals into suites a downslope of 

20 degrees was used with a 20 degree tilt toward the non-mag

netic side o Field current was set at O. 4, 0. 8, and 1. 2 amperes, 

and with each setting the least magnetic fraction of each sample 

was passed through the separator three times to assure maximum 

separation. 

Magnetite, present only in trace amounts, was separated 

from each sample with a hand magnet before processing o The 

remaining minerals were identified under a binocular microscope 

by comparison with a known mineral suite o After quartz and glau-
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conite, muscovite and garnet , respectively, were the most common 

accessory minerals and were present only in small amounts in the 

62-125 micron sizes. A few small, dark-brown, vertically striated 

tetragonal prisms were seen in a few samples. According to Kraus, 

et al. (1951, p. 604), the crystals could be rutile since it is 

present in nearly every Coastal Plain sand which has been studied 

and is found in association with quartz. Kyanite probably was 

present, though not identified specifically, since it is associated 

with quartz, garnet, and mica shist - all of which could have the 

Piedmont province as a source area. 

In an effort to gain further information regarding the Tombig

bee Sand Member and Mooreville Formation depositional environ

ment, numerous nodules found in certain samples were subjected 

to X-ray analysis (Norelco Type 12045 Diffractometer). All nodules 

were found to be calcium carbonate; however, a few included small 

amounts of quartz. All had strong calcite peaks at 2 9. 9, and 3 6. 2 

degrees 2 8 on the X-ray charts (plus other weaker peaks) , and 

several included strong quartz peaks 21 o 0 and 2 6. 7 degrees 2 8 

(plus other weaker peaks). Nodules digested in a ten percent 

solution of hydrochloric acid, washed in tap water, dried, and 

X-rayed showed peaks only for quartz. 

To increase the accuracy of' the weights of the small mag

netic porti,.)ns, the weight of the non-magnetic fraction was sub-



tracted arithmetically from the total weight of the sample before 

separation. Some samples had magnetic fraction weights of less 

than O .10 gram. 

Each sample was studied further under a binocular micro

scope to determine the shapes and conditions of the particles 

and to determine if the sample contained any microfossil species o 
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SELECTION OF LOCATIONS 

Four locations in west-central and west Alabama were studied 

and described. All locations were well exposed. The contact be

tween the Tombigbee Sand Member and the Mooreville Formation 

was easy to recognize, a condition which facilitated photography 

and sample collection. The writer explored areas in central Alabama 

for additional contact exposures but, due to the lack of cuts in 

embankments and the increasingly sandy condition of the basal 

Mooreville Formation, accurate identification became more difficult. 

The writer made no attempt to find contact exposures in Mississ

ippi. 

Three of the locations had been previously measured by 

Monroe (1941, p. 49-52). 



PICKENSVILLE SECTION 

The section at Pickensville, Pickens County, Alabama, is 

located in the NW 1/4, sec., 24, T. 21 s., R. 16 W., 50 yards 

north of a railroad trestle on the St. Louis - San Francisco Rail

road in the south bank of the railroad cut O. 6 mile west of 

Pickensville. According to Monroe (1941, p. 49), 20 fe~t of the 

Upper Tombigbee Sand Member of the Eutaw Formation is overlain 

by 2 5 feet of sandy, glauconitic, basal Selma chalk (Mooreville 

Formation) and that the contact is exposed 8 feet above the track 

of the railroad. No closely measured section was made o 

Eleven samples were collected in an 8 foot exposure of 

which six were selected for study and description., The remaining 

samples were duplicates of other samples. 
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Sample 3 - Poorly indurated yellow-brown glauconitic sand 

containing some mica o Sample taken 3 o O feet above Tombigbee -

Mooreville contact in a zone containing poorly preserved, highly 

bored specimens of Gryphaea wratheri Stephenson, Ostrea cretacea 

Morton, and fragments of Baculites sp o Some clayey fillings of 

shells and iron-cemented nodules were foundo Fresh glauconite 

was very dark-green to nearly black in color in the larger (1 to 2 

phi) sizes and weathered to olive-green in the 2 to 4-phi sizes o 
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Figure 3. - Outcrop of Tombigbee Sand Member and 
Mooreville Formation on the St. Louis - San Francisco 
Railroad at Pickensville, Pickens County, Alabama. 
The ruler in the photograph is 8. 0 feet long. The con
tact is at the top of the ruler and is obscured by 
vegetation. 



Figure 4. - View of the borings in the Tombigbee Sand 
Member exposed in a cut on the St. Louis - San 
Francisco Railroad at Pickensville, Pickens County, 
Alabama. 

19 



l 
0 
N 

0 
M 

(3) 

0 
M 

Terrace Deposits 

I 

. . .. , • 

. . 

