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ABSTRACT 

The Bluffport Marl Member of the Demopolis Chalk was sampled 

to find what lithologic and paleontologic variations occur along 

the strike of this unit. The Bluffport Marl Member has been traced 

in Alabama from Sumter County eastward into the western edge of 

Lowndes County, somewhat farther east than reported in earlier pub

lications. Insolubles increase upward in the section and along 

strike towards the eastern extent of the Bluffport Member, implying 

an eastern source of elastics. The abundant invertebrate faunal 

assemblage of the Bluffport decreases upward in the section and to 

the east in direct relation to the increase in elastics. Although 

the Bluffport species vary in abundance at different localities, 

the total number of species found is nearly consistent from lo

cation to location in the lower part of the section. Morpholog

ically, there is very little difference in the western and eastern 

Bluffport fauna, although there is a significant decrease in size 

of these assemblages toward the upper part of the section. Based 

on faunal changes, this increase in elastics reflects environmental 

conditions that were below those optimum conditions that existed 

in the lower and more western Bluffport section and in which these 

reef assemblages thrived. 

vi 



INTRODUCTION 

Purpose and Scope 

The Bluffport Marl Member of the Demopolis Chalk is a unit of 

calcareous, sandy clay that rests conformably on the Demopolis Chalk. 

The Demopolis Chalk is a formation in the Upper Cretaceous Selma Group. 

European Stages that are equivalent to the Selma Group range in age 

from Lower Santonian to Upper Maastrichtian. This Bluffport unit, 

which extends from 45-65 feet in thickness, represents an environ

mental change that may be interpreted by lithology and paleontology. 

This paper represents a biostratigraphic study of the Bluffport 

Member. 

Some of the objectives include: 

1. Definition of contact relationships. 

2. Quantitative lithologic changes along strike 

and dip. 

3. Determination of abundance and description of 

Bluffport macrofossils (including photographic 

illustrations). 

4. Determination of morphologic variation in 

selected species. 

5. Determination of sediment-fossil relationships. 

6. Environmental analysis,of the Bluffport Member. 



The type locality of the Bluffport in Sumter County, Alabama, 

is used as reference for other sampled areas. 

This study hopefully will serve as a guide for further bio

stratigraphic investigations in other parts of the Alabama section. 

Location 

The Bluffport crops out along a N.7o°w. strike in Sumter County. 

The strike of the member changes to nearly E.-W. to the southeast 

through :Marengo, Perry, Dallas and Lowndes Counties, Alabama. Most 

work was done in Sumter County, the location of the type locality, 

and elsewhere along strike where the Bluffport is well exposed. 

There are 13 localities at which the Bluffport was sampled 

lithologically or paleontologically. The nine localities where 

sediment-fossil relationships were studied are illustrated in 

Figure 1 and in more detail in Figures 2, 3 and 4. The other lo

calities are illustrated only in Figure 1 as localities 2, 4, 11 

and 13. These four points represent areas of Bluffport exposures, 

but due to limited fossil assemblages or poor exposures, are not 

as significant as the other locations. Of the first 9 localities 

only numbers 1 and 9 occur outside the Epes Quadrangle, Sumter County. 

The Epes Quadrangle was mapped by Monroe and Hunt (1958) and re

presents the only detailed mapping of the Bluffport in Alabama. 

Sumter County provides the best exposures of the Bluffport in 

Alabama. 
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• LOCALITY 1 

17 I 
N 

+ 

4 MILES 

FIGURE 2. LOCATION MAP OF SUMTER COUNTY EXPOSURES 
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N 

+ 

Miles 

FIGURE 3. LOCATION OF DAYTON EXPOSURE 



6 

1 0 1 2 3 4 MILES 

A Fl E-----------3 

FIGURE 4. LOCATION MAP OF PLEASANT HILL EXPOSURE 



The exact location of each exposure shown in Figure 1 is given 

below: 

1. sw½NE½ sec .20, T .21N., R.3W. 

2. sw¾ sec. 7, T .20N., R.2W. 

3. NE¾NW¾ sec.34, T .20N., R.2W. 

4. NW½NW·½ sec.35, T .20N., R.2W. 

5. SW¼3E½ sec.31, T .20N., R.lW. 

6. NE.1.NE.1. 4 4 sec.7, T.19N., R.lW. 

7. sw.1.™.1. 4 4 sec.27, T.19N., R.lW. 

8. NW.l.sE.l. 4 4 sec.31, T .19N., R.lE. 

9. SWlNE.1. 
4 4 sec .16, T .18N., R.lE. 

10. SE.1.NWl 4 4 sec. 9, T.16N., R.4E. 

11. SElNW.1. 4 4 sec.10, T .15N., R.6E. 

12. NW½SE½ sec .13, T.14N., R.llE. 

13. SW½NE½ sec.5, T .13N., R.12E. 

Previous Investigations 

Many informative studies have been made on these Upper Cretaceous 

units and their fossils. Listed below are some that were found most 

useful. 

Morton (1829) made the first reference to Cretaceous deposits in 

Alabama while in 1833 Withers described the Black Prairie Belt and 

mentioned the later named Arcola Limestone Member of the Mooreville 

Chalk. In 1834 McGuire stated that the ocean once covered the prai

ries of Alabama. He gave an interesting discussion of the prairie 

extent along with some fossil discoveries. Morton's 1834 Synopsis 

of the organic remains of the Cretaceous Group of the United States 

7 

is one of the first elaborate studies of Cretaceous fauna. Hilgard (1871) 
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presented a map on the Cretaceous deposits of the Gulf of Mexico. Smith, 

Langdon and Johnson (1894) published the Report~ the geology of the 

Coastal Plain of Alabama. In this report the "Rotten Limestone" was 

given the co-name Selma Chalk. This is still an excellent report for 

outcrop references in Alabama. Weller (1907) discussed the stratig

raphy of the New Jersey Cretaceous material. He also described and 

illustrated many Cretaceous species. 

Stephenson (1914) correlated and defined the Cretaceous deposits 

of the eastern Gulf region. The Exogyra ponderosa, !· costata and E. 

cancellata zones were discussed as to their importance. He also 

described invertebrate fossils from the Upper Cretaceous deposits of 

North Carolina (1923), as well as those in the Cretaceous rocks of 

Alabama (1926). A geologic map of Alabama is included in Stephenson's 

1926 report. Stephenson (1928) suggested some Alabama Cretaceous 

correlations with European deposits and traced Exogyra cancellata for 

2500 miles along the Atlantic and Gulf coast (1933). In 1936 he 

described some new forms of 0streidae from the Gulf region. 

The fauna of the Ripley Formation of Coon Creek, Tennessee, was 

described and illustrated by Wade in 1926. 

Stephenson and Monroe (1938) proposed a reclassification of the 

Upper Cretaceous deposits of Alabama. The lower part of the Selma 

was shown to merge and intertongue eastward into the Blufftown For

mation, the middle part of the Cusseta Sand and the upper part of 

the Ripley Formation. The Prairie Bluff Chalk was shown to merge 

gradually eastward into the Providence Sand. In this report the 

Arcola Limestone Member of the Moorevjlle Chalk was named and des

cribed. In 1940 they discussed the Upper Cretaceous deposits of 



Mississippi. Fossil illustrations are included. 

Monroe (1941) discussed deposits of Selma and Ripley age in 

Alabama. Monroe stated that the upper part of the Demopolis Member 

is of a more clayey chalk than the lower part and contains the re

stricted species Exogyra cancellata and Anomia tellinoides. He 

later named the last 45-65 feet of this zone as the Bluffport Member. 

In 1941 Stephenson did a classical study on the Navarro Group 

of Texas in describing Navarro fossils and correlating lithologic 

zones. Outcropping Cretaceous deposits of the Atlantic, Gulf 

Coastal Plain and Trans-Pecos region were correlated by Stephenson, 

King, Monroe and Imlay (1942). 

Monroe (1946) discussed and gave a diagramatic cross-section 

of Upper Cretaceous deposits and their faunal zone equivalents in 

Alabama and Texas and named the Bluffport Marl Member of the Demopolis 

Chalk (1956). Several common fossil species found in this unit are 

listed. The Bluffport was mapped as a separate unit for the first 

time in Mississippi by Hughes (1958). 

Monroe and Hunt mapped the Epes Quadrangle of Sumter County, 

Alabama and discussed the lithology and fossils of these Upper 

Cretaceous deposits. In this study the Bluffport was mapped as a 

separate unit for the first time in Alabama (1958). Anthony and 

Harper (1959), Little (1959), Carmichael (1960), and Freeman (1961) 

studied the Bluffport Marl in Mississippi. 

The geology of the Atlantic and Gulf Coastal Plain was des

cribed by Murray in 1961. Included with this excellent report is 

a large reference selection for many,coastal plain topics. Lerman 

(1965) discussed the evolution of the Exogyra species in the south-

9 



eastern United States. In 1967 the Selma and Selma equivalents were 

discussed by Russell, Brett and Jones {Jones, 1967). The guide book 

includes fossil illustrations. 
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AREAL FEATURES 

Physiography 

The area underlain by the Upper Cretaceous rocks of Alabama is 

entirely within the eastern Gulf region of the Coastal Plain. In 

western Alabama there are essentially three physiographic belts that 

encompass rocks of the Selma Group. These are, from north to south, 

the Black Prairie Belt, the High Ridge Cuesta, and the Flatwoods. 

The Black Prairie Belt, characterized by deep black soils and 

extensive grasslands, is underlain by the Mooreville Chalk while 

the Demopolis Chalk, a more southern extension of the belt, pro

duces gently rolling topography, black or brown soils and large 

areas of bare white chalk. Cedar trees are the most obvious type 

of vegetation. The High Ridge Cuesta bounds the Black Prairie 

Belt on the south by a steep north-facing scarp with a gentle back 

slope that merges into the Flatwoods to the south. The High Ridge 

Cuesta is formed by the more resistant sands of the Ripley and 

Prairie Bluff Formations. This cuesta is a very prominent feature 

of the area. 

The rolling hills of the High Ridge Cuesta become less distinct 

towards the south where the densely-wooded and poorly-drained Flat

woods are developed on clays of earliest Tertiary age. In the eastern 

part of the state there are a series,of cuestas produced by the more 

resistant sands of the "Ripley Group". In the central part of Alabama 



the Mooreville Chalk grades into the Blufftown Formation which forms 

the Sand Fort Cuesta. Toward the south this ridge dies out due to 

the eastward extension of the Demopolis Chalk. South of this east

ward extension of the Black Prairie Belt is the Enon Cuesta which 

is formed by the Cusseta Member of the Ripley Formation. Farther 

south are the High Ridge (Ripley Formation) and Lapine Cuestas. 

The Lapine Cuesta develops from the resistant sands and gravels of 

the Providence Formation. 

The Troy Cuesta, immediately south of the Lapine Cuesta, is 

underlain by Tertiary rocks. 

Major rivers in this region frcm west to east are the Tombigbee 

and its tributary the Black Warrior, the Alabama and the Chattahoo

chee. The Alabama and Chattahoochee rise in the Piedmont Physio

graphic province. The Black Warrior and Tombigbee rise in the 

Appalachian Plateau province and the inner part of the Coastal 

Plain province (Monroe, 1941, p. 29-45). 

Structure 

In western Alabama the regional strike of the Upper Cretaceous 

deposits is about N.7ooW. and the regional dip ranges from 40-50 

feet to the mile S.20°w. In the central part of the state the strike 

is nearly east-west. 

There is essentially one major area of complex faulting, a long, 

narrow strip in Sumter and Marengo Counties in which the Prairie 

Bluff, Ripley and Demopolis units are involved. The faults in the 

Epes Quadrangle, Sumter County, are r~verse with dip angles ranging 

from 8°-70° and averaging from 30°-45°. 

12 



Near Sumterville, in the northwest part of the quadrangle, 

faulting produces thinning in the Ripley Formation (Monroe and 

Hunt, 1958). 

13 



STRATIGRAPHY 

Lithostratigraphy 

Selma Group 

Smith, Langdon and Johnson (1894, p. 276) proposed the name 

"Selman as a co-name with the descriptive term 11Rotten Limestone", 

which was introduced by Winchell (1857, p. 91-92), for the Cre

taceous chalk in Alabama. The type locality for the Selma Group 

is on the right bank of the Alabama River at Selma, Dallas County, 

Alabama. The Selma Group consists of these formations and their 

members in ascending order; the Mooreville Chalk and its Arcola 

Limestone Member, the Demopolis Chalk and its Bluffport Marl Mem

ber, the Ripley Formation and the Prairie Bluff Chalk. These 

western Alabama units merge laterally into sand and clay in the 

eastern part of the state. Here the units are classified as the 

"Ripley Group 11 (Murray, 1961, p. 357-358). In ascending order 

the 11Ripley Group" includes the Blufftown Formation, the Cusseta 

Member of the Ripley Formation, the Ripley Formation and the 

Providence Sand (Fig. 5). 

