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ABSTRACT 

In the eastern Gulf Coastal Plain area of Alabama and Mississippi, the 

Arcola Limestone Member (Upper Cretaceous-Campanian Stage) of the 

Mooreville Chalk consists of decimeter- to meter-scale bedding rhythms of 

alternating calcisphere limestone and chalky marl. The indurated limestone 

beds of the Arcola Limestone Member contain abundant Pithonella spherica 

calcispheres (calcareous dinoflagellates). These pelagic organisms normally 

inhabit deep-water outer shelf and slope environments but their periodic 

inhabitation of shelf settings, such as the Late Cretaceous eastern Gulf 

Coastal Plain basin, under conditions conducive to their proliferation has been 

documented. The marl beds that rhythmically alternate with the Arcola 

calcisphere limestone beds can be generally characterized as hemipelagic 

foraminiferal and nannofossil wackestones. Analysis reveals that the 

carbonate, total organic carbon, and sulfur contents and carbon stable 

isotope compositions of the indurated calcisphere limestone beds are 

significantly different than those of the associated marl units. 

The rhythms in the Arcola Limestone Member interval are interpreted to 

result_ from cyclic changes in terrigenous elastic sediment input into the basin, 

accentuated by intervals of slightly enhanced carbonate productivity. Cyclicity 
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is inferred to be associated with climate variability (wet and dry periods) and 

short-term relative sea level variations, augmented by small-scale fluctuations 

in carbonate productivity. High calcisphere and low terrigenous detritus 

contents in the relatively pure, indurated Arcola Limestone Member limestone 

beds, in combination with the near-total absence of calcispheres and much 

higher terrigenous elastic content in the marl units, indicate periodic 

reductions in turbidity on the shelf, leading to favorable conditions to support 

"blooms" of the calcisphere-producing dinoflagellates. The Arcola Limestone 

Member calcisphere beds represent transgressive pulses during which 

widespread pelagic conditions characterized the shelf. The interbedded marls 

of the Arcola accumulated under hemipelagic conditions during 

progradational regressive pulses. 

xxii 



INTRODUCTION 

Upper Cretaceous Series carbonates of the eastern Gulf Coastal Plain 

area of southwest and central Alabama and east-central Mississippi, 

generally referred to as "chalks," consist primarily of pelagic and hemipelagic 

rocks that were deposited on a broad, gently sloping, relatively shallow 

continental-edge shelf during the Santonian, Campanian, and Maastrichtian 

Ages (figs. 1 and 2). Within this stratigraphic succession, the Arcola 

Limestone Member (Campanian Stage) comprises the uppermost part of the 

Mooreville Chalk (Santonian-Campanian Stages) of the Selma Group (fig. 3). 

The unit is overlain by the Demopolis Chalk (Campanian-Maastrichtian 

Stages), also of the Selma Group. The outcrop of these units forms an 

arcuate belt from east-central Alabama to northeastern Mississippi (fig. 4). 

The Demopolis Chalk also crops out in southern Tennessee. 

Lithologically, the Arcola Limestone Member is a very distinctive unit, 

consisting of a relatively thin (<5 m), but geographically widespread, 

stratigraphic succession of indurated, relatively pure limestone (calcisphere 

wackestone/packstone), interbedded and rhythmically alternating with chalky 

marl (figs. 5 and 6). The calcispheres that dominate the indurated Arcola beds 
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Figure 1.--Exposure of typical massive lower Demopolis Chalk along 
the west bank of the Tombigbee River near Epes, Sumter County, 
Alabama. 

Figure 2.--Exposure of typical upper Mooreville Chalk along the west 
bank of the Tombigbee River at China Bluff near Warsaw, Sumter 
County, Alabama. 
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LITHOSTRATIGRAPHY 
Paleogene Midway Group 

Figure 3.--Upper Cretaceous stratigraphy of west-central 
Alabama and east-central Mississippi. 
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Figure 4.--Generalized geologic map of the Mooreville and Demopolis 
Chalks showing outcrop trace of Arcola Limestone Member (after 
AAPG, 1975; Osborne and others, 1988). 
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Figure 5.--Typical exposure of the Arcola Limestone Member and 
associated strata, Arcola Landing, Black Warrior River, Hale County, 
Alabama. 

Figure 6.--The author collecting the uppermost Arcola Limestone Mem
ber indurated bed, Arcola Landing, Black Warrior River, Hale County, 
Alabama. 
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6 

are assigned to the species Pithonella spherica (Kaufmann, 1865) and are 

generally thought to be reproductive cysts of an extinct planktonic calcareous 

alga having affinities with modern dinoflagellates (Balli, 197 4; Scholle and 

others, 1983; Arthur and others, 1986; Keupp, 1991; Smith, 1995). However, 

some authors have postulated that the calcispheres were produced by 

benthonic algae analogous to modern calcareous dasycladacean green algae 

of the subfamily Acetabularinae (Johnson, 1976; Lins and others, 1977; 

Florian, 1984; King, 1990a; 1990b; 1995). 

Owing to its unique lithologic characteristics and the relative ease by 

which it is identified in the field, the Arcola Limestone Member is an important 

stratigraphic marker unit and forms the basis for the subdivision of the 

Mooreville and Demopolis Chalks, which are lithologically very similar, 

consisting primarily of chalk, chalky marl, marly chalk, and marl. The outcrop 

area of the Arcola extends from near the town of Downing in eastern 

Montgomery County, Alabama, west and north to near the City of Tupelo in 

the south-central part of Lee County, Mississippi (fig. 7). East of Downing, the 

Arcola Limestone Member loses its identity as it merges into siliciclastics of 

the Blufftown Formation of the Selma Group (Smith, 1995), whereas north of 

Tupelo, it intertongues with sands and clays of the Coffee Sand (fig. 8) 

(Mancini and others, 1996). The unit reaches its maximum known thickness 

along the Alabama River in the vicinity of Hatcher Bluff, south of Selma, 

Dallas County, Alabama. In subsurface samples from water and oil and gas 
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Figure 7.--Study area showing generalized distribution of Selma Group carbonates and equivalent siliciclastics. """ 
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test wells, Smith (1995; personal communication, 1998) has traced the 

calcisphere-rich limestone of the Arcola Limestone Member over a wide area 

of the Alabama Coastal Plain and into the Federal waters offshore area of the 

Gulf of Mexico. 

Although the Arcola Limestone Member has been mentioned prominently 

by geologists undertaking studies of the Upper Cretaceous strata in the 

eastern Gulf Coastal Plain area since at least the time of Tuomey (1850), the 

majority of studies have been general and descriptive in nature. Thus, the 

Arcola has been rather poorly known in terms both of detailed lithologic and 

geochemical characteristics and of our understanding of the geologic events 

that led to the deposition of an interval containing relatively pure, calcisphere

rich limestone beds in an overall stratigraphic succession of impure clayey 

chalk and marl. 

The objective of this research has been to undertake a comprehensive 

study of the Arcola Limestone Member of the Mooreville Chalk and 

immediately sub- and superjacent strata, in order to provide an interpretation 

of the nature and genesis of the interval based on physical, geochemical, and 

biological characteristics. The study area for this project includes the outcrop 

area of the Arcola Limestone Member from just south of Selma, Alabama to a 

point between the cities of Columbus and Tupelo, Mississippi (fig. 7). 

In order to assess the possible causal mechanisms for the observed 

carbonate rhythms in the Arcola Limestone Member interval, studies have 
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been conducted at five outcrop exposures (fig. 9) of the unit and sub- and 

superjacent strata in Alabama and Mississippi to characterize the nature of 

the stratigraphic interval and the contained carbonate rhythms. Rock samples 

collected from these localities have been characterized petrographically, and 

analyzed for calcium carbonate (CaCO
3

) and total organic carbon (TOC) 

content and whole-rock composition of stable isotopes of oxygen and carbon 

(813C, 8180). Further, samples from two exposures have been analyzed for 

sulfur content. 
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BACKGROUND 

History and Previous Work 

The earliest mention of the geologic unit that would later be named the 

Arcola Limestone Member of the Mooreville Chalk was that of Withers ( 1833, 

p. 188), who observed and described " ... detached, porous, honeycomb 

fragments which makes lime strong enough for common use" as part of his 

overall description of the "limestone rock" (strata we now know as the Selma 

Group) of the Black Prairie Belt of west-central Alabama. Tuomey (1850), 

Thornton (1858), and Smith and Johnson (1887), among others, noted that 

the above described unit characteristically contained cylinders of clay that 

were flushed out upon exposure and weathering, resulting in residual blocks 

and fragments of limestone that were pervasively perforated by borings, and 

Harper ( 1857) made reference to the high calcium carbonate content of the 

unit. Owing to the characteristic appearance of the weathered limestone, 

most early workers referred to the indurated Arcola Limestone Member beds 

as "bored limestone" or "bored rock." This "bored limestone" was included in 

the "Rotten Limestone," a term formally proposed by Winchell (1857) to refer 

12 
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to the chalky rocks of the Cretaceous of Alabama. The monumental and 

classic work of Smith and others (1894), "Report on the Geology of the 

Coastal Plain of Alabama," was one of the first detailed, comprehensive 

reports on the Cretaceous and Tertiary strata of the eastern Gulf Coastal 

Plain and laid the fundamental groundwork for much of our present 

understanding of the stratigraphy and distribution of Mesozoic and Cenozoic 

rocks in Alabama. In this report, the name "Selma Chalk" was introduced to 

replace "Rotten Limestone" and the first characterization of the cyclical nature 

of the "bored limestone" was given through a description of the interbedded 

and alternating nature of the indurated limestone beds and marls. 

Smith (1903) recommended that the Selma Chalk be subdivided into three 

divisions, these being the upper or Portland Division (including the present 

Prairie Bluff Chalk, Ripley Formation and the upper part of the Demopolis); 

the middle or Demopolis Division (including the present lower Demopolis 

Chalk and the Arcola Limestone Member of the Mooreville Chalk); and the 

lower or Selma Division (including the present lower unnamed member of the 

Mooreville Chalk). 

In the first half of the 20 th Century, Lloyd W. Stephenson and Watson H. 

Monroe of the United States Geological Survey made a number of important 

contributions to the understanding of the Cretaceous System of the eastern 

Gulf Coastal Plain. In 1914, Stephenson defined the Exogyra ponderosa, E. 

costata, and E. cancellata oyster zones and used these zones to correlate 
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and establish relative ages for the Upper Cretaceous deposits in the eastern 

Gulf Coastal Plain (Stephenson, 1914). The lower unnamed member of the 

Mooreville Chalk and the Arcola Limestone Member were included with strata 

assigned to the E. ponderosa Zone (Stephenson, 1914). 

In 1938 (p. 1655), Stephenson and Monroe proposed that the "bored 

limestone" or "bored rock" be given formal stratigraphic status to refer to " ... a 

thin but persistent unit consisting of layers of pure hard limestone, 

interbedded with chalk ... " that occurred about " ... 300 feet above the base of 

the Selma chalk in Alabama." These workers proposed the name Arcola 

Limestone Member of the Selma Chalk and gave as the type section the 

exposure at old Arcola Landing on the Black Warrior River in Hale County, 

Alabama (Stephenson and Monroe, 1938). In this report, Stephenson and 

Monroe (1938) also described the stratigraphic relationship between the 

Arcola Limestone Member interval and the terrigenous elastic facies to the 

northwest and east of the Arcola outcrop area (i.e., Coffee Sand in Mississippi 

and Blufftown Formation in Alabama). Stephenson and Monroe (1938) noted 

an unconformity characterized by phosphatic fossil casts, limestone clasts, 

and phosphatic nodules at the Arcola-Demopolis contact. 

In 1940, Stephenson and Monroe (1940) gave the earliest interpretation of 

the genesis of the Arcola Limestone Member and attributed accumulation of 

the limestone beds to inorganic carbonate precipitation in an area with little 

terrigenous elastic and organically derived carbonate influx (i.e., clay, sand, 
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coccoliths, foraminfera, etc.). Stephenson and Monroe (1940) also noted that 

the preservation of numerous open borings in the unit, which they interpreted 

to indicate penecontemporaneous lithification. 

Monroe (1941) gave a relatively detailed description of the lithology, 

distribution, and thickness of the Arcola Limestone Member in Alabama and 

provided several measured sections and outcrop photographs that included 

the unit, again documenting the rhythmic nature of the bedding. Monroe 

(1941) restated the facies relationships of the Arcola Limestone Member with 

the Blufftown Formation to the east and the Coffee Sand to the northwest and 

commented further on the basal conglomerate in the lower Demopolis Chalk 

consisting of phosphatic mollusk casts and reworked blocks of limestone that 

he interpreted as water-worn. Monroe (1941) reported the Arcola Limestone 

Member to be near the middle of the Exogyra ponderosa Zone. 

In the early and middle 1940s, the Selma Chalk was elevated to group 

rank and lithostratigraphically subdivided into the formations that are still 

recognized today. In western and central Alabama, these include, in 

stratigraphically ascending order, the Mooreville Chalk, the Demopolis Chalk, 

the Ripley Formation, and the Prairie Bluff Chalk (fig. 3) (Raymond and 

others, 1988). The Mooreville Chalk was given formational status in 

Mississippi by Belt and others (1945) and in Alabama by Monroe (1946). Both 

of these studies included the Arcola Limestone Member as the upper member 

of the Mooreville, thus leading to its present usage. 



On the basis of foraminifera, Monroe (1947) correlated the Arcola

Demopolis contact with the Austin-Taylor contact of Texas. Newell (1968) 

reached the same conclusion on the basis of studies of the coccolithophorid 

and related calcareous nannofossil floras in the succession. 
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The majority of subsequent published data related to the Arcola Limestone 

Member consists of discussions of the unit in reports or guidebooks focused 

on broad or general aspects of Selma Group, Upper Cretaceous, or eastern 

Gulf Coastal Plain stratigraphy, biostratigraphy, or sequence stratigraphy. 

These include the works of Jones (1967), Copeland (1968), Russell and 

others (1983), Copeland and others (1989), Mancini and others (1989), 

Puckett (1994), Mancini and others (1995), and Mancini and others (1996). 

More detailed and/or topical treatments of the Arcola Limestone Member 

are few, but several workers have published important information and ideas 

relevant to the unit that should be noted. Johnson (1976) reported on the 

lithostratigraphy of the Arcola Limestone Member in Mississippi and 

postulated the origin and depositional environment(s) for the interval. Johnson 

(1976) suggested that the calcispheres in the Arcola Limestone Member 

limestone beds were the reproductive spores of an "Acetabu/aria-like" 

benthonic alga and suggested that accumulation of these beds was 

associated with reductions in nutrient delivery via upwelling currents onto the 

shelf. In his scenario, during periods of upwelling, planktonic organisms, such 

as calcareous nannoplankton and foraminifera, were prolific and resulted in 
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the deposition of the hemipelagic marl units. He further suggested that during 

interruptions of upwelling and nutrient delivery to the shelf, related to uplift on 

the Monroe-Sharkey platform, and subsequent disturbance of wind and 

current patterns, carbonate productivity associated with calcareous 

nannoplankton and planktonic foraminifera waned significantly, and 

calcareous benthonic algae productivity proliferated, resulting in the 

accumulation of myriads of reproductive cysts. Lins and others (1977) agreed 

with the interpretations of Johnson ( 1976). 

Roberts (1982) studied the geology and dinoflagellate palynology of the 

upper Mooreville (including the Arcola Limestone Member) and basal 

Demopolis Chalks of eastern Mississippi and west-central Alabama. He also 

inferred an influence of the Monroe-Sharkey platform on deposition of these 

strata and, on the basis of the distribution and abundance of dinoflagellates in 

the interval, suggested that the Arcola Limestone Member represents a high 

energy deposit, and the upper Mooreville and lower Demopolis represent 

lower energy conditions in a middle to outer shelf depositional setting 

(Roberts, 1982). 

Florian (1984) agreed with Johnson that Pithonella spherica represents 

the reproductive cyst of benthonic algae analogous to Acetabu/aria. The 

depositional model of Florian (1984) is similar to that of Johnson (1976) and 

Lins and others ( 1977) in that it postulates periodic uplift in downdip areas 

leading to a change in paleoceanographic parameters on the shelf. In the 
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model of Florian (1984), however, uplift results in restriction and increased 

salinities followed by proliferation of benthonic algae and ecological exclusion 

of other organisms such as nannoplankton and foraminifera due to 

intolerance of elevated salinity. Florian (1984) noted that modern Acetabularia 

is frequently found in areas of slightly increased or decreased salinity. 

Further, Florian (1984) concluded that water depths during accumulation of 

the Arcola Limestone Member limestone beds were approximately 6 meters 

on the basis of the photosynthetic requirements of dasycladacean green 

algae. As noted by Puckett (1992), however, this interpretation presents a 

problem when considering the relationship of the Arcola Limestone Member 

limestone beds with the sub- and superjacent and intervening marl beds in 

that, on the basis of paleontological and lithologic evidence, it is unlikely that 

these beds were deposited in such shallow depths. Florian (1984) interpreted 

the Arcola limestone beds to represent in situ hardgrounds analogous to 

those of the European and Persian Gulf Cretaceous sections. 

Frey and Bromley (1985) studied the ichnology of the Selma Group in 

western Alabama, including the Arcola Limestone Member, characterized the 

ichnogenera in these units, and provided inferences on the paleoecological 

and paleoenvironmental significance of their observations. Frey and Bromley 

(1985, p. 801) noted a striking dominance of the ichnogenus Tha/assinoides 

paradoxicus in "chalk hardgrounds" of the Arcola and noted that trace fossils 

in these units contrasted markedly with those of the intercalated beds. The T. 



paradoxicus burrows of the Arcola were reported to have sharp walls and 

circular cross sections, indicating to Frey and Bromley (1985) early 

cementation at or near the sea floor. Well preserved, undeformed mollusk 

shells and molds were also noted as supporting evidence for this 

interpretation. Rhythmic bedding in the Arcola was described and repetitive 

development in the unit was inferred to reflect cyclic deposition (Frey and 

Bromley, 1985). On the basis of physical and biological evidence, Frey and 

Bromley (1985, p. 804-806) suggested that the areas of Selma carbonate 

deposition (i.e., west central and central Alabama, extreme eastern 

Mississippi) were " ... somewhat, but not greatly, removed from nearshore 

elastic areas and consequent sources of terrigenous sediments .... " 
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Palmer (1986) used foraminifera to interpret the paleobathymetric setting 

for deposition of the lower unnamed member of the Mooreville, Arcola 

Limestone Member, and lower Demopolis strata in eastern Mississippi and 

western Alabama. Palmer (1986) published data on planktonic/benthonic 

foraminiferal ratios, species diversity, and assemblages of benthonic forms 

relative to presence/absence and abundance information and noted very little 

variation among these parameters in the studied stratigraphic interval. Palmer 

(1986) analyzed the environmental or depth preferences of abundant species, 

as well as planktonic species percentage and benthonic species diversity and 

reported that these analyses indicated that the chalky marls were deposited in 

a broad shallow shelf sea under generally subtidal conditions ( depths less 
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than 100 meters) and that the shelf was influenced by open ocean conditions. 

Further, Palmer (1986) indicated that the benthonic foraminiferal 

assemblages from the interval of study were composed of a mixture of 

typically neritic and bathyal species that she interpreted to represent the 

influence of upwelling currents resulting in typical slope foraminifera moving 

onto the shelf. 

Cluster analysis of her data led Palmer (1986) to suggest that the 

easternmost ( central Alabama) and westernmost (Mississippi) of her studied 

sections were deposited in shallower water conditions than those in the 

central part of the Arcola outcrop area and that increasing paleobathymetry 

characterized the interval from the lower part of the upper Mooreville to the 

lower Demopolis, followed by subsequent shallowing. 

In a paper dealing with Cretaceous rhythms and the possible relationship 

of these rhythms to Milankovitch orbital parameters and climatic forcing, 

Arthur and others (1986) cited the Arcola Limestone Member as a 

rhythmically bedded Cretaceous pelag.ic carbonate unit. They postulated that 

the Arcola interval was the result of a combination of productivity and dilution 

cyclicity related to climate fluctuations, but provided little detail on the data 

that led to this conclusion. 

King ( 1990a; 1990b) suggested that Arcola cyclicity was related to 

tectonically driven eustatic sea level changes, associated with Laramide 

orogenic pulses that controlled marl-limestone sequence development, and 
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discounted the role of climate forcing as proposed by Arthur and others 

(1986). King (1990a, 1990b), although recognizing the hemipelagic nature of 

the marls units in the Arcola interval, postulated that the Arcola Limestone 

Member indurated limestone beds were deposited as benthonic carbonate 

sediments rather than pelagic. Like Johnson (1976) and Florian (1984), his 

argument was based on his attribution of the Arcola calcispheres to benthonic 

green algae analogous to modern dasycladaceans of the genus Acetabularia. 

In his scenario, the calcisphere limestone beds represent a clear, shallow 

water setting that would fulfill the photic requirements for successful 

metabolism and proliferation of the dasycladacean-like benthonic green 

algae. King (1990a, 1990b) invoked bathymetric change (relative change in 

sea level) as the mechanism that triggered the shift from pelagic/hemipelagic 

sedimentation of the marl units to benthonic sedimentation of the calcisphere 

limestones. He suggested that marls units were deposited in transgressive 

phases, whereas the limestones resulted from still-stands. On the basis of 

projection of elevations of interpreted key surfaces between outcrops, King 

(1990a; 1990b) reported that the unit consists of up to seven limestone beds 

in central Alabama, an observation disputed by most other workers familiar 

with the unit, including the present author. 

Puckett (1991 ), based on study of ostracodes from the Selma Group, 

determined the paleobathymetry of the Upper Cretaceous shelf carbonates in 

the study area to be on the order of 35 m (marls) to 90 m (pure chalks). The 
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calculation of Puckett (1991) was based on the percentage of sighted 

ostracodes, relative to blind forms, in the upper part of the Mooreville Chalk, 

including the Arcola Limestone Member, and in the Demopolis Chalk. Puckett 

(1991) determined that the presence of abundant and diverse sighted 

ostracodes in the chalks and marls of this interval strongly indicated that the 

Late Cretaceous sea floor was within the photic zone. 

Smith (1995) reported on the regional lithostratigraphy and calcareous 

nannofossil biostratigraphy of the Arcola Limestone Member and presented 

ideas on the genesis of the unit and possible biological affinities of the 

calcispheres in the unit, which he reported (p. 534) to be" ... a free-floating 

cyst or benthonic reproductive stage of an extinct calcareous planktonic alga 

perhaps related to an extinct group of dinoflagellates .... " Smith (1995) 

commented on the time-synchronous nature of the Arcola interval, noting that 

the unit consistently lies within the uppermost few meters of the top of the 

calcareous nannofossil Bukryaster hayi subzone (CC19a) of middle 

Campanian age. Like Arthur and others (1986), Smith (1995) speculated that 

a combination of carbonate productivity and elastic dilution was responsible 

for the rhythmic bedding in the Arcola. Smith (1995, p. 534) further suggested 

that the Arcola limestone beds represent " ... periodic calcisphere production 

on a broad and relatively flat, shallow Upper Cretaceous shelf dominated by 

low-energy pelagic carbonate sediment accumulation .... " He inferred that 

periods of calcisphere production might have been associated with periodic 



decreases in water turbidity with concomitant increases in light penetration, 

temperature, photosynthetic energy, and/or nutrient supply (Smith, 1995). 

King (1995) published whole rock stable isotope (813C, 8180) and total 

organic carbon (TOC) data for Arcola Limestone samples from the eastern 

Alabama outcrop area. As in his earlier work (King, 1990a; 1990b), King 
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( 1995) reported up to seven limestone beds in the Arcola interval in eastern 

Alabama and attributed Arcola cyclicity to tectonically induced sea level 

fluctuations associated with Laramide orogenic events in the western United 

States and coeval deformation in the Gulf Coastal Plain (e.g., Sabine arch of 

Texas-Louisiana, Monroe-Sharkey platform of northeastern Louisiana, 

southeastern Arkansas, and east-central Mississippi, Jackson dome of central 

Mississippi). Variations in 8180 values for limestones relative to marls were 

attributed to salinity and temperature differences during deposition (King, 

1995). King (1995) interpreted the Arcola limestone beds to be benthonic 

sediments that were deposited during relative sea level highstands and 

stillstands with associated elevated temperatures and salinity, and the marls 

to be hemipelagic strata that accumulated during transgressive flooding 

events. 
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Regional Geology and Setting 

Geologic Setting 

The eastern Gulf Coastal Province of North America lies between the 

Mississippi River and the Atlantic Coastal Plain. The transition of the Gulf 

Coastal Plain to the Atlantic Coastal Plain occurs along a northwest-southeast 

trending arch (Ocala arch) that transects southern Georgia and Florida (fig. 

10). This arch formed a major positive structural feature in this area during 

much of the Cretaceous and Tertiary. The northern limit of the area is defined 

by the northernmost extent of outcropping Upper Cretaceous or Paleocene 

strata, which unconformably overlie faulted and folded Paleozoic sedimentary 

and Precambrian and Paleozoic metamorphic and igneous rocks. The 

southern limit is defined by the southernmost extent of the continental rise of 

the Gulf of Mexico (Murray and others, 1985). The subaerially exposed 

portion of the eastern Gulf region corresponds to those areas of Illinois, 

Kentucky, Tennessee, Mississippi, Alabama, Georgia, and Florida that are 

underlain by Mesozoic and Cenozoic strata and can be characterized as a 

broad area of low to moderate relief, hence the term 11coastal plain." This 

general aspect is broken locally by areas of rugged topography that are 

associated with more resistant strata that occur sporadically in the section. 

The oldest exposed strata in the eastern Gulf Coastal Plain area are Late 

Cretaceous in age and the youngest are Quaternary sediments that occur as 

alluvial deposits along streams and rivers and as coastal deposits along the 



Kentucky 
Missouri 

Arkansas.._ 
~ 

iE 

~ Tenn-

·, 
9. 

-S. 

-l ( ME ChR "' .!q - ~ 
\ 

Alabama Georgia 

~ ~PFs LFz ---., ~h 

~

, -,,,,,,,,...,,_ { CR DA 

EXQlanatjon 
~ -Basement arch, 
~ ::lr. ridge, or anticline 

~ -Basement 
~,, syncline 

~ -Fault, hachures 
on downthrown 
side 

r oJD H'L..o~ ~ '.h\ ~ P.A-~ -MISS 
1 

~ ~ 
Louisiana / : _ ,\ MG• \ ~ -, y 

~ -b -._/ "-.. 
WA \ 

Abbreviations 

ChR -Choctaw Ridge MG -Mobile Graben 
CR -Conecuh Ridge MISB -Mississippi Interior Salt Basin { 
DA -Decatur Arch OA -Ocala Arch ' 
HA -Hatchetigbee Anticline PA -Pensacola Arch 

Florida 

JD -Jackson Dome RPFS -Regional Peripheral Fault System 
LFZ -Livingston Fault Zone WA -W,ggins Arch 
ME -Mississippi Embayment 

Figure 10.--Regional map of the eastern Gulf Coastal Plain showing major structural 
features (modified from Tew, 1991). 

-

N 
c.n 



26 

present-day Gulf coast. In general, the sediments of the eastern Gulf region 

are marginal marine to shallow marine, arenaceous-argillaceous elastics and 

carbonates (Murray, 1961 ). 

The lack of Late Permian to Late Triassic marine sediments in the 

circum-Gulf of Mexico Coastal Plain area indicates that the basin was 

completely closed in the late Paleozoic and early Mesozoic (Pindell, 1985). 

The initiation of continental rifting that resulted in the separation of the North 

American plate from the Afro-South American plate and the opening of the 

Gulf basin occurred in the Early Triassic (Wood and Walper, 197 4; Murray 

and others, 1985; Wilson and Tew, 1985). Extensional faulting along the rifted 

margin of the basin led to the formation of a system of grabens and 

half-grabens, which became the loci of deposition of the basal Mesozoic 

sequence, a red-bed, continental siliciclastic unit of Triassic age, termed the 

Eagle Mills Formation. As rifting and subsidence proceeded, the basin was 

opened to the influx of marine waters. Initially, the depositional basin was 

either closed or open only intermittently to open marine circulation, as 

indicated by the presence of thick evaporite deposits (Werner Anhydrite and 

Louann Salt) in this stratigraphic interval. The basin was essentially open by 

the Middle Jurassic (Buffler and Sawyer, 1985) and the stratigraphy of the 

area has been dominated by open, shallow marine and marginal marine 

deposition throughout the remainder of the Mesozoic and the Cenozoic 



(Murray, 1961 ). Restricted marine and continental sediments are only well 

preserved in updip areas in Tennessee and Georgia. 
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In general, Mesozoic and Cenozoic strata of the eastern Gulf Coastal 

Plain region comprise a seaward-dipping, homoclinal wedge-of sediments 

that reflect the infilling of a depositional basin on the passive southern margin 

of the North American continent. Major structural elements that have modified 

this general aspect of eastern Coastal Plain strata include preexisting positive 

and negative basement features; features associated with movement of thick 

Jurassic salt; and features associated with igneous activity. Major structural 

features in the eastern Gulf area are shown on figure 10. 