• • . • 0 .. #·~ . 
. • • • • 0. 

...... ~ 0. 0 . • .: . . . . . . . . . . . . . 

: 
I 

--• 
~ : .. . , 

' 

• • 'Bored zone 
\ • } . . . l 

. . 
. . 
.. 

. . 

. 
• 

• 

• • 
, . 

. . . 
. . . . . . . .· . , .. 

Figure 5. Measured stratigraphic section at Pickensville, 
Pickens County, Alabama. ' 

20 



21 

The elastic fraction of the sample was unimodal in the 2 to 3-phi inter

val. Garnet was present in trace amounts in the smallest grain sizes o 

Sample 5 - Non-calcareous, very loose dark-buff colored 

quartz sand collected 5 o O feet below the contact. By weight., glau

conite was only 12 percent of the sample. Some red clay was present 1 

mica was rare, and no fossils were found except for small fecal 

pellets and possibly (though not confirmed) a few conodonts o Clean., 

clear, angular quartz was the primary elastic fraction of the sample o 

Generally, the glauconite was badly weathered and highly fractured o 

Sample 6 - Heavily bored zone of poorly to moderately in

durated quartz sand o The sample was collected 1 o O feet above 

Sample 3 o The sand is calcareous and the borings are filled with 

calcite o Filling probably was due to ground water deposition since 

many of the borings show concentric calcite layering. Color was 

light-gray to white except where stained red from irono Glauconite 

grains were dark-green and well rounded; however, some particles 

were fractured and mica replacement was commono Small fossil 

fecal pellets were in greater abundance than in samples taken in 

lower levels. Quartz and glauconite constituted 82 percent of the 

sample by weight o As in other samples, the elastic fraction was 

unimodal in the 2 to 3-phi interval. 

Sample 7 - Light-gray to white calcareous, poorly indurated 

sandstone containing some small, fragile shell flakes of undeter-



mined identity and a few dark-brown nodules. Many fossil fecal 

pellets were presento Some garnet was present in very small 

grain sizes and mica was rare. The sample was collected 2 o 5 

feet above Sample 3. 

Sample 8 - Moderately indurated, light-gray, slightly glau

conitic sandstone containing a few small, dark nodules. Highly 

calcareous, marly, quartz sand o This sample does not differ 

greatly from the previously described samples except that it con

tains some calcareous quartz sand aggregates. 
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Sample 9 - Two-foot section of very calcareous, dark-gray 

to medium-gray marly, fine-grained sandstone, locally well in

durated. No macrofossils were present, but several poorly pre

served and fragmented foraminifera were foundo One specimen of 

Nodosaria sp o was noted and an unidentified biserial form o 

Glauconite was dark-green in color and grains were well rounded o 

Glauconite replacement of mica was more common in this sample 

than in any other from this location. 

General 

The lower 3 o O feet of the Pickensville section is a fine

grained, massive quartz sand containing glauconite with a fossil 

shell zone at the top o Above the 'shell zone (and including it) is 

3. 0 feet of fine-grained quartz sand which is bored and highly 
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calcareous and contains some dark nodules o Overlying this is 2 o 0 

feet of glauconitic, sandy marlo Above the marl is sand-gravel 

terrace deposit. 

The borings extend up to the contact with the marl but do 

not cross it. 

The nodules are commonly referred to as "phosphate nodules 11 

in research papers concerning the calcareous deposits in the 

coastal plain of Alabama and adj a cent areas o However, Dr o 

Douglas Eo Jones, by personal communication, suggested to the 

writer that certain of the nodules could be siderite. A number of 

the nodules were processed to determine their composition by 

cleaning the surfaces of contaminating calcareous residues in a 

solution of 10 percent hydrochloric acid o Both white and dark

brown nodules were studied. 

The white nodules were digested completely by the acid 

and left no residueo X-ray diffractograms of additional nodules 

were examined by the writer which indicated the nodules were 

essentially pure calcium carbonate, containing trace amounts 

of quartz o 

The brown nodules, which could have been siderite, also, 

dissolved in acid completely but contained a few quartz grains 

and discolored the acid solution to a dark amber. 



The writer concludes that phosphate nodules are not as 

common as had been indicated previously by other studies and 

that the nodules found in the Pickensville outcrop are calcitic. 

This is not to say that all of the nodules are not phosphatic; 

simply, none was observed. 
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Based on lithology, physical appearance, and the work done 

by Monroe (1941, p. 49), the Tombigbee Sand Member - Moore

ville Formation contact is between the bored, calcareous sand 

and the gray marl. Although the upper 3. 0 feet of the massive 

sand is calcareous, and includes large fossil shells at the base 

of the calcareous zone, its characteristics are those of the Tom

bigbee Sand Member. No microfossils were found to confirm this 

observationo The carbonate fraction probably results from ground 

water transport from the overlying chalky marl. The writer believes 

the entire Tombigbee exposure is one depositional unit due to the 

fact that there is no textural change between the calcareous and 

non-calcareous sediments, even though the calcareous change is 

sharply defined. Cross-bedding is undisturbed. 