Alabama units range in age from Austin to Navarro (European 

time equivalents, Santonian to Maastrichtian). 

As the Bluffport Marl Member does not extend into eastern 

Alabama, only the units of western Alabama will be discussed in 

detail. 
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Mooreville Chalk 

Stephenson (1917, p. 243-250) first used the name uMooreville 

Tongue" for deposits in Mooreville, Lee County, Mississippi. It 

was designated a formation in 1945 (Mississippi Geological Society) 

and then in 1946 Monroe extended this usage into Alabama. 

The Mooreville consists of sandy, phosphatic chalk although in 

West Alabama it is more properly called a gray calcareous clay with 

local chalky facies that lie unconformably on the older Eutaw Forma

tion. The Mooreville Chalk is about 260 feet thick in western 

Alabama. It reaches a maximum thickness of 450 feet in Montgomery 

County and intertongues with the Blufftown Formation in eastern 

Alabama. The Mooreville is locally rich in individual faunal speci

mens but poor in number of species. The Mooreville is considered 

late Austin in age (Monroe, 1946). The true Black Prairie Belt 

physiographic region of Alabama is formed by the Mooreville Chalk 

and is characterized by dark rich prairie soils and low, rolling 

terrain. 

The Arcola Limestone Member occurs at the top of the Moore

ville Chalk and was named by Stephenson and Monroe (1938, p. 

1655-1657) for outcrops at Arcola Landing on the Warrior River north 

of Demopolis, Alabama. This unit consists of about 7 feet of hard 

yellowish-gray limestone that represents a transition lithologically 

from the limy clays of the Mooreville to the relatively pure chalk 

of the Demopolis (Jones, 1967, p. 28). 

The Arcola Member caps hills and ridges to form an easily trace

able cuesta. An unconformity at th~ top of the member probably re

presents the Austin-Taylor boundary. 
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Demopolis Chalk 

Smith (1903, p. 12-14) divided the Selma Chalk into three divi

sions. The Demopolis Member was the middle division and is now des

ignated as a formation. The type locality of the Demopolis Chalk is 

the bluff on the Tombigbee River at Webb and Sons cotton warehouse 

in Demopolis, :Marengo County, Alabama. 

The Demopolis Chalk is about 500 feet thick and extends into 

Alabama from the Mississippi State line in the southern part of 

Pickens County and the northern part of Sumter County southeastward 

in an outcrop belt about 10 miles wide through Sumter, Greene, Ma

rengo, Hale, Perry, Dallas and Lowndes Counties. In the south

central part of Montgomery County the unit is split into two east

ward extending tongues by a westward extending tongue of the Cusseta 

Sand Member (Monroe, 1941, p. 65). The lower tongue of the Demopolis 

is much thinner than the upper tongue. 

The lower unnamed part of the Demopolis Chalk consists of 

compact, brittle, homogeneous chalk in which there are few litho

logic changes from bottom to top. This lower unit contains as much 

as 80 per cent calcium carbonate. The chalk shows some stratifi

cation in the thick beds, for some beds are so resistant to erosion 

that they project slightly from the steep walls of bluffs on the 

Tombigbee River. The only traceable lithologic marker found is a 

bed 8 inches thick that contains scattered flakes of biotite (Monroe 

and Hunt, 1958). This bed is about 270 feet above the base of the 

Demopolis and is thought to be continuous beyond the Epes Quadrangle 

area, Sumter and Greene Counties, Al~bama. 
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The massive, slightly micaceous and slightly sandy unweathered 

chalk is bluish-gray but weathers to a glaring, bone white. Sand 

grains are essentially very fine quartz. Pyrite concretions and 

nodules, which occur in the chalk, are not restricted to any certain 

zones. Joints and small faults occur in the upper part of the 

lower member and have a small amount of displacement which indicates 

settling of the chalk shortly after consolidation. Outcrop areas of 

this lower unit are typified by bald spots or areas with no soil 

development in which cedar trees have an affinity. 
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The Demopolis Chalk is equivalent to the Taylor and lowermost 

Navarro of Texas while European equivalents include Campanian and Lower 

Ma.astrichtian. 

The Bluffport Marl Member represents the upper 50-60 feet of 

the Demopolis Chalk. Monroe (1956) designated the type locality 

in the NW½ sec. 27, T.19N., R.lW., Epes Quadrangle, Sumter County, 

Alabama. This locality has one of the most complete exposures of 

the Bluffport Member. 

The Bluffport extends from Sumter County east through Marengo, 

Perry, Dallas and into the western edge of Lowndes County and has 

been mapped only in Sumter County, Alabama (Monroe and Hunt, 1958). 

It extends across the Alabama State line into Mississippi where it 

has been mapped in Kemper, Noxubee, Clay and Chickasaw Counties and 

described farther north into Pontotoc, Union and Tippah Counties 

(Freeman, 1961, p. 1). 

Although the contact between these two Demopolis Members is 

sharp, there is no sign of any brea~ in deposition. The Bluffport 

actually contains two thin beds of pure, hard chalk a few feet above 



its base (Monroe and Hunt, 1958). It is distinguished from the under

lying chalk member by an increase in content of clay, silt and fine 

to medium sand. The marl is massive and has a dark to light gray 

color which weathers to yellowish-gray. Fragments of the weathered 

marl do not have the sharp edges that are typical of the weathered 

underlying unit. Unweathered Bluffport is much easier to break up 

than the more dense chalk below. The Bluffport ranges in composition 

from clayey chalk at its base to calcareous sandy clay at the top. 

Muscovite flakes are abundant throughout the member as are fine sand 

grains. The muscovite and sand increase in abundance towards the 

top of the member. The Bluffport is mostly non-glauconitic, a char

acteristic that aids in separating it from the overlying Ripley 

Formation. The Bluffport is appreciably lower in calcium carbonate 

than the lower chalk unit. Pyrite concretions occur in the Bluff

port as frequently as in the Demopolis. 

This marl unit erodes to gentle slopes that contrast with the 

steeper slopes of the Ripley. The change in slope is a very good 

field guide for determining the Bluffport-Ripley contact. 

Ripley Formation 

The term "Ripley Group n was first used by Hilgard (1860, p. 

83-95) and was intended to apply to all the strata in Mississippi 

included between the top of the "Rotten Limestone" (Selma Chalk) 

and the base of the overlying Tertiary deposits. Hilgard (1871) 

applied the name to deposits in Alabama of the same age as those 

of Mississippi. Smith and Johnson (1887) accepted Hilgard's name 

and in 1894, with Langdon, extended it downward in eastern Alabama 
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to include strata older than any included in the Ripley of Mississippi. 



Stephenson (1914, p. 15) showed that the uppermost part of Smith's 

Ripley is Tertiary and that chalk included in the upper part of 

Smith's Ripley is a part of a long thin mass of chalk extending 

east from the main body in Sumter County. Stephenson (1917, p. 

250) named this unit the Prairie Bluff Tongue of the Selma Chalk. 

Stephenson and Monroe (1937) considered this unit to be part of a 

widespread formation and applied the name "Prairie Bluff Chalku 

(Monroe, 1941, p. 102). 

No type locality for the Ripley was designated by Hilgard, 

but sands and clays in Tippah, Union and Pontotoc Counties, Mis

sissippi, may be regarded as typical of the formation. 

The Ripley Formation extends into Alabama from Mississippi 

in a narrow belt about two miles wide in the northern part of 

Sumter County. Except where involved in the Livingston fault 

zone of that county it keeps this width until it reaches the 

eastern part of Sumter County where it becomes much wider. In 

central Marengo County the belt attains a width of nearly eight 

miles. This belt continues eastward through Wilcox, Dallas, Lowndes, 

Montgomery, Pike and Bullock Counties to the western part of Barbour 

County, where the Ripley Formation decreases in thickness. In 

central Barbour County the Ripley increases in thickness to about 

350 feet and crops out to the valley of the Chattahoochee River. 

The deposits of the Ripley form a prominent northward-facing 

scarp (High Ridge Cuesta) overlooking the Black Prairie Belt to 

the northeast and north. 

The Ripley rests conformably on ~he Demopolis Chalk from the 

Mississippi State line eastward through Lowndes County. In the 

20 



western part of Montgomery County, the Ripley rests on a westward 

extending tongue of the Cusseta Sand, a unit now considered to be 

a member of the Ripley Formation (Knowles, Reade and Scott, 1963, 

p. 38). To the west the contact seems to be conformable although 

farther east the contact appears to be disconformable (Monroe, 1941, 

p. 126). In western Alabama the Ripley consists of two members, a 

lower calcareous and fossiliferous clay, sand and sandstone and an 

upper member that consists of non-calcareous and generally unfos

siliferous sand. The lower member consists of about 50 feet of 

somewhat glauconitic, very calcareous sandy clay and clayey sand 

that grades upward into 30 feet of alternating beds of calcareous 

slightly clayey sand and hard calcareous sandstone. Muscovite is 

abundant. In general the clay content of this member is greatest 

at the base, where the formation grades downward into the Bluff

port :Marl. The upper member consists of 140 feet or more of fine 

to medi1.llll-grained sand that is non-calcareous and contains abundant 

muscovite. Farther east this calcareous sand, in the lower member, 

merges laterally into sand and clay. East of Montgomery the lower 

part of the Ripley Formation consists of coarse sand and fine gravel. 

In Sumter County the Ripley varies in thickness from 35 feet 

north of Livingston to 220 feet in the southeastern part of the Epes 

Quadrangle. East of Sumter and :Marengo Counties, it becomes thicker. 
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Soils developed on the basal part of the Ripley tend to be sandier 

and lighter in color than those developed on the Bluffport which tends 

to produce a yellow-brown clay loam. 

The Ripley Formation is equival~nt to the Lower Navarro Group in 

Texas and the Lower :Maastrichtian of Europe. 
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Prairie Bluff Chalk 

Winchell (1857, p. 84-90) named the strata that crop out at Prai

rie Bluff on the right bank of the Alabama River in the SW¾ sec.32, 

T .14N., R. 7E. of Wilcox County, Alabama, the nPrairie Bluff Limestone 11
• 

Smith and others (1894, p. 267-268) abandoned this name but it was 

reintroduced by Stephenson in 1917 (Stephenson, 1917, p. 250). Later 

Stephenson and Monroe (1937) classified the Prairie Bluff as a forma

tion. This unit is the youngest of the Cretaceous formations in Ala

bama. 

The Prairie Bluff Chalk overlies unconformably the Ripley in 

Sumter County. Through most of Marengo and Wilcox Counties, the 

Prairie Bluff is absent and the Ripley is overlain directly by Ter

tiary deposits. From Dallas County eastward to the eastern part of 

Bullock County, it lies disconformably on the Ripley although farther 

east the Prairie Bluff is replaced by the Providence Sand (Monroe, 

1941, p. 126). 

The Clayton Formation of the Midway Group (Tertiary) rests 

unconformably on top of the Prairie Bluff. 

The Prairie Bluff is about 70 feet thick in West Alabama but 

thins eastward. In West Alabama it consists of massive, compact, 

white chalk that contains varying amounts of sand. The sand grains 

range in size from 1/16 millimeter in diameter to coarse grains two 

millimeters in diameter. Down-dip, to the southwest, the chalk is 

less sandy. Some factors which help distinguish the Prairie Bluff 

from the Ripley are: difference in size of sand grains, the Ripley 

having smaller grains than the Prairte Bluff; the greater amount of 

muscovite in the Ripley; stratification in the Ripley, while the 



Prairie Bluff is massive; phosphatic molds in the Prairie Bluff and 

difference in soil zones. The Ripley weathers to fine sandy, mica

ceous clay that contains calcareous nodules, whereas the Prairie 

Bluff weathers to a light-brown loamy coarse sand with numerous white 

grains of microcline (Monroe and Hunt, 1958). Toward the east the 

formation becomes increasingly sandy and micaceous. 

The Prairie Bluff is equivalent to the Upper Navarro of Texas 

and Upper M9.astrichtian of Europe. 

Biostratigraphy 

There are two major assemblage zones in the Selma Group of 

Alabama (Fig. 5). The oldest zone is that of Exogyra ponderosa 

Roemer, which ranges from below the Selma deposits to approximately 

115 feet from the top of the Demopolis Chalk. The next major assem

blage zone, Exogyra costata Say, ranges from the top of the Exogyra 

ponderosa zone to the top of the Cretaceous deposits. 