The present study area lies along the eastern margin of the Mississippi 

embayment, which was a major structural trough throughout the Mesozoic 

and Cenozoic (Murray, 1961; Wood and Walper, 1974). The feature has been 

described as a broad, asymmetric synclinal structure that plunges rather 

steeply toward the Gulf of Mexico (Murray, 1961 ). Basement surface 

elevation in the embayment area varies from slightly above sea level in 

southern Illinois to depths greater than 9000 meters below sea level near the 

present coast of the Gulf of Mexico (Murray, 1961 ). Wood and Walper (1974) 

interpreted the structural embayment to have originated as a Paleozoic 

megashear system associated with continental collision. In this interpretation, 

the megashear system subsequently became a zone of incipient crustal 

weakness, leading to the establishment of a subsiding depositional basin. 
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Regional Paleogeography 

The Late Cretaceous Epoch has been recognized as a period of 

worldwide eustatic sea level highstands that flooded land masses around the 

globe (Vail and others, 1977). In North America, large areas of the continent 

were inundated during peak transgressions (fig. 11 ). Late Campanian 

transgressive maxima have been recognized in North America and Europe 

(Hancock, 1993; Hancock and others, 1992). The high sea levels are 

reflected in the Upper Cretaceous strata of the eastern Gulf Coastal Plain, 

and, at certain intervals, such as during deposition of the Selma Group 

carbonates, marine waters flooded the continental shelf, covering the area 

with a shallow, continental-edge sea dominated by pelagic sedimentation 

(Sohl and others, 1991 ). As noted by Scholle and others (1983), during times 

of eustatic high stands of sea level, significant volumes of pelagic or 

hemipelagic sediment can accumulate on continental shelves or in 

epicontinental seaways. Through much of the Late Cretaceous, the Gulf of 

Mexico basin was connected to the epicontinental western interior seaway, 

which linked the Atlantic-Tethyan region with the Arctic Ocean (Pratt, 1984). 

Regional paleogeography and lithofacies relationships of the Upper 

Cretaceous strata of the Gulf of Mexico basin were discussed by Sohl and 

others (1991 ). These workers provided a regional paleogeographic map 

(fig.12) for the lower Campanian that serves to illustrate the major lithofacies 
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Early Late Campanian 
Maximum Transgression 

(shorelines of Kauffman, 1984) 

Figure 11.--Generalized map of the western interior Cretaceous seaway 
and Gulf and Atlantic coastal plains at about the time of deposition of the 
Arcola Limestone Member and associated strata (modified from 
Kaufmann, 1984). 
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relationships that prevailed during the deposition of the stratigraphic interval 

of interest to this study. 

As shown on figure 12, Sohl and others (1991) reported that the 

Campanian is characterized by widespread deposition of marine-shelf 

carbonate-rich strata (indicated as calcareous shale/shaly limestone and 

limestone) of the Mooreville and Demopolis Chalks in the central part of the 

northeastern Gulf of Mexico basin, including the present study area. In the 

more proximal landward areas of the Mississippi embayment, the carbonate

dominated Mooreville and Demopolis grade into terrigenous elastic strata of 

the Coffee Sand. In Mississippi, the Coffee Sand consists of marine shelf 

sands and barrier-bar deposits (Sohl and others, 1991 ), whereas northward 

into Tennessee, these strata grade into a delta complex (Russell and others, 

1983). Westward from the outcrop into the subsurface, the Coffee elastics 

grade into chalk of the undifferentiated Selma Group (Sohl and others, 1991 ). 

In eastern Alabama and western Georgia, the Campanian carbonates grade 

into terrigenous elastic facies of the Blufftown and Cusseta Formations. The 

terrigenous influence exhibited in these rocks increases to the east and, 

southward into the subsurface, the Blufftown and Cusseta merge into clay 

and chalky deposits and finally into carbonates on the Florida platform. 
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General Lithostratigraphy 

In west-central Alabama, marine sediments of the Upper Cretaceous 

Selma Group comprise approximately 275 meters of strata composed 

primarily of chalk and marl, with subsidiary limestone and sand (fig. 13). In 

this area, the Selma Group includes, in stratigraphically ascending order, the 

Mooreville Chalk, the Demopolis Chalk, the Ripley Formation, and the Prairie 

Bluff Chalk. To the northwest and east of west-central Alabama, marine 

carbonates of the Selma merge into terrigenous elastic lithofacies-equivalent 

rocks. 

The Mooreville Chalk is approximately 83 meters thick and consists of 

two members, a lower unnamed member ( ~80 m) and the upper Arcola 

Limestone Member ( ~3 m). The Arcola Limestone Member is overlain by the 

lower unnamed member of the Demopolis Chalk (~130 m), which also has an 

upper member, the Bluffport Marl Member (~20 m). The upper and lower 

contacts of the Arcola with the lower unnamed member of the Mooreville 

Chalk and the lower unnamed member of the Demopolis Chalk, respectively, 

are conformable. Without the presence of the Arcola Limestone Member, the 

Mooreville and Demopolis Chalks could not be readily divided and mapped 

due to their lithologic similarity. 

The Mooreville Chalk is underlain by the Eutaw Formation, which has a 

lower unnamed member and an upper Tombigbee Sand Member. These are 
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Figure 13.--Generalized lithology of Selma Group strata, west-central 
Alabama (modified from Smith and Mancini, 1983). 
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mentioned due to the genetic relationship of Mooreville strata to Eutaw strata. 

This relationship will be discussed in subsequent sections of this dissertation. 

Physiographic Expression and Distribution 

Throughout its outcrop area, the indurated beds of the Arcola Limestone 

are more resistant to weathering than other parts of the Mooreville-Demopolis 

succession, and, therefore, form a line of low hills and ridges referred to by 

Monroe (1941, p. 63) as the "Arcola Scarp." The physiographic expression of 

the Arcola, manifest as relief of up to 30 m above the surrounding prairies 

underlain by more easily eroded marls and chalks, is useful in delineating the 

outcrop trace of the rather thin unit and distinguishing between the Mooreville 

and Demopolis Chalks (fig. 14). 

In outcrop, the northwesternmost extent of the Arcola is near Tupelo, Lee 

County, Mississippi (fig. 4), where the unit is represented by small pebbles of 

indurated limestone that occur at the top of the Mooreville Chalk (Smith, 

1989; 1995). Just south of Tupelo, Stephenson and Monroe (1940) noted the 

presence of a single limestone bed approximately 30 cm in thickness. To the 

south and east, the Arcola thickens and develops into two or more beds of 

indurated limestone that cyclically alternate with intervening beds of chalky 

marl. In Lowndes County, Mississippi, the unit is represented by a well 

defined, 0.67 m interval of limestone and chalky marl that includes two thin 

(<0.2 m) indurated limestone beds (Russell and others, 1983). Along the 

Tombigbee River in Sumter County, Alabama, the Arcola is 2.4 m thick and 
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again consists of two indurated limestone beds, the lowermost of which is 

0.46 m thick and the uppermost, 1.14 m thick; these beds are separated by 

0.76 m of bioturbated, glauconitic marl (Smith, 1989). At its type section, 

Arcola Landing on the Black Warrior River, Hale County, Alabama, the Arcola 

Limestone is 2.6 m thick and consists of three indurated limestone beds with 

interbedded marl. Eastward through southern Hale, southern Perry, and into 

north-central Dallas Counties, the Arcola outcrop can be traced in relatively 

continuous fashion along low ridge crests and in roadside ditches (Smith, 

1995). Maximum known thickness of the Arcola in outcrop occurs at Hatcher 

Bluff on the Alabama River, Dallas County, Alabama. At this locality, the unit 

is 4.4 m thick and includes four limestone beds, again with intervening marl 

interbeds. To the east of Hatcher Bluff, the Arcola Limestone Member thins 

dramatically and good exposures are rare. The easternmost observed extent 

of the unit is in eastern Montgomery County, Alabama near the town of 

Downing, where the unit is represented by a discontinuous zone of irregularly 

shaped pebbles and cobbles of calcisphere-rich limestone (Smith, 1995). 

It is important to note that throughout its outcrop (from Tupelo to 

Downing), the Arcola Limestone Member consistently lies within the 

uppermost few meters of the calcareous nannofossil Bukryaster hayi 

Subzone of middle Campanian age. Thus, its regional synchroneity in time 

must certainly be considered and included in any conclusions drawn 

regarding the genesis of the unit. 



37 

At both its northwestern and eastern termini, the Arcola merges into 

predominately siliciclastic strata and the general lateral stratigraphic 

relationships of the Arcola Limestone with these units have been well 

documented (fig. 8) (Monroe, 1941; Russell, 1967; Jones, 1967; Russell and 

others, 1983; Mancini and others, 1989; Smith, 1995; Mancini and others; 

1996). 

In the vicinity of Tupelo, first the Arcola Limestone Member and, then 

slightly farther to the north, the unnamed member of the Mooreville Chalk, 

grades laterally into more near-shore deposits of the Coffee Sand. In the Lee 

County area, the Coffee consists of thin- to thick-bedded, medium gray, silty, 

fossiliferous, glauconitic, calcareous sand interbedded with thin-bedded light

gray marine clay (Russell, 1967). Farther to the north, in Prentiss County, 

Mississippi, these near-shore marine sands and clays grade into marginal 

marine to nonmarine deposits containing lignitic terrestrial plant debris and 

borings of Callianassa major (Say) (Russell, 1967). In southern Tennessee, 

Russell and Parks (1975) reported the Coffee to consist of lagoonal, barrier 

bar, and shoreline deposits containing abundant fossil plant remains. 

In Alabama, the Arcola, followed farther to the east by the unnamed 

member of the Mooreville, grades laterally into more near-shore, 

predominately siliciclastic strata of the Blufftown Formation of the Selma 

Group near the Montgomery-Bullock County line (Monroe, 1941; Smith, 

1995). Thus, the lateral facies relationships in Alabama are a near mirror 
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image of those outlined above for Mississippi (Smith, 1995). In the Union 

Springs, Alabama area, the Blufftown consists of interbedded, fossiliferous, 

calcareous sand; fossiliferous, sandy, calcareous clay; and cross-bedded, 

partially calcareous, partially lignitic sand (Monroe, 1941 ). Reinhardt (1980) 

interpreted Blufftown strata in the Chattahoochee River Valley along the 

Alabama-Georgia border to represent a variety of shallow marine, marginal 

marine, and terrestrial environments of deposition. Farther to the east, in 

western Georgia, the Blufftown strata exhibit increasing terrigenous influence, 

grading into cross-bedded, coarse-grained sand and laminated, 

carbonaceous, micaceous clay (Eargle, 1933; Brett, 1967). 

In the shallow subsurface of Alabama and Mississippi, the Arcola can be 

traced for several miles down dip of its outcrop belt by distinctive electric log 

characteristics (Johnson, 1976; Smith, 1995). Further down dip, however, the 

electric log marker can no longer be recognized within the massive, chalky 

marl section of the Selma Chalk (Smith, 1995). 

Charles C. Smith (personal communication, 1998) of the Geological 

Survey of Alabama, during the course of examining subsurface sample 

cuttings from water and oil and gas test wells around the Alabama Gulf 

Coastal Plain and into the Gulf of Mexico offshore areas for various purposes, 

has recognized indurated calcisphere limestone that he assigns to the Arcola 

Limestone throughout the area (fig. 15). 
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Figure 15.--Approximate locations of Coastal Plain wells where C.C. Smith 
has identified the Arcola Limestone Member. 
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The present author has examined picked slides of the limestone cuttings 

and agrees that these rocks are identical to typical Arcola calcisphere 

limestone from outcrop samples. In Sumter, Choctaw, Washington, Marengo, 

Wilcox, Monroe, Crenshaw, and Covington Counties, as well as in the 

offshore area, these calcisphere limestones are associated with dark, 

calcareous clays and marls that are typical of the Mooreville and Demopolis 

Chalks in the subsurface. In Pike County, calcisphere limestone typical of the 

Arcola has been found in three wells (Smith, personal communication, 1998). 

Interestingly, in these wells, the limestone is found within a thick section of 

Blufftown Formation siliciclastics; typical Mooreville or Demopolis lithologies 

are not present. 

This discovery raises an interesting lithostratigraphic question. How can 

the Arcola Limestone Member of the Mooreville Chalk be present if the 

Mooreville Chalk is not? In a strict sense, it is not lithostratigraphically correct 

for a unit to be considered a member of a formation if the "member'' has wider 

areal distribution than the formation in which it is included. Obviously, further 

subsurface work in southeastern Alabama is necessary to refine our 

understanding of the lithofacies relationships in this area and, if necessary, 

make adjustments to the stratigraphic nomenclatural hierarchy of the Selma 

Group and to our present stratigraphic concepts of "Mooreville" and "Arcola." 

Smith (personal communication, 1998) has indicated an intention to 

continue subsurface work in the area to the east and south of Pike County to 
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document further the presence or absence of the Arcola Limestone and gain 

insights into the stratigraphic and lithofacies relationships of the unit. These 

efforts should serve to clarify our understanding of the Arcola Limestone and 

related strata in a more regional context. 

In any event, the subsurface work of Smith, along with data from the 

outcrop area, has documented that calcisphere-rich limestone of the Arcola 

Limestone Member was deposited over an extremely wide geographic area, 

both along strike and down depositional dip. This observation indicates that 
~ 

the paleoceanographic and depositional conditions that led to the 

accumulation of these unique beds were widespread and pervasive and, for 

all practical purposes, influenced the entire carbonate shelf area of the Gulf 

Coastal Plain of Alabama. 

Biostratigraphy 

The upper part of the lower unnamed member of the Mooreville Chalk is 

included in the planktonic foraminiferal Globotruncanita elevata Interval Zone 

(zonation of Robaszynski and others (1984) and Caron (1985)), whereas the 
, 

Arcola Limestone and the lower part of the Demopolis Chalk are in the G. 

ventricosa Interval Zone (fig. 16) (Mancini and others, 1996). The upper part 

of the unnamed member of the Mooreville Chalk, the Arcola Limestone 

Member, and the lower few meters of the Demopolis Chalk have been 

assigned to the lower part of the calcareous nannoplankton Ca/culites ova/is 
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Zone (CC19a) (zonation of Sissingh (1977) and Perch-Nielson (1985)), 

whereas the immediately overlying Demopolis strata are assignable to the 

upper part of this zone (CC19b) or the overlying Ceratolithoides aculeus Zone 

(CC20) (Smith, 1995). The Arcola and the immediately sub- and superjacent 

strata have been assigned to the ostracod Ascetoleberis plummeri Interval 

Zone (zonation of Hazel and Brouwers (1983) and Puckett (1994)). 

Chronostratigraphic Relationships 

The above data indicate a middle Campanian age for the Arcola 

Limestone and the immediately sub- and superjacent strata and show this 

interval to essentially represent a time line across the study area. This 

observation, along with the widespread occurrence of the Arcola, led Smith 

(1995, p. 529) to state that the Arcola represents "the most geographically 

extensive time-synchronous lithologic unit known within Alabama and 

Mississippi." Mancini and others (1996) also recognized the time-synchronous 

nature of this interval, interpreted it as part of a condensed section, and 

related it to maximum transgression during deposition of the UZAGC-3.0 

depositional sequence. 

This is in contrast to the lower part of the unnamed member of the 

Mooreville Chalk and its facies equivalents (lower Coffee Sand), which have 

been documented to be time transgressive from east to west as one moves 

from the pelagic carbonate-dominated sedimentary regime of Alabama 
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through the transition to more proximal near-shore deposits in Mississippi and 

southern Tennessee (fig. 17) (Mancini and others, 1996). Further, the lower 

Mooreville and its facies equivalents and the underlying Tombigbee Sand 

Member of the Eutaw Formation are underlain by a markedly diachronous 

unconformity interpreted as a transgressive flooding surface and the base of 

the Tombigbee-lower Mooreville/Coffee interval is progressively younger from 

the Selma, Alabama area to the area just north of the Mississippi-Tennessee 

border (Mancini and others, 1996). 

Sequence Stratigraphy 

Within the sequence stratigraphic framework of Mancini and others 

(1996), the Arcola Limestone Member is included in the UZAGC-3.0 (Upper 

Zuni A, Gulf Coast) depositional sequence (figs. 17 and 18). According to 

Mancini and others (1996), the component systems tracts and associated 

surfaces tor the UZAGC-3.0 sequence include a lower type 1 sequence 

boundary (Tuscaloosa-Eutaw contact), lowstand systems tract (Eutaw 

Formation), first transgressive surface or disconformity (Eutaw-Tombigbee 

Sand Member contact), transgressive systems tract (Tombigbee Sand 

Member of the Eutaw and the lower Mooreville Chalk), surface of maximum 

transgression or submarine disconformity (within the Mooreville Chalk), and 

highstand systems tract (upper Mooreville Chalk and its Arcola Limestone 
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Member, basal Demopolis beds, Coffee Sand, Tupelo Tongue of the Coffee 

Sand). 

In their sequence stratigraphic framework, Mancini and others (1996) 

recognized that the marine transgressive system tract strata of the 

Tombigbee and Mooreville were time transgressive units as detailed above. 

Further, they observed that the glauconitic sands of the Tombigbee Sand 

Member were best developed in the updip areas of Mississippi and 

Tennessee and that the marls of the Mooreville Chalk were best developed 

down depositional dip and represent more offshore basinal facies. 

Chalky marl beds in the upper part of the Mooreville, the Arcola 

Limestone Member, and the basal Demopolis Chalk beds were interpreted to 

represent the highstand systems tract strata of the UZAGC-3.0 sequence in 

the downdip, more basinward areas and it was noted that more extensive 

highstand deposits were present updip, north of Tupelo, Mississippi (Mancini 

and others, 1996). The updip high stand systems tract strata were reported by 

these workers to consist of a siliciclastic succession that includes the Coffee 

Sand and its Tupelo Tongue and this interval was considered, in part, to be 

time equivalent to the upper Mooreville Chalk, the Arcola Limestone Member, 

and basal Demopolis Chalk beds. 

Mancini and others (1996) noted that the maximum flooding event of the 

UZAGC-3.0 sequence was marked by a change in the microfossil 

assemblages in the Mooreville Chalk. Specifically, they stated that there was 
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a change in trend of relative abundance of planktonic foraminifera occurring in 

the Mooreville. No distinct physical surface was observed in the Mooreville 

Chalk to delineate the maximum flooding event within the UZAGGC-3.0 

depositional sequence and Mancini and others (1996) recognized that the 

Arcola Limestone Member interval represents at least part of the condensed 

section of this depositional sequence. As noted above, the geographically 

widespread occurrence and lithologic consistency of the Arcola have long 

been recognized, as well as the fact that the beds represent the same 

biostratigraphic zones ( Globotruncanita e/evata Partial Range Zone, 

calcareous nannofossil Calculites ova/is Interval Zone (CC19), and ostracode 

Asceto/ebetis plummeri Interval Zone) throughout their extent from southeast 

of Montgomery, Alabama, to near Tupelo, Mississippi. 

On the basis of their observations, Mancini and others (1996) recognized 

that the surfaces of maximum transgression (maximum flooding surface) and 

associated condensed sections within the Upper Cretaceous depositional 

sequences of the eastern Gulf Coastal Plain were important datums for time 

correlation in that these surfaces represent essentially time-synchronous 

horizons. 

The utility of the point of maximum transgression in a particular cycle of 

relative sea level fluctuation as a tool for chronostratigraphic correlation of 

Gulf Coastal Plain strata had previously been documented by lsraelsky 

(1949), who used the interpreted maximum depth in paleobathymetric cycles, 
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as determined by analysis of foraminiferal assemblages, for correlation (fig. 

19). lsraelsky's (1949) technique is currently employed by geologists mapping 

subsurface strata in the Gulf of Mexico area, though his point of maximum 

depth is now referred to as the maximum flooding surface in a depositional 

sequence (Armentrout and others, 1990; Vail & Wornhardt, 1990). 

Mancini and others (1996) pointed out that genetically related depositional 

sequences, such as those recognized in their sequence stratigraphic 

framework for the Upper Cretaceous strata of the eastern Gulf Coastal Plain, 

should be dated by essentially synchronous events (represented by maximum 

flooding surfaces, condensed sections, or regional marine flooding events of 

Galloway (1989)) rather than by diachronous surfaces (represented by 

sequence boundaries or transgressive surfaces). Mancini and others (1996) 

concluded that within depositional sequences only the strata associated with 

maximum flooding are time-synchronous and have chronostratigraphic 

significance for potential global correlation and used the Arcola Limestone 

Member of the Mooreville Chalk and related strata as an example of such a 

chronostratigraphically significant interval. 

Pelagic and Hemipelagic Carbonates 

Characteristics of Pelagic and Hemipelagic Carbonates 

Scholle and others (1983), Jenkyns (1986), and Tucker and Wright (1990) 

have provided comprehensive discussions of pelagic carbonate 
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sedimentation and depositional environments and much of the general 

discussion that follows is distilled from these sources. The interested reader is 

directed to these sources for further information. For the purposes of this 

study, the usage of the term "pelagic" follows that of Jenkyns (1986) and 

Scholle and others (1983) and, thus, carries no implication of the water depth 

in which the sediments were deposited. Following these authors, "pelagic" is 

a descriptive and qualitative term that indicates open marine deposits that 

accumulated by relatively slow, grain-by-grain sedimentation of predominantly 

fine-grained, biochemically produced material without significant influence 

from terrigenous elastic sources. Ancient pelagic sequences have been 

reported to have been deposited in relatively shallow epicontinental and 

continental-edge shelf settings, as well as in slope, abyssal, and other deep 

water settings (Scholle and others, 1983; Jenkyns, 1986; Tucker and Wright, 

1990). Hemipelagic sediments differ from those that are purely pelagic in that 

fine-grained terrigenous elastic influence is more pronounced (Scholle and 

others, 1983). As noted by Jenkyns (1986), hemipelagic settings are often 

characterized by closer proximity to the shoreline than more fully open

marine, purely pelagic environments. 

Pelagic carbonate sediment is produced primarily through metabolic 

processes of planktonic fauna and flora, chiefly planktonic foraminifera and 

calcareous nannoplankton, in surface waters as these organisms fix calcium 

carbonate from sea water for incorporation into their tests (Scholle and 
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others, 1983; Jenkyns, 1986). Scholle and others (1983) reported that the 

main factors that control the biogenic production of pelagic sediments in 

modern oceans include nutrient supply in surface waters (primarily 

contributed from upwelling deeper water), water temperature, light infiltration, 

and salinity. These factors are, in turn, dependent on latitude, climate, and 

regional and local patterns of oceanic circulation. In modern oceans, the 

majority of calcareous plankton production occurs at the lower latitudes 

(approximately 60° north to 60° south) in warm surface waters. This 

geographic range was probably more widespread (i.e., extended to higher 

latitudes) during times of generally warmer temperatures and more equitable 

climates, such as the Cretaceous. Scholle and others (1983) noted that the 

rate of supply of pelagic carbonate sediment is directly dependent on the 

availability of nutrients, leading to high pelagic productivity and supply along 

continental margins in areas effected by upwelling currents. 

Accumulation of pelagic sediment on the ocean floor is dependent on the 

calcite compensation depth or CCD. As described by Jenkyns (1986), the 

CCD is the level in the water column where the rate of supply of biogenically 

produced carbonate is in equilibrium with the rate of dissolution. Thus, below 

this depth, all calcium carbonate is dissolved and in solution. Another level, 

referred to as the lysocline, generally occurs at a shallower depth than the 

CCD. Below the lysocline there is increased solution of calcium carbonate. 

The lysocline and CCD generally occur at depths of several kilometers 
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(Jenkyns, 1986) and, thus, are more important in deep ocean basins than in 

relatively shallow epicontinental and continental-edge shelf settings. 

In contrast to typical shallow-marine-shelf carbonate deposits, which can 

be relatively complex due to the variety of organisms that contribute sediment 

to the carbonate fraction and to the influence of terrigenous detritus, Scholle 

and others (1983) pointed out that most pelagic and hemipelagic carbonates 

are relatively simple in composition. These sediments consist primarily of 

varying proportions of a few major biogenic components, including calcareous 

nannofossils and foraminifera and other pelagic groups. Pelagic calcispheres 

are listed by Scholle and others (1983, their Table 1) as components of 

pelagic carbonates, especially in the late Mesozoic, and calcispheres of the 

genus Pithonella are used to illustrate typical planktonic, pelagic organisms in 

Upper Cretaceous chalks (their figure 4, A and B). Other biogenic and 

nonbiogenic components of pelagic and hemipelagic carbonates other than 

planktonic organisms can include the remains of nektonic and benthonic 

organisms, authigenic minerals (such as glauconite, phosphate, and pyrite or 

marcasite), and detrital materials from terrigenous, volcanic, carbonate shelf, 

or other sources (Scholle and others, 1983). In pelagic and hemipelagic 

facies, the relative proportions of the various constituents vary spatially, as 

well as temporally. Spatial variation arises primarily from oceanographic 

factors, such as proximity to continents, water depth and fluctuating sea level, 

climate, oceanic circulation, and water chemistry, whereas temporal 
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variations are also due to an overprint of evolutionary variations in abundance 

and diversity of various taxa over time (Scholle and others, 1983). 

Mineralogically, the major biogenic components of Mesozoic pelagic and 

hemipelagic sediments are composed of low-magnesium calcite and, 

therefore, these sediments are relatively stable in most near-surface settings 

(Scholle and others, 1983). This led Scholle (1977) to observe that the 

diagenetic behavior of these deposits is relatively straight forward and 

predictable. 

In terms of texture, pelagic and hemipelagic carbonates from both shelf 

and deep-sea settings typically exhibit polymodal grain-size distributions that 

reflect the average grain sizes of the dominant constituents and the debris 

resulting from their disaggregation or disintegration (Scholle and others, 

1983). Scholle and others (1983, p. 621) stated that 

... many chalks and related limestones have grain-size peaks of up to 
about 0.5 micrometers (µm) (presumably individual calcitic laths from 
disintegrated coccoliths), 1 to 5 µm (corresponding to whole 
coccoliths), 5 to 20 µm (corresponding to larger coccoliths, 
coccospheres, and comminuted foraminifers and other skeletal 
fragments), 25 to 64 µm (corresponding to many whole foraminifers) 
and greater than 64 µm (foraminifers, lnoceramus prisms, and other 
macrofossil fragments) .... 

Pelagic carbonate sediment has been of significant importance to the 

geologic record from only the Mesozoic until the present. This is due primarily 

to the widespread proliferation of calcareous plankton, particularly the 
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coccolithophorids and other nannofossil groups and the planktonic 

foraminifera, in the past 150 to 100 million years (Scholle and others, 1983; 

Tucker and Wright, 1990). Prior to the Mesozoic, the majority of marine 

plankton was organic-walled, phosphatic, or siliceous and, thus, provided no 

calcareous sediment to the geologic record. In the Paleozoic, shallower-water 

paleogeographic settings that might have been characterized by carbonate 

pelagic and hemipelagic deposition in the Mesozoic and Cenozoic were 

dominated by carbonate platform deposits, carbonate-poor shales, or bedded 

cherts, whereas deeper-water oceanic settings were typically sediment

starved. 

Recognition of Pelagic/Hemipelagic Carbonates 

Scholle and others (1983) have listed several criteria for the recognition of 

pelagic facies in the geologic record. These workers suggested that the most 

direct indication of pelagic carbonate facies is the dominance of marine 

planktonic (and nektonic) organisms, such as calcareous nannofossils, 

planktonic foraminifera, or other groups (such as calcispheres in the 

Mesozoic or, in the Cenozoic, pteropods), in the overall composition of the 

sediment. Other criteria listed by Scholle and others ( 1983) as helpful in 

determining a possible pelagic origin for sediments include: (1) fine-grained, 

well-bedded sediments of widespread geographic distribution, 

characterized by gradual lateral facies changes; (2) sediment 
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characterized by centimeter- to meter-scale bedding rhythms (chalk

marl cycles), small-scale lamination, or presence of fecal pellets; (3) trace

fossil assemblages dominated by groups suet, as Thalassinoides and 

Chondrites in shallower-waters settings and by Helminthoida, 

Pa/eodictyon, Zoophycus, "Skolithos," and Chondrites in deep-water settings; 

( 4) the presence of condensed sections associated with slow 

sedimentation rates or submarine hiatuses; and (5) indications, such a 

hardgrounds, of early submarine lithification events. The order of this list 

has been changed by the author and criteria of particular relevance to this 

study are shown in bold type. 

Shelf Sea Pelagic Facies Model 

Scholle and others (1983) discussed facies models for two major pelagic 

depositional settings, which they termed shelf seas and oceanic areas. 

Oceanic areas are the sites of deposition of deep-water pelagic carbonates 

and are not pertinent to the present study. Epicontinental seaways and 

continental shelf settings, such as that of the eastern Gulf Coastal Plain area 

during the Cretaceous, were included in their shelf sea facies model. Further, 

this facies model makes specific mention of the Cretaceous chalks of the 

western interior seaway of North America, which, as shown on figures 11 and 

12, was connected to the eastern Gulf Coastal Plain during the Late 

Cretaceous. This facies model predicts that significant volumes of pelagic and 



hemipelagic sediment can accumulate in epicontinental seaways and on 

continental shelves during high stands of eustatic sea level as a result of 

several interrelated factors (Scholle and others, 1983). For example, 
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erosional base level is raised during eustatic high stands and there is an 

overall decrease in the relative elevation and area of continental land masses, 

thus leading to decreased potential for erosion and delivery of terrigenous 

sediment into the depositional basin. Further, landward transgressive 

advance of shorelines as the result of elevated sea level leads to increased 

area of submerged shelves with more of the area on the shelf removed from 

the influence of terrigenous elastic sedimentation. Finally, eustatic sea level 

high stands often occur in association with changes in climate and oceanic 

circulation patterns (Scholle and others, 1983; Barrera and others, 1997), 

which can lead to nutrient enrichment and enhanced pelagic productivity. 