The overlying marl is 3 8 percent by weight carbonate 

material and contains a few fragments and poorly preserved micro

fossils typical of Mooreville strata. 
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EUTAW SECTION 

The Eutaw, Greene County, Alabama, section is located in 

NE 1/4, SW 1/4, sec. 34, T. 22 NO I Ro 2 Ee The outcrop is 

well exposed in the south bank of the Southern Railway cut under 

the U. S. Highway 43 bridge approximately O. 5 mile southeast of 

the Greene County Courthouse in Eutaw o 

To the writer's knowledge, this exposure has not been 

previously measured and described. Much of the cut is over

grown with vines and brush; however, under the bridge the Tom

bigbee - Mooreville contact is exposed and only slightly 

weatheredo The contact dips slightly westward and under the 

bridge only 2 o O feet of the Upper Tombigbee Sand Member is ex

posed while west of the bridge the contact is not exposed at allo 

East of the bridge the cut is high and the exposure is greater; 

however, the writer did not attempt to measure this area o Above 

the contact is 4 o 7 feet of the basal Mooreville Formation over

lain by roadfill material for the bridge foundation o 

Generally, the Tombigbee Sand Member at this locality is a 

massive, dark-gray to dark-red, fine-grained quartz sand. The 

Mooreville Formation is a massive, light-gray to white calcareous 

quartz sandstone o 



Figure 6. - Contact of the Tombigbee Sand Member 
and Mooreville Formation in a railroad cut at Eutaw, 
Greene County, Alabama. 
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Sample 1 - The sample was taken 1 o 7 feet below the contact 

and is a poorly indurated, fine-grained, clayey, quartz sandstone o 

The color was medium-gray to medium yellow-browno No fossils 

were observed; however, a few poorly indurated iron oxide-cement

ed aggregates were seen. The sand was massive and contains 

little glauconite or mica (glauconite less than 7 percent by weight) 

and was not calcareous. Iron stain and deposits were concentrated 

primarily in small fissures and borings. 

The elastic fraction of the sediments in this sample was 

terrigenous quartz - distinctly unimodal in the 2 to 3-phi interval. 

Glauconite was the most common accessory mineral present. 

No sedimentary structures were observed in this stratigraphic 

horizono 

Sample 2 - Sampling was made immediately below the Tom

bigbee - Mooreville contact. The sample was similar to Sample 1 

but was darker 
0

in color and more uniformly olive-brown, containing 

1 - 2 inch lenses of medium gray and bright reddish-brown sando 

Induration was poor. Glauconite was slightly more abundant than 

in the previous sample (approximately 10 percent by weight). No 

calcium carbonate was detected with hydrochloric acid solution. 

A few shark teeth were present, indicating the sediments were 

deposited in an open marine environment. Curry (1960, p. 250) 

suggests that mottling of sediments , as indicated by the small 
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sandy lenses in this sample, was caused by burrowing organisms, 

storm waves, and currents. If this is applicable to this sample, 

which was taken just below the unconformity with the basal 

Mooreville Formation, then the Tombigbee sea must have regress

ed temporarily before Mooreville deposition started o 

Sample 3 - Highly calcareous, moderately indurated sand

stone. The sample was slightly glauconitic, light-gray in color 

and containing numerous fossil pelecypod shells and clay-filled 

molds of various bi-valved mollusks o This massive sandstone of 

the basal part of the Mooreville Formation includes calcite-cement

ed quartz sand aggregates and, under microscopic examination, a 

few small, fine-grained pyrite aggregates o Many small fossil 

fecal pellets were present. Glauconite was dark-green and showed 

no weathering except for particle fractures. Although a very minor 

accessory mineral, garnet was more abundant in samples from this 

locality than in samples collected in any other area o 



CHOCTAW BLUFF SECTION 

The Choctaw Bluff section is located on the Black Warrior 

River, Greene County, Alabama, in the NW 1/4, NW 1/4, sec. 