The lower zone is equivalent in age to those sediments in Texas 

between the top of the lower half of the Austin Chalk to the top of 

the Taylor M9.rl, while the upper zone extends from the top of the 

Taylor equivalents to the top of the Cretaceous. 

The lower zone contains a subzone characterized by the small 

pelecypod Diploschiza cretacea Conrad and the small brachiopod Tere

bratulina filosa Conrad. This subzone ranges from the base of the 

Demopolis Chalk to about 220 feet above the base. A variety of 

Diploschiza cretacea, Diploschiza cretacea striata occurs from the 

base of the chalk through 40 feet of,the formation. 

The upper zone, characterized by Exogyra costata Say, contains 
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a major subzone, designated the Exogyra cancellata subzone, which 

has been traced for 2500 miles from New Jersey to Mexico (Stephenson, 

1933). Exogyra cancellata Stephenson occurs from the base of the E. 

costata zone, 115 feet below the top of the Demopolis Chalk, upward 

to within five feet of the base of the Ripley Formation in West 

Alabama. This zone ranges up into the Ripley farther east. Asso

ciated with Exogyra cancellata throughout its geographical range 

and nearly coinciding with its stratigraphic range is the pelecypod 

Anomia tellinoides Morton. A. tellinoides is thought to range about 

50 feet lower than the base of the E. cancellata subzone and not 

quite as high in the subzone (Monroe and Hunt, 1958). 

This paper will be concerned with only the younger of the two 

major assemblage zones as this zone extends below and above the 

Bluffport Marl Member of the Demopolis Chalk. More emphasis will 

be placed on the Exogyra cancellata subzone, the boundaries of 

which correspond very closely with those of the Bluffport in West 

Alabama. 
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LOCALITIES STUDIED 

Procedures of Investigation 

The north-facing cuesta of the Ripley Formation served as a 

guide for tracing the Bluffport unit. Contour lines were used to 

determine thicknesses in areas covered by vegetation. Sampling 

was done at five-foot intervals vertically in the section. The 

upper part of the Demopolis, the Bluffport, and Lower Ripley were 

sampled to determine all lithologic differences among these units. 

The total available Bluffport section was sampled at each locality, 

and lithologic sample localities were correlated roughly with fos

sil sample localities along strike. 

The total amount of insolubles (sand, silt, clay) was deter

mined using 50 gram samples which were broken down with dilute 

acetic acid (3 parts water:l part acid), and the insolubles recov

ered by decantation. Diluted acid was used to prevent the de

struction of any clay minerals that were to be analyzed by x-ray 

diffraction. The remaining insolubles were dried and weighed. 

Qualitative mineralogic composition of insolubles was determined 

by x-ray diffraction analysis of untreated flat powder mounts. 

Fossil collections were made along the lower, middle and upper 

parts of the Bluffport section. Caution was taken to avoid float 

at lower elevations. This was done 9y staying away from zones where 

transported fossils had collected in channels and by digging out 



partly exposed specimens. Fossils were collected at localities along 

strike (Fig. 1) to show any lateral morphologic changes present in 

the species. Abundance of fossils at each fossil collecting locality 

was determined using a one square yard counting grid. The fossils 

in five to ten grids were counted with the grids spaced laterally 

along the same elevation in the lower, middle and upper parts of 

each outcrop. 

The relative abundance of species occurring in the study areas 

is shown in table 1. 

The number of specimens of each species collected and brought 

back to the laboratory was based on availability and where specimens 

were very abundant, a representative collection was made which in

cluded all sizes and shapes observed in the field. 

Laboratory procedures consisted of first removing the marl 

matrix from the specimens. The smaller and more delicate specimens 

were allowed to soak in baking soda before the matrix was removed. 

Fossils were described and compared for morphologic changes. The 

height, width and depth of valves were measured in millimeters. 

Only left valves were measured when both left and right were avail

able as left valves are more reliable for identification purposes. 

The right valve of some species was all that was found. 

Outcrop Descriptions 

The following localities (Figs. 1-4) include all those sampled 

for lithologic and paleontologic data. 

1. sw½NE½ sec.20, ~-21N., R.3w. 
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This exposure is on Alabama Highway 17; the base of the Bluffport 



NAME ABUNDANT COMMON RARE 

Exoglra costata more than 4 3-4 1-2 

Exogyra cancellata more than 8 4-8 2-3 

Gryphaea mutabilis more than 15 10-15 5-9 

Ostrea falcata more than 100 30-100 10-29 

Ostrea plumosa more than 50 20-50 10-19 

Anomia tellinoides more than 30 10-30 

Anomia argentaria more than 10 3-10 

Paranomia scabra more than 5 3-5 

Pecten sp. more than 5 3-5 

Inoceramus sp. more than 10 5-10 

Ostrea tecticosta 3 specimens found 

Ostrea panda 2 specimens found 

Gryphaeostrea vomer 1 specimen found 

Hamulus squamosus 2 specimens found 

Lima sp. l specimen found 

Turritella sp. 1 specimen found 

Gyrodes sp. 1 specimen found 

Bryozoa 2 specimens found 

Table 1.-Relative abundance of species occurring at 
localities studied. 

5-9 

1-2 

1-2 

1-2 

1-4 
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is south of the intersection of Alabama Highway 17 and secondary high

way 116 in Sumter County (Fig. 2). This represents the most western 

exposure studied and was the last locality sampled. It was found to 

have the same faunal and lithologic characteristics as the more east

ern localities described on the following pages. This is one of the 

few localities at which a complete Bluffport section can be sampled. 

The section is 62 feet thickj very close to the 65 feet that Monroe 

(1956, p. 2740) gives for the Bluffport thickness. There is a gen

eral change in lithology 20 feet above the base of the Bluff port 

from a light gray to darker gray, slightly sandy and more micaceous 

marl. At the Ripley-Bluffport contact there is a change from a 

weathered light-brown clay with little sand and abundant mica to a 

dark-brown fine to medium-grained sand with clay. 

Several left valves of Exogyra costata were found just above 

the Bluffport base. This species is (see methods section for Table 

1) common in this exposure. Anomia tellinoides and Ostrea plumosa 

Morton are somewhat rarer and smaller than at other exposures. At 

40 feet above the base Exogyra costata is dominant with both left 

and right valves present. Anomia tellinoides was not found above 

this elevation while Anomia argentaria Morton extends into the 

Ripley. Fifty-five feet above the base of the Bluffport Exogyra 

costata, Gryphaea mutabilis Morton, and Paranomia scabra (Morton) 

only commonly occur. Exogyra cancellata is abundant in the lower 

part of the section but becomes scarce around 40 feet above the 

base of the Bluffport. 

2. sw½ sec.7, T.~ON., R.2W. 

Sampling was done along the road leading northeast from Sumterville 



in the northwest part of the Epes Quadrangle. The outcrop is so 

highly weathered that only the lower and extreme upper parts of the 

Bluffport section can be sampled. In the central part of section 7, 

the Demopolis is a hard gray chalk while immediately adjacent (there 

is a small fault) the Bluffport is a light-brown marl. Very little 

mica occurs at this elevation in the Bluffport. Gryphaea mutabilis 

is abundant while Exogyra cancellata, Paranomia scabra and Anomia 

tellinoides are common. Although they are extremely rare in the 

Bluffport, one echinoid plate was found. Just above this elevation 

Gryphaea mutabilis, both species of Anomia, Ostrea plumosa and Ostrea 

falcata Morton are abundant while Paranomia scabra is common and 

Exogyra cancellata is rare. 

lower part of the Bluffport. 

These assemblages are all found in the 

At the top of the Bluffport in section 

7 there is an increase in mica content although less than in the 

overlying Ripley. The Ripley consists of highly micaceous, calcar

eous sand, silt and clay. Unweathered Ripley has a dark-gray color 

weathering to a light-brown. Ostrea falcata, Paranomia scabra and 

Ostrea plumosa are common. 

South of Sumterville hard horizontal sandstone ledges of Ripley 

are exposed (Fig. 6). This section is about 50 feet above the base 

(Monroe and Hunt, 1958). Paranomia scabra and Exogyra costata are 

abundant while Ostrea plumosa and Gryphaea mutabilis are common. 

3. NEtNWt sec.34, T.20N., R.2W. 

This locality is reached by turning north onto Alabama Highway 

39 off U.S. Highway 11 and west onto a gravel road about half a mile 

from U.S. Highway 11. The outcrop is, one mile from Alabama Highway 

39 on the north side of the road. Only about 15 feet of the lower 

part of the section is exposed. 
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Figure 6. Exposure of sandstone ledges in the Lower 
Ripley Formation, locality 2. 

Figure 7" 
locality 4. 

Typical exposure of the Bluffport Marl Member, 
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The Demopolis is again a hard gray homogeneous material which, 

in the creek at the top of section 34, contains abundant fragments 

of Inoceramus sp. while oysters are rare. Just off the road the 

whole Bluffport assemblage is found. Gryphaea mutabilis, Anomia 

tellinoides, 0strea plumosa and 0strea falcata are abundant while 

Exogyra cancellata and Paranomia scabra are common. Pecten frag

ments are rare. A 1-2 inch sawfish tooth was found approximately 

200 yards from the road. 

4. NWtNWt sec .35, T .20N .. , R.2W. 

This locality is west of Alabama Highway 39 just north of the 

gravel road mentioned in the previous locality (Fig. 7). As at the 

previous locality, only the lower section of the Bluffport is ex

posed for adequate study. The Demopolis-Bluffport contact is at the 

base of the hill north of the intersection. Both units have typical 

weathered characteristics. Based on contour lines, the total sec

tion is about 65 feet thick. 

Gryphaea mutabilis and 0strea falcata are abundant while Exogyra 

cancellata is common. 

5. SWtSEt sec.31, T.20N., R.lW. 

This locality is 2.1 miles south of Epes, Alabama, on the road 

leading south from U.S. Highway 11 at Epes. Sampling was done about 

300-400 yards east of the road. From the Demopolis contact, 35 feet 

of the Bluffport is exposed. There are very little lithologic or 

paleontologic differences in the Bluffport at this locality from 

those to the northwest. 

0strea falcata is abundant in t~e lower part of this section, 

Gryphaea mutabilis is common while Exogyra cancellata, Paranomia 
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scabra and Pecten sp. are rare. Ostrea plurnosa is rare to abundant. 

At the top of the section, Gryphaea mutabilis is rare to common, 

Exogyra cancellata is common, Ostrea falcata is common to abundant 

and Paranomia scabra is rare. 

6. NEt-NEt sec. 7, T .19N., R .lW. 

This locality is 1. 5 miles farther south to the east of the same 

road as that of Locality 5. Forty feet of Bluffport is exposed above 

the Demopolis contact. Faunal assemblages and lithologic relation

ships remain similar to previously discussed localities. 

One left valve of Gryphaea mutabilis that is two inches thick 

from convex outer surface to concave inner surface was found near 

the base of this section. This is the thickest specimen of Gryphaea 

mutabilis found during this study (Pl. 4, fig. 6). Exogyra cancel

lata, in the basal and upper part of this section, is common, Gryphaea 

mutabilis is abundant to connnon while Ostrea falcata ranges from rare 

to abundant depending on local reef assemblages. Ostrea plumosa is 

connnon to rare. Anomia tellinoides and Paranomia scabra are rare 

to connnon at the base to rare at the top. One left valve of Ostrea 

tecticosta Gabb was found at the base of this section. 

7. sw½NW¾ sec.27, T.19N., R.lW. 

At the type locality (Figs. 8 and 9) the particular section of 

the Bluffport studied is situated about 100 yards south of the road. 

The town of Bluffport, shown in figure 2 just east of Locality 7, is 

now abandoned. The Bluffport is 45 feet thick at the study site 

while 10 additional feet are exposed on the road. The upper few 
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feet of the Bluffport are missing at ,the type (Monroe, 1956). The 

Demopolis Chalk ranges in color from tan to light gray and is typically 



Figure 8 .. 
locality 7. 

Type locality of the Bluffport Marl ~mber, 

Figure 9* Contact in gulley between the Bluf'fport Marl 
~mber and the Demopolis Chalk ~t the type locality, locality 
7. 
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homogeneous hard chalk that weathers to flaky fragments. Fossils 

are much less abundant than in the overlying Bluffport. 

The Bluffport ranges in color from light to dark gray in un

weathered material and weathers to yellow-brown with a definite 

increase in mica in the upper part of the section. There is very 

little change in lithology until about 35 feet above the base of 

the member where weathered red and gray laminations occur. Above 

these laminations is a soil zone in which fossils are noticeably 

scarce with Exogyra cancellata and Gryphaea mutabilis being much 

more common than smaller species. Pyrite nodules are common 

throughout the section but moreso in the lower part of the Bluff

port. 