Scholle and others (1983) suggested that, taken together, these factors tend 

to decrease the flux of terrigenous elastic detritus to the shelf area by limiting 

the dispersal of elastic sediment to nearshore areas, and allow large areas of 

the shelf to be dominated by pelagic and hemipelagic carbonate 

sedimentation. 

In the shelf sea pelagic facies model of Scholle and others (1983), it is 

noted that facies distribution patterns for shelf sea pelagic and hemipelagic 

carbonates are not as complex as those for most other carbonate sediments 

and suggest that this is due primarily to the relatively low topographic relief 
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and uniform water depths associated with submerged continental shelves and 

epicontinental seaways. They stated that (p. 637) 

Uniform water depths of 50 m or more in most shelf areas of pelagic 
sediment accumulation generally ensure the exclusion of strong wave 
and light influence and preclude the growth of most shallow-water 
carbonate fauna and flora. Pelagic shelf limestones, therefore, 
commonly have gradual facies transitions and can have remarkably 
uniform lithology over areas of tens to hundreds of thousands of 
square kilometers. 

This shelf sea pelagic/hemipelagic facies model is applicable to the Upper 

Cretaceous carbonates of the eastern Gulf Coastal Plain, in general, and to 

the Arcola Limestone Member of the Mooreville Chalk and associated strata, 

specifically, as will be discussed in a subsequent section. 

Cyclicity in Pelagic Carbonates 

It has been noted that rhythmic bedding is typical in Cretaceous pelagic 

carbonate sequences deposited in continental-edge and epicontinental 

settings (Arthur and others, 1986). Rhythmic bedding is generally attributed to 

one or a combination of five principal paleoceanographic driving mechanisms: 

carbonate dissolution cycles, scour cycles, redox cycles, carbonate 

productivity cycles, and elastic dilution cycles (Arthur and others, 1986; Bottjer 

and others, 1986; Einsele and Ricken, 1991; Warren and Savrda, 1998). 

Rhythmic bedding is interpreted as the sedimentological response to these 

driving mechanisms, which are thought to be related to periodic variations in 
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Earth's orbit (Milankovitch cycles) that impact the climate-ocean circulation 

system, owing to concomitant fluctuations in solar insolation, the driving force 

of climate (Fischer and Schwarzacher, 1984; Fischer, 1991; Schwarzacher, 

1993). 

Carbonate dissolution cycles are generally produced in deep sea settings 

where the accumulation of calcium carbonate on the sea floor is affected by 

the position of the calcite compensation depth (CCD) and the lysocline 

(Fischer and others, 1985; Einsele and Ricken, 1991 ). Stratigraphic variation 

in carbonate content of accumulating sediment resulting from carbonate 

dissolution cycles is typically observed in deeper-water settings where the 

sediment-water interface is between the CCD and the lysocline, and 

accumulation is affected by fluctuations in the depth of the lysocline and cyclic 

changes in the saturation of sea water with respect to calcium carbonate 

(Fischer and others, 1985; Einsele and Ricken, 1991; Huchison and Savrda, 

1994). These cyclical fluctuations can lead to the deposition of alternating 

carbonate-rich and carbonate-poor sediments. 

Scour cycles result from fluctuations in the energy of bottom currents 

(Arthur and others, 1986) and are characterized by normal chalk deposits that 

alternate with winnowed horizons, omission surfaces, nodular chalk, and 

hardgrounds (Kennedy and Garrison, 1975). The chalk deposits have been 

interpreted to have been deposited during periods of relatively low energy, 

whereas the other features have been interpreted to result from periods of 



higher energy with concomitant strong bottom currents (Arthur and others, 

1986). 
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Sedimentary rhythms produced by variation in the degree of benthonic 

oxygenation are referred to as reduction-oxygenation or redox cycles (Arthur 

and others, 1986; Einsele and Ricken, 1991 ). Typically, redox cycles can be 

recognized by alternation of highly bioturbated, organic-poor limestone and 

less extensively bioturbated or laminated, organic-carbon-rich intervals of 

marl or shale (Arthur and others, 1986; Huchison and Savrda, 1994). 

Generally, redox cycles do not exert any significant control on relative 

carbonate content of intercalated beds (Huchison and Savrda, 1994), and 

most often co-occur with elastic dilution and/or carbonate productivity cycles 

(Arthur and others, 1986; Eicher and Diner, 1991 ). 

Carbonate productivity and elastic dilution cycles result from fluctuations in 

the relative rates of biogenic carbonate productivity and input of terrigenous 

elastic material into the depositional basin, respectively. As noted by Arthur 

and others ( 1986), productivity and dilution cycles are common in Upper 

Cretaceous pelagic carbonate stratigraphic successions in North America 

and, as indicated by Fischer and others (1985), often co-occur as mixed or 

combination productivity/dilution cycles. During times of constant supply of 

terrigenous elastic material and periodic fluctuations in biogenic carbonate 

productivity, pure productivity cycles result and when biogenic carbonate 

productivity is constant and there are fluctuations in influx of terrigenous 
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elastic sediment, pure elastic dilution cycles result (Fischer and others, 1985; 

Einsele and Ricken, 1991 ). Constant rates of carbonate productivity and 

terrigenous elastic input result in massive-bedded marl (Fischer and others, 

1985). 

Penecontemporaneous fluctuations in both carbonate productivity and 

terrigenous elastic sediment input result in mixed or combination 

productivity/dilution cycles (Fischer and others, 1985). When fluctuations of 

the two variables are in phase (e.g., high terrigenous elastic influx, high 

carbonate productivity or low terrigenous influx, low productivity), the cyclic 

limestone-marl couplets that result are subdued or nonexistent (i.e., massive 

bedding of marl) and, thus, either difficult or impossible to recognize. When 

fluctuations are 180° out of phase (e.g., very low terrigenous influx, high 

productivity or vice versa), the differences between the couplets are 

accentuated and cyclicity is easily recognized as well-defined limestone-marl 

couplets. When fluctuations in the two parameters occur at periods between 

the two extremes, complex couplets of mixed origin result. In this case, it is 

often difficult to discern the relative contributions of productivity and dilution to 

the observed rhythmicity. 

Fluctuations in the rates of carbonate supply are controlled primarily by 

variations in pelagic calcareous plankton productivity in surface waters. In 

modern oceans, the main factors that control biogenic carbonate productivity 

include nutrient supply in the surface waters (primarily contributed from 



62 

upwelling deeper water), water temperature, light infiltration, and salinity 

(Scholle and others, 1983). These factors are, in turn, dependent on latitude, 

climate, and regional and local patterns of oceanic circulation. These primary 

controls on carbonate productivity were almost certainly operative in ancient 

oceanographic settings as well. 

Fluctuations in terrigenous elastic supply are generally associated with 

climatic changes that influence runoff and erosion from continents through 

fluvial, eolian, and glacial processes (Einsele and Ricken, 1991 ), as well as 

being associated with sea level fluctuations. As indicated by Scholle and 

others (1983), sea level fluctuations are significant factors in pelagic 

sedimentation in that sea level directly influences the amount of terrigenous 

sediment that is delivered into pelagic and hemipelagic depositional settings. 

Lowered sea levels generally result in increased terrigenous influence in 

these settings, whereas high stands of sea level and widespread flooding of 

continental shelves and epicontinental seas serve to trap terrigenous elastic 

sediments in near-shore areas, thus decreasing terrigenous influence in more 

distal pelagic and hemipelagic settings (Scholle and others, 1983). According 

to Einsele and Ricken ( 1991), periodic variation in terrigenous elastic influx 

can be a major process influencing the nature of sediment accumulation in 

calcareous depositional environments influenced by relatively minor, but 

oscillating, delivery of elastic material. 



STATEMENT OF PROBLEM 

The Arcola Limestone Member of the Mooreville Chalk is an important 

stratigraphic unit that has played an integral role in the development of the 

stratigraphic understanding of the Upper Cretaceous Series in the eastern 

Gulf Coastal Plain area of Alabama and Mississippi. For the most part, the 

Arcola Limestone Member has been studied only in terms of regional 

lithostratigraphy, biostratigraphy, and sequence stratigraphy, most often as a 

component of larger general studies related to the Selma Group or the Upper 

Cretaceous. Prior to the present work, the Arcola Limestone Member had 

received little detailed analytical treatment in terms of petrology and 

geochemical parameters, such as carbonate content, organic carbon content, 

and stable isotope composition. Further, no comprehensive study of the 

observed limestone-marl rhythmicity had been conducted. Owing to the lack 

of these fundamental data relative to the Arcola Limestone Member and 

related strata, interpretations of the origin of the unit in the context of the 

geologic events and paleoceanographic processes that led to its deposition 

have been generally limited to broad generalities or speculation. 
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The cyclic nature of the limestone-marl interbeds in the Arcola Limestone 

Member and the stratigraphic position of the unit have long intrigued Gulf 

Coastal Plain stratigraphers and interest in this cyclicity has recently been 

renewed by the advent of sequence stratigraphy and cyclostratigraphy as 

tools for studying outcropping sedimentary successions. As noted by Warren 

and Savrda (1998), the cyclostratigraphy of the Cretaceous carbonates of the 

U.S. Western Interior has received considerable attention (Arthur and others, 

1986; Pratt and others, 1993; Dean and Arthur, 1998), whereas little detailed 

cyclostratigraphic study has been conducted on rhythmically bedded 

Cretaceous strata of the Gulf Coastal Plain to assess the possible 

mechanisms responsible for the observed cyclicity. 

The current study was undertaken in order to gain an understanding of the 

causal mechanisms that resulted in the limestone-marl depositional cyclicity 

exhibited by the Arcola Limestone Member of the Mooreville Chalk and to 

assess the physical, biological, and chemical parameters operative in the 

study area during deposition of this unit. This work has been conducted to 

test the hypothesis that Arcola Limestone Member rhythms are the products 

of primary environmental processes related to paleoceanographic parameters 

and that signatures of these driving mechanisms can be discerned within the 

unit through detailed lithologic, biologic, and geochemical study. Specifically, 

the following four major questions are addressed by this study: 
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(1) Of the two most likely causal mechanisms for the observed 

limestone-marl cyclicity, i.e., cyclical changes in carbonate 

productivity and/or elastic dilution, which is primarily responsible for 

this phenomenon? 

(2) Do the other potential driving mechanisms that have been 

recognized in association with cyclical carbonates (dissolution, 

scour, reduction-oxidation) play any role in the observed Arcola 

cyclicity and, if so, what? 

(3) Do the Arcola Limestone Member calcisphere limestone beds 

represent a benthonic depositional setting, as proposed by some 

(Johnson, 1976; Florian, 1984; King, 1990a; 1990b; 1995), or a 

pelagic depositional setting, as postulated by others (Arthur and 

others, 1986; Smith, 1995)? 

(4) What was the paleogeographic setting of the study area and 

contiguous parts of the eastern Gulf Coast basin during deposition 

of the Arcola Limestone Member and the immediately sub- and 

superjacent strata? 

The data and observations resulting from this study are used to infer the 

likely mechanisms responsible for rhythmic bedding in the Arcola Limestone 

Member and related strata and to develop a depositional model for this 

interval. The results of this work are contributions to a more comprehensive 

understanding of the geologic processes, paleoceanographic parameters, 
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sedimentary regimes, and regional relationships among environments of 

deposition (i.e., facies relationships) that characterized the Campanian Age of 

the Late Cretaceous Epoch in the eastern Gulf Coastal Plain area of North 

America. In particular, this work provides detailed data for the Arcola 

Limestone Member and related strata that help answer fundamental 

questions regarding the accumulation of this important stratigraphic unit that 

has been integral to the development of our present understanding of eastern 

Gulf Coastal Plain lithostratigraphy. Further, the results of this study have 

broader applicability in the development of a better overall understanding of 

hemipelagic/pelagic carbonate stratigraphic successions deposited in 

continental-edge, shallow shelf or epicontinental settings, especially during 

the Cretaceous, and to the evolving concepts of cyclostratigraphy and 

sequence stratigraphy as applied to rhythmic bedding in such successions. 



METHODS 

Field Methods 

Four localities in central and west-central Alabama and one locality in 

northeastern Mississippi were examined and sampled for this study (fig. 9). 

These include the Hatcher Bluff, Arcola Landing, Swilleys Bend, and Noxubee 

River sections in Alabama and the Tibbee Creek section in Mississippi. These 

river and stream cutbank sections were chosen for study due to continuous 

vertical exposure of the Arcola Limestone Member and the immediately sub

and superjacent strata and the relatively unweathered nature of the rocks 

exposed at each site. 

At each locality, samples ( ~ 1 kg) spaced 25-30 cm apart were collected 

throughout the Arcola interval, approximately 2 m down into the underlying 

lower unnamed member of the Mooreville Chalk and 2 m up into the overlying 

lower unnamed member of the Demopolis Chalk. At some localities, the 25-

30 cm sampling interval was inadequate to fully sample the Arcola limestone 

beds and intervening marl units and in all cases, each bed of the Arcola 

Limestone Member was sampled, regardless of thickness or sampling interval 
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spacing, thus providing a full suite of samples for the Arcola and the 

immediately sub- and superjacent strata. For each sample, the outcrop 

exposure was excavated with a hoe pick until fresh, unweathered material 

could be collected. Sample materials were placed in cloth bags labeled with 

sample numbers for transport to the laboratory. Sample numbers were 

assigned consecutively from the bottom to the top of the sampled interval at 

each locality and were preceded by the acronym for the locality. Thus, the 

lowermost sample at the Tibbee Creek section was assigned "TC-1," the next 

highest "TC-2," and so forth. The acronyms for the other localities are "NR" for 

Noxubee River, "SB" for Swilleys Bend, "AL" for Arcola Landing, and "HB" for 

Hatcher Bluff. 

For this study, the measured sections of Smith (1995 (for Tibbee Creek, 

Noxubee River, Arcola Landing, Hatcher Bluff); unpublished data (for Swilleys 

Bend)) were used for reference, and all sample levels were noted relative to 

these sections. The sections were measured by C.C. Smith and various 

colleagues using standard and accepted field techniques and were carefully 

field checked at each locality by the present author. Each was found to be 

precise and adequately detailed for this study, and, in my view, they should 

be accepted as the standard measured sections for the Arcola Limestone 

Member interval at each of these localities. 



Laboratory Methods 

Sample Preparation 

Samples collected for this study were processed to facilitate several 

analytical procedures and for the production of petrographic thin sections. 

Materials for each sample were removed from the cloth field collection bag 
I 
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and a representative cobble-sized fragment was selected for further 

processing. From this cobble, a thin-section billet ( ~3x5x1 cm) was cut using 

a water-cooled rock saw, dried, and placed in a paper envelope labeled with 

sample number for delivery to the selected commercial petrographic thin 

section production laboratory. A portion of the remainder of the cobble was 

then cut or broken into 1 O or 15 small fragments ( ~5-1 O gm each) and these 

were dried and placed in a separate paper envelope labeled with sample 

number for delivery to the commercial geochemical laboratory selected for 

carbonate, total organic carbon, and sulfur analysis. The unused portion of 

the sample material was then returned to the original cloth field collection bag 

and archived. 

All samples collected as part of this study were sent to DGSI, Inc. of The 

Woodlands, Texas, a commercial geochemical laboratory, for analysis of 

carbonate content and total organic carbon. As part of the analysis process, 

the small fragments from the above processing step were ground to pass a 

60-mesh sieve and assure sample homogeneity. Only a fraction of this rock 
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powder for each sample was used by DGSI, Inc. for analysis and the 

remainder was returned to the author in the original labeled envelope. These 

powdered sample fractions were then used for other geochemical analyses, 

such as the determination of whole rock stable isotope composition. 

Petrographic Methods 

All samples collected for this study were examined in hand specimen with 

the aid of a binocular microscope and in thin section using a petrographic 

microscope. Petrographic thin sections were manufactured from the billets 

described above by Geo-Ark Petrographic, Ltd. of Lang, Saskatchewan, 

Canada. All billets were vacuum impregnated with epoxy prior to mounting on 

glass thin section slides. Epoxy impregnation of billets was especially 

important for the majority of the marl units owing to their semiconsolidated 

nature. After impregnation, the billets were affixed to the glass with epoxy and 

thin sections were produced using standard and accepted procedure. 

Due to the general lithologic consistency and relatively few important 

components observed in these rocks, it was determined that point-count 

analysis was not needed to fully characterize the petrology of the Arcola 

Limestone Member and associated strata. Rather, the thin sections were 

examined qualitatively, the major constituents were identified, and visual 

estimates of the percentage of each major component on each slide were 

noted along with pertinent remarks. Components that were visually estimated 
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to comprise less than 10% of a particular sample were noted as rare in 

occurrence, those comprising 10%-20% were noted as moderately common, 

those estimated at 20%-30% were noted as common, and those estimated as 

greater than 30% were noted as abundant in the sample. Further, 

components that were observed on a slide, but constituted only a very minute 

proportion of the overall composition, were noted as trace occurrences. 

Geochemical Methods 

Geochemical studies conducted as part of this project include 

determination of carbonate content (and insoluble residue content, the 

inverse of carbonate content), total organic carbon and sulfur content, and the 

compositional analysis of stable isotopes of carbon and oxygen (whole rock). 

Carbonate Determination Methodology.--Carbonate content determination 

was performed by DGSI, Inc. of The Woodlands, Texas, a commercial 

geochemical laboratory. For each sample, an approximately 0.15 gm fraction 

of rock powder ground to pass a 60-mesh sieve was carefully weighed, 

treated with concentrated hydrochloric acid, and allowed to react with the acid 

until the reaction was complete. The residue from this reaction was then 

vacuum filtered onto a pre-weighed filter paper, and dried at 110° C for 1 

hour. The sample and filter paper were then weighed and the weight percent 

of carbonate in the sample determined by the loss of sample weight divided 

by the total original weight of sample used in the analysis. 
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Total Organic Carbon Determination Methodology.--Total organic carbon 

content determination was performed by DGSI, Inc. of The Woodlands, 

Texas, a commercial geochemical laboratory. Total organic carbon content 

was determined by a direct combustion technique using a LECO EC-12 or 

LECO CS-444 carbon analyzer. For each sample, approximately 0.15 gm of 

sample material, ground to pass a 60-mesh sieve, was precisely weighed and 

treated with concentrated hydrochloric acid to remove the carbonate fraction. 

The residues from acid treatment were vacuum filtered on glass fiber paper 

and the filter and residues were placed in a ceramic crucible, dried, and 

combusted with pure oxygen in the carbon analyzer at 1,000° C. A laboratory 

standard was run every five samples to assure precision. The LEGO carbon 

analyzer directly reported total organic carbon in weight percent of the 

sample. This methodology is standard and accepted for TOC analysis. 

Whole Rock Stable Isotope Composition Methodology.--Analysis of 

selected whole rock samples from this study for composition of stable 

isotopes of oxygen and carbon was conducted by personnel of the Stable 

Isotope Laboratory in the Department of Geological Sciences at the University 

of Michigan in Ann Arbor. Carbonate samples weighing between 1 O µg and 1 

mg were placed in stainless steel boats and roasted at 380° C in vacuo for 

one hour to remove volatile contaminants. Samples were then placed in 

individual borosilicate reaction vessels and reacted at 72° ± 2° C with 3 drops 

of anhydrous phosphoric acid for eight minutes in a Finnigan "Kiel" extraction 
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system, coupled directly to the inlet of a Finnigan MAT 251 triple collector 

isotope ratio mass spectrometer. Isotopic enrichments were corrected for 

acid fractionation and oxygen 17 contribution by calibration to a best fit

regression line defined by two NBS standards, NBS-18 and NBS 19. Data 

were reported in 8%0 notation relative to the Peedee belemnite (PDB) 

standard. Precision of data was monitored through daily analysis of a variety 

of powdered carbonate standards. At least six standards were reacted and 

analyzed daily, bracketing the sample suite at the beginning, middle, and end 

of the day's run. Measured precision was maintained at better than 0.1 %0 for 

both carbon and oxygen isotope compositions. 

Numerous stratigraphic, cyclostratigraphic, chemostratigraphic and other 

studies, including many dealing specifically with Cretaceous hemipelagic and 

pelagic carbonates, have used whole rock stable isotope analysis data to 

draw conclusions and make interpretations related to depositional settings 

and paleoceanographic parameters for carbonate rocks (Scholle and Arthur, 

1980; de Boer, 1982; Barron and others, 1985; Arthur and others, 1985; Pratt, 

1985; Pratt and Barlow, 1985; Arthur and others, 1986; Arthur and Dean, 

1991; Eicher and Diner, 1981; Jenkyns and Clayton, 1986; Baum and Vail, 

1987; Jorgensen, 1987; Baum and Vail, 1988; Jarvis and others, 1988; 

Ditchfield and Marshall, 1989; Maliva and others, 1991; Schonfeld and others, 

1991; Jeans and others, 1991; Shackleton and others, 1993; Baum and 

others, 1994; Huchison and Savrda, 1994; Jenkyns and others, 1994; King, 
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1995; Valladares and others, 1996; Drzewiecki and Simo, 1997; Abreu and 

others, 1998). As with any analytical technique or methodology, there are 

certain limitations and considerations that must be addressed and 

incorporated into interpretations made from whole rock isotope data. 

However, it has been well established that whole rock data are useful, valid, 

and, in at least some cases, of equal quality, or superior to, data acquired 

through other means (Scholle and Arthur, 1980; Pratt, 1985; Shackleton and 

others, 1993; Jenkyns and others, 1994). 

In general, the main concern in whole rock analysis, as with other 

methods of collecting isotope data, is the effect of diagenesis on the primary 

depositional isotopic signature. In the absence of dolomitization or evidence 

for large-scale, open-system diagenesis, alteration of original 813C 

composition is primarily attributed to the introduction of cement, which in the 

case of most early cements, generally results in negative shifts in signatures 

to lighter values (Scholle and Arthur, 1980; Jenkyns and others, 1994). This is 

due to the fact that oxidation of organic matter in sediment yields dissolved 

carbon that is enriched in 12C, which may contribute lighter 813C cements 

(Scholle and Arthur, 1980). It is generally accepted that while limestones are 

more susceptible to this effect than marls in cyclic limestone-marl sequences 

(due to higher initial porosity and, therefore, void space for cementation to 

occur), it has been shown that the data can still be used in a relative sense 

and give a good indication of the primary signature (Pratt, 1985). Pratt (1985) 
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studied the Cretaceous Greenhorn Limestone of the western interior seaway 

and reported that limestones in this interval exhibited lighter 813C values than 

associated calcareous shales and attributed these lighter values to the 

introduction of isotopically lighter microcrystalline calcite cement. She 

concluded that diagenetic overprinting as the result of cementation had 

altered the isotopic composition of the limestones, but had not obscured the 

primary isotopic signal. 

Jenkyns and others (1994) studied the stable isotope stratigraphy of the 

Cretaceous chalks of England and the Italian Scaglia using whole rock 

methods. In this study, Jenkyns and others (1994, p. 15) addressed the issue 

of diagenetic overprinting and determined that 

... analyses of bulk chalk samples provide an accurate monitor of the 
changing isotopic chemistry of the Chalk Sea and that the more lithified 
Italian pelagic limestones still display real trends in the evolution of both 
carbon- and oxygen-isotope ratios in Tethyan ocean waters. 

These workers used the whole rock technique as their preferred method of 

analysis, citing the advantage of averaging the signatures of a number of taxa 

of foraminifera and nannofossils and thereby avoiding any species specific 

vital effects related to nonequilibrium isotopic fractionation. 

Scholle and Arthur (1980) gave the following reasons for using whole rock 

analysis for isotope composition in pelagic carbonates: (1) few samples of 

indurated carbonate rock can be easily disaggregated into individual fossil 

constitutuents; (2) the method is fast and easy relative to other methods in 
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that it only requires careful sampling and analysis with little processing; (3) 

the results represent an average signature of all calcareous fossils, thereby 

circumventing a dependence on results from any one genus or species; and 

( 4) large whole rock samples represent the homogenized effects of 

diagenesis and generally avoid small-scale heterogeneities induced by 

burrowing and diagenesis. 

Shackleton and others (1993) demonstrated that high quality stable 

isotope records could be collected from bulk sediment samples and pointed 

out that one of the major advantages of using this methodology was the ease 

and efficiency with which samples could be processed relative to other 

methods. 

Another method of collecting stable isotope composition data involves the 

analysis of undiagenetically altered foraminiferal tests. In most cases, these 

analyses are performed on either monospecific or polyspecific samples 

consisting of a number of individual specimens (Corfield and others, 1990; 

Barrera, 1994; Huber and others, 1995; Barrera and others, 1997). Jenkyns 

and others (1994) noted that several workers had been successful in using 

individual planktonic foraminiferal species, but cautioned that (p. 13) " ... the 

ratio of diagenetic cement to original shell can be uncomfortably large and 

difficult to quantify." Recrystallization of the wall structure of tests and calcite 

overgrowth can also alter original isotopic compositions. 
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Petrographic examination of thin sections from the Arcola Limestone 

Member interval indicates that, by and large, the chambers of foraminiferal 

tests are partially to fully filled with microcrystalline calcite cement. In both the 

limestone and marl units, unfilled chambers are very rare. Thus, for the Arcola 

Limestone Member interval, the isotopic signatures from foraminiferal tests 

most likely would be significantly altered due to diagenesis and would not 

yield a primary environmental signal. In the marl units, cement is 

volumetrically unimportant to the bulk composition of the sediment and is 

generally confined to foraminiferal tests only. Thus, analyzing only 

foraminifera, rather than bulk sediment, could potentially led to an 

amplification of the effect of diagenesis on isotopic composition, rather than 

giving a clearer picture of the primary composition. 

Due to these considerations, it was decided that the whole rock method 

for analysis of stable isotope composition was most appropriate for this study 

and the technique most likely of yield useful results that reflected the primary 

isotopic signal associated with deposition of the Arcola Limestone Member 

interval. 

Statistical Methods 

Standard statistical tests were applied to the geochemical analysis data 

collected for this study to determine whether or not there are significant 

differences in the data from the Arcola Limestone Member indurated 
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limestone beds relative to those from the associated marl units. For the 

sample suite from each site studied, data from the limestone beds are treated 

as a sample subset, as are those from the marl units, for the purpose of 

statistical analyses for equivalency, or the lack thereof, between data from the 

limestone versus those from the marls. 

The standard statistical tests applied to these data are the F-test, which 

tests for the equality of variances between the subsets, and the t-test, which 

tests for the equality of means. These statistical functions are included as 

data analysis tools in the Microsoft Office 97 Excel® spreadsheet software 

package and application of the tests to the data set produces a table of test 

results. Each test allows the user to define the hypothesis to be tested (null 

hypothesis or H0) and a level of significance (a). 

The F-test for equality of variances is applied to the data first and the 

result of this test indicates the appropriate t-test to be applied. The null 

hypothesis used in the F-tests conducted here was that there is no difference 

in variance between the limestones and marls. The level of significance was 

set at a=0.01 (1 % significance level). The computed F-statistic is a ratio of the 

variances between the two subsets. The value of this statistic must reach a 

certain critical threshold (F-critical) in order to reject the null hypothesis. The 

value of F-critical is derived from standard statistical tables, which are built 

into the Excel data analysis package, and is based on degrees of freedom, 

which are automatically calculated, associated with the two data subsets 
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being tested. If the computed F-statistic is less than F-critical, then the null 

hypothesis is accepted, the variances are assumed to be equal, and the t-test 

assuming equal variances is applied to test the equality of means. If the F

statistic is greater than or equal to F-critical, the null hypothesis is rejected, 

the variance is assumed not to be equal, and the t-test assuming unequal 

variances is applied to test for the equality of means. 

The null hypothesis used in the t-tests conducted here was that there is no 

difference in means between the limestone and marl data subsets. The level 

of significance was initially set at a=0.01 (1 % significance level). As with the 

F-test, the computed t-statistic is compared against a critical threshold (t

critical) that determines whether or not the differences in means are 

significant. If the null hypothesis is rejected (t-statistic ~ t-critical), then the 

difference is significant. This application of the standard t-test is "two-tailed" 

and thus, t-critical is both positive and negative. For example, if the analysis 

returns at-critical of 3.53, then both 3.53 and -3.53 are critical values and at

statistic ~ 3.53 or~ -3.53 would result in rejection of the null hypothesis. The 

critical values for various degrees of freedom, which are computed as part of 

the analysis, are derived from standard statistical tables, which are built into 

Excel's functionality. For further discussion of these statistical tests and their 

application to geological data, the reader is referred to Davis (1986). 