26, To 21 N., R. 2 E., in the west bank of the river approxi

mately 4.6 miles south of the Eutaw section. Monroe (1941, 

p. 51) measured 40. 5 feet of the Tombigbee - Mooreville section 
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at this locality, describing the Tombigbee Sand Member as 11 
• • • 

a glauconitic fine sand containing lignitized wood perforated by 

Teredo tubes • • • 11 and the Selma chalk (Mooreville Formation) 

as II o • • 4. 5 feet of hard calcareous sandstone • • • and 2 5. 0 

feet of thin-bedded gray chalky marl (overlying the sandstone). 11 

Choctaw Bluff is a frequently-mentioned exposure in geologic 

literature and was described by Tuomey (1850, p. 120), Winchell 

(1856, p. 150), and by Smith and Johnson (1887, p. 90; 1894, 

Po 295)0 

Sample 1 - Collected in the upper part of the Tombigbee 

1 • 0 feet below the shell zone in the bas al part of the Mooreville 

sandstone o The sample was a slightly glauconitic, fine-grained, 

massive quartz sand of a uniform yellow-brown color o The sand is 

poorly indurated and contains no fossils o A few muscovite flakes 

were found. Only 3 o 5 feet of the Tombigbee section was exposed 



Figure 8. - View of the basal Mooreville Formation 
as seen when facing north at Choctaw Bluff; Greene 
County, Alabama. Total exposed Mooreville thickness 
at this location is 2 5. 0 feet. 
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Figure 9. - Contact of the Tombigbee Sand Member 
and Mooreville Formation on the Black Warrior River 
at Choctaw Bluff, Greene County, Alabama. The 
Tombigbee appears dark in the photograph. 
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above the river level at the time of collectiono Glauconite particles 

were well rounded to nearly spherical and light yellow-green in 

color. Angular garnet fragments were relatively abundant in the 3 to 

4-phi size range o Some small particles of magnetite were found by 

use of a hand magnet, and a few nearly perfect smokey quartz 

prisms were seen. 

Sample 2 - Basal Mooreville Formation shell layer 1 o O feet 

thick. A fine-grained white to buff-colored calcareous quartz sand 

containing many large fossils of Exogyra ponderosa Roemer and 

Ostrea cretacea Morton and many internal casts of smaller pele

cypods. Some of the fossils were well boredo Some dark-brown 

nodules were presento 

According to Monroe (1941, p. 51), the shell molds are 

phosphatic o However, they dissolve completely in dilute hydro

chloric· acid leaving only a residue of fine quartz sando 

Glauconite was not abundant and varied widely in the degree 

of weathering. Most particles were angular fragments , but there 

were some mica and foraminifera test replacement particles. 

Garnet particles were abundant (as in Sample 1) o In addition, 

this sample contained aggregates of quartz grains cemented with 

iron oxide and calcite. Shell crystals of Inoceramu s s p. were 

abundant and a moderate number of small, poorly preserved tests 

of Globigerina SPo were presento 
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Sample 3 - Well indurated, calcareous, slightly glauconitic 

quartz sand collected 1 o O feet above the Tombigbee - Mooreville 

contact. Color was light gray o Some fossil shell fragments were 

present. A portion of the sample was boiled in water for two hours 

but this had little effect on breaking down the cementing agent. 

The total thickness of the basal part of the Mooreville Formation 

at Choctaw Bluff (Samples 2 and 3) is 4. 5 feet o 

Glauconite was well preserved and contained a moderate 

abundance of mica replacement grains. A few small, rare aggre

gates of pyrite were seen with the use of a microscope o 

This sample contained numerous small ostracodes and 

foraminiferids. Species found were Veenia ozanana (Israelsky) 

(including juvenile forms), Nodosaria, Cytherella, Brachythere, 

and Globigerina. 

Sample 4 - A thin-bedded, slightly glauconitic, light-gray, 

calcareous marl which tends to have a blocky fracture o Large 

fossils were rare. Total thickness is 2 5. 0 feet. The only accessory 

minerals present other than quartz were well-rounded, well

preserved glauconite particles and a rare, small aggregate of pyrite 

crystals. Calcite prisms from Inoceramus sp. shells were commono 

Many specimens (as mentioned above) of foraminiferal species were 

common; however, preservation of the tests was not good generally. 
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VALLEY CREEK SECTION 

The Valley Creek, Dallas County, Alabama, section is in 

the SW 1/4 1 SE 1/4, sec. 23, T. 17 N., R. 10 E., in the east 

bank of the creek 200 feet north of the U. S. Highway 80 bridge 

near Selma, Alabama. Monroe (1941, p. 52) measured 20.5 feet 

of the Tombigbee - Mooreville section at this locality - breaking 

the Tombigbee Sand Member into five units. The writer differs 

slightly with Monroe's values. Monroe's Bed #1 is 8. 0 feet 

while the writer measured 10. 3 feet. Also, Monroe makes no 

reference to a black, micaceous shale underlying this bed, nor 

does McNutt (1963 1 p. 35). The variation in measurements, how

ever, probably was due to the level of the creek at the time 

sampling was made. McNutt (1963, p. 35) measured the exposed 

thickness of the Mooreville to be 15. 0 feet; however, the writer 

measured only O. 7 5 feet and Monroe, lo O feet. Measurements of 

the other beds are in agreement o 

Sample 1 - A black, micaceous, blocky shale - sparcely 

lignitic and containing no fossils o Color was medium to dark

gray freshly broken but stained dark-brown by iron along bedding 

planes and fractures 0 The shale was non-calcareous o Only a 

small residue of muscovite flakes remained when 50 grams of the 
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Figure 11. - Tombigbee Sand Member exposed in 
Valley Creek, Dallas County, Alabama. 
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sample was washed through a #150-mesh screeno The writer assigns 