In a random fossil count at the base of the Bluffport, Gryphaea 

mutabilis ranges from abundant to common and rare, Exogyra cancellata 

is rare while Ostrea plumosa, Ostrea falcata and Anomia tellinoides 

are all abundant. Paranomia scabra and Pecten sp. are also rare at 

this elevation as are shark teeth. Exogyra cancellata is more abun

dant at five feet up from the Bluffport base while Anomia tellinoides 

and Ostrea plumosa are less abundant. One specimen of Hamulus 

squamosus Gabb was found. Specimens of Anomia tellinoides are 

exceptionally large at this locality, especially near the base of 

the section. At most other localities specimens of this species 

are not as large as those here. 

8. NWtsEt sec.31, T.19N., R.lE. 

This outcrop is west of the dirt road leading to Belmont, 6.5 

miles east of Alabama Highway 28. T~e total thickness of the Bluff

port is 16 feet measured from the Demopolis contact. 



Five feet above the base of the section, Anomia tellinoides is 

as large as those found at the type while Exogyra cancellata and 

Gryphaea mutabilis are respectively common and abundant. The smaller 

species are rare. Exogyra cancellata, Pecten sp. and Paranomia scabra 

are common to rare at 10 feet above the base while both Gryphaea 

mutabilis and Anomia tellinoides are rare. 0strea falcata is very 

abundant to common, again depending on local reef populations and 

0strea plumosa ranges from abundant to rare. Bryozoa occur here 

but are very rare. 

9. SWfNE½ sec. 16, T.18N., R.lE. 

This locality is 3.2 miles southwest of Belmont on Sumter County 

Highway 23. The study site is located about 100 yards west of the 

road (Fig. 10). Approximately 25 feet of the upper Bluffport section 

is exposed. The Ripley-Bluffport contact is not exposed here. 
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At the base of this section Gryphaea mutabilis is connnon, Exo~yra 

cancellata abundant to rare, 0strea falcata and 0strea plumosa abun

dant to common, Paranomia scabra common and Anomia tellinoides com

mon to rare. Pecten fragments, Hamulus squamosus and shark teeth 

are also rare. 

10. SE½NWf sec. 9, T.16N., R.4E. 

This locality is 1.7 miles west of the intersection of Marengo 

County Highways 44 and 51 near Dayton, Alabama (Fig. 3). The out

crop is 1.7 miles north of the road on the property of Mr. Thomas H. 

Miller. The section is 45 feet thick and represents the complete 

thickness of the Bluffport. The Demopolis contact is at the base 

of the hill and the Ripley contact a~ the top. The Bluffport is 

sandier than localities farther west. The section grades from light

gray, slightly sandy calcareous clay with little muscovite at the 



Figure 10. Exposure of the Bluffport Marl Member showing 
some faunal groups and slope development due to weathering, 
locality 9. 

Figure 11* Exposure of massive, homogeneous Demopolis 
Chalk, locality 12. 



base of the marl into sandier material with more muscovite in the 

upper part of the section. Just below the Ripley contact, the Bluff

port is a gray sandy marl, abundantly muscovitic, with reddish lam

inations caused by weathering. There is very little evidence of a 

transitional type contact. The reddish-brown colored Ripley consists 

of fine to medium-sized sand and muscovite. Caliche nodules occur 

just below the Ripley-Bluffport contact as in the upper parts of the 

Bluffport throughtout its range. These are caused by precipitation 

of calcium carbonate through the porous sands of the Ripley onto the 

clays of the Bluffport. 

Ten feet up from the base, a fossil-abundance study indicated 

that Gryphaea mutabilis, Exogyra cancellata and Paranomia scabra are 

rare. Ostrea plumosa and Anomia tellinoides are common to rare while 

Ostrea falcata is common. The whole outcrop generally had a poor 

fossil assemblage as compared with the less sandy exposures to the 

west. 

11. SE½NW½ sec.10, T.15N., R.6E. 

This exposure is 1.3 miles east of the Dallas and Marengo County 

line on Alabama Highway 66. The exposure is on the west branch of 

Chilatchee Creek and is approximately in the middle of the Bluffport, 

which is a light gray slightly sandy micaceous clay. 

The general fossil assemblage is very sparce. Water worn spec

imens of Exogyra cancellata are common while Paranomia scabra, Ostrea 

falcata and Pecten fragments are found rarely. Gryphaea mutabilis 

was not found in this section. 

12. NW½SE½ sec.13, ~.14N., R.llE. 

This Bluffport exposure is 9 miles south of U.S. Highway 8o on 
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Dallas County Highway 7 east of Selma, Alabama (Fig. 4). The Ripley

Bluffport contact is exposed one mile north of Pleasant Hill. This 

is the last good outcrop of Bluffport Marl found to the east in this 

study. The Demopolis Chalk exhibits its typically hard lithologic 

characteristics. Faulting at the base of the Bluffport apparently 

thrusts up the Demopolis to provide a good chalk exposure (Fig. 11). 

The Bluffport lithology is much sandier than that to the west, but 

otherwise has its typical lithologic characteristics. There is a 

small amount of muscovite at the base and an increase in the sand 

and muscovite content 25 feet below the Ripley-Bluffport contact. 

Here the Bluffport is weathered to a yellow-brown color. 

One large specimen of Ostrea plurnosa was found at the base of 

the Bluffport section. This specimen, several smaller individuals 

of this species, and some fragments were the total fossil assemblage 

found near this contact. At 25 feet below the Ripley-Bluffport con

tact the fossil assemblage is much more abundant. Gryphaea mutabilis, 

Paranomia scabra and Inoceramus fragments were found to be common 

while Ostrea plurnosa, Anemia tellinoides and Anemia argentaria are 

abundant. Pecten sp., Exogyra cancellata and Ostrea falcata are 

rare. Here Inocera.mus sp. is more abundant than at any other 

locality studied. One right valve of Ostrea tecticosta was found 

at this elevation. Gryphaea mutabilis and Exogyra cancellata are 

common to rare just below the Ripley-Bluffport contact while the 

smaller species are absent to rare. 

13. SW½NEt sec.5, T.13N., R.12E. 

This locality is 2.2 miles frOin; Pleasant Hill into Lowndes 

County on Highway 7. There is an exposure of the lower part of 
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the Bluffport in the stream south of the road where the lithology 

is a gray, very sandy and micaceous clay. The Demopolis and Ripley 

units are absent. 

Abundant specimens of Exogyra cancellata occur here, although 

Anemia tellinoides was not found. Many fossils were found in place 

with their left valve down. Exogyra cancellata, Gryphaea mutabilis 

and Paranomia scabra are abundant, Ostrea falcata and Ostrea plumosa 

are rare while Pecten sp. are common to rare. 

This section contains a different assemblage from the more typ

ical Bluffport to the west and represents the most eastern extension 

of the Bluffport Marl. Turri tella sp., Gyrodes sp. and Lima sp. are 

the new additions to the Bluffport faunal assemblage (Pl. 7, figs. 

6-8). 
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East of Locality 13 approximately 1.6 miles south of Beechwood 

on Alabama Highway 21, the lithology is light-brown in color, very 

sandy and micaceous. All species of fossils are very scarce. Al

though a possible Ripley-Bluffport contact was found, the Bluffport 

could not be distinguished from the underlying Demopolis Chalk. North 

of Beechwood outcrops continue to have these same lithologic and 

paleontologic characteristics. East of Beechwood this Demopolis unit 

becomes sandier and increasingly micaceous, and fossils offer little 

assistance in separating the Bluffport and Demopolis due to their 

scarcity. 

This trend continues eastward into Montgomery County where the 

west-trending elastic equivalents occupy this stratigraphic interval. 



BLUFFP0RT FAUNA 

Synonymy and Description 

Listed below is the complete Bluffport faunal assemblage found 

during the course of this study. A synonymy and description of each 

species is included. I identified 13 invertebrate genera and 13 

species in the Bluffport. All of these species and genera, with the 

exception of Paranomia scabra, are described and illustrated in 

Stephenson (1941) along with a complete synonymy up to that date of 

publication. Only an abbreviated synonymy is used in this report. 

Reference should be made to Stephenson (1941) for a complete list 

of publications. 

EXCGYRA C0STATA Say 

Plate 1, Figure l; Plate 2, Figure 5; Plate 5, Figure 4. 

Exogyra costata Say, 1820, Am. Jour. Sci., ser. 1, v. 2, p. 43. 

Exogyra costata Say, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 122-125, pl. 19, figs. 1, 2; pl. 21, fig. 2. 

E.xogyra costata Say, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 397-398, pl. 156, figs. 13, 14; pl. 157, 
figs. 2, 3. 

Stephenson (1941, p. 122-123) states that the shell is inequi

valve with the left valve much larger than the right and ranging 

from thick to massive. The left valve is generally subcircular to 

subovate in outline. Left valves coil counterclockwise, right valves 

clockwise. The beak is slightly deformed by the spat mark which 



varies in size on different individuals. On most left valves, there 

is an umbonal ridge extending from the beak in a curve around to the 

postero-ventral margin although some shells are rounded such that they 

lack this ridge. The surface is ornamented with regularly arranged, 

prominent, radiating, entire or bifurcating costae which extend from 

the beak to the margin in curves conforming to the twist of the shell 

in the medium size specimens. In atypical specimens the costae are 

weakly developed, becoming weaker and disappearing toward the margins 

of the older and larger shells. The costae are separated by channels 

which are narrower than the costae. Concentric growth lamellae rough

en the costae with rounded nodes in some forms producing a type of 

cancellate appearance. This modification has been observed in speci

mens collected above the E. cancellata zone in the Ripley and Prairie 

Bluff Formations, and may be confused with!· cancellata. The right 

valve is operculiform, flatly spiraling and varying from broadly con

vex to concave although typically convex. This valve is more orna

mented than the right valve of!· cancellata. The right valve is 

enclosed within the projecting margin of the left valve. The beak 

of the right valve is small and flatly depressed. Ornamentation 

includes sharp edged concentric lamellae. The hinge of the left 

valve is narrow with a ligamental groove deeply impressed, paralleled 

on the upper side by a faintly developed narrow, shallow grove. Both 

grooves curve to conform to the spiral twist of the shell. The adduc

tor muscle is broadly oval in outline, situated above the midlength 

and a little back of the midlength of the shell. The hinge of the 

right valve is narrow with a deeply impressed ligamental groove curved 

to conform to the spiral twist of the shell. The upper margin of the 

groove is finely crenulated. 
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There is a tendency for this species to be more massive than!· 

cancellata. The ornamentation on this species covers a greater per

centage of the shell than that of E. cancellata. There are some 

varieties of this species which develop costae that appear to have 

a cancellate appearance but on further observation the depressions 

between the costae are found to be much narrower than those between 

the costae of E. cancellata. Also the depressions between the costae 

of E. cancellata are more rounded at the base. This description in 

my opinion may be likened to comparing stream cut valleys to glaciated 

valleys. The stream cut valleys being the depressions of E. costata. 

Both species of Exogyra demonstrate breakage and rehealing to an un

usually high degree. There is rarely an adult individual found that 

does not show evidence of the shell being broken and rehealed. Ju

veniles of both species possess the characteristics of the adults. 

This includes ornamentation and structure of both valves. 

EXOGYRA CANCELLATA Stephenson 

Plate 1, Figures 2-5; Plate 2, Figures 1-4; 
Plate 3, Figure l; Plate 5, Figures 2, 3. 

Exogyra costata var. cancellata Stephenson, 1914, U.S. Geol. Survey 
Prof. Paper 81, p. 53, pl. 20, figs. 2-4; pl. 21, figs. 1, 2. 

Exogyra cancellata Stephenson, 1923, North Carolina Geol. and Econ. 
Survey, v. 5, pt. 1, p. 182, pl. 50, figs. 5, 6; pl. 51, figs. 
1, 2. 

Exogyra cancellata Stephenson, 1941, Univ. of Tex. Bull. no. 4101, 
p. 120-122, pl. 18, figs. 10, 11. 

Exogyra cancellata Stephenson, Shimer and Shrock, 1944, Index Fossils 
of North America, p. 399, pl. 156, fig. 15; pl. 157, fig. 4. 