RESULTS 

Field Data 

Tibbee Creek Site 

The Arcola Limestone Member of the Mooreville Chalk is exposed along 

the southern bank of Tibbee Creek, Clay County, Mississippi, for several 

hundred meters both east and west of the Gulf and Mississippi/Columbus and 

Greenville railroad bridge approximately 1.25 km north of the town of Tibbee, 

Mississippi and 8.1 km south-southwest of West Point, Mississippi (fig. 20). 

As shown on figure 20, the locality is along the north line ( defined by the 

course of Tibbee Creek) of irregular Section 4, Township 19 North, Range 16 

East on the West Point, Mississippi United States Geological Survey (USGS) 

7.5-minute topographic quadrangle. The eighteen samples (TC-1 through TC-

20; fig. 21) collected from the Tibbee Creek site were taken directly adjacent 

to the railroad bridge (fig. 20). 

In the immediate vicinity of the Tibbee Creek locality, approximately 6 m of 

the lower unnamed member of the Mooreville Chalk, 0. 70 m of the Arcola 

Limestone Member, and 8 m of the lower unnamed member of the Demopolis 
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Figure 20.--Tibbee Creek site, Clay County, Mississippi. 
Enlargement of portion of West Point, Mississippi USGS 7.5 
minute topographic quadrangle, Township 19 North, Range 
16 East. 
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Figure 21.--Measured section of Tibbee Creek site showing samples 
collected for this study (modified from Smith, 1996). 
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Chalk are exposed along the north-facing cutbank of the stream. Adjacent to 

the railroad bridge, approximately 2 m of the Mooreville, all of the Arcola 

section, and about 2.5 m of the Demopolis Chalk are well-exposed (figs. 22 

and 23). 

In general, the lower unnamed member of the Mooreville Chalk consists of 

massive, blocky-fracturing, medium to dark gray, silty, slightly micaceous, 

slightly fossiliferous, bioturbated chalky marl. At about 60 cm below the base 

of the Arcola Limestone Member ( sample TC-4), the lower unnamed member 

becomes increasingly sandy, glauconitic, and phosphatic with relatively 

abundant very fine to medium quartz sand and fine to medium sand-sized, 

lobate to mammiform glauconite grains and common irregularly shaped 

phosphate grains. 

At Tibbee Creek, the Arcola Limestone Member, which conformably 

overlies the lower unnamed member, consists of two indurated limestone 

beds with an intervening marl unit (figs. 21 and 22). The lower limestone unit 

is approximately 12.8 cm thick, whereas the upper bed is about 23 cm thick. 

Both consist of calcisphere packstone that is extensively bored with 

Thalassinoides. Other fossils are rare, but a few inoceramid fragments can be 

observed. The intervening marl unit, which is approximately 30 cm thick, is 

lithologically almost identical to the underlying Mooreville strata, although both 

the glauconite and sand are somewhat finer-grained and less common than in 

the rocks immediately below the lower Arcola limestone bed. 
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Figure 22.--Tibbee Creek site. 

Figure 23.--Tibbee Creek site. 



The Arcola Limestone Member is conformably overlain by the lower 

unnamed member of the Demopolis Chalk, which consists of olive gray, 

blocky-fracturing, silty to very finely sandy, glauconitic, bioturbated, slightly 

fossiliferous chalky marl. 
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At about 1.8 m and 2.6 m above the base of the Demopolis Chalk, thin 

zones of phosphatic steinkerns can be observed that include internal casts of 

gastropods, bivalves, and baculites (Smith, 1995). The steinkerns occur in a 

matrix of the typical marl of the lower unnamed marl member of the 

Demopolis and no physical surface is associated with either zone. 

Noxubee River Site 

The stratigraphic interval containing the Arcola Limestone Member of the 

Mooreville Chalk is well-exposed along the west and northwest bank of a now 

cut-off meander of the Tombigbee River (Lake Demopolis of the Tennessee

Tombigbee Waterway), just northeast of its confluence with the Noxubee 

River near the town of Gainesville, Sumter County, Alabama. This site is 

located along the eastern ¾ of the south line ( defined by the course of the 

Tombigbee River), irregular Section 34, and the eastern line of northern ½ 

(defined by the course of the Tombigbee River) irregular section 3, Townships 

21 and 22 North, Range 2 West, Gainesville, Alabama USGS 7.5-minute 

topographic quadrangle sheet (fig. 24). Twenty samples (NR-1 through NR-

20; fig. 25) were collected at the Noxubee River site for this study. 
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Figure 24.--Noxubee River site, Sumter County, Alabama. 
Enlargement of portion of Gainesville, Alabama USGS 7.5 
minute topographic quadrangle , Townships 21 and 22 
North. Range 2 West. 
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Figure 25.--Measured section of Noxubee River site showing samples 
collected for this study (modified from Smith, 1996). 
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At this locality, the uppermost 2.2 m of the lower unnamed member of the 

Mooreville Chalk, approximately 2.4 m of the Arcola Limestone Member, and 

the lowermost 9 m of the lower unnamed member of the Demopolis Chalk are 

exposed (figs. 26 and 27). The lower unnamed member of the Mooreville 

consists primarily of olive gray, massive-bedded, blocky-fracturing, slightly 

silty, sandy, and fossiliferous, bioturbated, glauconitic, micaceous, chalky 

marl. The contact of this unit with the Arcola Limestone Member is sharp, yet 

conformable. 

Two indurated, Tha/assinoides-bored limestone beds are present at the 

Noxubee River site (figs. 25, 26, and 27). The lowermost of these is 

approximately 50 cm thick, whereas the uppermost is about 1.14 m in 

thickness. As at the Tibbee Creek site, inoceramid fragments, molds, and 

casts are the primary macrofossils observed in the limestone beds. A bed of 

light olive gray to olive gray, slightly glauconitic, slightly fossiliferous, 

phosphatic, silty, chalky marl 76 cm thick occurs between the indurated units 

(fig. 25). 

The lower unnamed member of the Demopolis Chalk conformably overlies 

the Arcola Limestone Member. At the Noxubee River Site, the Demopolis can 

be generally characterized as light to medium gray to olive gray, massive

bedded, blocky-fracturing, slightly glauconitic, silty to slightly sandy, 

bioturbated, slightly fossiliferous, chalky marl. At about 41 cm and 1.5 m 

above the top of the Arcola Limestone Member, two thin zones of phosphatic 
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Figure 26.--Noxubee River site. 

Figure 27.--Noxubee River site. 
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steinkerns of mollusks, vertebrate teeth and bone fragments, and small 

pebbles and cobbles of Arcola-like limestone can be observed (Smith, 1995). 

As at Tibbee Creek, these clasts are embedded in a matrix of typical lower 

Demopolis marl with no associated physical surface. 

Swilleys Bend Site 

The Arcola Limestone Member of the Mooreville Chalk is well exposed for 

approximately 1 km along the west bank of the Tombigbee River (Lake 

Demopolis of the Tennessee-Tombigbee Waterway), just southwest of a large 

meander referred to as Swilleys Bend, Sumter County, Alabama (fig. 28). 

This site is along the east line (defined by the course of the Tombigbee River) 

of irregular Section 29, Township 21 North, Range 1 West, Boligee, Alabama 

USGS 7.5-minute topographic quadrangle sheet. Nineteen samples (SB-1 

through SB-20 (SB-9 was a duplicate sample); fig. 29) were collected at the 

Swilleys Bend site for this study. 

At the Swilleys Bend locality, approximately 3 m of the lower unnamed 

member of the Mooreville Chalk, 2 m of the Arcola Limestone Member, and 

14 m of the lower unnamed member of the Demopolis Chalk are exposed 

(figs. 29, 30, and 31 ). The lower unnamed member of the Mooreville Chalk is 

characterized by olive gray, massive-bedded, blocky-fracturing, bioturbated, 

slightly silty to very fine sandy, glauconitic, micaceous, slightly fossiliferous 

chalky marl. About 20 cm below the basal limestone bed of the Arcola 
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Figure 28.--Swilleys Bend Site, Sumter County, Alabama. 
Enlargement of portion of Boligee, Alabama USGS 7.5 
minute topographic quadrangle, Township 21 North, Range 
1 West. 
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Figure 29.--Measured section of Swilleys Bend site sh9wing samples 
collected for this study (Smith, unpublished data). 
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Figure 30.--Swilleys Bend site. 

' 

Figure 31.--Swilleys Bend site. 
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Limestone Member, a thin layer, approximately 2 cm thick and consisting 

almost entirely of glauconite grains, is persistent along the outcrop (fig. 32). 

The lower unnamed member of the Mooreville is conformably overlain by the 

Arcola Limestone Member. 

Three indurated limestone beds are evident in the Arcola Limestone 

Member at the Swilleys Bend site (figs. 30 and 31). The lowermost of these is 

approximately 46 cm thick, the middle about 15 cm thick, and the uppermost 

approximately 56 cm in thickness. As described at the other sites, 

Thalassinoides borrow structures are common in the indurated limestone 

beds, as well as molds and casts of inoceramids. Other megafossils are rare. 

The marl units that occur between the indurated limestones consist of 

medium olive gray, bioturbated, slightly glauconitic, slightly silty, sandy, and 

fossiliferous, chalky marl. 

The lower unnamed member of the Demopolis Chalk consists primarily of 

olive gray to yellowish gray, slightly to moderately glauconitic, slightly 

micaceous, very slightly silty, bioturbated, chalky marl that conformably 

overlies the Arcola Limestone Member. Two thin, but persistent, zones of 

phosphatic steinkerns occur at about 61 cm and 95 cm above the top of the 

uppermost Arcola limestone bed (Smith, 1995). As at the other sites, no 

physical surface is associated with either of these thin phosphatic beds. 



Figure 32.--Photograph of sample from thin glauconite bed in the 
uppermost Mooreville Chalk at the Swilleys Bend site . 
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Arcola Landing Site 

The Arcola Landing site, along the east bank of the Black Warrior River 

(Demopolis Lake) at Arcola Landing, Marengo County, Alabama, is the 

designated type section of the Arcola Limestone Member of the Mooreville 

Chalk (Stephenson and Monroe, 1938). As shown on figure 33, the site, 

which is approximately 0.6 km north-northeast of the confluence of the Black 

Warrior River with Yellow Creek and about 7.5 km northeast of the City of 

Demopolis, is in the NW¼ of the NE¼ of Section 4, Township 18 North, 

Range 3 East, Demopolis, Alabama USGS 7 .5-minute topographic 

quadrangle sheet. Ten samples (AL-1 through AL-10; figure 34) were 

collected for this study. 

At low water, approximately 1.3 m of the lower unnamed member of the 

Mooreville Chalk, 2.6 m of the Arcola Limestone Member, and 3. 7 m of the 

lower unnamed member of Demopolis Chalk are exposed at the Arcola 

Landing site (figs. 35 and 36). However, the lower unnamed member of the 

Mooreville and the lowermost indurated limestone bed of the Arcola 

Limestone Member are typically inundated by the river at this locality. Before 

construction of the Demopolis Lock and Dam and at the time the type section 

was originally described by Stephenson and Monroe (1938), at least 4 m of 

the lower unnamed member were exposed at the site. 

At Arcola Landing, the lower unnamed member of the Mooreville can be 

characterized as light to medium bluish gray, massive-bedded, blocky-



1 km 
Contour interval = 10 feet 

Figure 33.--Arcola Landing Site, Hae County, Alabama. 
Enlargement of portion of Dempolis, Alabama USGS 7.5 
minute topographic quadrangle, Township 18 North, Range 
3 East. 
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Figure 34.--Measured section of Arcola Landing site showiig samples 
collected for this study (modified from Smith, 1996). 
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Figure 35.--Arcola Landing site. 

Figure 36.--Extremely fresh exposure of the Arcola Limestone 
Member near the Arcola Landing site. 
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fracturing, slightly glauconitic, slightly silty and fossiliferous, bioturbated 

chalky marl. The unit is sharply but conformably overlain by the Arcola 

Limestone Member. 
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Three indurated limestone beds are present in the Arcola Limestone 

Member at the Arcola Landing site (figs. 34, 35, and 36). The lowermost of 

these is approximately 0.85 m thick, the middle unit about 0.4 m thick, and the 

uppermost approximately 0.51 m thick. These consist of typical Arcola 

limestone and are pervasively bored with Thalassinoides. The uppermost 

surface of the upper Arcola limestone bed is characterized by the presence of 

rounded phosphatized pebbles and cobbles of typical Arcola limestone 

lithology up to 7.5 cm in diameter (fig. 37). 

The lower and upper marl units that separate the Arcola limestone beds 

are 0.56 m and 0.15 m in thickness, respectively. The lower bed consists of 

greenish gray, massive-bedded, blocky-fracturing, highly bioturbated, silty, 

chalky marl, whereas the upper bed can be characterized as greenish gray, 

highly bioturbated, glauconitic, phosphatic, chalky marl. 

The lowermost part of the lower unnamed member of the Demopolis 

Chalk conformably overlies the Arcola Limestone Member. This unit consists 

of greenish gray, massive-bedded, blocky-fracturing, slightly silty, glauconitic, 

micaceous chalky marl. The lowermost few centimeters of the Demopolis is 

abundantly fossiliferous. 



Figure 37.--Phosphatized hardground developed on the upper
most Arcola Limestone Member indurated limestone bed at the 
Arcola Landing site. 
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Hatcher Bluff Site 

Hatcher Bluff is a precipitous north- and northeast-facing cliff along the 

southern and southwestern bank of a sharply southeastern verging bend 

(Blackwell Bend) in the Alabama River in Dallas County, Alabama, and offers 

an excellent exposure of the uppermost part of the lower unnamed member of 

the Mooreville Chalk, the entire Arcola Limestone Member, and the lower part 

of the lower unnamed member of the Demopolis Chalk. The exposure at this 

site (fig. 38) extends through the NE ¼ of Section 35 southeastward to the 

east-central part of Section 36, Township 16 North, Range 1 0 East, Blackwell 

Bend, Alabama 7.5-minute USGS topographic quadrangle (provisional). The 

Hatcher Bluff site is approximately 10.5 km south of the City of Selma, Dallas 

County, Alabama. Twenty-three samples (HB-1 through HB-23) were 

collected at this site for this study (fig. 39). 

At the Hatcher Bluff site, more than 30 m of the lower unnamed member 

of the Mooreville Chalk, approximately 4.5 m of the Arcola Limestone 

Member, and about 7 m of the lower unnamed member of the Demopolis 

Chalk (at the position on the bluff where the section was measured; up to 

14 m are present locally along the bluff) are exposed in the bluff (figs. 40 and 

41 ). For the purposes of this study, only the upper several meters of the lower 

unnamed member of the Mooreville, the Arcola Limestone Member interval, 

and the lower few meters of the Demopolis Chalk are considered. The lower 

unnamed member of the Mooreville consists primarily of olive gray, massive-



1 km 
Contour interval = 10 feet 

Figure 38.--Hatcher Bluff site, Dallas County, Alabama. 
Enlargement of portion of Blackwell Bend, Alabama USGS 
7.5 minute topographic quadrangle, Township 16 North, 
Range 1 0 East. 
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Figure 40.--Hatcher Bluff site. 

Figure 41 .--Hatcher Bluff Site. 



bedded, blocky-fracturing, slightly silty, micaceous, and fossiliferous, 

bioturbated chalky marl. This unit sharply, but conformably, underlies the 

Arcola Limestone Member. 
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At Hatcher Bluff, the Arcola Limestone Member attains its maximum 

known thickness of about 4.5 m, and consists of four indurated limestone 

beds with intervening marl units (fig. 41 ). In stratigraphically ascending order, 

the limestone beds are approximately 0.9 m, 0.3 m, 0.45 m, and 0.75 m thick, 

and are typical of the Arcola Limestone Member throughout the study area 

(i.e., Tha/assinoides-bored calcisphere packstone/wackestone with minor 

molds and casts of inoceramids). The associated marl beds consist primarily 

of greenish gray, slightly fossiliferous, bioturbated chalky marl, In 

stratigraphically ascending order, the three marl beds are approximately 0.7 

m, 0.8 m, and 0.4 m thick. 

At the Hatcher Bluff site, the Arcola Limestone Member is conformably 

overlain by the lower unnamed member of the Demopolis Chalk. The basal 1 

m of the Demopolis is typical of the unit at the other localities, i.e., olive gray 

to gray, massive-bedded, bioturbated, slightly silty and fossiliferous, chalky 

marl. Above this basal 1 m of section, the overlying Demopolis becomes 

significantly sandier and more micaceous. Smith (1995) reported an 80 cm 

thick zone of phosphatic steinkerns of molluscan macrofossils above the 

sandy Demopolis interval (fig. 39), which he believed to be unrelated to the 
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two thin zones of phosphatic steinkerns observed at Tibbee Creek, Noxubee 

River, and Swilleys Bend. 

Laboratory Results 

Petrographic Data 

All samples collected for this study were examined in hand specimen with 

the aid of a binocular microscope and in thin section using a petrographic 

microscope. Hand specimen descriptions are provided in Appendix 1. Note 

that in these descriptions, the samples are classified by the general generic 

terms used throughout this work, i.e., limestone and marl. 

Thin-section study shows that the major constituents of the marl units are 

matrix, which consists of a mixture of carbonate micrite and clay-size 

terrigenous elastic detritus; foraminifera tests, the chambers of which are 

generally partially to fully filled with microcrystalline calcite; macrofossil 

fragments (primarily bivalve fragments and inoceramid prisms); quartz silt; 

very fine to fine-grained quartz sand; glauconite; phosphate; mica (primarily 

muscovite); and sulfides (pyrite or marcasite). The limestones consist of 

carbonate micrite matrix; calcispheres; microcrystalline calcite cement; 

foraminifera tests the chambers of which are generally partially to fully filled 

with microcrystalline calcite; macrofossil fragments (primarily bivalve 

fragments and inoceramid prisms); minor clay-sized terrigenous elastic 
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detritus; minor glauconite; very minor quartz sand; minor sulfides (pyrite or 

marcasite); and minor phosphate. Both limestones and marls are 

characterized by their overall fine-grained nature. Except for isolated bivalve 

shell fragments, components that are over 200 µm in length in the long 

dimension are exceedingly rare in the Arcola Limestone Member interval. 

The descriptive data for thin sections are provided in Appendix 2. In the 

thin section descriptions, rocks containing >50% CO3 (by carbonate content 

determination analysis) are classified in the textural carbonate classification 

scheme of Dunham (1962), in addition to the generic limestone-marl scheme. 

Predominately fine-grained rocks containing <50% CO3 are generally 

classified as claystones. 

Limestone Beds 

The indurated limestone beds of the Arcola Limestone Member of the 

Mooreville Chalk range in thickness from a few centimeters to approximately 

1 meter and are generally yellowish gray to very light gray in color on 

weathered surfaces (fig. 42) and dark gray when fresh. The limestones 

consist primarily of extensively bored, calcisphere (Pithonella spherica) 

wackestone and packstone containing minor foraminifera and mollusk 

fragments (mainly inoceramids) and few other allochemical constituents. 

Borings are generally sharp walled and have circular cross sections, 

indicating early marine cementation and little compaction of the Arcola hard 

beds. Frey and Bromley (1985) reported that burrow structures in the Arcola 



Figure 42.--Hand speciman of typical Arcola Limestone Member indurated limestone bed. 
Note inceramid mold. 

.... 
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hardbeds consist primarily of Thalassinoides paradoxicus with rare 

Chondrites sp. 
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Matrix is composed predominately of carbonate micrite admixed with 

minor clay-sized terrigenous elastic material. Examination of prepared 

calcareous nannofossil smears from the limestone beds indicate that 

nannofossils are abundant as part of the micritic fraction. Calcium carbonate 

content for the limestone beds averages over 90 percent and generally 

increases from west to east across the study area. 

Petrographic microscopy of thin sections of the Arcola limestone beds 

reveals that the calcispheres are typically spherical, 40-60 microns 

(occasionally up to 120 microns) in diameter, and are characterized by a 

single, originally hollow chamber (fig. 43). The calcispheres have single-layer, 

micritic walls that are typically 3-15 microns thick, averaging approximately 10 

microns. Chambers are generally filled with microcrystalline calcite cement, 

but chambers partially to completely filled with pyrite or marcasite are also 

observed, as well as are rare open chambers. Electron microscopy of a single 

calcisphere from the Arcola Limestone Member in Mississippi by Johnson 

(1976) shows that the surface structure consists of rows of calcite crystals 

radiating from a slit-like aperture in the calcisphere wall (fig. 44). 

Early stabilization of the limestone units is indicated by the trace fossil 

evidence noted above and the fact that crushed calcispheres are extremely 

rare. It would be expected that shattering of these thin-walled components 



Figure 43.--Thin-section photomicrograph of calcisphere packstone 
from the Arcola Limestone Member, Noxubee River site. 
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Figure 44.--Scanning electron photomicrograph of calcisphere from the 
Arcola Limestone Member, Sumter County, Alabama (from Johnson, 
1976). 



would be ubiquitous owing to burial compaction unless stabilized by 

cementation before significant overburden loading. 

Intervening Marl Beds 

The softer intervening marl beds are lithologically very similar to the 

underlying marls of the Mooreville Chalk and overlying marls of the 
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Demopolis Chalk (fig. 45). These rocks are generally darker (olive gray to 

bluish gray) than the limestone beds and have matrix consisting of varying 

proportions of carbonate micrite and clay-sized terrigenous elastic material 

(fig. 46). The micritic component is composed primarily of calcareous 

nannofossil debris. Other components include varying amounts of glauconite, 

phosphate, marcasite or pyrite, quartz silt, very fine to fine quartz sand, 

muscovite mica, planktonic and benthonic foraminifera, and finely fragmented 

fossil material (primarily bivalves). Of special note is the fact that calcispheres 

are generally absent in the marl units associated with the Arcola limestone 

beds. The microfossil assemblages of calcareous nannoplankton and 

planktonic and benthonic foraminifera are abundant and diverse in these beds 

(Smith and Mancini, 1982; Palmer, 1986). 

A few body fossils or large fossil fragments of inoceramids, ostreids, 

pycnodontids, serpulids, grypheas, exogyras, baculitids, and ammonites have 

been documented (Frey and Bromley, 1985; C.C. Smith, personal 

communication, 1998) from the marl beds. However, observations from the 



Figure 45.--Hand speciman from typical marl bed of the Arcola 
Limestone Member. 

Figure 46.--Thin-section photomicrograph of typical marl of the Arcola 
Limestone Member, Noxubee River site. 
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present study indicate that these large elements are not present in any 

abundance and the marls are characterized by their overall fine grained 

nature. Shark and reptile teeth, fish and reptile bones, and rudistid bivalve 

fragments have also been recovered from these units (Palmer, 1986). The 

marls are pervasively burrowed and have a general mottled appearance in 

hand specimen. lchnogenera present include Thalassinoides paradoxicus 

with rare traces of Chondrites sp. (Frey and Bromley, 1985). 

Underlying Lower Unnamed Member of the Mooreville Chalk 
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In general, sediments of the lower unnamed member of the Mooreville 

Chalk immediately underlying the Arcola Limestone Member consist of olive 

gray to bluish gray (when unweathered) to yellowish gray or very light gray 

(when weathered), massive-bedded, blocky-fracturing, micaceous, silty marl 

that varies in the relative content of clay-sized terrigenous elastic detritus and 

carbonate micrite. These sediments consist largely of an abundant and 

diverse assemblage of calcareous nannofossils and foraminifera (Smith, 

1995) and nannofossil debris makes up a large proportion of the micritic 

fraction. Other components include varying amounts of glauconite, 

phosphate, marcasite or pyrite nodules, very fine- to fine-grained quartz sand, 

and finely fragmented fossil material (primarily bivalves). In general, there is a 

gradational increase in glauconite content in the Mooreville sediments from 

approximately 1 .5 meters below the contact with the Arcola Limestone 
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Member upward. Again, whole body fossils and large fragments are generally 

rare in the upper part of the Mooreville examined in the present study, but the 

sediments immediately below the Arcola generally contain taxa similar to 

those found in the Arcola (Frey and Bromley, 1985). 

The Mooreville sediments are pervasively burrow-mottled, but individual 

burrow structures are indistinct and often distorted. The most prominent 

ichnofossils in the lower unnamed member of the Mooreville include 

Thalassinoides suevicus and Chondrites sp., with Thalassinoides 

paradoxicus, Teichichnus rectus, and T. zigzag being of lesser importance 

(Frey and Bromley, 1985). 

Overlying Lower Unnamed Member of the Demopolis Chalk 

The lower part of the lower unnamed member of the Demopolis Chalk 

consists of marl that is, for the most part, indistinguishable from that of the 

Mooreville Chalk, and, in general, shares the characteristics discussed above. 

At most localities, the lower Demopolis is characterized by two thin, 

discontinuous zones of phosphatic mollusk (bivalves, gastropods, 

cephalopods) steinkerns, fish and reptile bone fragments and teeth, and 

reworked fragments of the Arcola Limestone Member of the Mooreville Chalk 

(Monroe, 1941; Smith, 1995). The level of the lowermost phosphatic zone 

varies from about 0.5 to 1.5 meters above the uppermost limestone bed of the 

Arcola. Stephenson and Monroe (1938) considered the phosphatic zones to 
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represent a prominent unconformity, but no distinct physical surface 

associated with the zones has been observed by the present author or his co

workers (Mancini and others, 1996). Mancini and others (1996) interpreted 

the phosphatic zones as transgressive lag deposits. 

Effects of Diagenesis 

The primary diagenetic alteration that affected the Arcola Limestone 

interval was the early cementation of calcisphere limestone beds, which was 

predominately the result of infilling of the open calcisphere chambers with 

microcrystalline calcite cement. Several lines of evidence have been 

presented above that indicate early lithification of the limestone units, 

including trace fossil evidence, the fact that crushed calcispheres are not 

observed, and the observation of water-worn and rounded pebbles and 

cobbles of Arcola lithology in strata directly above the unit, among others. 

Further, as will be detailed below, there is a significant difference in the 

813C signature of the indurated limestones relative to the associated marl 

units. The limestones are typical isotopically lighter (1 3C depleted) than the 

marls. This is a common phenomenon that has been recognized in 

rhythmically bedded Cretaceous limestone-marl alternations (Pratt, 1984; 

1985; Barron and others, 1985) and can be linked to the post-depositional 

introduction into the limestones of isotopically light carbonate cements 

(Scholle and Arthur, 1980; Barron and others, 1985). Oxidation of organic 
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matter in sediments provides highly 12C-enriched dissolved carbon ( ~ -23%a) to 

the system which can contribute to 13C-depleted carbonate cements (Scholle 

and Arthur, 1980). Einsele and Ricken (1991) noted that initial deposition 

values of 813C can shift to lighter compositions during early diagenesis due to 

the fact that early cementation involves dissolved carbon associated with the 

degradation of organic matter, which is enriched in 12C. Further, they pointed 

out that this effect is more pronounced when marl beds in a rhythmic interval 

are enriched in organic matter. Thus, the indurated limestones of the Arcola 

Limestone Member most likely exhibit light 813C signatures due to the 

influence of the biochemical degradation of organic matter and introduction of 

12C-enriched carbonate cement. 

The cyclostratigraphic effect of cementation and lithification of the Arcola 

Limestone Member calcisphere beds is an accentuation of the primary 

rhythmicity observed in the unit, especially in weathered exposure. The 

limestone units are more resistant to weathering than the associated softer 

marls and, thus, form a weathering profile of protruding limestone ledges, 

interbedded with recessed intervals of marl. 

Geochemical Analysis Results 

Carbonate Determination Results.--The results of carbonate content 

determination analysis conducted on samples from this study are tabulated in 

Table 1. Carbonate data, along with TOC data, for each site studied are 



Table 1.--Carbonate, total organic carbon, and stable isotope data. 118 

Site Sample CaC03 TOC 813c 8180 

Number (wt.%) (wt. %) 

Tibbee TC-1 38.15 1.06 1.35 -2.27 
Creek TC-2 44.84 0.74 

TC-3 47.07 0.81 1.09 -2.73 
TC-4 43.34 0.49 
TC-5 49.84 0.52 1.14 -2.70 
TC-6 45.38 0.65 
TC-7 87.54 0.24 -1.45 -2.00 
TC-8 64.44 0.58 
TC-9 55.77 0.77 1.05 -2.59 
TC-10 83.24 0.37 -0.85 -2.58 
TC-11 60.44 0.63 
TC-12 64.72 0.63 0.97 -2.60 
TC-13 74.12 0.51 
TC-14 65.76 0.54 1.25 -2.13 
TC-15 73.48 0.5 
TC-16 68.28 0.85 0.88 -2.83 
TC-17 51.09 0.93 
TC-18 68.04 0.58 0.65 -2.93 

Noxubee NR-1 54.03 0.93 1.49 -2.26 
River NR-2 50.94 0.88 

NR-3 60. 14 0.61 1.42 -2.43 
NR-4 58.33 0.49 
NR-5 57.85 0.74 1.60 -2.24 
NR-6 92.39 0.28 
NR-7 95.43 0.16 -0. 11 -1.59 
NR-8 74.63 0.6 
NR-9 76.77 0.82 1.55 -2.05 
NR-10 66.35 1.13 
NR-11 91.21 0.43 
NR-12 98.50 0.09 0.85 -2.81 
NR-13 96.84 0.14 
NR-14 88.03 0.26 
NR-15 70.44 1.01 1.47 -2.10 
NR-16 63.71 0.85 
NR-17 67.53 0.68 1.45 -2.67 
NR-18 73.86 0.59 
NR-19 72.39 0.65 1.37 -2.83 
NR-20 71.65 0.69 



Table 1.--Carbonate, total organic carbon, and stable isotope data 
(continued). 