the 3 o 5 foot exposure to the upper part of the Eutaw Formation o 

Sample 2 - A poorly indurated, white to buff-colored, slightly 

glauconitic, clean quartz sand containing a few muscovite flakes. 

Total exposed thickness is 10o3 feet, representing the lowermost 

bed of the Tombigbee Sand Member at this location o The sample 

was non-calcareous and sparcely glauconitic, due possibly to 

weathering o Glauconite in the sample was badly weathered and the 

grain surfaces were stained with iron o Garnet was unusually 

abundant in the magnetic fraction of particles in the 3 to 4-phi 

size. 

Sample 3 - Similar to Sample 2 but containing some red 

clay o Over-all color was light-gray to brown and mottled with 

patches of red clay and iron oxide stains. Mica was more abun

dant than in Sample 2 and induration was slightly better o Glau

conite was not common and the sample was non-calcareous o 

Quartz grains were well rounded in the 1 to 2-phi sizes 

but angular to rounded and badly pitted in the 2 to 3-phi sizes o 

Glauconite was weathered and fractured. 

Sample 4 - A calcareous, light to medium-gray, moderately 

indurated sandstone - rather fine-grained and containing a few 

fragile shell flakes. Total exposed thickness was 3 o O feet. The 

magnetic fraction of this sample was just slightly over two percent 
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by weighto 

The sample contained one carapace each of Brachycythere sp o 

and Cythereis sp o There were also some large, well-rounded 

quartz grains and unusually large, angular garnet fragments o 

Sample 5 - A moderately to well indurated, calcareous, 

clayey, fine-grained sandstone o Color was light-gray to white o 

The exposed thickness of the bed was O. 75 feet and contained 

some Ostrea sp. ( ?) shells. Forty percent of the sample studied 

(50 grams) passed a #150-mesh screen when washed. 

Microscopic study showed an abundance of Inoceramus sp o 

prisms and some garnet and glauconite o Whole carapaces of 

Brachycythere sp o and Cythereis sp. were found and a few 

juvenile tests of foraminifera. 
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GLAUCONITE 

Glauconite is the second most abundant elastic fraction of 

the samples studied. Quartz is the primary elastic material except 

in certain modal classes of certain samples in which glauconite 

is slightly more common. 

Microscopic examination indicated a wide variation in the 

particle size, shape, condition, and possible origin. Shape de

scription used by Burst (1958, p. 314) includes elongate, semi

spheroid, and two free-form types. Since this is not of great 

practical value, Burst (1958, Po 318) discusses the grain shape 

as a function of the glauconite progenators - fecal pellets, 

cavity fillings , weathered mica, and clay agglomerations. All of 

these forms were in the samples studied. In addition, a 11 mica 

book II replacement-type grain was common. 

According to Cloud (1955, po 490), conditions for the 

formation of glauconite require a slightly reducing environment 

which may not be constant but seasonal or cyclical o The writer 

found small amounts of pyrite in certain samples which would 

indicate reducing conditions. 

Cloud, also, concludes that formation of glauconite is 

facilitated by the presence of decaying organic matter, which 
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results in a reducing condition, and a water depth associated 

mainly with a neritic environment o Specifically, Cloud considers 

the neritic environment to be depths between 10 and 400 fathoms, 

with the shallower depths being the most favorable o Source 

materials are mainly micaceous minerals or high iron-content 

mudso Burst (1958, Po 315) says glauconite formation requires: 

1) a layered silicate lattice, 2) and abundance of iron and 

potassium, and 3) a favorable oxidation potential o Biotite is of 

importance for the first two conditions o Cloud further states 

(1955, po 491) that glauconite is found mainly in impure lime

stones and calcareous sandstones and rarely in pure quartz 

sandstones o The application of Cloud I s opinion would indicate 

that the Tombigbee Sand Member at one time may have been 

more calcareous than at the present, that sufficient iron was in 

the Tombigbee sediments for glauconite formation, or that glau

conite found now resulted from a process of reworking of trans

portation a 



CONCLUSION 

This paper is similar to an unpublished thesis by McNutt 

(1963) but varies somewhat in approach and techniques used. 