Stephenson (1941, p. 120-121) de~cribes the shell as medium to 

large, inequivalve, with the left valve much larger than the right. 
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These forms are subcircular to broadly subovate in outline and strongly 

convex. The um.bonal region is twisted into a low spiral. The beak is 

deformed by the spat mark. This feature varies in size with different 

individuals. The surface is ornamented with more or less distinct, 

low, bifurcating, nodular costae. The nodes are produced by regu

larly spaced concentric depressions which cross the costae transversely 

and give its surface a cancellated appearance. On parts of some spec

imens, the nodes are more prominently connected concentrically than 

they are radially, thus producing distinct concentric ridges. In 

atypical specimens the costae are weakly developed or absent, except 

near the beak and there is a corresponding strong development of 

concentric growth lamellae. On adults the costae become faint and 

disappear distally, leaving the shell ornamented only with overlap

ping lamellae. On some left valves, sharp edged lamellae are strongly 

developed over most of the shell and where they cross the costae are 

upfolded into spin-like projections giving the shell a rough appear-
L 

ance (Pl. 2, fig. 1). Hinge and internal characteristics are normal 

for the genus. The right valve is operculiform, flattened to strongly 

concave and overlapped by the projecting margin of the left valve. 

The~-♦ cancellata right valve tends to be concave in the specimens 

collected from the study area. The beak of the right valve is small, 

depressed, with a flat spiral twist. Costae are weakly developed if 

present at all. 

The Bluffport has a much greater number of E. cancellata speci

mens than E. costata although in the upper part of the section at 

Localities 1 and 10, !· costata predo~inates over E. cancellata. The 

umbonal region on the left valve of!· cancellata consistently coils 



at a lower angle than that of~- costata. E. cancellata ornamentation 

varies from the typical cancellate structure to ornamentation with the 

concentric lamellae dominent. There is a tendency for the cancellate 

ornamentation to become less conspicuous toward the ventral part of 

the left valve. At Localities 1 and 13 there is an increase in the 

spine-like projections caused by sharp edged lamellae upfolding on 

crossing the costae. Crenulations on the dorsal part of the right 

valve are preserved in some specimens. These seem to support the 

valves as would teeth. The ridge or band on the left valve that 

extends from the beak to the postero-ventral margin is not apparent 

on most of the specimens collected. The right valve of~- cancellata 

and E. costata is very distinct and may be used to distinguish be-

tween the two species. The typical concave right valve of E. cancellata 

lacks or has underdeveloped costae as compared with the well developed 

costae on the flat to convex and much more massive right valve of E. 

costata. 

GRYPHAEA MUTABILIS Morton 

Plate 3, Figures 2-5; Plate 4, Figures 1-6; 
Plate 5, Figures 1, 5, 6. 

Ostrea vesicularis Lamarck, 1806, Mus. Hist. Nat. Annales, v. 8, 
p. 160, no. 5. 

Gryphaea convexa Morton, 1828, Acad. Nat. Sci. Philadelphia Jour., 
ser. 1, v. 6, p. 79, pl. 4, fig. 1, 2. 

Gryphaea mutabilis Morton, 1828, Acad. Nat. Sci. Philadelphia Jour., 
ser. l, v. 6, p. 81, pl. 4, fig. 3. 

Gryphaea mutabilis Morton, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 115-117, pl. 17, figs. 1-6. 

Gryphaea mutabilis Morton, Shimer and,Shrock, 1944, Index Fossils of 
North America, p. 397, pl. 155, fig. 12. 



The shell is large, massive and variable in outline and form. 

It varies from subcircular to subelliptical in outline (Stephenson, 

1941, p. 115-116). It may become very thick in outline, attaining 

60 millimeters in extreme cases. The left valve ranges from com

pressed, almost flat, to strongly convex. This convexity depends on 

the stage of growth, the older are the more convex. On most left 

valves, a radiating sulcation extends from the vicinity of the beak 

backward and downward to the postero-ventral margin and this tends 

to form a postero-dorsal auriculation. This feature is quite vari

able in specimens from the Bluffport Member. On some specimens, 

the shell back of the sulcation forms a rugged, prominent, radiating 

ridge. On occasional shells there is a similar sulcation extending 

from the beak to the antero-ventral margin which tends to form a 

corresponding anterodorsal auriculation. The right valve is flat 

to strongly concave and overlapped by the margin of the left valve. 

The posterior auriculation of the left valve, if present, is reflected 

somewhat in the right valve which bends in to fill the notch produced 

by the auriculation. This right valve auriculation is not nearly as 

noticeable as that of the left valve and may be overlooked entirely 

without using the left valve for guidance. Beaks are small and are 

located centrally or a little in advance of the center, that of the 

left valve curving over to the right and overhanging the right beak 

slightly. The hinge line is typically long, nearly straight and 

edentulus. The ligamental area is triangular with the basal or 

inner border longer than the sides. The ligamental groove is broad 

and is more strongly impressed on the, left valve than the right. 

The adductor muscle scar is large, deeply impressed, situated above 



the midheight and a little back of the midlength. A small pedal mus

cle scar is situated on the inner surface just below the inner end 

of the ligamental groove of each valve. The surface of the left valve 

is marked by incremental lines, by rather coarse growth undulations 

and imbricating lamellae. The surface of the right valve is similarly 

marked. The growth lamellae are coarser and stronger toward the outer 

borders of the adults. The right valve is further marked by a dozen 

or more radiating very narrow lines or shallow channels of unequal 

spacing. These radiating lines tend to be variable in different 

individuals. 

There seems to be a general trend toward greater convexity and 

thickness with increasing size although several large Gryphaea spec

imens were found that are very flat. One of the largest right valves 

found is no more than a quarter of an inch in thickness and has no 

signs of tending toward, in the case of the right valve, concavity. 

There is a tendency for a bulbous structure, at the hinge on the 

right valve, to vary from being very insignificant to very prominent 

(Pl. 4, fig. 4). Juvenile forms have this same variable feature. 

The hinge line of some individuals tends to have crenulations run

ning at an angle to the ligament area. This seems to be more appar

ent on thinner right valves. 

Most of the larger and more massive specimens are in the lower 

part of the Bluffport section. Compared to Exogyra, there is little 

evidence of the Gryphaea valves being broken and rehealed. 
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OSTREA FALCATA Morton 

Plate 5, Figures 7-20. 

Ostrea falcata Morton, 1827, Acad. Nat. Sci. Philadelphia Jour., 
ser. 1, v. 6, p. 50, pl. 1, fig. 2. 

Ostrea falcata Morton, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 111-113, pl. 14, figs. 7, 8. 

Ostrea falcata Morton, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 395, pl. 154, figs. 10, 11. 
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The shell is long, narrow and strongly curved back.ward and upward. 

The left valve is slightly ventricose while the right valve is com

pressed or only slightly ventricose. The beaks are small, situated 

midway of the hinge, slightly prominent on the left valve and com

pressed on the right valve. The spat mark on the left valve is 

generally small. The antero- and postero-dorsal portions of the 

shell are provided with wing-like extensions which vary greatly in 

development on different individuals. Du.ring the study in the Bluff

port, one left valve was found in which the posterior wing developed 

to such a degree that it is in contact with the ventral part of the 

valve (Pl. 5, fig. 20). The hinge is small and variable in shape 

but generally triangular and crossed by fine growth lines. The 

ligamental pit is narrow and distinctly impressed on the left valve 

while less distinct on the right valve. The adductor scar is of 

moderate size and situated 5-10 millimeters below the hinge, near 

the posterior margins. The surface is marked by fine concentric 

growth lines and by 5-10 or more round crested, rugose, radiating 

costae which flare out into prominent plications along the ventral 

margin of the shell. The costae and ,intervening depressions alter

nate in position on the two valves which when closed, fit together 



in a zigzag margin (Stephenson, 1941, p. 112-113). Some O. falcata 

forms have been found to be lacking in crenulations on the posterior 

side although most found in the Bluffport do have this ornamentation. 

I found a great amount of variation in O. falcata as Stephenson 

had also noted in his description of this species. There is a great 

deal of variation in the size of the dorsal wings. The number of 

plications along the ventral margin of this species varies from four 

wide plications to 12 or more, although 6-7 is the average. The 

radiating costae vary in development from starting nearly at the 

beak to extending just back of' the ventral margin. 

According to previous reports, the smaller forms of O. falcata 

with costae not extending in from the margin and with reduced dorsal 

wings are called Ostrea mesenterica Morton (Weller, 1907, p. 446). 

I found no justification for this designation. On the contrary, all 

these characteristics can be found associated with typical 2· falcata 

features. Some specimens with little surface ornamentation (costae 

limited to the margins) and small wings were found but these are as 

large or larger than many of the typical o. falcata varieties. An

other variety of 0. falcata is a smaller form with numerous, well 

developed costae and reduced dorsal wings (Pl. 5, fig. 19). The 

hinge line of some O. falcata varieties tends to be reduced in length 

due to the tapering of the valve toward the hinge (Pl. 5, fig. 18). 

There is a decrease in specimen size toward the top of the section. 

This study indicates that the 2· falcata species is strongly 

ecophenotypic with variational changes that seem to resemble several 

specific forms, the so-called Ostrea mesenterica being one form. 
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OSTREA PLUMOSA Morton 

Plate 6, Figures 1-7. 

Ostrea plumosa Morton, 1833, Am. Jour. Sci., ser. 1, v. 23, p. 293. 

Ostrea plumosa Morton, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 108-111, pl. 16, figs. 4-6. 

Ostrea plumosa Morton, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 395, pl. 154, figs. 17, 18. 

This shell is variable in outline, ranging from subtriangular, 

subovate or subcircular in different specimens. The shell wall is 

generally attached over the greater part of its surface to some hard 

object. The margin of the left valve turns sharply upward in a wall

like projection from the outer edge of the area of attachment. The 

right valve is compressed to ventricose. In typical specimens the 

midline of the shell from the beak to the ventral margin is curved 

toward the rear. The hinge is variable in shape, but usually tri

angular and bent downward toward the area of attachment while the 

ligamental pit is more deeply impressed on the left than right valve. 

On typical specimens the inner anterior and posterior margins are 

crenulated to different distances from the hinge and the adductor 

scar is large, situated above the midheight and toward the posterior 

margin. The inner surface of the shell is smooth while the outer 

surface is marked by fine, concentric growth lines and on some spec

imens by fine, radiating, unequal, bifurcating costae, the plumose 

arrangement of which suggested the name plumosa (Stephenson, 1941, 

p. 109). Very few left valves were found in the Bluffport Marl. 

Along with the various shapes of this species in the Bluffport, 

growth line prominence tends to vary, even in the same localities. 

Only a few specimens show the good plumose pattern from which the 



species derives its name (Pl. 6, fig. 1), The plumose ornamentation 

is more commonly found near the eastern limits of the Bluffport. 

OSTREA TECTICOSTA Gabb 

Plate 6, Figures 8-10. 

Ostrea tecticosta Gabb, 1860, Acad. Nat. Sci. Philadelphia Jour., 
ser. 2, v. 4, p. 403, pl. 68, figs. 47, 48. 

Ostrea tecticosta Gabb, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 107-108, pl. 14, figs. 5, 6. 

Ostrea tecticosta Gabb, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 395, pl. 154, figs. 12, 13. 

The shell is irregular in outline but triangular to subovate, 

inequivalve and generally pointed in the umbonal portion while it 

becomes broader below. Beaks are situated centrally, that of the 

left valve being prominent and pointed and that of the right valve 

pointed to blunt. Both valves are compressed to moderately ventri

cose, while the right valve is enclosed between the overlapping 

margins of the left valve. The hinge on the left valve is tri

angular, elongated in the direction of the long dimension of the 

shell and traversed by numerous fine growth lines. The ligamental 

groove is long, narrow and impressed. The hinge on the right valve 

is shorter and the ligamental groove less deeply impressed than that 

of the left valve. Inner margins of the left valve are crenulated 

corresponding to the terminations of the surface costae and inter

vening depressions. The adductor scar is large, situated at about 

midheight and near the posterior margin. Anterior and posterior 

margins curve downward into the sharply rounded ventral margin. 

In the surface of the left valve are fine concentric growth lines 

of which some rise into more prominent lamellae and radiating round-
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crested costae which differ in various individuals. The scar of 

attachment varies greatly in size on the left valve of different 

individuals. On the surface of the right valve are fine growth 

lines and stronger growth lamellae at intervals of 1-5 millimeters 

(Stephenson, 1941, p. 107-108). This species is not readily found 

in the Bluffport. There were only two left valves and two right 

valves collected during this study. 

OSTREA PANDA Morton 

Plate 6, Figure 11. 

Ostrea cristagalli Schlotheim?, Morton, 1830, Am. Jour. Sci., v. 
18, p. 250, pl. 3, fig. 22 (Figured but not described). 

Ostrea panda Morton, 1833, Am. Jour. Sci., serv. 1, v. 23, p. 293. 

Ostrea panda Morton, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 104-105, pl. 15, figs. 3-6. 

Ostrea panda Morton, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 395, pl. 154, fig. 3. 