Site Sample CaC03 TOC s 13c 8180 

Number (wt. %) (wt %) 

Swilleys SB-1 56.23 0.48 1.20 -2.79 
Bend SB-2 63.29 0.61 

SB-3 49.27 0.91 1.44 -2.19 
SB-4 55.49 0.69 
SB-5 67.41 0.42 1.37 -2.21 
SB-6 92.83 0.31 
SB-7 96.05 0.14 -0.1 3 -1.83 
SB-8 73.13 0.65 1.76 -1.89 
SB-11 85.41 0.45 1.16 -1 .98 
SB-12 72.87 0.69 1.72 -1.90 
SB-1 0 91.40 0.51 
SB-13 98.33 0.08 0.28 -2.75 
SB-14 94.31 0.19 
SB-15 70.84 0.85 1.80 -1.63 
SB-16 71.19 0.61 
SB-17 72.79 0.66 1.44 -2.74 
SB-18 74.79 0.62 
SB-19 81.47 0.4 0.88 -2.31 
SB-20 61.12 0.73 

Arcola AL-1 71.51 0.81 1.68 -2.09 
Landing AL-2 80.61 0.52 

AL-3 92.46 0.27 0.55 -2.40 
AL-4 82.49 0.39 
AL-5 74.37 0.63 1.47 -2.53 
AL-6 97.66 0.18 1.41 -3.05 
AL-7 70.05 0.68 
AL-8 60.69 0.62 1.42 -2.23 
AL-9 64.50 0.59 
AL-10 68.35 0.39 0.91 -1.62 

Hatcher HB-1 66.45 0.56 
Bluff HB-2 78.84 0.29 -0.54 -2.30 

HB-3 64.88 0.65 
HB-4 45.00 0.65 1.60 -2.07 
HB-5 91.79 0.35 
HB-6 59.73 0.76 
HB-7 54.26 0.54 1.26 -2.08 
HB-8 61 .20 0 .82 1.31 -2.27 
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Table 1.--Carbonate, total organic carbon, and stable isotope data 
(continued). 

Site Sample CaC03 TOC 313c 8180 
Number (wt. %) (wt.%) 

Hatcher HB-9 78.05 0.61 
Bluff HB-10 64.73 0.58 1.52 -1.91 

HB-11 67.29 0.61 
HB-12 96.50 0.19 -0.23 -1.51 
HB-13 62.89 0.86 
HB-14 69.23 0.94 1.85 -1.64 
HB-15 98.51 0.12 -0.04 -1.47 
HB-16 45.90 0.68 1.79 -1.69 
HB-17 87.12 0.33 
HB-18 97.65 0.24 -0.52 -1.84 
HB-19 77.95 1.01 
HB-20 58.81 0.66 1.48 -2.38 
HB-21 60.79 0.61 
HB-22 56.31 0.59 1.29 -2.56 
HB-23 43.47 0.66 
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presented graphically on figures 47, 48, 49, 50, and 51. Statistical analysis 

data are given in Appendix 3. 
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General Discussion of Carbonate Determination Results.-Of the sites 

studied, the mean of all samples from the Tibbee Creek site reveals the 

lowest carbonate content of 60.31 % (range 38.15% to 87.54%). The two 

indurated limestone beds at Tibbee Creek have a mean carbonate content of 

85.39%, whereas the marl units of the lower unnamed member of the 

Mooreville, the Arcola Limestone Member, and the lower unnamed member 

of the Demopolis have a mean of 57.17% (range 38.15% to 74.12%). 

Application of the F- and t-tests to the Tibbee Creek data indicates that there 

is no reason to assume an inequality of variances between the limestone and 

marl data subsets (H
0 

accepted for the F-test) and that the difference in 

means between the two is significant at the 1 % (a= 0.01) level of significance 

(H
0 

rejected for the t-test). 

When the marl units of the Mooreville Chalk, Arcola Limestone Member, 

and Demopolis Chalk at the Tibbee Creek site are considered separately, 

several observations can be made. The Mooreville marls exhibit the lowest 

carbonate content (mean= 44.77%, range 38.15% to 49.84), whereas the 

Arcola Limestone Member and Demopolis marls have mean contents of 

60.11 % and 65.74%, respectively (ranges of 55.77% to 64.44% and 51.09% 

to 7 4.12%, respectively). At the 1 % level to significance, the difference in 

means between the Mooreville marls and both the Arcola Limestone Member 
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marls and the Demopolis marls is significant. The difference between the 

Arcola marls and those of the Demopolis is insignificant at both the 1 % and 

5% levels. 

Mean carbonate content for all samples increases to 74.05% (69.25% if 

multiple samples from each limestone bed are averaged into one number per 

bed) at the Noxubee River site (range 50.94% to 98.50%), whereas the mean 

carbonate content for limestones and marls increases to 93.73% and 65.61 %, 

respectively (ranges 88.03% to 98.50% and 50.94% to 76.77%, respectively). 

The F-test indicates no reason to assume inequality in variances and the 

difference in means is significant at the a= 0.01 significance level. 

At the Noxubee River site, the Mooreville marls have a mean carbonate 

content of 56.26% (range 50.94% to 60.14%), samples from the Arcola marl 

have a mean content of 72.58% (range 66.35% to 76.77%), and the 

Demopolis marls have a mean content of 69.93% (range 63.71 % to 73.86%). 

Application of the F-test does not indicate a reason to assume inequality of 

variances and, as at the Tibbee Creek site, the t-tests indicate that the 

difference in mean carbonate content for the Mooreville marls is signicantly 

different from that of either the Arcola Limestone Member marl or the 

Demopolis marls at the 1 % level of significance, whereas there is no 

significant difference between the Arcola and Demopolis marls at either the 

1 % or 5% level. 
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At the Swilleys Bend site, the mean carbonate content for all samples is 

76.27% (71.53% when limestones are averaged as above), whereas the 

mean for limestones is 93.06 and for marls is 66.92%. Again, the variances 

are assumed to be equal and the difference in means is significant at a = 

0.01. The ranges of carbonate content are 49.27% to 98.33% for all samples, 

85.41 % to 98.33% for limestones, and 49.27% to 81.47% for marls. 

The difference in means between the Mooreville marls and the Demopolis 

marls is significant at the 1 % level at the Swilleys Bend site. The difference 

between the Mooreville marls and the Arcola Limestone Member marls is 

insignificant at the 1 % level of significant, but significant at the 5% level. 

There is no significant difference between the Arcola marls and the 

Demopolis marls at either level. At the Swilleys Bend site, the Mooreville 

marls have a mean carbonate content of 58.33% (range 49.27% to 67.41 %), 

the Arcola marls have a mean content of 73.00% (range 72.87% to 73.13%), 

and the Demopolis mean content is 72.03% (range 61.12% to 81.47%). 

At the Arcola Landing site, mean carbonate content for all samples is 

76.27% (range 60.69% to 97.66%). The indurated limestone beds have a 

mean of 95.06% (range 92.46% to 97.66%), whereas the associated marls 

have a mean of 71.57% (range 60.69% to 82.49%). Assuming equal 

variances, the difference in means is significant at the 1 % level of 

significance. 
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At the Arcola Landing site, the Arcola Limestone Member marls have a 

mean carbonate content of 77.24% (range 71.51 % to 82.49%) and the mean 

content of the Demopolis marls is 65.89% (range 60.69% to 70.05%). The 

difference in means between the two is not significant at the 1 % level, but is 

significant at the 5% level of significance. 

Mean carbonate content for all samples decreases at the Hatcher Bluff 

site to 69.02% (67.95% if averages for each limestone bed are used), with a 

range from 43.47% to 98.51 %. The four indurated limestone beds have a 

mean carbonate content of 91.56% (range 78.05% to 98.1 %) and the 

associated marls have a mean of 62.75% (range 43.47% to 91.79%). The F

test indicates no reason to assume inequality in variances and the difference 

in means is significant at the a= 0.01 significance level. If the lowermost 

Arcola Limestone Member indurated bed, which is relatively impure (78.05% 

CaCO
3
), is removed from this analysis, the mean carbonate content of the 

limestone units increases to 94.94%. 

At Hatcher Bluff, the mean carbonate content of the Mooreville marls is 

66.85% (range 45.00% to 91.79%). The Arcola Limestone Member marls 

have a mean content of 62.01 % (range 45.90% to 69.23%), whereas the 

Demopolis marls have a mean content of 59.47% (range 43.47% to 77.95%). 

There is no significant difference between these means at either the 1 % or 

5% level of significance. 



When carbonate data for all samples analyzed for this study are 

considered collectively, the mean content is 70.5% (range 38.15 % to 
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98.51 %). Marls have a mean carbonate content of 63.85% (range 38.15% to 

91.79%), whereas limestones exhibit a mean content of 92.36% (range 

78.05% to 98.51 %). Application of the F-test to the data subsets leads to the 

rejection of the null hypothesis of equal variances and, therefore, the t-test 

assuming unequal variances is the appropriate test for analyses of the 

equality of means. This test indicates that the carbonate contents of 

limestones and marls are significantly different at the 1 % (a= 0.01) level of 

significance. 

When all samples from the Mooreville marls are considered collectively, 

the mean carbonate content is 56.63% (range 38.15% to 91.79%). The Arcola 

marls have a mean carbonate content of 68.94% (range 45.90% to 82.49%), 

whereas the Demopolis marls have a mean content of 66.84% (range 43.47% 

to 81'.47%). The appropriate t-tests indicate that the difference in means 

between the Mooreville and both the Arcola and Demopolis marls is 

significant at the 1 % level, whereas there is no significant difference between 

the Arcola and Demopolis marls at either the 1 % or 5% levels of significance. 

Carbonate Data Summary. -- In summary, there is an overall increase in 

carbonate content from the westernmost site studied, Tibbee Creek in eastern 

Mississippi, to the Arcola Landing site in west-central Alabama. To the east of 

Arcola Landing, there is a decrease in carbonate content at the Hatcher Bluff 



site in central Alabama. These trends are apparent in both indurated 

limestones and associated marls. 
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For the Mooreville marls, there is a progressive eastward increase in 

mean carbonate content from the westernmost site, Tibbee Creek (45%), to 

the easternmost, Hatcher Bluff (66%). For the Arcola and Demopolis marls, 

the mean carbonate content is lowest at these two sites and increases toward 

the central part of the study area (highest mean values at Arcola Landing and 

Swilleys Bend, respectively). 

At each site, application of standard statistical tests indicates a significant 

difference (a= 0.01) in the carbonate content of the indurated limestones 

relative to the associated marl beds. This observation is also true when all 

samples are considered collectively. Except for the easternmost site, Hatcher 

Bluff, the mean carbonate values for the Mooreville marls are significantly 

different from those of the Arcola Limestone Member and Demopolis marls. 

The mean difference between the Arcola marls and the Demopolis marls is 

generally insignificant. 

Total Organic Carbon Determination Results.-- The results of TOC content 

determination analysis conducted on samples from this study are tabulated in 

Table 1. These data are presented in graphic form on figures 47, 48, 49, 50, 

and 51. 

General Discussion of Total Organic Carbon Determination Results.

Several general observations can be made to characterize the results of TOC 
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content determination from samples collected for this study. Of the sites 

studied, the mean of all samples from the Tibbee Creek site reveals the 

highest TOC content, 0.63% (range 0.24% to 1.06%). The two indurated 

limestone beds at Tibbee Creek have a mean TOC content of 0.31 % (range 

0.24% to 0.37%), whereas the marl units of the lower unnamed member of 

the Mooreville, the Arcola Limestone Member, and the lower unnamed 

member of the Demopolis have a mean of 0.67% (0.49% to 1.06%). 

Application of standard F- and t-tests indicates that this difference in TOC 

means between the limestones and marls is significant at the 1 % level of 

significance (a= 0.01 ). 

At the Tibbee Creek site, the Mooreville marls have a mean TOC content 

of 0.71 % (range 0.49% to 1.06%), the Arcola Limestone Member marl has a 

mean content of 0.68% (range 0.58% to 0.77%), and the Demopolis marls 

have a mean content of 0.65% (range 0.50% to 0.93%). These differences in 

means are not significant at either the 1 % or 5% levels of significance. 

Mean TOC content for all samples decreases to 0.60% (increases to .70% 

if multiple samples from each limestone bed are averaged into one number 

per bed) at the Noxubee River site (range 0.09% to 1.13%), whereas the 

mean TOC content for limestones decreases to 0.23% (range 0.09% to 0.43) 

and for marls increases to 0.76% (0.49% to 1.13%). The F-test indicates no 

reason to assume inequality in variances and the difference in means is 

significant at the a= 0.01 significance level. 
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At the Noxubee River site, the Mooreville marls have a mean TOC content 

of 0.73% (range 0.49% to 0.93%), the Arcola Limestone Member marl has a 

mean content of 0.85% (range 0.60% to 1.13%), and the Demopolis marls 

have a mean content of 0.75% (range 0.59% to 1.01 %). These differences in 

means are not significant at either the 1 % or 5% levels of significance. 

At the Swilleys Bend site, the mean TOC content for all samples is 0.53% 

(range 0.08% to 0.85%), increasing slightly to 0.57% when limestones are 

averaged as above. The mean for limestones is 0.28% (range 0.08% to 

0.51 %) and for marls is 0.64% (range 0.40% to 0.85%). Application of the F

test to these data indicates equality of variances in the subsets and the 

difference in means is significant at the a= 0.01 significance level. 

At the Swilleys Bend site, the Mooreville marls have a mean TOC content 

of 0.62% (range 0.42% to 0.91 %), the Arcola Limestone Member marls have 

a mean content of 0.67% (range 0.65% to 0.69%), and the Demopolis marls 

have a mean content of 0.65% (range 0.40% to 0.85%). These differences in 

means are not significant at either the 1 % or 5% levels of significance. 

At the Arcola Landing site, mean TOC content for all samples is 0.51 % 

(range 0.18% to 0.81 %). The indurated limestone beds have a mean of 

0.23% (range 0.18% to 0.27%), whereas the associated marls have a mean 

of 0.58% (range 0.39% to 0.81 ). The F-test indicates no reason to assume 

inequality in variances and application of the t-test indicates that the 



difference in means is insignificant at the a= 0.01 significance level. The 

difference, however, is significant at the 5% level of significance. 
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At the Arcola Landing site, the Arcola Limestone Member marls have a 

mean TOC content of 0.59% (range 0.39% to 0.81 %) and the mean content 

of the Demopolis marls is 0.57% (range 0.39% to 0.68%). This difference in 

means is not significant at either the 1 % or 5% levels of significance. 

Mean TOC content for all samples increases at the Hatcher Bluff site to 

0.58% (range 0.12% to 1.01 %), increasing very slightly to 0.59% when each 

limestone bed is averaged. The four indurated limestone beds have a mean 

TOC content of 0.30% (range 0.12% to 0.61 %) and the associated marls 

have a mean of 0.66% (range 0.29% to 1.01 %). The F-test indicates no 

reason to assume inequality in variances and the difference in means is 

significant at the a= 0.01 significance level. If the lowermost Arcola indurated 

bed, which is relatively impure (78% CO3) and has a high TOC content 

(0.61 %), is removed from this analysis, the mean TOC value of limestones 

decreases to 0.22%. 

At the Hatcher Bluff site, the Mooreville marls have a mean TOC content 

of 0.54% (range 0.29% to 0.76%), the Arcola Limestone Member marls have 

a mean content of 0.73% (range 0.58% to 0.94%), and the Demopolis marls 

have a mean content of 0.71 % (range 0.59% to 1.01 %). These differences in 

means are not significant at either the 1 % or 5% levels of significance. 
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When TOC data for all samples analyzed for this study are considered 

collectively, the mean content is 0.58% (range 0.08% to 1.13%). Marls have a 

mean TOC content of 0.67% (range 0.29% to 1.13%), whereas limestones 

exhibit a mean content of 0.27% (range 0.08% to 0.61 %). Application of the 

F-test to the data subsets leads to the acceptance of the null hypothesis of 

equal variances and, therefore, the t-test assuming equal variances is the 

appropriate test for analyses of the equality of means. This test indicates that 

the TOC contents of limestones and marls are significantly different at the 1 % 

(a= 0.01) level of significance. 

When all samples from the Mooreville marls are considered collectively, 

the mean TOC content is 0.64% (range 0.29% to 1.06%). The Arcola marls 

have a mean TOC content of 0.70% (range 0.39% to 1.13%), whereas the 

Demopolis marls have a mean content of 0.67% (range 0.39% to 1.01 %). The 

appropriate t-tests indicate that these differences in means are insignificant at 

both the 1 % and 5% levels of significance. 

Correlation of Total Organic Carbon and Carbonate.-- As illustrated on 

figures 47, 48, 49, 50, and 51, TOC content of the samples studied at the 

each of the sites varies inversely in a generally systematic way with 

carbonate content. Figure 52 is a plot of these data and shows the regression 

line relating these two components for all samples analyzed in this study. The 

correlation coefficient (R2
) between carbonate and TOC is 0.51 (R = -0.71 ). 
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Thus, a moderately strong (negative) correlation exists between the two data 

sets. 

These data can also be analyzed separately for each of the sites studied. 

These analyses show moderately strong (negative) correlation between TOC 

and carbonate at the Tibbee Creek, Noxubee River, Swilleys Bend, and 

Arcola Landing sites (R2 = 0.46, 0.63, 0.63, and 0.58, respectively) and 

moderate (negative) correlation (R2 = 0.41) at the Hatcher Bluff site (figures 

53, 54, 55, 56, and 57). 

Total Organic Carbon Data Summary.--ln summary, there is a general, 

though not necessarily progressive, decrease in TOC content from the 

westernmost site studied, Tibbee Creek in eastern Mississippi, to the Arcola 

Landing site in west-central Alabama. To the east of Arcola Landing, there is 

an extremely slight increase in TOC content at the Hatcher Bluff site in central 

Alabama. 

The TOC content in the Mooreville marls generally decreases from west to 

east across the study area. There are no apparent trends in TOC content for 

either the Arcola Limestone Member Marls or the Demopolis marls. 

At the Tibbee Creek, Noxubee River, Swilleys Bend, Arcola Landing, and 

Hatcher Bluff sites, the differences in TOC content between indurated 

limestones and associated marls are significant at the 1 % significance level. 

At the Arcola Landing site, the difference is significant at the 5% level. When 

compared against one another, there are no significant differences in the 
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mean T0C contents for the Mooreville, Arcola, and Demopolis marl beds at 

either the 1 % or 5% levels of significance. This is true at each site studied 

and when all samples are considered collectively. There is a general inverse 

relationship evident between T0C and carbonate content in the data from all 

sites combined and for each site individually. 

Whole Rock Stable Isotope Composition Results.-- The results of stable 

isotope analysis conducted on samples from this study are tabulated in Table 

1. These data are presented in graphic form for each site studied on figures 

58, 59, 60, 61, and 62. 

General Discussion of Oxygen Stable Isotope Composition Results.- The 

following general observations can be made to characterize the results of 

oxygen stable isotope composition analysis of samples collected for this 

study. The samples collected at the Tibbee Creek site reveal the lightest 

(most 0 18 deplete) mean 8180 isotopic composition of -2.54%0 (range -2.00%0 to 

-2.93%0). The two indurated limestone beds at Tibbee Creek have a mean 

8180 isotopic composition of -2.29%0 (range -2.00%0 to -2.58%0), whereas the 

marl units of the lower unnamed member of the Mooreville, the Arcola 

Limestone Member, and the lower unnamed member of the Demopolis have 

a mean composition of -2.60%0 (-2.13%0 to -2.93%0). Application of the F-test for 

equality of variance indicates no reason to assume inequality and the t-test 

indicates that the difference in 8180 isotopic composition means between the 

limestones and marls is insignificant at the 1 % level of significance. 
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At the Tibbee Creek Site, the Mooreville marls have a mean 0180 isotopic 

composition of -2.56%0 (range -2.27%0 to -2.73%0), the analyzed sample from 

the Arcola Limestone Member marl has a composition of -2.59%0, and the 

Demopolis marls have a mean composition of -2.62%0 (range -2.13%0 to -

2.93%0). Application of the appropriate t-test indicates that the difference in 

means between the Mooreville and Demopolis marls is insignificant at both 

the 1 % and 5% levels of significance. The statistical tests could not be 

applied to the Arcola marl owing to the fact that only one sample was 

analyzed for o18O isotopic composition. However, the value from this sample 

(-2.59%0) falls between the mean composition values for the Mooreville and 

Demopolis marls and, therefore, is not considered to be significantly different 

than either of these values. 

0180 isotopic composition for the entire sample suite at the Noxubee River 

site is heavier (more 0 18 enriched) than at Tibbee Creek, with a mean 

composition of -2.33%0 (range -1.59%oto -2.83%0). The mean composition for 

limestones is -2.20%0 (range -1.59%0 to -2.81 %0), whereas that of the marls is 

-2.37%0 (-2.05%0 to -2.83%0). Application of the F-test to the data subsets leads 

to the acceptance of the null hypothesis of equal variances and, therefore, the 

t-test assuming equal variances is the appropriate test for analyses of the 

equality of means. This test indicates that the difference in 0180 isotopic 

composition of limestones and marls are insignificant at the 1 % (a= 0.01) 

level of significance. 
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At the Noxubee River Site, the Mooreville marls have a mean 8180 isotopic 

composition of -2.31%0 (range -2.24%0 to -2.43%0), the analyzed sample from 

the Arcola Limestone Member marl has a composition of -2.05%0, and the 

Demopolis marls have a mean composition of -2.53%0 (range -2.10%o to 

-2.83%0). Application of the appropriate t-test indicates that the difference in 

means between the Mooreville and Demopolis marls is insignificant at both 

the 1 % and 5% levels of significance. As at Tibbee Creek, the statistical tests 

could not be applied to the Arcola marl owing to the fact that only one sample 

was analyzed for 8180 isotopic composition. The value from this sample 

(-2.05%0) is isotopically heavy ( 80 enriched) relative to the mean values for the 

Mooreville and Demopolis marls. 

At the Swilleys Bend site, the mean 8180 isotopic composition for all 

samples is -2.20%0 (range -1.63%0 to -2.79%0), the mean for indurated 

limestones is -2.29%0 (range -1.83%0 to -2.75%0), and for marls the mean is 

-2.18%0 (range -1.63%0 to -2.79%0). Application of the F-test for equality of 

variance indicates no reason to assume inequality and the t-test indicates that 

the difference in 8180 isotopic composition means between the limestones 

and marls is insignificant at the 1 % level of significance. 

At the Swilleys Bend Site, the Mooreville marls have a mean 8180 isotopic 

composition of -2.39%0 (range -2.19%0 to -2.79%0), the Arcola Limestone 

Member marls have a composition of-1.89%0 (range -1.89%oto -1.90%0), and 

the Demopolis marls have a mean composition of -2.23%0 (range -1.63%0 to 



-2.74%0). F-tests indicate no reason to assume unequal variances among 

these means and application of the appropriate t-test indicates that the 

difference in means between the marls of the three units is insignificant at 

both the 1 % and 5% levels of significance. 
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At the Arcola Landing site, mean 8180 isotopic composition for all samples 

is -2.32%0 (range -1.62%0 to -2.53%0), a 0.12%0 enrichment relative to the 

Swilleys Bend site. The indurated limestone beds have a mean of -2.72%0 

(range -2.40%0 to -3.05%0), whereas the associated marls have a mean of 

-2.12%0 (range -1.62%0 to -2.53%0). Application of the F-test to the data subsets 

leads to the acceptance of the null hypothesis of equal variances and, 

therefore, the t-test assuming equal variances is the appropriate test for 

analyses of the equality of means. This test indicates that the difference in 

8180 isotopic composition of limestones and marls is insignificant at the 1 % ( a 

= 0.01) level of significance. 

The mean 8180 isotopic composition of the Arcola Limestone Member 

marls at the Arcola Landing site is -2.31%0 (range -2.09%0 to -2.53%0) and the 

mean composition of the Demopolis marls is -1.93%0 (range -1.62%0 to -

2.23%0). Application of the appropriate t-test indicate no significant difference 

between these values. 

The Hatcher Bluff site samples are the isotopically heaviest in terms of 

8180 isotopic composition of the five sites studied. The mean composition of 

these samples is -1.98%0, a 0.34%0 enrichment relative the Arcola Landing 
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sample suite and a 0.56%0 enrichment relative to the Tibbee Creek suite. The 

four indurated limestone beds have a mean 8180 isotopic composition of 

-1.77%0 (range -1.47%0 to -2.27%0) and the associated marls have a mean of 

-2.08%0 (range -1.64%0 to -2.56%0). Application of the F-test for equality of 

variance indicates no reason to assume inequality and the t-test indicates that 

the difference in 8180 isotopic composition means between the limestones 

and marls is insignificant at the 1 % level of significance. 

At the Hatcher Bluff Site, the Mooreville marls have a mean 8180 isotopic 

composition of -2.15%0 (range -2.07%0 to -2.30%0), the Arcola Limestone 

Member marls have a composition of-1.75%0 (range -1.64%0 to -1.91%0), and 

the Demopolis marls have a mean composition of -2.47%0 (range -2.38%0 to 

-2.56%0). F-tests indicate no reason to assume unequal variances among 

these means. Application of t-tests indicates that the mean composition for 

the Arcola marls differs significantly from the mean compositions of either the 

Mooreville or Demopolis marls at the 5% level of significance. The differences 

are not significant at the 1 % level. There is no significant difference between 

the means of the Mooreville and Demopolis marls at either the 1 % or 5% 

levels of significance. 

When 8180 isotopic composition data for all samples analyzed for this 

study are considered collectively, the mean composition is -2.25%0 (range 

-1.47%0 to -3.05%0). Marls have a mean 8180 isotopic composition of-2.28%0 

(range -1.62%0 to -2.93%0), whereas limestones exhibit a mean composition of 
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-2.18%0 (range -1.47%0 to -3.05%0). Application of the F-test to the data subsets 

leads to the acceptance of the null hypothesis of equal variances and, 

therefore, the t-test assuming equal variances is the appropriate test for 

analyses of the equality of means. This test indicates that the 8180 isotopic 

composition of limestones and marls are insignificant at the 1 % (a= 0.01) 

level of significance. 

When all samples from the Mooreville marls are considered collectively, 

the mean 8180 isotopic composition is -2.36%0 (range -2.07%0 to -2.79%0). The 

Arcola marls have a mean composition of -2.03%0 (range -1.64%0 to -2.59%0), 

whereas the Demopolis marls have a mean content -2.40%0 (range -1.62%0 to 

-2.93%0). Application of the appropriate t-tests indicates that the mean 

composition of the marls of the Arcola Limestone Member is significantly 

different from both the Mooreville and Demopolis marls at the 5% level of 

significance. These differences in means are not significant at the 1 % level. 

There is no significant difference in the mean composition between the 

Mooreville and Demopolis marls. 

Correlation of Oxygen Stable Isotope Composition and Carbonate.

Figure 63 is a plot of carbonate versus 8180 isotopic composition for samples 

from all five sites studied in this work. As shown, there is no correlation 

between these two parameters (R2 = 0.02) when the are considered 

collectively. When the sites are considered individually, there are some 

discrepancies among the data. The Tibbee Creek (fig. 64), Noxubee River 
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(fig. 65), and Swilleys Bend (fig. 66) sites show no correlation between 8180 

isotopic composition and carbonate content (R2 = 0.04, 0.01, and 0.01, 

respectively). Although the Arcola Landing data indicate a moderate 

correlation (R2 = 0.5) and the Hatcher Bluff data indicate weak correlation (R2 

= 0.3), the relationship at Arcola Landing is negative, whereas at Hatcher 

Bluff, it is positive (figs. 67 and 68). Thus, the overall lack of correlation 

indicated on figure 65 for all sites combined is valid. 

Oxygen Stable Isotope Composition Data Summary.--ln summary, there is 

a progressive 8180 enrichment eastward from the westernmost site studied, 

Tibbee Creek in eastern Mississippi, to the Hatcher Bluff site in central 

Alabama. In addition, the Mooreville and Arcola Limestone Member marls 

both show a general trend toward heavier values (8180 enrichment) from west 

to east. There is no apparent trend in 8180 composition of the Demopolis 

marls. 

At all sites, the differences in the 8180 isotopic composition between 

indurated limestones and associated marls are insignificant at the 1 % 

significance level. This is also true when all samples are considered 

collectively. 

At the Hatcher Bluff site, there is a significant difference (5% level of 

significance) in the mean 8180 composition of the Arcola Limestone Member 

marls when compared to either the Mooreville or Demopolis marls. This 
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relationship is also observed the samples from each of the sites are 

considered collectively. 
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Regression analysis indicates no correlation between carbonate content 

and 8180 isotopic composition when samples from the sites studied are 

considered collectively. The data are equivocal when the sites are considered 

individually. 