It extends McNutt's study of the depositional environment of 

the Tombigbee Sand Member on a broad scale to a more re

stricted analysis of the contact relationship between the Tom

bigbee Sand Member and the Mooreville Formation in selected 

areas o 

If the values in Tables 1-18 are compared to the diagrams 

of McNutt, the percentage measurements compare closely 1 if 

not exactly, for both the magnetic and non-magnetic fractions 

of each sample studied. Values of skewness and kurtosis are 

within the same range, skewed positively between O. 2 and 

0 o 6 and with a normalized kurtosis value of about O. 5 

to L~O o The mean sizes of the particles are 2 to 3-phi and 

histograms are unimodal in the 2 to 3-phi modal class. Accord

ing to Folk and Ward (1957, Po 14), positive values of skew

ness indicate fine-grained particles dominate the sample being 

studied. Pettijohn (1957, p. 37) states coarser admixtures 

exceed the fine particles with positive skewness. Friedman 

(1967, p. 341) discusses positive skewness as a function of 
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fine-grained sediments. 

According to Trask (1932, p. 67ff), sediments with a sorting 

coefficient of O. 0 to 2. 5 are considered well-sorted o This 

characteristic sorting is typical of Tombigbee-Mooreville sediments 

and, according to Krumbein and Sloss (1951, Po 75 and 209), in

dicates the degree of turbulence of the transporting fluid and that 

this fact could indicate a neritic environment - from a low tide 

line to a depth of 600 feet - but more specifically an epineritic 

environment where water depth does not exceed 12 0 feet o Dune 

sands can also be well-sorted but, according to Friedman (1967, 

p. 352), referring to dune deposits near the marine environment, 

the sediments tend to be deficient in the fine grain sizes. How

ever, the Tombigbee-Mooreville sediments are predominantly fine

grained. 

The writer's conclusion that the depositional environment 

was an open marine, neritic environment is further supported by 

the presence of shark teeth (which is not a strong indicator 

since they may be reworked material) in certain samples and by 

the lack of microfossils, except for a few forms with heavy 

tests and carapaces, which cannot tolerate turbulent water 

and elastic sediments o Microfossils appeared in relative abun

dance only in the least elastic samples studied (Mooreville) 

which probably represent deposition in off-shore areas or in 
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quiet bays or lagoons o 

According to Passega (1957, Po 1962 and 1971), beach de-

posits are "clean II since waves wash out the fine sediments, and 

quiet waters (lagoons and protected bays} have poorly sorted sed

iments e These conditions are contrary to those observed in Tom

bigbee sediments and, in certain samples, those of the Mooreville 

deposits o An epineritic environment is supported further by the 

fact that the mean grain size of modern sediments (approxo 150 

microns) on the continental shelf of the Gulf of Mexico are found 

in water with an average depth of 70 feet (Passega, 1957, p. 1962 

and 1963) o By assuming depositional conditions have not varied 

markedly (with respect to elastic sediments) in the Gulf of Mexico 

from the time of Tombigbee and Mooreville deposition and the 

present, an open marine, epineritic environment is indicated. 

According to Cloud (1955, p. 489), turbulence may not have 

been great or was intermittant if a reducing environment was pre

sent for glauconite formation. However, the glauconite present 

could have been transported from another area and redeposited 

under turbulent conditions o 

The writer concludes that the Cretaceous sea regressed after 

Tombigbee deposition and transgressed again for Mooreville de

position as evidenced by the disbonformity between the Tombigbee 

Sand Member and the Mooreville Formation (Monroe, 1941, po 25) 
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and which is easily seen at the locations studied in this paper. 

Stephenson (1926, p. 239) states the Tombigbee-Mooreville contact 

is conformable, but he changed this to 11 unconformity 11 (1956, p. 

227). No marked or immediate change in the deposition of elastic 

material occurred due to the fact that the size and weight-percent 

distribution of particles did not change in the samples studied o 

Calcareous precipitates probably were due to marine animal 

action where calcium carbonate was extracted from the sea water 

and deposited after the death of the organism as a mixture of 

tests, shells , and shell fragments o Although there are old reef 

deposits in the Tombigbee horizon, carbonate material was not 

deposited - if it was present - as commonly as during the stand 

of the transgressing Mooreville sea. According to Stephenson (1956, 

p. 2 2 7), the Eutaw Formation (including the Tombigbee Sand Member 

at the top) ranges from 160 to 240 feet in thickness o Neither 

Stephenson nor Monroe (1941, p. 24) mentions any calcareous 

material in the Eutaw Formation or the Tombigbee Sand Member, 

and it is unlikely that the strata were ever calcareous except in 

local areas of the Tombigbee at the contact with the overlying, 

highly calcareous Mooreville Formation o Ground water percolation 

of dis solved calcite could account for the calcareous material in 

the Tombigbee Sand Member. Absence of any abundance of marine 

animal forms which precipitate calcite, both benthOnic and 
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pelagic, and water temperature may have been factors in the absence 

of calcite in Tombigbee sediments. The writer found no evidence of 

calcareous deposition from algal forms in the locations studied 

and no published references regarding algae for this horizon. 