Stephenson (1941, p. 104-105) describes this species as varying 

greatly in form and surface sculpture but basically is subcircular, 

flat to moderately convex and the right valve exhibits irregular 

costae which vary greatly in coarseness on different individuals. 

This species is rather small, rarely exceeding 60 millimeters in 

its greatest dimension and the thin to moderately thick shell is 

usually well preserved. The shell is generally attached to other 

shells or to foreign objects over most of the surface of the left 

valve while the hinge is typically ostreoid, but is small and varies 

greatly in its proportions in various individuals, depending upon 

its position of attachment and its crowded condition with respect 

to other shells. The trend of the ligamental groove may be curved 

51 



either forward or backward or may be bent to the right or left. A 

large adductor scar is situated above the midheight. At Locality 

12, a small colony of Q• panda specimens was found. This is the 

only location at which they were observed. 

GRYPHAEOSTREA VOMER (Morton) 

Plate 6, Figure 12. 

Gryphaea vomer Morton, 1828, Acad. Nat. Sci. Philadelphia Jour., 
ser. 1, v. 6, p. 83 (Not pl. 5, figs. 1, 2, 3; Morton later 
stated that these illustrations were introduced by mistake). 

Gryphaea vomer Morton, 1834, Synopsis of the Organic Remains of 
the Cretaceous Group of the United States, p. 54, pl. 9, 
fig. 5. 

Gryphaeostrea lateralis (Nilsson), Conrad, 1868, in Cook's Geology 
of New Jersey, p. 724. 

Ostrea (Gryphaeostrea) vomer (Morton), Meek, 1876, Rept. U.S. 
Geol. Survey Terr., v. 9, p. 11 (Quotes diagnosis of Gryphae
ostrea furnished by Conrad). 

Gryphaeostrea vomer (Morton), Whitfield, 1885, U.S. Geol. Survey 
Mon., v. 9, p. 195, pl. 26, figs. 11, 12 (Geol. Survey New 
Jersey, Paleontology, v. 1, p. 195, pl. 26, figs. 11, 12, 
1886). 

Gryphaeostrea vomer (Morton), Stephenson, 1941, Univ. of Tex. Bull. 
no. 4101, p. 118-120, pl. 18, figs. 5-9. 

Gryphaeostrea vomer (Morton), Shimer and Shrock, 1944, Index Fossils 
of North America, p. 397, pl. 155, figs. 1, 2. 

Stephenson (1941, p. 118-119) states that the shell is of mod

erate size and highly variable in shape, roughly ovate, elongate in 

outline and strongly inequivalve. The left valve varies from moder

ately to strongly convex and from broadly rounded to narrow. It is 

sharp ridged centrally in the direction of the height. On many shells 

this central ridge is sinuous causing this valve to develop antero

and postero-dorsal wing-like projections. These features are too 

52 



fragile to be more than rarely well preserved. No left valves were 

found in the Bluffport. The hinge is small, triangular and generally 

overhung by the lower margin of the twisted beak. It bends to the 

right overhanging the hinge of the right valve. The adductor scar 

is of moderate size and situated at or above the midheight and to-

ward the rear. The right valve, which is very much unlike the left 

valve, varies in different individuals from slightly convex to strongly 

concave and is smaller than the left valve, the margins of which over

lap it. The right valve varies in outline and shape to conform to 

the left valve and the surface is marked with 5-12 or more conspicuous, 

sharp, upturned, concentric lamellae, which are spaced from 1-8 mil

limeters apart. The hinge is small, triangular, longer on the base 

than on the sides and bends to the right while the adductor scar is 

of moderate size and situated at or a little above the midheight and 

toward the rear. A right valve from the type locality was the only 

Gryphaeostrea vomer specimen found in the Bluffport. 

ANOMIA TELLINOIDES Morton 

Plate 6, Figures 13, 14. 

Anomia ephippium (Lamarck)?, Morton, 1830, Am. Jour. Sci., v. 17, 
p. 284. 

Anomia tellinoides Morton, 1833, Am. Jour. Sci., ser. 1, v. 23, p. 
294, pl. 5, fig. 11. 

Anomia tellinoides Morton, Stephenson, 1941, Univ. of Tex. Bull. 
no. 4101, p. 147-148, pl. 24, figs. 5-7• 

Anomia tellinoides Morton, Shimer and Shrock, 1944, Index Fossils 
of North America, p. 409, pl. 163, figs. 15, 16. 

The shell is inequilateral, thin,to moderately thick, variable 

in outline in different individuals, but generally broadly subovate 

to roughly triangular in form and depressed to moderately convex. 



It is most strongly inflated anteriorly and becomes compressed pos

teriorly. The beaks are small, pointed, project slightly above the 

dorsal margin, opisthogyrate and situated back of the midlength. 

The hinge is edentulus, developed in front of the beak and roughly 

striated with concentric growth lines. It is about 10-15 millimeters 

long and 1-3 millimeters broad. The scar of the anterior retractor 

muscle is small and situated just below the forward end of the resil

ifer and centrally well above the midheight. The byssal, posterior 

retractor and adductor scars are closely crowded together such that 

they seem to form one large irregular scar. The surface is marked 

with fine concentric growth lines which in some specimens develop 

into fine overlapping lamellae. Rare specimens exhibit fine radi

ating lines (Stephenson, 1941, p. 147-148). 

This species varies in size at different localities in the 

Bluffport. The largest were found at the type locality. 

ANOMIA ARGENTARIA Morton 

Plate 6, Figure 15; Plate 7, Figure 1 

Anomia argentaria Morton, 1833, Am. Jour. Sci., ser. 1, v. 23, p. 
293, pl. 5, fig. 10. 

Anomia argentaria Morton, Stephenson, 1941, Univ. of Tex. Bull. 
no. 4101, p. 148-151, pl. 24, figs. 1-4. 

Anomia argentaria Morton, Shimer and Shrock, 1944, Index Fossils 
of North America, p. 409, pl. 163, figs. 18, 19. 

Stephenson (1941, p. 148-150) describes the shell as thin to 

moderately thick, inequivalve, subequilateral, irregular in outline 

in different individuals, but usually subcircular to subelliptical. 

It varies in ventricosity from concave to strongly convex. The beak 

is small, depressed to slightly prominent, situated centrally and 



generally 1-2 millimeters back from the margin while the hinge is 

edentulus and about equally developed in front and behind the beak. 

The resilifer is a submerged elongated pit, deeply impressed, flaring 

inwardly, finely striated on the sides and notched in the middle of 

the upper margin. Anomia argentaria 's four muscle scars, named in 

order from the beak downward are the anterior retractor, the byssal, 

the posterior retractor and the adductor. The three lower scars are 

not always separated from each other, and the anterior retractor scar 

is small and situated in front of the resilifer. A large byssal scar 

is crossed from above downward by a shallow depression. The posterior 

retractor scar is below the byssal scar and not more than half as 

large while the adductor scar is about the same size as the posterior 

retractor and situated just back of it. In poorly preserved speci

mens, the lower three scars can not be differentiated. Fine con

centric growth lines and lamellae mark the surface. On well preserved 

specimens, very fine closely spaced radiating lines are evident. 

Right valves of Anemia argentaria and~- tellinoides are ex

tremely thin, fragile and as a result rarely found preserved. The 

left valve is a little larger than the right and overlaps it slightly. 

The following characteristics serve to distinguish Anemia tel

linoides from~- argentaria. The surface of Anemia tellinoides lacks 

radiating lines as a rule, if present they are very weak while the 

hinge is limited to that part of the dorsal margin in front of the 

beak. The beak is marginal, more pointed and projects a little. 

Anemia argentaria does have a radiating pattern, a beak that is back 

from the dorsal margin and a continuing hinge area back of the beak. 
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Anomia argentaria was not found to range as large in size as A. 

tellinoides. This species is also less abundant except in the upper 

part of the section where it seems to replace Anomia tellinoides 

ecologically. 

Juvenile forms of Gryphaea mutabilis might tend to be confused 

with these two Anomia species (Pl. 5, figs. 5, 6). The ligament 

area is the best guide for distinguishing among these species in 

that the triangular shaped hinge line of Gryphaea mutabilis is quite 

different from the edentulus shaped hinge line of the Anomia species. 

PARANOMIA SCABRA (Morton) 

Plate 7, Figures 2, 3. 

Placuna scabra Morton, 1834, Synopsis of the Organic Remains of the 
Cretaceous Group of the United States, p. 62. 

Placunanomia (Paranomia) saffordi Conrad, 1860, Acad. Nat. Sci. 
Philadelphia Jour., ser. 2, v. 4, p. 290, pl. 46, fig. 21. 

Paranomia scabra (Morton), Conrad, 1867, Am. Jour. Conchology, 
v. 3, p. 8. 

Paranomia scabra (Morton), Wade, 1926, U.S. Geol. Survey Prof. 
Paper 137, p. 67-68, pl. 22, figs. 3-9. 

Paranomia scabra (Morton), Shimer and Shrock, 194-4, Index Fossils 
of North America, p. 409, pl. 163, figs. 20, 21. 

The shell is usually thin and fragile but may be firm and strong. 

It is irregular in outline but generally subcircular to broadly sub

elliptical or subovate. Upper or left valves are convexly depressed 

while the lower or right valves are concave. The beak is situated 

centrally, small, depressed, non-projecting, fragile and very seldom 

preserved while the spat mark may be small or large enough to cover 

half the surface of the valve. The 'hinge is edentulus. On the inner 

surface of the right valve below the beak is a large convex, triangular 



plate or fold to which the ligament was attached. The inner surface 

of the left valve, with the exception of an outer smooth border 2-6 

millimeters wide, is marked with faint radiating lines and strongly 

developed wavy growth lines. The shells as they are usually pre

served have lost a relatively soft inner layer of prismatic calcar

eous material, thus destroying the adductor scar and completely 

changing the appearance of the characters which had to do with the 

attachment of the resilium. Outer surface markings have faint to 

moderately distinct, narrow, round-crested, radiating costae which 

at intervals of 1-4 millimeters are set with hollow, slender spines 

projecting 0.5-2 millimeters from the surface. These spines are 

arranged in more or less regular concentric rows. There is a ten

dency for closer spacing and stronger development of the spines 

on the left valve (Stephenson, 1923, p. 234-236). 

Specimens collected in the Bluffport show very little variation 

in size or ornamentation. 

PECTEN (RADIOPECTEN) MISSISSIPPIENSIS Conrad? 

Plate 7, Figure 4. 

Pecten mississippiensis Conrad, 186o, Acad. Nat. Sci. Philadelphia 
Jour., ser. 2, v. 4, p. 283. 

Pecten (Radiopecten) mississippiensis Conrad?, Stephenson, 1941, 
Univ. of Tex. Bull. no. 4101, p. 138-139, pl. 22, figs. ll-
13. 

The shell is thin, subequilateral, inequivalve, subcircular to 

broadly subovate in outline. Adults are generally a little longer 

than they are high. Beaks are small, flattish, barely rising above 

the hinge line and situated at about'the midlength of the shell. 

Ears are moderately large, triangular, subequal and marked only by 
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fine transverse growth lines. The hinge is long, narrow and edentulus 

with a shallow groove paralleling the upper margin. A triangular 

resilifer opens inward, bordered by narrow, diverging crural ridges. 

The inner surface of the shell reflects the ribs and folds of the 

outer surface and the surface of the left valve is marked by five 

broad, low folds each of which supports a prominent, narrow central 

rib. On the sides of the folds and in the intermediate depressions 

are smaller, sharp ribs which number 2-4 between two of the larger 

ribs. The surface of the right valve has unequal, broad, radiating 

folds, each one corresponding to one of the major depressions on the 

left valve (Stephenson, 1941, p. 138-139). 

Only fragments of this species were found in the Bluffport 

section. No complete specimens of any Pecten sp. were found, al

though several species occur at most of the localities. 

Another species that was found quite frequently, but not iden

tified, develops thin and rectangular fragments along with well 

developed concentric lamellae (Pl. 7, fig. 5). 

HAMULUS SQUAMOSUS Gabb 

Plate 7, Figure 10. 

Hamulus squamosus Gabb, 1859, Catalogue of the Invertebrate Fossils 
of the Cretaceous Formation of the United States, p. 1. 

Hamulus squamosus Gabb, Stephenson, 1941, Univ. of Tex. Bull. no. 
4101, p. 60-61, pl. 4, fig. 10. 

Hamulus squa.mosus Gabb, Shimer and Shrock, 1944, Index Fossils of 
North America, p. 233, pl. 92, fig. 25. 