General Discussion of Carbon Stable Isotope Composition Results.- The 

following general observations can be used to characterize the results of 

carbon stable isotope composition analysis of samples collected for this 

study. The samples collected at the Tibbee Creek site exhibit the lightest 

(most C13 deplete) mean 813C isotopic composition of 0.61%0 (range -1.45%0 to 

1.35%0). The two indurated limestone beds at Tibbee Creek have a mean 813C 

isotopic composition of -1.15%0 (range -0.85%0 to -1.45%0), whereas the marl 

units of the lower unnamed member of the Mooreville, the Arcola Limestone 

Member, and the lower unnamed member of the Demopolis have a mean 

composition of 1.05%0 (0.65%0 to 1.35%0). Application of the F-test for equality of 

variance indicates no reason to assume inequality and the t-test indicates that 

the difference in 813C isotopic composition means between the limestones and 

marls is significant at the 1 % level of significance. 

At the Tibbee Creek Site, the Mooreville marls have a mean 813C isotopic 

composition of 1.19%0 (range 1.09%0 to 1.35%0), the analyzed sample from the 

Arcola Limestone Member marl has a composition of 1.05%0, and the 
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Demopolis marls have a mean composition of 0.93%0 (range 0.65%0 to 1.25%0). 

Application of the appropriate t-test indicates that the difference in means 

between the Mooreviile and Demopolis marls is insignificant at both the 1 % 

and 5% levels of significance. The statistical tests could not be applied to the 

Arcola marl owing to the fact that only one sample was analyzed for 813C 

isotopic composition. However, the value from this sample (1.05%0) is very 

close to the means for the Mooreville and Demopolis marls and, therefore, is 

not considered to be significantly different from either of these values. 

813C isotopic composition for the entire sample suite at the Noxubee River 

site is heavier (more 13C enriched) than at Tibbee Creek, with a mean 

composition of 1.23%0 (range -0.11%0 to -1.60%0). The mean composition for 

limestones is 0.37%0 (range -0.11%0 to 0.85%0), whereas that of the marls is 

1.48%0 (1.37%0 to 1.60%0). Application of the F-test to the data subsets leads to 

rejection of the null hypothesis of equal variances and, therefore, the t-test 

assuming unequal variances is the appropriate test for analyses of the 

equality of means. This test indicates that the difference in 813C isotopic 

composition of limestones and marls is insignificant at both the 1 % and 5% 

levels of significance. 

At the Noxubee River Site, the Mooreville marls have a mean 813C isotopic 

composition of 1.50%0 (range 1.42%0 to 1.60%0), the analyzed sample from the 

Arcola Limestone Member marl has a composition of 1.55%0, and the 

Demopolis marls have a mean composition of 1.43%0 (range 1.37%0 to 1.47%0). 
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Application of the appropriate t-test indicates that the difference in means 

between the Mooreville and Demopolis marls is insignificant at both the 1 % 

and 5% levels of significance. As at Tibbee Creek, the statistical tests could 

not be applied to the Arcola marl owing to the fact that only one sample was 

analyzed for 813C isotopic composition, but again, this value is very close to 

the mean values for the Mooreville and Demopolis marls and, therefore, is not 

considered to be significantly different. 

At the Swilleys Bend site, the mean 813C isotopic composition for all 

samples is 1.17%0 (range -0.13%0 to 1.80%0), the mean for indurated limestones 

is -0.07%0 (range -0.03%0 to 0.28%0), and for marls the mean is 1.41%0 (range 

0.88%0 to -1.80%0). Application of the F-test for equality of variance indicates no 

reason to assume inequality and the t-test indicates that the difference in 813C 

isotopic composition means between the limestones and marls is significant 

at the 1 % level of significance. 

At the Swilleys Bend Site, the Mooreville marls have a mean 813C isotopic 

composition of 1.33%0 (range 1.20%0 to 1.44%0), the Arcola Limestone Member 

marls have a composition of 1. 7 4%o ( range 1. 72%0 to 1. 76%0), and the 

Demopolis marls have a mean composition of 1.37%0 (range 0.88%0 to 1.80%0). 

F-tests indicate no reason to assume unequal variances among these means 

and application of the appropriate t-test indicates that the difference in means 

between the marls of the three units is insignificant at both the 1 % and 5% 

levels of significance. 
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At the Arcola Landing site, mean 813C isotopic composition for all samples 

is 1.24%0 (range 0.55%oto 1.41%0). The indurated limestone beds have a mean 

of 0.98%0 (range 0.55%oto 1.41%0), whereas the associated marls have a mean 

of 1.37%0 (range 0.91%0 to 1.68%0). Application of the F-test to the data subsets 

leads to the acceptance of the null hypothesis of equal variances and, 

therefore, the t-test assuming equal variances is the appropriate test for 

analyses of the equality of means. This test indicates that the difference in 

813C isotopic composition of limestones and marls are insignificant at both the 

1 % and 5% levels of significance. 

The mean 813C isotopic composition of the Arcola Limestone Member 

marls at the Arcola Landing site is 1.57%0 (range 1.47%0 to 1.68%0) and the mean 

composition of the Demopolis marls is 116%0 (range 0.91 %0 to 1.42%0). 

Application of the appropriate t-test indicate no significant difference between 

these values. 

The mean 813C isotopic composition of the samples from the Hatcher 

Bluff site is 0.89%0, a depletion of 0.35%0 13C relative the Arcola Landing sample 

suite. The four indurated limestone beds have a mean 813C isotopic 

composition of 0.13%0 ( range -0.04%oto 1.31 %0) and the associated marls have 

a mean of 1.28%0 (range 0.54%0 to 1.85%0). Application of the F-test for equality 

of variance indicates no reason to assume inequality and the t-test indicates 

that the difference in 813C isotopic composition means between the limestones 



and marls is insignificant at the 1 % level of significance. However, the 

difference is significant at the 5% level. 
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At the Hatcher Bluff Site, the Mooreville marls have a mean 813C isotopic 

composition of 0.77%0 (range -0.54%0 to 1.60%0), the Arcola Limestone Member 

marls have a composition of 1.72%0 (range 1.52%oto 1.85%0), and the 

Demopolis marls have a mean composition of 1.39%0 (range 1.29%oto 1.48%0). 

F-tests indicate no reason to assume unequal variances among these means. 

Application of t-tests indicates no significances differences in means among 

the sampled marls beds at either the 1 % or 5% levels of significances. 

When 813C isotopic composition data for all samples analyzed for this 

study are considered collectively, the mean composition is 1.01%0 (range 

-1.45%oto 1.85%0). Marls have a mean 813C isotopic composition of 1.31%0 

(range -0.54%0 to 1.85%0), whereas limestones exhibit a mean composition of 

0.09%0 (range -1.45%0 to 1.41 %0). Application of the F-test to the data subsets 

leads to rejection of the null hypothesis of equal variances and, therefore, the 

t-test assuming unequal variances is the appropriate test for analyses of the 

equality of means. This test indicates that the 813C isotopic composition of 

limestones and marls is significant at the 1 % (a= 0.01) level of significance. 

When all samples from the Mooreville marls are considered collectively, 

the mean 813C isotopic composition is 1.20%0 (range -0.54%0 to 1.60%0). The 

Arcola marls have a mean composition of 1.60%0 (range 1.05%0 to 1.85%0), 

whereas the Demopolis marls have a mean content 1.23%0 (range 0.65%0 to 
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1.80%0). Application of the appropriate t-tests indicates that the mean 

composition of the marls of the Arcola Limestone Member is not significantly 

different from that the Mooreville marls at either the 1 % or 5% levels of 

significance. However, the Arcola marls are significantly different from the 

Demopolis marls at the 1 % level. There is no significant difference in the 

mean composition between the Mooreville and Demopolis marls. 

Correlation of Carbon Stable Isotope Composition and Carbonate.

Figure 69 is a plot of carbonate versus 813C isotopic composition for samples 

from all five sites studied in this work. As shown, there is moderate correlation 

between these two parameters (R2 = 0.4) when the samples are considered 

collectively. Strong correlation exists at the Tibbee Creek site (R2 = 0.70), the 

Noxubee River site (R2 = 0.60), and the HatcherBluff site (R2 = 0.74) (figures 

70, 71, and 74). Correlation is moderate at the Swilleys Bend site (R2 = 0.49) 

and very weak at the Arcola Landing site (R2 = 0.11) (figures 72 and 73). 

Carbon Stable Isotope Composition Data Summary.--ln summary, there is 

a general, though not progressive, 13C enrichment from the westernmost site 

studied, Tibbee Creek in eastern Mississippi, to the Arcola Landing site in 

west-central Alabama. To the east of Arcola Landing, there is a 13C depletion 

at the Hatcher Bluff site in central Alabama. When the Mooreville, Arcola 

Limestone Member, and Demopolis marls are considered separately, there 

are no apparent trends in 813C isotopic composition across the study area. 
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At the Tibbee Creek, and Swilleys Bend sites, the differences in the 813C 

isotopic composition between indurated limestones and associated marls are 

significant at the 1 % significance level. At the Hatcher Bluff site, the difference 

is insignificant at the 1 % level, but significant at the 5% level. At the Noxubee 

River and Arcola Landing sites, the differences are not significant at either the 

1 % or 5% levels. However, when all samples are considered collectively, the 

813C isotopic composition difference between limestones and marls is 

significant at the 1 % level. The differences in mean 813C isotopic composition 

between the Mooreville, Arcola Limestone Member, and Demopolis marls are 

generally insignificant at each site studied and when the sites are considered 

collectively. However, the mean 813C isotopic composition difference between 

the Arcola and Demopolis marls is significant (1 % level of significance) when 

the data from all sites are considered collectively. There is moderate 

correlation (R2 = 0.4) between 813C isotopic composition and carbonate 

content when the site data are considered collectively. 

Sulfur Determination Results.-- The results of sulfur content determination 

analysis conducted on samples from the Noxubee River and Hatcher Bluff 

sites are tabulated in Table 2. Carbonate data for this site are also given on 

this table for purposes of comparison. These data are presented in graphic 

form on figures 75 and 76. 

General Discussion of Sulfur Determination Results.- At the Noxubee 

River site, the mean sulfur content for all samples is 0.33% (range 0.04% to 



Table 2.--Sulfur and carbonate data, Noxubee River and 162 
Hatcher Bluff sites. 

Site Sample Sulfur CaC03 
Number (wt.%) (wt.%) 

Noxubee NR-1 0.78 54.03 
River NR-2 0.70 50.94 

NR-3 0.44 60.14 
NR-4 0.53 58.33 
NR-5 0.52 57.85 
NR-6 0.08 92.39 
NR-7 0.05 95.43 
NR-8 0.32 74.63 
NR-9 0.31 76.77 
NR-10 0.40 66.35 
NR-11 0.04 91.21 
NR-12 0.04 98.50 
NR-13 0.04 96.84 
NR-14 0.11 88.03 
NR-15 0.43 70.44 
NR-16 0.43 63.71 
NR-17 0.35 67.53 
NR-18 0.35 73.86 
NR-19 0.28 72.39 
NR-20 0.37 71.65 

Hatcher HB-7 0.33 54.26 
Bluff HB-9 0.39 78.05 

HB-10 0.42 64.73 
HB-12 0.03 96.50 
HB-14 0.36 69.23 
HB-15 0.01 98.51 
HB-16 0.43 45.90 
HB-18 0.02 97.65 
HB-20 0.27 58.81 
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0.78%), whereas the mean for limestones is 0.06% (range 0.04% to 0.11 %) 

and for marls is 0.44% (range 0.40% to 0.78%). Application of the F-test to 

the data subsets leads to rejection of the null hypothesis of equal variances 

and, therefore, the t-test assuming unequal variances is the appropriate test 

for analyses of the equality of means. This test indicates that the difference in 

sulfur content of limestones and marls is significant at the 1 % level of 

significance. 

At the Noxubee River site, the Mooreville marls have a mean sulfur 

content of 0.59% (range 0.44% to 0.78%), samples from the Arcola marl have 

a mean content of 0.34% (range 0.31 % to 0.40%), and the Demopolis marls 

have a mean content of 0.37% (range 0.28% to 0.43%). Application of the F

test does not indicate a reason to assume inequality of variances. The t-tests 

indicate that the difference in mean sulfur content for the Mooreville marls is 

significantly different from that of either the Arcola Limestone Member marl 

(5% level of significance) or the Demopolis marls (1 % level), whereas there is 

no significant difference between the Arcola and Demopolis marls at either 

the 1 % or 5% level. 

At the Hatcher Bluff site, the mean sulfur content for all samples is 0.25% 

(range 0.01 % to 0.43%), whereas the mean for limestones is 0.11 % (range 

0.01 % to 0.39%) and for marls is 0.36% (range 0.27% to 0.43%). Application 

of the F-test to the data subsets leads to acceptance of the null hypothesis of 

equal variances and, therefore, the t-test assuming equal variances is the 
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appropriate test for analyses of the equality of means. This test indicates that 

the difference in sulfur content of limestones and marls is insignificant at the 

1 % level of significance, while being significant at the 5% level. 

Only one sample of Mooreville marl and one sample Demopolis marl from 

the Hatcher Bluff site was analyzed for sulfur. Therefore, the statistical tests 

to test for differences in means could not be applied to the Hatcher Bluff sulfur 

data. The sulfur content value from the Mooreville marl bed is 0.33% and the 

value from the Demopolis marl is 0.27%. The mean value for the Arcola 

Limestone Member marls analyzed is 0.40%. 

When all of the sulfur content determinations are considered collectively, 

the mean sulfur content for all samples is 0.30% (range 0.01 % to 0.78%), 

whereas the mean for limestones is 0.08% (range 0.01 % to 0.39%) and for 

marls is 0.42% (range 0.27% to 0.78%). Application of the F-test to the data 

subsets leads to acceptance of the null hypothesis of equal variances and, 

therefore, the t-test assuming equal variances is the appropriate test for 

analyses of the equality of means. This test indicates that the difference in 

sulfur content of limestones and marls is significant at the 1 % level of 

significance. 

Correlation of Sulfur and Carbonate.-Figure 77 is a plot of carbonate 

versus sulfur for samples from the Noxubee River and Hatcher Bluff sites. As 

shown, there is strong correlation between these two parameters (R2 = 0.80) 

when the samples are considered collectively. Very strong correlation exists 
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at the Noxubee River site (R2 = 0.93) and the Hatcher Bluff site strong 

correlation (R2 = 0.74) (figures 78 and 79). 

Sulfur Data Summary.- At the Noxubee River site, the differences in the 

sulfur content between indurated limestones and associated marls are 

significant at the 1 % significance level. At the Hatcher Bluff site, the difference 

is insignificant at the 1 % level, but significant at the 5% level. When all 

samples from both sites are considered collectively, the difference in sulfur 

content between limestones and marls is significant at the 1 % level. The 

Mooreville marls are significantly different in terms of sulfur content than 

either the Arcola Limestone Member or Demopolis marls. There is strong 

correlation (R2 = 0.80) between sulfur and carbonate contents when the site 

data are considered collectively. 
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DISCUSSION 

On the basis of the criteria for recognition of pelagic and hemipelagic 

carbonate sediments and the sea shelf pelagic facies model, as presented 

earlier, the characteristics and distribution of the Arcola Limestone Member 

and related strata indicate that this stratigraphic succession represents 

deposition in a pelagic/hemipelagic regime on a broad, gently sloping, 

relatively shallow continental-edge shelf during the Santonian, Campanian, 

and Maastrichtian Ages. 

As indicated above, the most direct diagnostic indication of pelagic 

carbonate facies is the dominance of marine planktonic organisms in the 

overall composition of the sediment (Scholle and others, 1983) and a general 

overall paucity of terrigenous elastic detritus. The Arcola Limestone Member, 

the upper part of the lower unnamed member of the Mooreville Chalk, and the 

lower part of the lower unnamed member of the Demopolis are all dominated 

by the remains of marine plankton. As shown by the petrographic data 

collected as part of this study (Appendixes I and II) and other data collected 

previously, the dominant biogenic constituents of the marl units of the Arcola, 

as well as the marls of the Mooreville and Demopolis, are planktonic 

foraminifera and calcareous nannoplankton, with finely fragmented debris of 
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benthonic macrofauna, particularly inoceramid fragments, as a subordinate 

component. Other than the clay-sized terrigenous elastic component of the 

matrix, terrigenous elastic detritus is unimportant to the overall composition of 

these rocks. Carbonate content analysis conducted for this study indicates 

that average carbonate content of the marl units sampled is approximately 

64%. The remaining 36% (average) of the material in these rocks includes the 

terrigenous elastic component, insoluble biogenic components (primarily 

finely fragmented bone), and authigenic minerals such as glauconite, sulfides, 

and phosphate. As shown in Appendix II, silt- and sand-sized terrigenous 

elastic particles are either rare in occurrence or absent in the vast majority of 

the thin sections of the marl units examined. 

In the Arcola indurated limestone beds, the petrographic data in Appendix 

11 show that Pithonel/a calcispheres and carbonate matrix constitute the bulk 

of the sediment. Foraminifera, macrofossil fragments, and authigenic 

minerals, although present, are very minor components. In the indurated beds 

of the Arcola Limestone Member, significant terrigenous elastic components 

are generally absent, whereas, as noted above, the associated marl units 

contain varying amounts of terrigenous elastic detritus in the form of clay

sized matrix, quartz silt, and very fine- to fine-grained quartz sand. Thus, the 

indurated limestone beds are pelagic in origin, whereas the marl units are 

more hemipelagic due to the increased influence of terrigenous elastic 

sediment. 
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Other criteria for recognition of pelagic/hemipelagic facies listed by Scholle 

and others ( 1983) also apply to the Arcola Limestone Member and associated 

strata. First, as shown in the petrographic and field data presented here, this 

stratigraphic succession comprises fine grained, well bedded sediments 

throughout the entire study area from western Mississippi to central Alabama. 

In fact, these rocks are distributed over much of the eastern Gulf Coastal 

Plain area with remarkable lithological consistency and very little lateral facies 

change except at the northwestern and eastern termini of the units, where 

they grade into lithofacies equivalent, nearshore siliciclastics. The Mooreville 

Chalk, the Arcola Limestone Member, and the Demopolis Chalk crop out 

across much of central Alabama and through northeastern Mississippi, and 

throughout this area each of these units is characterized by overall lithologic 

uniformity. Further, all of the units can traced into the subsurface by either 

physical (cuttings, cores, etc.) or geophysical (borehole geophysical logs, 

seismic reflection data, etc.) means and documented to underlie vast areas of 

the eastern Gulf Coastal Plain downdip of their respective outcrop belts. This 

has long been known for the thick Mooreville and Demopolis Chalks, and the 

recent work of C.C. Smith (personal communication, 1998), discussed earlier, 

has documented that calcisphere rich limestone of the Arcola Limestone 

Member was deposited over an extremely wide geographic area, both along 

strike and down depositional dip, with lithologic consistency. This observation 

indicates that the paleoceanographic and depositional conditions that led to 
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the accumulation of these units were widespread and pervasive and, for all 

practical purposes, influenced the entire carbonate shelf area of the Gulf 

Coastal Plain of Alabama. 

Second, as shown in the field data and on the measured sections 

presented earlier (figs. 21, 25, 29, 34, and 39), the Arcola Limestone Member 

interval is characterized by decimeter- to meter-scale bedding rhythms 

(limestone-marl cycles), which are typical of pelagic/hemipelagic depositional 

settings (Scholle and others, 1983; Fischer and others, 1985; Arthur and 

others, 1986). As detailed earlier, the Arcola Limestone Member consists of 

from two to four indurated, relatively pure, sub-equally spaced, relatively 

uniform, calcisphere limestone beds intercalated with and under- and overlain 

by chalky marl beds. The cyclicity of the Arcola interval is reflected in the 

statistical analyses presented earlier for carbonate, TOG, and sulfur content 

and carbon stable isotope composition. These analyses indicate significant 

differences in these parameters when the Arcola Limestone Member 

indurated calcisphere limestone beds are compared to the associated marl 

units. 

Third, Scholle and others (1983) have indicated that trace-fossil 

assemblages dominated by groups such as Thalassinoides and Chondrites 

characterize pelagic/hemipelagic carbonates deposits in shallower-water, 

shelf sea settings. The work of Frey and Bromley (1985) documented the 

trace fossil assemblages present in the strata of the Selma Group, including 



173 

the Arcola Limestone Member, and indicated that the two ichnogenera most 

common in the Arcola Limestone Member and associated strata were 

Tha/assinoides and Chondrites. 

Fourth and finally, the presence of condensed sections and associated 

submarine hiatuses and evidence of early marine lithification, such as 

hardgrounds, were offered by Scholle and others (1983) as indications of a 

pelagic sedimentary regime. Condensed sections have been defined by Loutit 

and others (1988, p. 186) as " ... thin, marine stratigraphic units consisting of 

pelagic to hemipelagic sediments characterized by very low sedimentation 

rates .... " Mancini and others (1995) have suggested that the Arcola 

Limestone Member was deposited during the time of maximum transgression 

of the UZAGC-3.0 depositional sequence, and included it in the condensed 

section of this sequence, which also includes the lower unnamed member of 

the Mooreville and the lowermost part of the Demopolis Chalk. As will be 

discussed below, data collected as part of the present study support this 

conclusion. 

As noted by Baum and Vail (1988), condensed sections in the Coastal 

Plain area are characterized by fine-grained marine deposits; are often 

associated with high concentrations of planktonic organisms and authigenic 

minerals, such as glauconite, phosphate, and sulfides; are commonly bored 

or extensively burrowed; and commonly exhibit early marine cementation and 

the presence of hardgrounds. All of these characteristic criteria are observed 
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in the Arcola Limestone Member interval. The overall fine-grained nature of 

the Arcola interval, as well as the abundance of planktonic organisms in the 

interval, has been discussed above and is well documented in the 

petrographic data presented in Appendix II. Further, it was noted earlier that 

there is a general increase in the abundance of glauconite in the Mooreville 

marls just below the lowermost Arcola limestone bed at several localities. At 

the Swilleys Bend site, a discrete layer, approximately 2 cm thick, of lobate 

and mammiform glauconite grains occurs about 20 cm below the lowermost 

Arcola limestone bed. 

Several lines of evidence point toward early cementation of the indurated 

limestone beds of the Arcola Limestone Member. Early stabilization of the 

limestone is indicated by the pristine condition of calcisphere walls observed 

in petrographic thin sections in this study. Only rarely were crushed or 

deformed calcispheres observed during petrographic analysis. It would be 

expected that shattering of these thin-walled components would be ubiquitous 

owing to burial compaction unless stabilized by cementation before significant 

overburden loading. Frey and Bromley (1985) characterized Tha/assinoides in 

the indurated limestone beds as having sharp walls and circular cross 

sections, stated that the burrows had undergone no significant compaction 

subsequent to deposition, and interpreted this to indicate early marine 

cementation at or near the seafioor. 
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Cobbles and pebbles of indurated limestone were observed in the 

phosphatic steinkern beds above the Arcola Limestone Member at the Tibbee 

Creek and Noxubee River sites. These limestone fragments have previously 

been reported by Puckett (1992) and Smith (1995). The presence of 

indurated limestone fragments that were most likely eroded from the 

limestone beds by water currents at a horizon just above the Arcola indicates 

that the limestone beds were lithified soon after deposition. 

As discussed earlier, the uppermost surface of the upper Arcola limestone 

bed at the Arcola Landing site is characterized by phosphatic mineralization 

and encrustation and is interpreted here as a mineralized hardground related 

to a submarine hiatus associated with sediment starvation. The presence of 

this mineralized hardground at the Arcola Landing site is most likely related to 

the paleogeographic position of this site relative to terrigenous siliciclastic 

sources that supplied sediment into the basin. This will be discussed below. 

Although the phosphatized surface at Arcola Landing is the only mineralized 

hardground recognized in this study, all of the Arcola indurated beds, given 

the evidence for early lithification, can certainly be considered firmgrounds or 

incipient hardgrounds. In fact, several workers have interpreted all of the 

Arcola Limestone beds as hardgrounds (Johnson, 1976; Florian, 1984; Frey 

and Bromley, 1985). Johnson (1976, p. 3) stated that "The extensively bored 

limestones existed as a hardened seafloor and, thus, are analogous to known 

Jurassic and Cretaceous 'hardgrounds."' Florian (1984) interpreted the Arcola 
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limestone beds to represent in situ hardgrounds analogous to those of the 

European and Persian Gulf Cretaceous sections. Frey and Bromley (1985, p. 

801) referred to the Arcola Limestone beds as "chalk hardgrounds." 

In summary, the evidence outlined above indicates that the Arcola 

Limestone Member, the uppermost part of the lower unnamed member of the 

Mooreville Chalk, and the lowermost part of the lower unnamed member of 

the Demopolis Chalk accumulated as pelagic and hemipelagic carbonate 

sediments in a relatively shallow, continental shelf sea setting that was 

periodically isolated from significant influence of terrigenous elastic influx. The 

important diagnostic indicators include the dominance of the remains of 

planktonic fauna and flora in the overall composition of these units; the 

laterally extensive, lithologically uniform nature of the units; the gradual 

transition of the units into more nearshore, terrigenous elastic lithofacies 

equivalents; the observed decimeter- to meter-scale limestone-marl bedding 

rhythms; the dominance in the units of Tha/assinoides and Chondrites in the 

trace fossil assemblage; the position of these strata in a condensed section 

with associated submarine hiatuses; and evidence of early marine lithification 

and hardground formation. Terrigenous elastic influx influenced depositional 

conditions on the shelf more during accumulation of the associated marls 

than accumulation of the indurated limestone beds. Thus, the limestones 

represent pelagic depositional conditions, whereas the marls accumulated in 

a more hemipelagic setting. 
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The Bethonic Interpretation for the Origin of the Arcola Limestone Beds 

Several interpretations have been put forward related to the genesis, 

origin and depositional setting of the Arcola Limestone Member of the 

Mooreville Chalk, particularly the indurated calcisphere limestone beds. Most 

importantly, these include the benthonic carbonate productivity argument of 

Johnson (1976), Lins and others (1977), Florian (1984) and King (1990a, 

1990b, 1995) and the high energy argument of Roberts {1982). These were 

discussed earlier. 

Argument Against the Benthonic Productivity Interpretation 

Several lines of reasoning and evidence argue against a benthonic 

productivity interpretation for the Arcola Limestone Member calcisphere 

limestone beds. First, substrate-attached green algae such as modern 

Acetabularia are poor analogs for the Pithonella-producing organisms of the 

Cretaceous. Most workers now agree that Cretaceous pithonellid 

calcispheres are reproductive cysts of an extinct planktonic calcareous alga 

with affinities to the dinoflagellates (Belli, 197 4; Arthur and others, 1986; 

Keupp, 1991; Smith, 1995), and it has been noted that these organisms 

normally inhabit deep-water outer shelf and slope environments (Villian, 

1981 ). Further, invasion of these organisms into shelf settings under 



178 

conditions conducive to their proliferation has been documented (Villian, 

1981; Drzewiecki and Simo, 1997), as has their presence in Cretaceous shelf 

sea pelagic chalks and limestones (Scholle and others, 1983) and platform 

carbonates (Drzewiecki and Simo, 1997). 

Better analogs for the pithonellids are Recent calcareous dinoflagellates 

as discussed by Keupp (1991 ). In the taxonomy of Keupp, fossil pithonellids 

are placed in subfamily Pithonelloideae of family Calciodinellaceae. The two 

other subfamilies in this family are Orthopithonelloideae and 

Obliquipithonelloideae, both of which have living, as well as fossil, 

representatives. All members of Calciodinellaceae produce calcareous cysts 

as part of their life cycle. Keupp (1991) indicated that the exact nature of the 

cyst formation in the calciodinellids (i.e., whether the calcareous cyst 

represents a reproductive or resting cyst or both) is unknown, but is 

unequivocal in ascribing a pelagic life habit to the organisms, which fix 

calcium carbonate from surface waters to produce the cyst. In certain modern 

calciodinellids, a motile stage of the organism emerges from the calcareous 

cyst as it sinks through the water column. This abandonment takes place in 

the photic zone and the cyst continues to sink to the sea floor ( or is dissolved 

if it encounters the CCD before reaching the sea floor). 

Other problems exist in invoking a benthonic origin for the Arcola 

Limestone calcispheres and accepting Acetabularia as the analog for the 

calcisphere producing organism. Studies of modern calcisphere producing 
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Acetabularia in coastal waters around the Florida keys indicate that prolific 

growth of these organisms is seasonal and very localized, generally occurring 

in sheltered, restricted to semirestricted waters that are less than 2.5 m deep 

and subject to significant fluctuation in salinity and temperature (Marszalek, 

1975). Marszalek (1975) noted that these algae typically are attached to 

some hard or firm substrate, such as Thalassia (turtle grass) blades, shell 

debris, or sand size and larger particles. Calcispheres are produced in 

abundance by these organisms and are important sedimentary constituents in 

localized areas. The calcispheres, however, do not survive transport over any 

appreciable distance and are only found in sediments in very close proximity 

to areas where populations of Acetabularia are known to occur (Marszalek, 

1975). Thus, Marszalek (1975) determined that Acetabularia calcispheres 

were not important in a regional sense due to their limited distribution in fairly 

specific, localized habitats. 