The source area for mica and garnet probably was the Piedmont 

province due to its proximity to the study area and the angularity 

of the garnet particles. If the garnet fragments had been trans

ported from the Ouachita Mountain area, it is likely that the degree 

of roundness would have been much greater - even though the 

fragments are very small and are less likely to erode from abrasion 

during transport o Furthermore, the abundance of mica and garnet 

increases progressively in samples toward the east in Alabama o 

Other minerals identified in the samples were magnetite and rutile" 

Kyanite probably was present but none was identified with the use 

of a microscope by the writer o 

Any glauconite which formed in place was in quiet water in 

a slightly reducing environment. Water temperature probably was 

moderately warm to facilitate carbonate formation and which is 

within glauconite formation tolerances. 
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Figure 13. - Typical histogram of the Tombigbee Sand Member. 
Tombigbee samples were unimodal in the 2 to 3-phi class range 
which constituted 70 to 80% of, the weight -of the samples. 
Mooreville Formation samples were unimodal in the 2' to 3-phi 
class range which constituted 40 to 50% of the weight of the 
samples. 
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NOTE 

A #150-mesh screen was used originally for the purpose 

of concentrating microfossils in the samples studiedo This 

screen interval is approximately 105 microns and 1 therefore 1 

reflects an error in the particle weight retained on the 62 

micron screen after sieving o 



TABLES 

All samples 5 0 grams before washing. 
All samples washed on #150-mesh screen. 

TABLE 1 - Pickensville Sample 3 

Grams remaining after washing: 43.48 
Percent remaining after washing: 86096 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 L65 -----
1000 0.10 -----

500 0o30 -----
250 6.29 3.59 
125 30.68 26.53 

62 4o41 3.39 
<::62 Trace -----

TABLE 2 - Pickensville Sample 5 

Grams remaining after washing: 46. 94 
Percent remaining after washing: 93. 88 

Particle size and weight distribution 

Microns Grams Grams Non -magnetic 

2000 ----- -----
1000 Trace -----

500 0.02 -----
250 2.87 2.37 
125 40.45 35.57 

62 3.37 2.60 
z62 Trace -----
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Grams Magnetic 

-----
-----
-----

2o7Q 
4.15 
1.02 

-----

Grams Magnetic 

-----
-----
-----
a.so 
4.88 
0.77 

-----



All samples 50 grams before washing. 
All samples washed on #150-mesh screen. 

TABLE 3 - Pickens ville Sample 6 

Grams remaining after washing: 40.98 
Percent remaining after washing: 81. 96 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 ----- -----
1000 0o07 -----

500 0o36 -----
250 5o72 3.17 
125 30.00 26.10 

62 4o50 3o46 
<62 0oll -----

TABLE 4 - Pickensville Sample 7 

Grams remaining after washing: 3 6. 8 3 
Percent remaining after washing: 73. 66 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 0.24 -----
1000 0o08 -----

500 0o26 -----
250 4o27 2o59 
125 26090 23.55 

62 4o78 3.66 
<. 62 Trace -----

50 

Grams Magnetic 

-----
-----
-----

2o55 
3o90 
1.04 

-----

Grams Magnetic 

-----
-----
-----

L68 
3o35 
1.12 

-----



All samples 50 grams before washing o 

All samples washed on #150-mesh screeno 

TABLE 5 - Pickensville Sample 8 

Grams remaining after washing: 35.45 
Percent remaining after washing: 70.90 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 0.21 -----
1000 0o28 -----

500 L32 -----
250 6051 3.75 
125 21.40 18.06 

62 5.35 4.10 
<::: 6 2 0.22 -----

TABLE 6 - Pickensville Sample 9 

Grams remaining after washing: 31. 07 
Percent remaining after washing: 62 .14 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 0o74 -----
1000 L09 -----

500 L59 -----
250 5.37 1.88 
125 17.52 12031 

62 4.77 3.13 
..::::::. 62 Trace -----
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Grams Magnetic 

-----
-----
-----

2.76 
3.34 
1.25 

-----

Grams Magnetic 

-----
-----
-----

3o49 
5.21 
1.64 

-----
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All samples 50 grams before washing o 

All samples washed on #150-mesh screeno 

TABLE 7 - Eutaw Sample 1 

Grams remaining after washing: 43097 
Percent remaining after washing: 87094 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 0ol2 ----- -----
1000 0o28 ----- -----