The tube is small, regularly tapering, strongly curved in early 

stages and tending to straighten out in adult stages. Curvature is 

generally in one plane. Each tube bears six strong longitudinal ribs, 



two of which are modified to form thin broadly expanding wavy wings 

or flanges with irregularly serrated outer edges. These may extend 

to the aperture or may end one or more millimeters back of the aper

ture. The winged ribs divide the other four ribs into two pairs, 

each pair being moderately strong, with subangular to sharply rounded 

crests which may be irregularly nodular (Stephenson, 1941, p. 6o). 

This species is extremely rare in the Bluffport. Only two spec

imens were collected from all 13 localities. 

Miscellaneous Fossils 

Fragments of Inoceramus sp. (Pl. 7, fig. 9) were found at all 

localities. No whole specimens were found although at Locality 12, 

external molds are quite common. 

A summary of the major remaining Bluffport assemblage includes 

bryozoa, one echinoid plate and evidence of commensalism. Verte

brate representatives include shark teeth and one sawfish tooth. 

All of this group are extremely rare. 

Evidence of commensalism includes the borings and chambers of 

Cliona sp., which are found on the large oyster valves, and other 

sponge species that drill smaller and more abundant holes. Pholidoid 

infestation is common, especially on the right valves of Gryphaea 

mutabilis. Breaks on the left valves of Exogyra were possibly caused 

by crabs. Crab chelae have been found in the Bluffport Ma.rl on 

occasion. A bryozoan colony and shark tooth are illustrated on 

Plate 7, figures 11 and 12. 

Locality 13 is unique in contain~ng the pelecypod Lima sp. and 

gastropods Turritella sp. and Gyrodes sp. These three species are 

illustrated on Plate 7, figures 6-8. 



RESULTS 

Lithology 

Localities 2, 3, 4, 7, 9, 10 and 12 were sampled and the amount 

of insolubles determined (Fig. 1). These samples were taken verti

cally at five foot intervals. Localities 7 and 10 are more repre

sentative for studying insolubles because they have the most complete 

stratigraphic sections. At the type locality (7) the Demopolis 

Chalk contains 24 percent insolubles in comparison to the 44 per

cent of the Bluffport Marl. At the Dayton locality (10) the Demop

olis has 32 percent while the Bluffport contains 46 percent. The 

localities west of the type average 19 percent insolubles in the 

Demopolis and 35 percent in the Bluffport. Locality 9 contains 42 

percent insolubles in the Bluffport. A major increase in Bluffport 

insolubles occurs in Locality 12 with 58 percent. East of Locality 

12 there are still greater percentages of insolubles, ranging from 

60-70 percent; however, these percentages are in outcrops that I 

considered to be atypical Bluffport material. The sections lack 

both a lithologic break between the Demopolis and Bluffport as 

well as the faunal assemblages found to the west. 

This increase in insolubles (quartz, kaolinite, illite) reflects 

a facies change, not only in the Bluffport :Marl, but also in the 

Demopolis Chalk. 



Paleontology 

Table 2 contains data collected at the fossil localities on 

Figure 1. The fossil data was averaged arithmetically for individ

ual elevations. Certain elevations are deleted for a particular 

species due to insufficient information. 

The table data include: 

1. locality (Loe.). 

2. elevation (Ele.). 

3. number left (L) valves or right (R) valves. 

4. height (H) of valve (in millimeters). 

5. length (1) of valve (in millimeters). 

6. depth (D) of valve (in millimeters). 

Additional data for Exogyra cancellata and!· costata include 

three types of ornamentation (Orna.) found on left valves. 

These types include: 

1. X - the costae predominate over concentric lamellae. 

This is the ornamentation of a typical Exogyra costata. 

2. y the lamellae are more conspicuous. 

3. Z - lamellae and costae are equally represented. 

These last two types are found on Exogyra cancellata. 

A percent estimate is used to determine the total amount of 

ornamentation from the dorsal to ventral surface. The two ornamen

tation types for Exogyra cancellata are averaged together as they 

include the same species. Gryphaea mutabilis was further studied 

as to the amount of auriculation (Auric.) on the left valve. 

Three types are designated: 

1. A - auriculation at maximum growth. 
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Table 2.-Morphologic parameters of species occurring 
at localities studied. 

Exogyra costata 

Ele. No. L. 
Loe. in ft. valves H. 1. D. 0rna. 

1 40 3 116 106 52 3X-66% 

5 32 2 72 70 40 2X-90% 

7 27 1 130 109 64 lX-70% 

7 43 1 88 87 35 lX-90% 

9 25 1 67 65 34 lX-90% 

10 30 2 92 89 40 2X-80% 

10 45 3 89 88 41 3X-80% 

12 45 1 105 116 45 lX-40% 

Exogyra cancellata 

Ele. No. L. 
Loe. in ft. valves H. 1. D. 0rna. 

1 40 4 95 99 43 2Y 
-10% 

2Z 

3 10 7 92 83 39 lY 
-64% 

5Z 

1-

5 5 3 94 88 42 3Z-70o/o 

5 32 8 91 83 41 2Y 
-75% 

6z 

6 5 5 96 87 40 3Y 
-68% 

2Z 

6 40 8 93 87 42 2Y 
-72% 

6z 
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Table 2.-(Con't.) 

Exogyra cancellata (Con 't.) 

Ele. No. L. 
Loe. in ft. valves H. 1. D. Orna. 

1 5 9 88 79 34 3Y 
-64% 

6z 

7 16 9 85 83 34 2Y 
-68% 

7Z 

7 27 5 88 83 34 5Z-74% 

7 43 6 78 68 34 6Z-83% 

8 5 10 108 99 49 lY 
-60% 

9Z 

8 16 8 91 89 39 8Z-73o/o 

9 25 9 89 84 38 lY 
-82% 

8Z 

10 11 16 98 99 40 7Y 
-42% 

7Z 

2-

10 30 10 81 79 34 lOZ-83% 

10 45 4 75 75 35 lY 
-84% 

3Z 

12 25 1 75 64 28 lY-80°/o 

12 45 3 82 78 33 1Y-20o/o 

2-
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Table 2.-(Con't.) 

Gryphaea mutabilis 

Ele. No. L. 
Loe. in ft. valves H. 1. D. Auric. 

l 40 l 80 95 39 lB 

3 10 11 104 109 39 3A 

3B 

5c 

5 5 7 93 102 38 4A 

2B 

lC 

5 32 12 86 93 35 2A 

5B 

5C 

6 5 12 110 114 38 3A 

4B 

5c 

6 40 8 86 95 35 lA 

2B 

5c 

7 5 17 99 108 33 2A 

9B 

6c 

7 16 10 104 109 28 1A 

7B 

lC 

7 27 5 93 91 35 2A 

2B 

lC 
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Table 2.-(Con't.) 

Gryphaea mutabilis (Con't.) 

Ele. No. L. 
Loe. in ft. valves H. 1. D. Auric. 

1 43 2 91 60 45 1A 

lB 

8 5 11 98 113 39 5A 

5B 

lC 

8 16 13 96 107 33 1A 

12B 

9 25 12 88 96 31 1A 

8B 

3C 

10 11 4 96 110 34 lA 

3B 

10 30 3 86 92 26 3C 

10 45 1 102 106 45 1-

12 25 6 90 92 35 6B 

12 45 1 122 121 58 lC 
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Table 2.-(Con't.) 

Ostrea falcata 

Ele. No. L. No. Size 
Loe. in ft. valves H. 1. D. Cren. Range 

3 10 5 24 35 4 7 2-11 

5 5 4 21 27 4 7 2- 7 

5 17 2 23 34 5 8 4-13 

5 27 2 25 35 4 7 4-15 

5 32 2 22 30 4 5 5-10 

6 5 5 23 30 4 7 3-11 

6 40 5 20 24 3 4 4- 9 

7 5 4 24 36 4 8 4-14 

7 16 5 23 30 4 7 3-10 

7 27 4 19 28 3 5 8-12 

8 5 3 32 39 4 5 4-15 

8 16 2 20 27 4 8 3-16 

9 25 3 24 25 4 8 1- 4 

10 11 5 23 36 5 5 3-13 
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Table 2.-(Con't.) 

0strea plumosa 

Ele. No. R. 
Loe. in ft. valves H. 1. D. 

1 40 1 25 23 2 

3 10 5 20 14 4 

5 5 4 27 17 8 

5 32 1 20 11 5 

6 5 5 23 15 6 

6 40 2 23 16 5 

7 5 3 25 19 5 

7 16 4 21 15 3 

7 27 1 23 18 5 

8 5 5 24 17 4 

8 16 6 25 20 6 

9 25 6 27 19 6 

10 11 6 23 20 5 

10 30 5 22 16 5 

12 5 5 35 25 4 

12 25 6 28 18 6 



68 

Table 2.-(Con't.) 

Anomia tellinoides 

Ele. No. L. 
Loe. in ft. valves H. 1. D. 

3 10 1 20 18 5 

5 5 1 10 14 2 

5 32 1 20 19 5 

7 5 5 30 32 7 

7 16 4 21 23 4 

8 5 5 33 35 6 

8 16 4 27 28 7 

9 25 4 22 25 5 

10 11 5 22 26 4 

10 30 4 15 14 3 

12 25 5 25 26 7 

Anomia argentaria 

Ele. No. L. 
Loe. in ft. valves H. 1. D. 

1 40 4 18 19 3 

3 10 1 13 17 3 

5 5 1 11 12 3 

12 25 3 19 24 3 



2. B - auriculation prominent. 

3. C - auriculation non-existant. 

The numbers beside the different types indicate the number of 

valves of one type compared to the total number of valves studied 

for that elevation. 

Some valves were water-worn or broken so that auriculation could 

not be determined. Dashed lines are used to denote this. 

Additional information on Ostrea falcata includes: 

1. Number of crenulations (No. Cren.) - the ventral costae 

were counted and averaged. 

2. Crenulation size range (Size Range) - range from the 

smallest crenulation to the largest; that is, the 

distance from top to bottom of a crenulation. 

There seems to be very little difference in measurements of 

the faunal assemblage along strike although most of the species 

decrease in size up section. There is a definite decrease in 

abundance of the fossils toward the southeast. It should be re

cognized that there is also a decrease in the amount of sampling 

in this direction. 

E. cancellata has a higher percentage of ornamentation on the 

left valve up section. There seems to be a predominance of Z type 

ornamentation. 

The G. mutabilis auriculation study indicates that the B type 

is more common than both A and C combined, although there is no 

trend from one type to another. 

The smaller fossils do not vary,vertically in the lower half 

of the Bluffport Member. Above the middle of the member they be

come too scarce for reliable conclusions to be drawn. 



CONCLUSIONS 

The contact between the Demopolis Chalk and Bluffport Marl rep

resents a change from a homogeneous chalk to a sandy and silty cal

careous clay. The abundance of sand in the Bluffport varies along 

strike although there is a general trend toward increasing sand south

east from Sumter County and toward the top of the section where the 

Bluffport grades into sands of the Ripley Formation. This change 

from chalk to marl to sand indicates a regressing sea or rising 

land mass. This increase in elastics is reflected by the whole 

Selma Group east of the Bluffport Member. The easternmost extent 

of the Bluffport Marl is in western Lowndes County. Farther east 

there is a facies change into sandier material where the lithology 

and lack of fossils are no longer typically Bluffport. This eastern 

material is continuous with the Demopolis Chalk without any li

thologic or paleontologic break. 

Clastics to the east and non-elastics to the west imply an 

eastern source which supplied sediments from a highland source such 

as the Paleozoics to the northeast or the eastern continental shelf. 

During Ripley time the regressing sea had shallowed to such a degree 

that elastics were distributed throughout this part of the Gulf. 

Bluffport samples subjected to x-ray diffraction analysis were 

found to contain quartz, illite and kaolinite. Grim (1968) lists 
I 

illite as a good indicator of marine environments while kaolinite 

is more abundant in near shore environments than in deep sea deposits. 



According to Grim, calcium tends to inhibit the formation of kaolinite 

although pyritiferous marine sediments are likely to contain an appre

ciable amount of the clay mineral. X-ray analysis of nodules found 

in the Bluffport and Demopolis units verify them to by pyrite and 

not marcasite. Marcasite tends to form in an acid environment (Edwards 

and Baker, 1951, p. 35). Edwards and Baker (1951, p. 45) state that 

large pyrite nodules could form with the deposition of chalk in an 

alkaline environment. If these nodules formed after the chalk depo

sition, it would be much harder to verify the needed amount of sul

phates that would have to be diffused through the chalk. 