A significant problem stemming from the Acetabularia analogy for Arcola 

Limestone calcispheres is that of water depth. For example, on the basis of 

the photosynthetic requirements for prolific growth and maximum abundance 

of dasycladacean green algae, Florian (1984) inferred that water depth during 

accumulation of the Arcola Limestone Member limestone beds approximated 

6 m. King (1990a, 1990, 1995) invoked clear, shallow marine water without 

indicating an absolute depth, but did note that the photosynthetic 

requirements of benthonic green algae had to be satisfied by his model. In 
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addition to the water depth for Arcola limestone deposition cited by Florian 

( 1984) and King ( 1990a, 1990b, 1995), the above discussion noted that 

modern Acetabu/aria flourish in coastal water of less than 2.5 m depth. Thus, 

a required assumption of the Acetabularia-like benthonic carbonate 

productivity argument is very shallow, clear water of only a few meters depth. 

However, this assumption presents a problem when considering the 

relationship of the Arcola Limestone Member limestone beds with the sub

and superjacent and intervening marl beds, in that, on the basis of 

paleontological and lithologic evidence, it is highly unlikely that these marl 

beds were deposited in such shallow depths. The dominance of calcareous 

nannofossils and planktonic foraminifera in the marl units associated with the 

Arcola Limestone Member indurated beds, in addition to the general paucity 

of indigenous benthonic fauna as observed in the present study, certainly 

indicate water depths greater than a few meters. In fact, the work of Puckett 

(1991 ), based on study of ostracodes from the Selma Group, determined the 

paleobathymetry of the Upper Cretaceous shelf carbonates in the study area 

to be on the order of 35 m (marls) to a maximum of 90 m (pure chalks). 

Johnson (1974), Florian (1984), and King (1990a, 1990b, 1995) all agreed 

that the marl units associated with the Arcola indurated limestones represent 

hemipelagic deposition. Thus, if the water depths for deposition of the marls 

approximates 35 m, the Acetabu/aria-like benthonic carbonate productivity 

argument requires paleobathymetric fluctuations on the order of 30 m during 
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deposition of the Arcola interval. This is highly unlikely given the overall 

"sluggishness" of eustatic sea level fluctuations during the Late Cretaceous 

due to a general lack of glaciation and associated glacio-eustasy during this 

time period (Haq and others, 1988; Mancini and others, 1996; Mancini and 

Tew, 1997). Examination of the eustatic sea level curves of Haq and others 

(1988) for the Late Cretaceous reveal that sea level fluctuations of this 

magnitude would be considered of major significance and most likely would 

result in relatively thick, type-1 third-order depositional sequences of 

worldwide importance, rather than the decimeter- to meter-scale limestone

marl couplets observed in the Arcola interval. As will be discussed in a 

subsequent section, small-scale sea level variations probably played a role in 

development of the Arcola cycles, but these fluctuations were not of the 

magnitude needed for the Acetabularia-like benthonic carbonate productivity 

argument to prevail. 

Both Florian (1984) and King (1995) cited elevated salinity and 

temperature in association with deposition of the Arcola Limestone Member 

indurated beds. Florian (1984) based his conclusion on the recognized 

abundance of calcareous nannofossils and planktonic foraminifera in the marl 

units and an assumed absence of these components in the calcisphere 

limestone beds. He interpreted environmental exclusion of these organisms 

related to increased temperature and salinity during limestone accumulation. 
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To address the ecological exclusion question, the author examined 

prepared nannofossil smears from the limestone beds at the Noxubee River 

and Hatcher Bluff sites with C.C. Smith. The Noxubee slides were in Smith's 

collection and the Hatcher Bluff slides were prepared by Smith and the author 

from sample material collected for this study. The nannofossil assemblage in 

the matrix fraction of the limestone beds is relatively abundant and diverse, 

though diversity is somewhat lower than the associated marl beds. Further, 

preservation is generally good. Foraminifera, though not common, are 

observed in petrographic thin sections made from samples of the limestone 

beds. Thus, the most likely explanation for the perceived "lack" of calcareous 

nannofossils and planktonic foraminifera in the calcisphere limestone beds is 

not environmental exclusion, but rather dilution due to the shear number of 

calcispheres present. There is no reason to conclude that calcareous 

nannoplankton productivity was appreciably different during deposition of the 

limestone units than during deposition of the marls. This evidence does not 

support Florian's (1984) hypothesis of elevated temperature and salinity 

leading to ecological exclusion of calcareous nannoplankton and foraminifera 

during limestone deposition. 

King (1995) provided stable isotope data (oxygen and carbon) from 

samples of the Arcola Limestone Member in east-central Alabama, and used 

the 8180 isotopic composition data as evidence for elevated temperatures and 

salinities during deposition of the limestone units. The elevated status of 
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these two parameters was related to shallow-marine water conditions on the 

shelf. The 8180 isotopic composition values of King (1995) show that the 

limestones sampled are significantly heavier {1 80 enriched) than the marls. 

As detailed earlier, 8180 isotopic composition data gathered as part of the 

present study from the Arcola Limestone Member and the immediately sub

and superjacent strata show no significant difference in values between the 

indurated limestone beds and the associated marls. There is a progressive 

eastward 8180 enrichment from the westernmost site studied, Tibbee Creek in 

eastern Mississippi, to the Hatcher Bluff site in central Alabama. At each of 

the five sites, the differences in the 8180 isotopic composition between 

indurated limestones and associated marls are insignificant at the 1 % 

significance level. This is also true when all samples from all sites are 

considered collectively. Thus, on the basis of the data presented here, there 

is no reason to conclude that there was significant difference of water 

temperature or salinity during deposition of the indurated calcisphere 

limestone beds relative to the marl units. As will be discussed in a subsequent 

section, the progressive 8180 enrichment from west to east is possibly related 

to progressive paleogeographic isolation of the sites from freshwater 

influence. 

Finally, a general problem with the Acetabularia-like benthonic carbonate 

productivity model stems from the geographically widespread, lithologically 

consistent, distribution of the time synchronous calcisphere limestones of the 
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Arcola Limestone Member. Data collected for the present study document 

that calcispheres in the Arcola indurated limestone beds are not localized in 

occurrence, but rather are ubiquitous across a wide area of the eastern Gulf 

Coastal Plain from western Mississippi to central Alabama. Ancillary data 

presented indicate that the calcisphere limestone units continue into the 

subsurface for at least 150 km down depositional dip. For the Acetabularia

like benthonic carbonate productivity model to accurately reflect the 

depositional conditions on the shelf during Arcola limestone accumulation, 

optimal paleoenvironmental and paleoecological conditions for periodic, 

blanket-like inhabitation of attached, benthonic algae would have had to 

prevail simultaneously over an area of approximately 90,000 km2 of the 

eastern Gulf Coastal Plain. That is, relatively narrow environmental 

parameters, such as very shallow water depths ( <5 m) with low wave and 

current activity, low turbidity, adequate light penetration, restricted circulation, 

and substrate characteristics favorable for algal attachment, that support the 

prolific growth of benthonic green algae would have to have been dominant 

over almost the entire eastern Gulf Coastal Plain coincidentally. As noted 

earlier, Marszalek (1975) determined that Acetabularia calcispheres were not 

important in a regional sense due to their limited distribution in fairly specific, 

localized habitats. It is highly unlikely that such habitats occupied the entire 

eastern Gulf Coastal of North America. This reiterates the point that the 
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origin of the Arcola Limestone Member calcisphere limestone beds. 

The High Energy Interpretation 
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As noted earlier, Roberts (1982) studied the geology and dinoflagellate 

palynology of the upper Mooreville (including the Arcola Limestone Member) 

and basal Demopolis Chalks of eastern Mississippi and west-central Alabama 

and suggested that the Arcola Limestone Member was deposited in a high

energy regime and implied deposition occurred in an inner shelf setting. In 

Roberts' (1982) scenario, the upper unnamed member of the Mooreville 

Chalk and lower unnamed member of the Demopolis Chalk represent lower 

energy conditions than the Arcola and were deposited in a middle to outer 

shelf setting. 

Argument Against The High Energy Interpretation 

Sedimentological evidence from the Arcola Limestone Member 

calcisphere limestone beds does not support a high-energy interpretation for 

the origin of these beds. First, it is extremely improbable that the thin-walled, 

fragile calcispheres that predominate in these beds would have been able to 

survive intact the abrasion associated with a high-energy regime. Exposure to 

any appreciable hydrologic energy would have quickly reduced these 
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particles to carbonate micrite. However, petrographic examination of thin

sections of the indurated limestone beds indicate that whole, pristine 

calcispheres characterize the beds and broken or abraded calcispheres are 

extremely rare to the point of being nonexistent. Second, no sedimentary 

structures normally associated with wave or current activity, such as cross

stratification, ripple marks, etc., were observed during either field or laboratory 

examination of the Arcola Limestone Member and associated strata. Thus, an 

inner shelf, high-energy depositional regime for the Arcola Limestone Member 

calcisphere limestone beds is not validated by the evidence from these beds. 

Causal Mechanisms for Cyclicity in the Arcola Limestone Member 

Carbonate Dissolution Cycles 

Carbonates dissolution cycles, and their characteristics have been 

discussed earlier in this work. There is no evidence that synsedimentary 

dissolution of calcium carbonate associated with the lysocline or the CCD 

played any role in the development of the observed rhythmicity in the Arcola 

Limestone Member interval. The interbedded and sub- and superjacent marl 

beds in this interval contain a rich, abundant, diverse and well-preserved suite 

of calcareous microfossils, including calcareous nannofossils and foraminifera 

(Smith and Mancini, 1983; Palmer, 1986), that indicate conclusively that 

dissolution was not operative during deposition of these beds. Further, 
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dissolution cyclicity would not be expected to be a factor in the relatively 

shallow paleobathymetric setting indicated for the Arcola interval. Therefore, 

carbonate dissolution cyclicity is rejected as a causal mechanism for Arcola 

rhythmicity. 

Scour Cycles 

The characteristics of scour cycles in pelagic carbonate intervals was 

discussed in a previous section. There is no evidence of winnowing or 

scouring associated with increased bottom-current energy in the Arcola 

Limestone Member and associated strata, even in association with the 

mineralized hardground at the top of the Arcola at the Arcola Landing site. At 

this site, no evidence of erosional truncation or bevelling was observed along 

the hardground surface. In fact, throughout the study area, there is no 

evidence of any significant wave or current activity during deposition of the 

Arcola interval except for the phosphatic steinkern horizons observed at 

several of the sites in the Demopolis marls above the Arcola Limestone 

Member. The sedimentological evidence presented here indicates quiet water 

deposition in pelagic/hemipelagic setting throughout accumulation of the 

strata below the phosphatic steinkern horizons. As noted by Mancini and 

others (1996), the steinkern horizons are associated with the transgressive 

event of the UZAGC-4.0 depositional sequence, which overlies the UZAGC-

3.0 sequence, and therefore are not genetically related to the Arcola 
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Limestone Member. Thus, scour cyclicity is not regarded as a potential causal 

mechanism for Arcola rhythmicity. 

Redox Cycles 

The characteristics of redox cycles in pelagic carbonates have been 

discussed earlier. Although there is no evidence in the Arcola Limestone 

Member interval for extremely low oxygen levels, there is evidence that there 

was a difference in benthonic oxygenation between the calcisphere limestone 

beds and the associated marls. Whereas both the limestones and marls are 

characterized by an abundant and diverse ichnofossil assemblage (Frey and 

Bromley, 1985), reflecting adequate benthonic oxygenation to support a 

community of burrowing organisms, the marls are characterized by the 

preservation of significantly more organic matter (mean TOG for marls = 

0.67%, for limestones = 0.27%, significant difference at a= 0.01) than the 

limestones. Further, the marls exhibit relatively abundant sulfides (pyrite and 

marcasite) accompanied by elevated sulfur content (mean sulfur for marls= 

0.30%, for limestones = 0.08%, significant difference at a= 0.01) and are 

generally darker in color than the limestone units. Preservation of organic 

matter is not favored under well-oxygenated conditions, and sulfate reduction 

to sulfides by bacteria proceeds under reducing conditions. Finally, the ratios 

of organic carbon to sulfur (C/S) in the units analyzed for sulfur are generally 
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higher in the limestones (mean C/S = 7.2) than in the marls (mean C/S = 1.9) 

(Table 3). 

The general lack of organic matter and sulfides and the relatively high C/S 

ratios, along with the trace fossil suite and light color observed in the 

limestones, indicate that these units accumulated under well-oxygenated 

depositional conditions, whereas the observations from the marl units indicate 

lower oxygenation levels with enhanced preservation of organic matter and 

sulfide formation, resulting in lower C/S ratios. 

The indicated variations in redox conditions could possibly result from 

periodic fluctuations in bottom water oxygenation related to salinity 

stratification in the water column or regional changes in circulation. Salinity 

stratification leading to enhanced preservation of organic matter in 

Cretaceous marls and shales of the western interior seaway has been 

reported by Pratt (1984). In her study of the Bridge Creek Limestone, she 

determined that bioturbated limestone units represented pelagic 

sedimentation in a depositional setting of normal marine salinity and 

oxygenation, whereas the associated dark, organic-rich marl units 

accumulated as the result of terrigenous elastic dilution with concomitant 

spread of a low-salinity surface-water layer over much of the basin (Pratt, 

1984). In her interpretation, bottom-water masses may have become isolated 

and depleted of dissolved oxygen due to salinity and density stratification 

associated with the overlying brackish water layer. This, in turn, led to the 



Table 3.--Ratios of total organic carbon to sulfur, 
Noxubee River and Hatcher Bluff sites. 

Site Sample Sulfur CaC03 C/S 
Number (wt. %) (wt.%) 

Noxubee NR-1 0.78 0.93 1.19 
River NR-2 0.70 0.88 1.26 

NR-3 0.44 0.61 1.39 
NR-4 0.53 0.49 0.92 
NR-5 0.52 0.74 1.42 
NR-6 0.08 0.28 3.50 
NR-7 0.05 0.16 3.20 
NR-8 0.32 0.6 1.88 
NR-9 0.31 0.82 2.65 
NR-10 0.40 1.13 2.83 
NR-11 0.04 0.43 10.75 
NR-12 0.04 0.09 2.25 
NR-13 0.04 0.14 3.50 
NR-14 0.11 0.26 2.36 
NR-15 0.43 1.01 2.35 
NR-16 0.43 0.85 1.98 
NR-17 0.35 0.68 1.94 
NR-18 0.35 0.59 1.69 
NR-19 0.28 0.65 2.32 
NR-20 0.37 0.69 1.86 

Hatcher HB-7 0.33 0.54 1.64 
Bluff HB-9 0.39 0.61 1.56 

HB-10 0.42 0.58 1.38 
HB-12 0.03 0.19 6.33 
HB-14 0.36 0.94 2.61 
HB-15 0.01 0.12 12.00 
HB-16 0.43 0.68 1.58 
HB-17 0.02 0.33 16.50 
HB-18 0.02 0.24 12.00 
HB-20 0.27 0.66 2.44 
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preservation of organic carbon in the poorly oxygenated to anoxic bottom 

sediments. Arthur and others (1986) presented oxygen isotope data for the 

Bridge Creek Limestone interval that showed significant changes in values 

between the limestones and marls that they interpreted to represent salinity 

variations. 

However, the 8180 composition data collected as part of this study 

indicates no significant difference in values from the limestones and marls, 

and, thus, there is no evidence of significant variation in salinity within the 

Arcola Limestone Member. Throughout the interval, surface (calcareous 

nannoflora and planktonic foraminifera (Smith and Mancini, 1983)) and 

bottom water (benthonic foraminifera (Palmer, 1986, Gan, 1996)) productivity 

was relatively high and resulted in an abundant and diverse calcareous 

nannoflora and microfauna in essentially all of the units, indicating overall 

conditions of normal marine salinity, temperature, and circulation. 

The observed differences in organic matter, sulfide distribution, and C/S 

ratios and the inferred differences in redox conditions are interpreted to have 

resulted from increased sedimentation rates associated with input of 

terrigenous elastic material during deposition of the marl units (see see data 

above and discussion below). Increased sedimentation rates functioned to 

reduce the residence time of organic matter at or near the sediment-water 

interface, thereby reducing the time available for degradation of this material 

due to oxidation and more rapidly moving the organic material into an overall 
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reducing environment. It is also likely that input of terrestrially derived organic 

matter was enhanced during deposition of the marl units, thus increasing the 

total organic matter accumulation over that of normal marine background. 

This follows from the fact that the marls contain much more terrigenous 

elastic material than the limestones. 

Berner and Raiswell (1983), in a discussion of the burial of organic carbon 

and pyrite sulfur in sediments, summarized pyrite formation and its 

relationship to the fate of organic carbon in sedimentary regimes. They 

observed that pyrite forms as a result of the reaction of H2S, a by-product of 

the bacterial reduction of seawater sulfate in anoxic sediments, with iron 

minerals. Berner and Raiswell (1983) further stated that bacterial sulfate 

reduction occurs in association with degradation of organic matter via 

oxidation. They noted that organic matter deposited along with sediments on 

the sea floor consists of a variety of compounds that forms a continuum in 

terms of chemical reactivity relative to seawater sulfate. These compounds 

react sequentially, proceeding from the most reactive to the least (Berner and 

Raiswell, 1983). When sedimentation rates are relatively high, the more 

reactive organic compounds are less vulnerable to degradation via oxidation 

at or above the sediment-water interface, owing to rapid burial and movement 

into the zone of sulfate reduction. Berner and Raiswell (1983) observed that 

under such conditions rates of sulfate reduction are higher and more H
2
S is 

produced and available for reaction with iron. This results in enhanced 
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formation of pyrite and, thus, stabilization of sulfur in the sediment, and lower 

C/S ratios as observed in the marl units of this study. 

On the other hand, when sedimentation rates are relatively low, organic 

materials, especially the more reactive compounds, have a longer residence 

time at the sediment-water interface and, thus, are more susceptible to 

aerobic degradation. In this case, less total organic matter, consisting 

primarily of the less reactive organic compounds, is available for sulfate 

reduction upon burial (Berner and Raiswell, 1983). Under these conditions, 

the sulfate reduction reaction rate is lower and less H2S is available for 

reaction with iron. This results in reduced formation of pyrite, less stabilization 

of mineral sulfur in the sediment, and higher C/S ratios as observed in the 

limestone units of this study. 

Carbonate Productivity and Clastic Dilution Cycles 

Carbonate Productivity in the Arcola Limestone Member.-Relatively high 

biogenic carbonate productivity characterizes the Arcola Limestone Member 

and the immediately sub- and superjacent strata of the Mooreville and 

Demopolis Chalks. As indicated above, the marl units associated with the 

Arcola indurated limestone beds contain an abundant and diverse calcareous 

nannoplankton microflora and planktonic foraminiferal microfuana (Smith and 

Mancini, 1983), which are the primary contributors to the carbonate content, 

and have a mean calcium carbonate content of 63.85%. A minor contribution 
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to the carbonate fraction comes from fragmented macrofossil debris ( see 

petrographic data, Appendix II). The indurated limestone beds are much 

richer in carbonate (mean content= 92.36%), contributed primarily by 

calcispheres, matrix material consisting predominately of microfossil debris, 

and microcrystalline calcite cement, than the marls. The differences in 

carbonate content between the calcisphere limestones and the associated 

marls are statistically significant (1 % level of significance) at all of the 

localities studied, as well as when all samples collected and analyzed are 

considered collectively. 

Given these facts, it is important to note that regardless of the relative 

rates of carbonate productivity between the limestones and marls, the kind of 

productivity is distinct between the two. In the limestone beds, the biogenic 

carbonate fraction is characterized by the presence of dinoflagellate 

calcispheres, which are absent in the marl beds. Thus, throughout this 

interval, carbonate supply fluctuates in a cyclical manner from calcareous 

nannoplankton/planktonic foraminifera dominated productivity in the marls to 

productivity in the limestones characterized by a significant contribution from 

calcareous dinoflagellates. This implies periodic changes in 

paleoceanographic parameters that act as triggers to the cyclical widespread 

proliferation of Pithonella in surface waters. 

Villian (1981) indicated that throughout the Late Cretaceous Pithonel/a, 

including Pithonel/a spherica, were typical of outer shelf to slope and basin 
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settings and only periodically populated more proximal, shallower water 

environments. In a study of the mid-Cretaceous succession of the Spanish 

Pyrenees, Drezewiecki and Simo (1997) suggested that the sudden 

appearance of Pithonel/a in pelagic-rich strata overlying preexisting shallow

water, benthonic carbonates indicated a sea level rise, nutrient enrichment 

resulting from coastal upwelling, and increased pelagic productivity. Further, 

they stated that the Pithonella calcispheres were opportunistic organisms that 

occupied the Pyrenean carbonate platform under conditions favorable for 

their proliferation. Several workers have indicated that calcispheres are 

commonly found in eutrophic fossil assemblages (Arthur and others, 1987; 

Jarvis and others, 1988; Drezewiecki and Simo 1997). Thus, the available 

literature on the subject indicates that paleoceanographic conditions favorable 

to calcisphere population and proliferation include sea level elevation and/or 

nutrient enrichment. 

To adequately evaluate productivity variations in the Arcola Limestone 

Member interval, it is necessary to differentiate biogenic carbonate from 

diagenetic carbonate cement in order to determine the relative difference 

between biogenic carbonate content in the limestone and marl beds. In the 

marls, calcite spar is a relatively minor component that fills foraminifera tests 

and for the purposes of this exercise, all carbonate in the marls can be 

considered biogenic. In the limestone beds, however, diagenetic 

microcrystalline calcite is ubiquitous as a pore filling cement in the 
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calcispheres and this component must be removed to determine the true 

difference in biogenic carbonate content before cementation of the limestones 

took place. 

For the purposes of evaluation, several assumptions are made. First, the 

average calcisphere is assumed to be ~50 µm in diameter and the average 

calcisphere chamber (and, therefore, microcrystalline calcite cement fill) is 

assumed to be 30 µm in diameter (average wall thickness is ~ 1 0 µm). 

Second, it is assumed that the average limestone consists of approximately 

50% calcispheres with intragranular cement fill and 50% intergranular 

carbonate micrite matrix. Third, the non-carbonate component, as determined 

by carbonate content determination analysis, is assumed to be of terrigenous 

elastic origin. Fourth, weight percentages of the various components are 

assumed, in at least a relative sense, to approximate volume percentages. 

Fifth, the carbonate matrix is assumed to consist primarily of biogenic 

carbonate from calcareous nannofossils. Sixth, calcispheres are assumed to 

be spherical. Seventh and finally, the average limestone is assumed to 

contain 92% carbonate (includes both primary biogenic carbonate and 

cement). All of these assumptions are based on petrographic data collected, 

and observations made, as part of this study. 
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On the basis of these assumptions, several observations follow: 

1. The volume of an average calcisphere (Veaie) is 65,450 µm3
• Of this 

volume, approximately 14,140 µm3 
( or 22%) is calcite cement (Vemt) that 

fills the chamber. Thus, of the volume occupied by the average 

calcisphere, 51,310 µm3 (or 78%) is biogenic carbonate (Vbi) that 

makes up the calcisphere test (Veale= (4rcreal/)/3, reale = radius of average 

calcisphere (50 µm); Vemt = (4rcremt
3
)/3, remt= radius of average 

calcisphere chamber (30 µm); vbio = Veale - Verni). 

2. For a unit volume of the average limestone, 46% is biogenic carbonate 

matrix, 8% is terrigenous elastic detritus, 36% is biogenic carbonate 

from calcisphere tests, and 10% is diagenetic microcrystalline calcite 

cement that represents original pore space in hollow calcisphere 

chambers. (For example, using the percentages from above and a unit 

volume of 100 cm3 of limestone, terrigenous elastic material accounts 

for 8 cm3 of the volume and carbonate accounts for 92 cm 3
• Of the 

carbonate fraction, 46 cm 3 consists of matrix and 46 cm 3 consists of 

calcispheres with intragranular cement. 22% of the calcisphere + 

cement volume, or ~ 1 O cm3, is cement and 78%, or ~36 cm3, is 

biogenic carbonate contributed by calcisphere tests.) 
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3. For a unit volume of the average limestone, biogenic carbonate 

constitutes approximately 82% of the volume (100% - (8% + 10%) = 

82%). Thus, after normalization, primary depositional biogenic 

carbonate constituted 91 % of the sediment and terrigenous elastic 

material represented 9%. For the limestone unit exhibiting the highest 

carbonate content in this study (~99%), biogenic carbonate constitutes 

approximately 88% of the preserved rock and represented 99% of the 

original sediment. 

On the basis of these observations, the approximate difference in biogenic 

carbonate content associated with primary pelagic carbonate productivity in 

the average limestone relative to the average marl is on the order of 27%. 

Obviously, this number is very approximate due to the assumptions made for 

evaluation, but at least provides some sense of the magnitude of productivity 

variability among the units. It is important to note that biogenic carbonate 

matrix and biogenic carbonate from calcisphere tests are subequal 

components of the average limestone in this evaluation. 

As indicated earlier, pure productivity cycles result when terrigenous 

elastic influx into the basin is constant and there is significant variation in 

carbonate productivity. Warren and Savrda (1998), in their work on chalk-marl 
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cyclicity in the Demopolis Chalk, provided a methodology to model carbonate 

productivity variations on the basis of varying carbonate content and constant 

terrigenous elastic influx. In their model, total sediment-accumulation rates 

are predicted for beds of a given carbonate content based on the average 

carbonate content for the interval of study and an assumed average 

sedimentation rate. 

Warren and Savrda used an estimated average sedimentation rate for the 

Demopolis Chalk of 3 cm per 1000 years ( cm/ky), which is a reasonable rate 

for Late Cretaceous pelagic carbonates (Scholle and others, 1983; Tucker 

and Wright, 1990). For average carbonate content of ~ 71 %, which is the 

average for all samples studied for this work, and a total-accumulation rate of 

3 cm/ky, the carbonate accumulation rate would be 2.13 cm/ky and the elastic 

accumulation rate would be 0.87 cm/ky. For the purposes of this model, the 

entire noncarbonate fraction is assumed to be terrigenous elastic detritus. 

If carbonate productivity cycles are assumed and the terrigenous elastic 

accumulation rate (TCAR) is held constant, total accumulation rates (TAR) 

and carbonate accumulation rates (CAR) can be modeled for any given 

carbonate content. These rates are determined by the following formulae from 

Warren and Savrda (1998): CAR= {0.87 / [(100 - %CaCOJ / 100]} - 0.87 and 

TAR = CAR + TCAR. 

Results of modeling assuming carbonate productivity cyclicity are shown 

in Table 4. As shown, carbonate productivity would have been required to 



Table 4.--Sediment accumulation rates calculated assuming varying 
biogenic carbonate productivity as the mechanism for cyclicity. 

Total 
CaC03 Clastic 

%CaC03 % Clastic 
Accum. 

Accum. Rate Accum. Rate 
Rate 

lcm/kv) 
(cm/ky) (cm/ky) 

40 60 1.45 0.58 0.87 
45 55 1.58 0.71 0.87 
50 50 1.74 0.87 0.87 
55 45 1.93 1.06 0.87 
60 40 2.18 1.31 0.87 
64 36 2.42 1.55 0.87 
65 35 2.49 1.62 0.87 
70 30 2.90 2.03 0.87 
71 29 3.00 2.13 0.87 
75 25 3.48 2.61 0.87 

~ 
,~ 

80 20 4.35 3.48 0.87 
85 15 5.80 4.93 0.87 
90 10 8.70 7.83 0.87 
91 9 9.67 8.80 0.87 
95 5 17.40 16.53 0.87 
99 1 87.00 86.13 0.87 

"Average" bed (CaCO3 = 71 %, total accumulation rate = 3 cm/ky) shown 

in italic, average marl (CaC03 = 64%) shown in bold, average limestone 
(biogenic CaCO3 = 91%) shown in bold italic. 
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increase by almost 6-fold and total accumulation by 4-fold to result in a 

biogenic carbonate increase from 64% (average marl) to 91 % (average 

limestone). Further, an increase from 64% to 99% (limestone bed with the 

highest biogenic carbonate content) would require 56- and 36-fold increases 

in these rates, respectively, whereas an increase from 45% (lower carbonate 

content marls) to 99% would require 121- and 55-fold increases, respectively. 

These modeling results will be discussed below after the section on 

terrigenous elastic dilution. 

Terrigenous Clastic Dilution in the Arcola Limestone Member.-

T errigenous elastic detritus, in the form of quartz sand- and silt- and clay

sized particles, is an important constituent in the marl units associated with 

the Arcola Limestone. As discussed earlier, the pelagic and hemipelagic 

sediments of the Arcola Limestone Member and associated strata in west

central Alabama and east-central Mississippi are in lithofacies relationship 

with more nearshore shallow marine, marginal marine, and fluvial deposits to 

the northwest and east of the study area (figs. 7 and 8). 

In the eastern Gulf Coastal Plain during the Late Cretaceous, particularly 

during accumulation of the carbonates of the Selma Group, the 

paleogeographic transition between offshore pelagic/hemipelagic settings and 

the more terrestrially influenced predominantly siliciclastic deposition settings 

in updip areas shifted through time in association with fluctuating relative sea 

level (Mancini and others, 1996). During transgressions, the loci of deposition 
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of these predominantly terrigenous elastic lithofacies shifted landward and 

during regressions, they shifted seaward. As noted by Scholle and others 

(1983), sea level fluctuations can play a significant role in pelagic 

sedimentation. These workers indicated that sea level directly influences the 

amount of terrigenous sediment that is delivered into pelagic and hemipelagic 

depositional settings, and that lower sea levels generally result in increased 

terrigenous influence. During high stands of sea level and widespread 

flooding of continental shelves and epicontinental seas, terrigenous elastic 

sediments are trapped in near-shore areas, thus decreasing terrigenous 

influence in more distal pelagic and hemipelagic settings. Thus, during 

regressive phases or during stillstands, terrigenous elastic sediment can 

prograde onto the shelf and produce elastic dilution cycles. 