500 0o30 ----- -----
250 8074 8003 0o71 
125 32034 30044 L90 

62 2o20 1.58 0o62 
<62 0o09 ----- -----

TABLE 8 - Eutaw Sample 2 

Grams remaining after washing: 43088 
Percent remaining after washing: 87076 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 L50 ----- -----
1000 0o75 ----- -----

500 0o75 ----- -----
250 9o05 7o04 2.01 
125 29098 27038 2o60 

62 L91 L24 0o67 

< 62 0ol2 ----- -----
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All samples 50 grams before washing o 
All samples washed on #150-mesh screeno 

TABLE 9 - Eutaw Sample 3 

Grams remaining after washing: 38059 
Percent remaining after washing: 77018 

Particle size and weight distribution 

Microns Grams Grams Non -magnetic Grams Magnetic 

2000 7o89 ----- -----
1000 L27 ----- -----

500 1.16 ----- -----
250 6051 5.26 1.25 
125 20.11 18.28 1.83 

62 1.53 1.20 0o33 
<62 0o20 ----- -----

TABLE 10 - Choctaw Bluff Sample 1 

Grams remaining after washing: 47055 
Percent remaining after washing: 95010 

Particle size and weight distribution 

Microns Grams Grams Non -magnetic Grams Magnetic 

2000 ----- ----- -----
1000 Trace ----- -----

500 0.08 ----- -----
250 5.54 4.01 1.53 
125 39083 35.17 4e66 

62 2o04 1.64 0.40 
.c:_62 Trace ----- -----
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All samples 50 grams before washing. 
All samples washed on #150-mesh screen. 

TABLE 11 - Choctaw Bluff Sample 2 

Grams remaining after washing: 39.67 
Percent remaining after washing: 79.34 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 1.53 ----- -----
1000 0.75 ----- -----

500 0.81 ----- -----
250 6.42 5.67 0.75 
125 27.81 26.49 1.32 

62 2.27 1.85 0.42 
<62 Trace ----- -----

TABLE 12 - Choctaw Bluff Sample 3 

Grams remaining after washing: 35.42 
Percent remaining after washing: 70084 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 16.99 ----- -----
1000 1.14 ----- -----

500 0.66 ----- -----
250 3.45 2.61 0.84 
125 12031 10089 lo42 

62 0.89 0066 0o23 
< 62 0ol3 ----- -----
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All samples 50 grams before washing o 
All samples washed on #150-mesh screeno 

TABLE 13 - Choctaw Bluff Sample 4 

Grams remaining after washing: 16.01 
Percent remaining after washing: 32.02 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 0.56 ----- -----
1000 0.32 ----- -----

500 0.89 ----- -----
250 5.16 1.53 3.63 
125 8.28 5.85 2.43 

62 0o80 0.58 0.27 
< 62 Trace ----- -----

TABLE 14 - Valley Creek Sample 1 

Grams remaining after washing: Trace 
Percent remaining after washing: ---

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 
1000 

500 
250 Mica flakes only 
125 

62 
..::::::: 62 



All samples 50 grams before washing. 
All samples washed on #150-mesh screen. 

TABLE 15 ...;. Valley Creek Sample 2 

Grams remaining after washing: 48098 
Percent remaining after washing: 97096 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 ----- -----
1000 Trace -----

500 0.43 -----
250 19.76 19019 
125 28030 27009 

62 0o35 0.24 
< 62 Trace -----

TABLE 16 - Valley Creek Sample 3 

Grams remaining after washing: 46 o 92 
Percent remaining after washing: 93. 84 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic 

2000 ----- -----
1000 0o40 -----

500 0.72 -----
250 5o46 4o58 
125 37059 30.02 

62 2o79 10 94, 
<62 0o07 -----

56 

Grams Magnetic 

-----
-----
-----

0o57 
1.28 
0o 11 

-----

Grams Magnetic 

-----
-----
-----

0088 
7o57 
0o85 

-----
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All samples 50 grams before washing o 
All samples washed on #150-mesh screeno 

TABLE 17 - Valley Creek Sample 4 

Grams remaining after washing: 3L67 
Percent remaining after washing: 63034 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 1.20 ----- -----
1000 0.60 ----- -----

500 0o90 ----- -----
250 7o52 7.16 0o36 
125 19.68 19014 0o54 

62 L55 1.33 0o22 
<62 Trace ----- -----

TABLE 18 - Valley Creek Sample 5 

Grams remaining after washing: 30056 
Percent remaining after washing: 6Ll2 

Particle size and weight distribution 

Microns Grams Grams Non-magnetic Grams Magnetic 

2000 7.23 ----- -----
1000 L54 ----- -----

500 1.77 ----- -----
250 5.50 4.80 0o70 
125 11.59 10090 0"69 

62 2.85 2o71 0ol4 
< 62 0ol9 ----- -----
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