Fossil invertebrates of the Bluffport Member are quite variable 

morphologically and some observations are noteworthy. Exogyra costata, 

in the Lower Ripley Formation, develop concentric growth lamellae which 

roughen the costae with rounded nodes that develop a type of cancellate 

appearance. This variety resembles Exogyra cancellata somewhat al

though the depressions between the costae are narrower on the Exogyra 

costata. Exogyra costata is more massive and ornamented over a greater 

proportion of its left valve than Exogyra cancellata, which varies in 

ornamentation from the typical cancellate variety to that in which 

concentric lamellae are dominant. The right valve may be used to 

identify the two species as that of Exogyra costata is more massive, 

more convex and contains more pronounced growth lamellae than the 

right valve of Exogyra cancellata. 

Exogyra cancellata is much more abundant in the Bluffport Member 

than Exogyra costata and both species show evidence of breaking and 

rehealing of their valves. Crabs were a possible predator of Exogyra 

and the probable cause of this breakage. 



The extreme morphologic variations in Ostrea falcata appear to 

be ecophenotypic in nature and are very confusing from a taxonomic 

viewpoint. One ecad, Q• mesenterica Morton, has apparently been 

mistaken as a separate species. 

Anomia species and juvenile forms of Gryphaea mutabilis are 

similar in appearance but can be distinguished by differences in 

the hinge area. 
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The environment of the Bluffport Member, based on the extensive 

geographic range of Exogyra cancellata and Anomia tellinoides, reflects 

uniform conditions throughout the northern end of the Atlantic Coastal 

Plain to the Gulf region. Rudistids in the Exogyra cancellata zone 

of Texas indicate a tropical climate while the more eastern range 

could not be colder than subtropical. The restricted distribution, 

both stratigraphically and geographically, of many species associated 

with Exogyra suggests that climatic zonation was not necessarily uni

form during this time and that the Exogyras were more adaptable to 

environmental differences than were their associates (Stephenson, 

1933, p. 1360). Variables such as substrate, water temperature and 

salinity are major factors in influencing distribution of macro

invertebrates in shallow shelf areas (Parker, 1956). Any introduction 

of abnormal marine conditions and organisms which produces a change 

in the local food cycle would be major factors in the temporary ex

tinction of oyster reefs (Puffer and Emerson, 1953, p. 540). 

There is a definite increase in the macrofossil assemblage from 

the Demopolis Chalk into the more sandy marl of the Bluffport. This 

increase indicates that the marl sub~trate represented a better envir

onment for these populations or perhaps a decrease in rate of deposition 



of organic carbonates. The western, less elastic, Bluffport section 

displays a much more abundant assemblage than that of the section to 

the east. Where the Upper Blu.ffport section can be studied, there 

is a decrease in the abundance of fossils as well as a decrease in 

the number of species. Environmental conditions were not optimum 

in either the eastern or upper parts of the Blu.ffport. A sand sub

strate would not eliminate these assemblages as most Bluffport popu

lations are found in sands of equivalent age to the east and in part 

in the Ripley Formation. The sand environment of the Ripley and 

Demopolis equivalents to the east was a high-energy environment that 

tended to reduce the size of the populations by developing an un

stable substrate for reef-forming organisms. A modern-day near

shore environment would be an example of such a condition, with 

its shifting sands and rapid sedimentation (Hedgpeth, 1957a, p. 

592 and 1957b, p. 722). 

The Bluffport Marl represents an environment that was of inter

mediate depth between that of the Demopolis Chalk and Ripley Forma

tion. Based on the large number of species and abundant populations, 

this sandy clay provided optimum living conditions (Hedgepeth, 1957b, 

p. 722). Variables such as substrate, nutrients, oxygen, light, 

temperature, salinity and turbidity were adequate for these assem

blages. Depth may be further approximated by stating that currents 

were available, not of the high energy sort, to provide necessary 

circulation for these large populations. This depth can be compared 

to the infralittoral zone of modern continental shelves (Ager, 1963, 

p. 26). A lagoonal- or embayment-type environment would also supply 

all prerequisites for the Bluffport providing the lagoon was quite 
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large. The probable great geographic extent of this depositional 

basin is attested to by the fact that this marl unit extends well 

into Mississippi. 

The Demopolis Chalk represents an environment in which the 

water was too deep for reef builders. This is reflected by the 

poor assemblages of reefal forms found in the Demopolis Chalk. 

An explanation for the reduction of fossil abundance toward 

the top of the Bluffport unit and to the east is that sedimentation 

was too rapid and other ecological prerequisites were not suitable 

for the abundant organisms found in the sandy clay of the Bluffport 

Marl. 

As stated earlier, the widespread distribution of Exogyra 

cancellata indicates an adaptation to a broad range of environments, 

including an adaptation to a variety of depths evidenced by its 

presence in chalk, marl and sand lithosomes. 
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Exogyra costata Say (p. 4o). 

Exterior of left valve with typical well developed 
costae, Ripley Formation, 3 miles north of Ft. 
Deposit, Lowndes County, Alabama, 0.5 x. 

Exterior of right valve with clockwise coiling as 
opposed to counterclockwise coiling of left valve, 
Ripley Formation, 3 miles north of Ft. Deposit, 
Lowndes County, Alabama, 0.5 x. 

Exogyra cancellata Stephenson (p. 42). 

Exterior of left valve with typical cancellate 
ornamentation that extends to ventral margin, 
locality 5, o.6 x. 

Exterior of left valve with cancellate ornamentation 
not extending to ventral margin, locality 7, o.6 x. 

Exterior of left valve with ornamentation covering 
half of the valve, locality 6, o.6 x. 

Exterior of left valve with concentric lamellae 
dominant, locality 7, 0.5 x. 
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Figure 5A 
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PLATE 2 

Exogyra cancellata Stephenson (p. 42). 

Exterior of left valve with spiny ornamentation, 
locality 13, o.6 x. 

Exterior of left valve with several instances of 
shell damage, locality 7, o.6 x. 

Exterior of right valve, locality 5, 0.7 x. 

Interior of left valve showing hinge and muscle 
scar, locality 8, o.6 x. 

Exogyra costata Say (p. 40). 

Exterior of right valve showing convex, massive 
valve with typical well developed growth lamellae, 
locality 13, 0.5 x. 

Interior of right valve, loc.ali ty 13, 0. 5 x. 
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PLATE 3 

Exogyra cancellata Stephenson (p. 42). 

Exterior of right valve. This valve is typically 
concave with suppressed growth la.mellae, locality 
10, o.6 x. 

Gryphaea mutabilis Morton (p. 44). 

Exterior of left valve with well developed auricu
lation, locality 3, o.6 x. 

Exterior of left valve with moderately developed 
auriculation, locality 3, 0.5 x. 

Interior of left valve showing hinge and muscle 
scars, locality 3, 0.5 x. 

Exterior of left valve with little sign of auricu
lation, locality 12, 0.5 x. 

Exterior of left valve with tendency toward auricu
lation on anterior and posterior sides, locality 
7, 0.5 x. 
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PLATE 4 

Gryphaea mutabilis Morton (p. 44). 

Interior of left valve showing atypically large 
size of hinge and ligamental area, locality 3, 
0.6 X. 

Exterior of right valve, locality 5, 0.6 x. 

Exterior of right valve with well developed growth 
lines and radiating straight lines, locality 3, 
o.6 x. 

Exterior of right valve with bulbous feature over 
hinge, locality 6, o.6 x. 

Interior of right valve, locality 3, o.6 x. 

Posterior view of left valve. This was the thickest 
specimen found in the Bluffport, locality 6, 0.7 x. 
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Figure 7 

PLATE 5 

Gryhaea mutabilis Morton (p. 44). 

Posterior view of left valve. This is one of the 
thinnest valves found in the Bluffport, locality 
7, o.6 x. 

Exogyra cancellata Stephenson (p. 42). 

Exterior of left valve of juvenile, locality 6, 
0.8 x. 

Exterior of right valve of juvenile, locality 6, 
0.8 X. 

Exogyra costata Say (p. 4o). 

Exterior of right valve of juvenile, locality 3, 
0 .8 X. 

Gryphaea mutabilis Morton (p. 44). 

Exterior of left valve of juvenile, locality 6, 
o.8 x. 

Interior of left valve of juvenile, locality 6, 
0.8 X. 

Exterior of right valve of juvenile, locality 9, 
0.8 X. 

Interior of right valve of juvenile, locality 9, 
0.8 X. 

0strea falcata Mort9n (p. 47). 

Exterior of left valve showing well developed costae 
and wings, locality 6, 0.7 x. 



PLATE 5 (Con 't) 

Figure 8 
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16 

17 
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20 

Exterior of left valve, locality 3, o.6 x. 

Exterior of left valve with costae not extending to 
the hinge, locality 5, 0.7 x. 

Exterior of left valve, locality 5, 0.7 x. 

Exterior of right valve, locality 5, 0.7 x. 

Exterior of left valve with costae greatly suppressed, 
locality 8, o.6 x. 

Interior of left valve, locality 3, 0.8 x. 

Exterior of right valve, locality 5, 0.8 x. 

Interior of right valve with reduction in number of 
crenulations and reduced wing development, locality 
5, 0.7 x. 

Exterior of left valve, locality 7, o.6 x. 

Exterior of left valve with tapered hinge and no wing 
development, locality 6, 0.7 x. 

Exterior of left valve, locality 3, o.6 x. 

Exterior of left valve, locality 6, o.6 x. 

Exterior of left valve with increase in number of well 
developed costae, locality 7, 1.2 x 

Exterior of left valve with posterior wing greatly 
overdeveloped, locality 3, 0.7 x. 
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PLATE 6 

0strea plumosa Morton (p. 49). 

Exterior of large right valve with good "plumose 11 

ornamentation, locality 12, 0.7 x. 

Exterior of thick right valve, locality 8, 1.5 x. 

Interior of right valve, locality 12, 1.1 x. 

Exterior of right valve, locality 8, 0.7 x. 

Exterior of right valve, locality 8, 0.7 x. 

Exterior of right valve, locality 6, 1.3 x. 

Interior of thick right valve, locality 5, 0.7 x. 

0strea tecticosta Gabb (p. 50). 

Exterior of left valve, locality 6, 0.6 X. 

Interior of left valve, locality 6, 0 .6 x. 

Exterior of left valve, locality 10, 1.2 x. 

Interior of left valve, locality 10, 1.2 x. 

Exterior of right valve, locality 12, 1.2 x. 

Interior of right valve, locality 12, 1.2 x. 

0strea panda Morton (p. 51). 

Colony showing typical coarse costae, locality 12, 
0 .9 X • 

Interior view of left valves, hinge of one left 
valve is in upper part of figure, locality 12, 
0 .9 X • 

90 



PLATE 6 (Con't) 

Figure 12 

Figure 13A 

13B 

14A 

14B 

Figure 15A 

15B 

Gryphaeostrea vomer (Morton) (p. 52). 

Exterior view of right valve showing coarse 
lamellae, locality 7, 1.4 x. 

Anomia tellinoides Morton (p. 53). 

Exterior of left valve showing beak that extends to 
margin, locality 7, o.8 x. 

Interior of left valve, locality 7, 0.8 x. 

Exterior of left valve. This specimen is highly 
convex, locality 12, 0.7 x. 

Interior of left valve, locality 12, 0.7 x. 

Anomia argentaria Morton (p. 54). 

Exterior of left valve with hinge below margin, 
locality 3, 1.6 x. 

Interior of left valve, locality 3, 1.6 x. 
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Figure 1 

Figure 2 

3 

PLATE 7 

Anomia argentaria Morton (p. 54). 

Exterior of left valve, locality 5, 1.2 x. 

Paranomia scabra (Morton) (p. 56). 

Exterior of right valve showing typical radiating 
spines, locality 8, 0.8 x. 

Interior of right valve showing fold to which the 
ligament was attached, locality 8, o.8 x. 

Pecten (Radiopecten) mississippiensis Conrad? (p. 57). 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Fragment showing typical small costae separated by 
larger costae, locality 12, 1.7 x. 

Pecten sp. (p. 57). 

Thin fragment with concentric lamellae, locality 1, 
1.4 X. 

Lima s p • (p • 5 9) • 

Exterior view of one valve, locality 13, 1.5 x. 

Turritella sp. (p. 59). 

Internal mold, locality 13, 0.9 x. 
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PLATE 7 (Con't) 

Figure 8. 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Gyrodes sp. (p. 59) • 

Internal mold, locality 13, o.8 x. 

Inocera.mus sp. (p. 59) . 

Fragment showing thin calcite fibers, locality 12, 
1.3 x. 

Hamulus squamosus Gabb (p. 58). 

View of tube showing wing-like flanges, locality 7, 
1.0 X • 

Bryozoa (p. 59). 

Colony attached to oyster fragment, locality 7, 1.4 x. 

Shark tooth (p. 59). 

Locality 7, 1.2 x. 
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