Another mechanism that can result in dilution cycles is periodic fluctuation 

in erosion of, and runoff from, continental areas associated associated with 

climatic cyclicity (Arthur and others, 1986; Einsele and Ricken, 1991 ). During 

relatively wet periods, erosion and runoff is increased and more terrigenous 

elastic sediment is provided to the marine realm through fluvial processes. 

This can lead to elastic dilution of carbonate sedimentation in pelagic and 

hemipelagic settings. Conversely, during more arid periods, less terrigenous 

elastic sediment is delivered to the shelf and normal pelagic carbonate 

accumulation ensues. 
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Pure terrigenous elastic dilution cycles are the result of fluctuating input of 

elastic detritus while carbonate productivity rates are held constant. As 

discussed above with carbonate productivity, Warren and Savrda (1998) 

outlined a methodology to model elastic dilution on the basis on varying rates 

of elastic influx and constant rates of carbonate productivity. As with their 

carbonate productivity model, the elastic dilution model starts with the 

carbonate content of the 'average' unit in the interval of interest and predicts 

the total- and elastic-accumulation rates for various carbonate contents. 

Again, total accumulation for the average unit (71 % CaCO3) is assumed to be 

3 cm/ky. Thus, the carbonate accumulation rate would be 2.13 cm/ky and the 

elastic accumulation rate would be 0.87 cm/ky. Clastic- and total

accumulation rates are determined by the following formulae from Warren 

and Savrda (1998), which use the same acronyms as above: TCAR = [2.13 / 

(%CaCO
3 
I 100)]-2.3, TAR= TCAR + CAR. 

Results of modeling assuming elastic dilution cyclicity are shown in Table 

5. In the model, the change in biogenic carbonate content from 64% (average 

marl) to 91 % (average limestone) could be caused by a 30% reduction in total 

sedimentation rate as a result of a 82.5% reduction in terrigenous elastic 

influx. Further, an increase from 64% to 99% (limestone bed with the highest 

biogenic carbonate content) could result from reductions of 35% and 98%, 

respectively, whereas an increase from 45% (lower carbonate content marls) 

to 99% would require 55% and near-100% reductions, respectively. 



Table 5.--Sediment accumulation rates calculated assuming varying 
terrigenous elastic dilution as the mechanism for cyclicity. 

Total 
CaC03 Clastic 

%CaC03 % Clastic 
Accum. 

Accum. Rate Accum. Rate 
Rate 

lcm/kv\ 
(cm/ky) (cm/ky) 

40 60 5.33 2.13 3.20 
45 55 4.73 2.13 2.60 
50 50 4.26 2.13 2.13 
55 45 3.87 2.13 1.74 
60 40 3.55 2.13 1.42 
64 36 3.33 2.13 1.20 

-

65 35 3.28 2.13 1.15 
70 30 3.04 2.13 0.91 - ,._ 
71 29 3.00 2.13 0.87 
75 25 2.84 2.13 0.71 
80 20 2.66 2.13 0.53 
85 15 2.51 2.13 0.38 
90 10 2.37 2.13 0.24 
91 9 2.34 2.13 0.21 
95 5 2.24 2.13 0.1 1 
99 1 2.15 2.13 0.02 

"Average" bed (CaCO3 = 71 %, total accumulation rate = 3 cm/ky) shown 

in italic, average marl (CaC03 = 64%) shown in bold, average limestone 
(biogenic CaCO3 = 81%) shown in bold italic. 

-

--
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C/astic Dilution versus Carbonate Productivity.-Both the Mooreville and 

Demopolis Chalks comprise thick, lithologically consistent, generally pelagic 

and hemipelagic stratigraphic intervals that are characterized by abundant, 

diverse, and ubiquitous pelagic calcareous microfossil assemblages (Smith 

and Mancini, 1983; Palmer, 1986; Puckett, 1992; Mancini and others, 1996), 

which represent primary carbonate productivity. These units were deposited 

over a span of approximately 12 million years (Mancini and others, 1996) and 

thus, it is almost certain that they record long-term equilibrium conditions 

between carbonate productivity and nutrient supply. 

The calcisphere limestone beds of the Arcola are unique in this 

stratigraphic succession. The presence of two to four, relatively thin limestone 

beds of distinct lithology and biology in what is otherwise a thick, rather 

monotonous section of marls and chalky marls certainly raises a serious 

question regarding carbonate productivity. Do the calcisphere limestone beds 

of the Arcola Limestone Member represent short-term, but significant, 

fluctuations in the long-term balance between carbonate productivity and 

nutrient supply, operative during the accumulation of the remainder of the 

Mooreville Chalk, including the marl beds intercalated with the Arcola 

limestone units, and the Demopolis Chalk? Do the rhythms observed in the 

Arcola Limestone Member represent cycles associated with fluctuations in 

carbonate productivity? 
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As discussed above, the change in carbonate content from the average 

marl in the Arcola interval to the content of the limestone units requires a 6- to 

121-fold increase in the rate of carbonate accumulation, which would, in turn, 

signal similar increases in carbonate productivity. If the marl units represent 

long-term equilibrium between carbonate productivity and nutrient supply, it 

logically follows that productivity increases of these magnitudes would have to 

be accompanied by significant increases in the supply of available nutrients. 

Further, these increases would have to be periodic and interspersed with 

return to the normal, background level of productivity and nutrient supply to 

explain the observed calcisphere limestone-marl rhythms. 

Owing to the fact that the Arcola Limestone Member and related strata are 

encompassed by only one biostratigraphic zone using the zonation with the 

finest chronostratigraphic resolution (calcareous nannofossils), it is impossible 

to know precisely the duration of time spanned during the accumulation of 

one limestone-marl couplet. Most workers, however, agree that the periodicity 

of typical decimeter- to meter-scale Cretaceous limestone-marl rhythms fall 

within the range of 20- to 1 GO-thousand years (ky) (Fischer and others, 1985; 

Barron and others, 1985; Arthur and others, 1986; Einsele, 1982). This range 

is consistent with the Arcola rhythmic interval given that the entire calcareous 

nannoplankton Ca/culites ova/is Zone is somewhat less than 1 million years in 

duration (Haq and others, 1988) and the interval of interest has been 

assigned to this zone (Smith, 1995). Thus, cyclical changes in nutrient supply 
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and productivity would have to have been of relatively short period ( ~20-100 

ky), with significant increases in both from long-term equilibrium conditions 

during deposition of the limestone beds, followed by return to equilibrium 

conditions during accumulation of the marls. 

Significant increases in nutrient supply and carbonate productivity in the 

eastern Gulf Coastal Plain basin on a periodic basis would have required 

concomitant periodic changes in regional circulation patterns and an increase 

in the rate of upwelling onto the shelf to deliver the required nutrients. As 

noted by Einsele and Ricken (1991 ), only extreme paleoceanographic 

changes, such as shifting of upwelling cells and climatic belts, have a large 

impact on productivity. While it is possible that fundamental 

paleoceanographic changes that affected carbonate productivity could have 

happened on a periodic basis over a short span of time, it is not probable and 

it is unlikely that changes in productivity alone resulted in the observed 

rhythmicity in the Arcola Limestone Member interval. In fact, Einsele and 

Ricken ( 1991) cast doubt on whether or not productivity cyclicity alone can be 

invoked as the primary mechanism for most types of limestone-marl rhythms. 

They remarked specifically that cyclic variation in productivity seemed to 

seldom be the sole factor controlling such rhythms, especially if there is any 

evidence of terrigenous elastic dilution. It is probable, however, that small 

scale variations in carbonate productivity, associated with the periodic 



population of the shelf by Pithonella, did influence and accentuate the 

observed Arcola cyclicity. 
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The most likely controlling factor to account for the rhythmic bedding in the 

Arcola Limestone Member and associated strata is cyclical fluctuation in the 

input of terrigenous elastic material into the depositional basin with 

concomitant small-scale variations in carbonate productivity. It will be shown 

below that it is highly likely that within the Arcola Limestone rhythms, times of 

peak productivity and peak terrigenous elastic dilution were 180° out-of-phase 

relative to each other, thus accentuating the observed cyclicity. The most 

direct evidence for dilution is the presence of significant amounts of 

terrigenous elastic detritus in the marl beds of the interval, including clay

sized particles and minor quartz silt and sand, and the near absence of these 

components from the calcisphere limestone beds. This indicates periodic 

dramatic decrease or shutoff of the supply of terrestrially derived elastic 

material to the open shelf. 

As indicated earlier, the paleogeographic transition between offshore 

pelagic/hemipelagic settings in the study area, and the more terrestrially 

influenced, predominantly siliciclastic deposition settings in updip areas 

shifted through time in association with fluctuating relative sea level (Mancini 

and others, 1996). During transgressions, the loci of deposition of these 

predominantly terrigenous elastic lithofacies shifted landward and during 

regressions, they shifted seaward. Further, Mancini and others (1996) 
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demonstrated that the Arcola Limestone Member was part of the condensed 

section associated with maximum transgression in the UZAGC-3.0 

depositional sequence, most likely deposited during the early highstand 

phase of the sequence. Mancini and Tew (1997) concluded that the highstand 

phase of the UZAGC-3.0 sequence was characterized by sustained maximum 

water depths owing primarily to overall low siliciclastic input into the basin. 

During maximum transgression and early highstand, all coeval lithofacies 

would have been translated to and held at the fartherest landward 

paleogeographic position within the depositional cycle and terrigenous 

siliciclastic deposition would have been limited to updip areas. Further, 

accomodation space for sedimentation on the shelf, and water clarity in areas 

isolated from siliciclastic influx, would have been maximized. 

Superimposed on the larger-scale, long-term sea level cycle (3rd order 

cycle) that resulted in the UZAGC-3.0 sequence were a number of smaller

scale, shorter-term relative sea level fluctuations that are commonly referred 

to as paracycles or 4th or 5th order cycles (Van Wagoner and others, 1988). 

Paracycles of relative sea level change result in depositional parasequences, 

which represent relatively conformable intervals of genetically related beds 

that are bounded by marine flooding surfaces. These shorter-term, smaller

scale cycles of relative sea level fluctuation are interpreted to have played an 

important role in the rhythmicity observed in the Arcola Limestone interval. 
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Paracycle-scale relative sea level fluctuations are generally related to 

cyclical changes in climate which are, in turn, thought to be driven by periodic 

variations in Earth's tilt and orbit (Milankovitch cycles) that impact the climate

ocean circulation system owing to concomitant fluctuations in solar insolation, 

the driving force of climate (Fischer and Schwarzacher, 1984; Fischer, 1991; 

Schwarzacher, 1993). Climate cycles play a role in short-term (4th and 5th
) 

relative sea level variations due to the effect of climate on the amounts and 

types of sediment delivered to or produced in a particular depositional basin 

and, during time periods with associated continental glaciation, the effect of 

climate on the waxing and waning of ice sheets and, therefore, oceanic water 

volume (Plint and others, 1992). 

Although the Cretaceous Period was a time of generally elevated 

temperatures and little, if any, widespread continental glaciation (Barron and 

others, 1985), the commonly rhythmic nature of Cretaceous pelagic deposits 

has been widely recognized, and most workers agree that the periodicities of 

the Cretaceous rhythms generally coincide to those of Milankovitch orbital 

parameters (Barron and others, 1985; Fischer and others, 1985; Arthur and 

others, 1986; Einsele and Ricken, 1991; Fischer, 1991; Warren and Savrda, 

1998). There is some debate related to the nature of the link between fourth 

and fifth order relative sea fluctuation and Milankovitch-band climate cyclicity 

in the generally ice-free Cretaceous (Barron and other, 1985; Plint and others, 



1992), but it is now generally accepted that there is a link (de Boer, 1991; 

Eicher and Diner, 1991; Fischer, 1991 ). 
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One effect of climate cycles on relative sea level change involves 

variations in the supply of terrigenous elastic sediment into a depositional 

basin through progradation in association with alternating wet and dry climate 

periods. During times of higher precipitation, erosion and run-off from 

continental areas and, therefore, delivery of terrigenous elastic sediment into 

the depositional basin, is enhanced, whereas during times of relative aridity, 

delivery is reduced. Thus, the wetter periods are characterized by 

progradation of elastic sediment into the basin and dispersal of the introduced 

elastic material across the shelf as accommodation space for sedimentation 

allows. Progradation results in a regressive relative sea level falls. 

Conversely, periods of relative aridity are characterized by greatly diminished 

terrigenous elastic influx and overall lower sedimentation rates. Normal basin 

subsidence, in combination with gradual eustatic sea level rise in the longer

term 3rd order cycle, results in relative sediment starvation and landward 

migration of the shoreline in a transgressive system, thus producing a relative 

sea level rise. 

This model can be applied to the Arcola Limestone Member interval. As 

shown by the elastic dilution modeling exercise above, the change in biogenic 

carbonate content from 64% (average marl) to 91 % (average limestone) can 

be accomplished by an 30% reduction in total sedimentation rate as a result 
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of a 82.5% reduction in terrigenous elastic influx. Cyclical reductions in 

terrigenous elastic influx of this magnitude, with associated climate cycles and 

short-term relative sea level fluctuations, are quite plausible and provide a 

logical and parsimonious explanation for the observed Arcola cyclicity. 

Other mechanisms can be invoked to explain changes in terrigenous 

siliciclastic delivery into the basin. These include migration of delta lobes and 

concommitant changes in sediment dispersal systems, changes associated 

with tectonic phenomena in the hinterlands, and changes in the rate of basin 

subsidence. However, the rhythmic and cyclical nature of the fluctuations in 

siliciclastic input observed in the Arcola interval raises major questions with 

each of these potential mechanisms, which, in general, tend to be episodic 

rather than periodic in nature. For example, to invoke lateral shifting of major 

delta lobes as a mechanism controlling terrigenous siliciclastic input into the 

basin requires that these shifts occur on a regular period to account for the 

observed cyclicity in limestone-marl alternation. Further, shifts in both the 

western (Coffee Sand) and eastern (Blufftown Formation) terrigenous 

siliciclastic disperal systems would have to have been coincidental, with shifts 

away from the study area in both systems during deposition of the calcisphere 

limestone beds. This is unlikely. 

Thus, the indurated calcisphere limestone beds of the Arcola Limestone 

Member are interpreted to represent smaller-scale transgressive 

(retrogradational) pulses within the overall maximum transgressive phase and 
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early highstand phase of the larger scale UZAGC-3.0 depositional cycle of 

Mancini and others (1996), whereas the marl units represent progradational 

regressive pulses. The most likely mechanism for relative sea level fluctuation 

and concomitant variations in terrigenous elastic influx into the basin was 

climatic cyclicity, associated with Milankovitch orbital parameters that resulted 

in alternating periods of enhanced and diminished precipitation. Alternating 

wet and dry climatic periods have also been invoked by Warren and Savrda 

(1998) to explain cyclical variations in carbonate content in the Demopolis 

Chalk of west-central Alabama. In all likelyhood, alternating wet and dry 

periods occurred throughout deposition of the Mooreville and Demopolis 

Chalks and these periods are probably manifest as variations in carbonate 

content in the interval. The unique occurrence of calcisphere limestone beds 

in the Arcola Limestone Member interval owes to the position of the interval in 

the overall transgressive maximum and early highstand phases of the 

UZAGC-3.0 depositional cycle. 

As indicated earlier, Villian (1981) noted that throughout the Late 

Cretaceous, Pithonella calcispheres, including Pithonella spherica, were 

typical of outer shelf to slope and basin settings and only periodically 

populated more proximal, shallower water environments. It is suggested here 

that the primary reason for this, given the conditions of adequate nutrient 

supply and normal marine salinities and temperatures that dominated the 

shelf during deposition of the Mooreville-Arcola-Demopolis interval, is the 
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intolerance of the organism to turbidity and/or its preference to waters of 

exceptional clarity, most likely due to metabolic and photosynthetic 

requirements. Simply put, the organisms required a true pelagic depositional 

environment in order to occupy and populate an otherwise shallow marine 

setting, such as the Late Cretaceous eastern Gulf Coastal Plain basin. 

Turbidity associated with hemipelagic depositional conditions served to 

exclude the calcisphere producing organisms. 

The Arcola Limestone Member calcisphere beds represent widespread 

pelagic conditions on the shelf and some of the least turbid water settings of 

any of the Upper Cretaceous stratigraphic succession of the eastern Gulf 

Coastal Plain. Only the purest chalk beds of the Demopolis Chalk approach 

the Arcola Limestone Member calcisphere beds in terms of low terrigenous 

elastic content. The work of Warren and Savrda (1998) has shown that the 

mean insoluble residue value for the Demopolis is some 10% higher ( ~20% 

for the Demopolis vs. ~ 10% for the Arcola Limestone beds) than the Arcola 

limestone beds. 

During times of exceptional water clarity, associated with small-scale 

transgressive pulses superimposed on the overall high stand of sea level 

associated with maximum transgression and early highstand in the UZAGC-

3.0 deposition sequence, and greatly decreased terrigenous elastic input and 

dispersal across the shelf, the calcisphere producing organisms migrated 

landward from more basinal positions, populated the shelf, and proliferated in 
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great numbers, leading to the accumulation of a myriad of calcareous 

dinoflagellate tests in the Arcola limestone beds. During times of increased 

turbidity and hemipelagic depositional conditions resulting from small-scale 

progradational regressive pulses and increased dispersal of terrigenous 

elastic sediment across the shelf, these organisms migrated back to their 

habitats in more basinal positions. 

Paleogeography of the Arcola Limestone Member Interval.-As indicated 

by the carbonate content data presented earlier, as well as the petrographic 

and other physical data, the primary terrigenous elastic dispersal system 

operative during accumulation of the stratigraphic interval addressed by this 

study was associated with the Coffee Sand fluvio-deltaic system, which 

entered the basin along the axis of the Mississippi embayment to the 

northwest of the study area (fig. 12). According to Sohl and others (1991), 

this delta system was initiated in the early Campanian in the northern 

Mississippi embayment and was characterized by a general progradational 

trend over time, eventually reaching northern Mississippi. A secondary 

dispersal system entered the basin from the east. The carbonate content data 

indicate that the study area was more influenced by the eastern siliciclastic 

dispersal system during deposition of the Arcola Limestone Member marls, 

and especially the Demopolis marls, than during deposition of the Mooreville 

marls. In the Mooreville marls, there is a progressive increase in carbonate 

content from west to east across the study area, whereas the Arcola 
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Limestone Member and Demopolis marls both exhibit increasing overall 

carbonate content toward the central part of the study area (fig. 80). Further, 

as figure 80 illustrates, the increased influence of the eastern dispersal 

system in the Demopolis marls relative to those in the Arcola. 

The carbonate content data summarized in figure 80, along with the 

lithofacies relationships discussed earlier, can be used to develop generalized 

paleogeographic reconstructions of the study area during deposition of the 

various units in the Arcola Limestone Member interval. Figure 81 is shows the 

paleogeography of the study area during deposition of the upper beds of the 

lower unnamed member of the Mooreville Formation. This reconstruction 

shows the dominance of the northwestern dispersal system in the delivery of 

siliciclastic sediment into the basin during this time period. Note that 

siliciclastic sediment from this system dominates the upper Mooreville marls 

as far south as the Tibbee Creek site (mean carbonate content of 45%) and 

perhaps farther. Along the inferred shoreline in the central part of the basin, 

terrigenous siliciclastics are limited to only extreme updip areas and 

hemipelagic marl deposition dominates the more offshore areas. At this time, 

the eastern dispersal system is not very well developed and has mimimal 

inpact on the study area. Of the sites studied, the Hatcher Bluff site is most 

isolated from siliciclastic influx and this is reflected in the carbonate content of 

the Mooreville marls at this site (mean = 66%). 
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Figure 82 shows the paleogeographic reconstruction of the area during 

deposition of the marl beds of the Arcola Limestone Member, whereas figure 

83 illustrates the setting during accumulation of the calcisphere limestone 

units. These paleogeographic settings would have cyclically alternated during 

the period of time represented by the Arcola Limestone Member owing to 

advance and retreat of the siliciclastic dispersal systems during alternating 

wet and dry climate periods as described above. During deposition of the 

Arcola marl beds, the area of carbonate dominance within the basin was 

expanded and shifted to the northwest relative to the marls of the underlying 

Mooreville. The area of influence of the northwestern dispersal system was 

translated to the northwest, whereas the eastern dispersal system was 

exerting more influence in the eastern part of the study area (Hatcher Bluff). 

With the exception of the Hatcher Bluff site, which was receiving siliciclastic 

sediment input from the eastern dispersal system during marl deposition, the 

marls of the Arcola Limestone Member exhibit mean carbonate contents that 

are significantly higher than those of the Mooreville marls (see statistical data, 

Appendix Ill). For example, at the Tibbee Creek site, mean carbonate content 

for the Arcola Limestone Member marls is 15% higher than that of the 

Mooreville marls, indicating significantly less influence from terrigenous 

siliciclastic influx at this position in the basin. At Hatcher Bluff, the Arcola 

marls have a lower mean carbonate content than the underlying Mooreville 

marls, indicating increased siliciclastic input from the eastern dispersal 
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system. The highest carbonate contents of the Arcola marls are in the central 

part of the basin, which was the area that was most isolated from the 

influence of either the northwestern or eastern dispersal systems. Along the 

inferred shoreline in the central part of the basin, siliciclastic sediments were 

probably limited to very near shore areas, with pervasive hemipelagic marl 

deposition in more offshore areas. 

Figure 83 shows the interpreted paleogeography of the study area during 

deposition of Arcola Limestone Member calcisphere limestone beds. As 

illustrated, influx of terrigenous elastic sediment would have been minimized 

during limestone deposition due to the landward retreat of the both the 

northwestern and eastern dispersal systems in association with periods of 

reduced precipitation as described above. However, the carbonate content 

data from the limestone units at each of the sites studied indicate that even 

during limestone deposition, the northwestern dispersal system exerted more 

influence on the basin than the eastern system. The mean carbonate content 

of the calcisphere limestone beds at the Tibbee Creek site are the lowest, 

with a trend toward higher values in the central part of the study area 

(Noxubee River, Swilleys Bend, Arcola Landing) (fig. 84). There is a slight 

decrease in carbonate content from Arcola Landing to Hatcher Bluff. This is 

interpreted to reflect the influence of the eastern dispersal system at the 

Hatcher Bluff site. The presence of two calcisphere limestone beds in the 

western part of the study area, as opposed to four beds in the eastern part, is 
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interpreted to be related to the relative 'strength' of the two dispersal systems. 

The data presented above indicates that the northwestern system exerted a 

more pervasive influence on sedimentation in the study area throughout 

deposition of the upper Mooreville beds and the Arcola Limestone Member 

than did the eastern system. Thus, during times of relative high stand of sea 

level (relative arid periods), sediment from the eastern siliciclastic source, 

being the 'weaker' of the two, was more readily trapped in nearshore 

environments, leading to turbidity reduction, and conditions favorable for 

calcisphere population of the shelf. Put another way, a smaller scale 

transgressive pulse was necessary to initiate the conditions conducive for 

calcisphere population in the east than in the west. 

The carbonate contents of the Arcola marls and limestones at the Arcola 

Landing site indicate that this site was probably the fartherest removed from 

influence of siliciclastic sediment of all of the sites studied during deposition of 

the Arcola Limestone Member interval. The presence of the mineralized 

hardground at the top of the Arcola Limestone Member supports this 

observation and suggests that the maximum sediment starvation during 

deposition of the Arcola interval occurred at the Arcola Landing site. Further, 

the mineralized hardground provides evidence that the Arcola Limestone 

Member is part of the condensed section of the UZAGC-3.0 depositional 

sequence as reported by Mancini and others (1996). Loutit and others (1988, 

p. 186) have defined condensed sections as " ... thin marine stratigraphic units 



225 

consisting of pelagic and hemipelagic sediments characterized by very low

sedimentation rates ... " and added that condensed sections" ... are areally 

most extensive at the time of maximum regional transgression of the 

shoreline." Lithified sediments and associated authigenic minerals are 

characteristic of condensed sections (Loutit and others, 1988). Other 

evidence for sediment starvation in the interval surrounding the Arcola 

Limestone Member includes the glauconite bed observed just below the 

lowermost Arcola calcisphere limestone bed at the Swilleys Bend site. High 

concentrations of authigenic glauconite are quite often associated with very 

slow rates of sedimentation (Baum and Vail, 1998; Loutit and others, 1988). 

Figure 85 shows the interpreted paleogeography of the study area during 

deposition of the lowermost Demopolis marl beds. During the interval, 

influence from the northwestern siliciclastic dispersal system is relatively 

unchanged from that exerted during deposition of the marls of the Arcola. 

However, the carbonate content data, as well as the petrographic data 

(Appendix II), indicate that siliciclastic influx from the eastern dispersal system 

increased during deposition of the Demopolis marls. Thin-section petrography 

of the Demopolis samples from the Hatcher Bluff site (HB-20 through HB-23) 

reveals moderately common very fine to fine grained quartz sand as part of 

the lithologic composition of these beds. In general, these samples contained 

the greatest abundance of quartz sand of any examined for this study. 
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There is an indication of a decrease in freshwater influence and a slight 

salinity gradient from west to east across the study area during deposition of 

the Mooreville marls, indicating that freshwater input from the northwestern 

dispersal system affected salinity distribution in the basin at this time. The 

oxygen isotope composition values for the Mooreville marls show a 

progressive 8180 enrichment from the Tibbee Creek site (mean = -2.57%0) to 

the Hatcher Bluff site (mean = -2.15%0). This observation is consistent with the 

paleogeography of the study area during deposition of the Mooreville marls as 

shown on figure 81. During this period of time, influence from the 

northwestern dispersal system on the study area was at its maximum 

southeast extent for the interval studied and input from the eastern system 

was minimal. 

When compared to the Mooreville and Demopolis marls, the 8180 values of 

the Arcola marls are somewhat enriched, perhaps indicating slightly elevated 

salinity, which was most likely related to overall decreased freshwater 

influence during deposition of the Arcola Limestone Member. Again, this 

reflects the interpreted paleogeography for the study area during deposition of 

the Arcola marl units (fig. 82), as well as the limestone units (fig. 83). During 

deposition of the Arcola Limestone Member marls, overall depositional 

conditions were characterized by widespread carbonate-dominated 

sedimentation throughout the basin and influx of terrigenous siliciclastic 

sediment was relatively low. Major influences from the northwestern and 
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eastern siliciclastic dispersal systems was limited to areas to the northwest 

and east of the study area, respectively. Therefore, the effects of freshwater 

input on overall salinity during deposition of these marl beds was minimized. 

As indicated earlier, on the basis of the 8180 composition data, there is no 

evidence of significant salinity variation between the Arcola marl beds and 

limestones. 

The 8180 composition data for the Demopolis marls show enrichment in 

the central part of study area (Arcola Landing), with progressively lighter 

values westward toward the Tibbee Creek site and eastward to the Hatcher 

Bluff site. These data perhaps indicate slightly increased fresh water input 

from the northwest and east in association with encroachment of the 

northwestern and eastern siliciclastic dispersal systems into the basin as 

indicated on figure 85. 

Given the above indications of slight salinity variation during deposition of 

the various units studied, it should be stressed that all of the paleontologic 

data, evidence, and observations presented in this work indicate that normal 

marine salinity and circulation conditions prevailed throughout the study area 

during deposition of the Arcola Limestone Member interval. 



SUMMARY 

Upper Cretaceous carbonates of the eastern Gulf Coastal Plain area of 

Alabama and east-central Mississippi, generally referred to as "chalks," 

consist primarily of pelagic and hemipelagic rocks that were deposited in a 

broad, gently sloping, relatively shallow continental-edge shelf setting during 

the Santonian, Campanian, and Maastrichtian Ages. Within this stratigraphic 

succession, the Arcola Limestone Member (Campanian) comprises the 

uppermost part of the Mooreville Chalk (Santonian-Campanian) of the Selma 

Group. The unit is overlain by the Demopolis Chalk (Campanian

Maastrichtian), also of the Selma Group. The outcrop of these units forms an 

arcuate belt from east-central Alabama to northeastern Mississippi. The 

Demopolis Chalk also crops out in southern Tennessee. 

Lithologically, the Arcola Limestone Member is a very distinctive unit, 

consisting of a relatively thin (<5 m), but geographically widespread and time 

synchronous stratigraphic succession of indurated, relatively pure limestone 

(calcisphere wackestone/packstone), interbedded and rhythmically alternating 

with chalky marl. 

The calcispheres that dominate the indurated Arcola beds are assigned to 

the species Pithonella spherica and are generally thought to be reproductive 
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cysts of an extinct planktonic calcareous alga having affinities to modern 

calcareous dinoflagellates. 
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To date, the Arcola Limestone Member has been rather poorly known in 

terms both of detailed lithologic and geochemical characteristics and of our 

understanding of the geologic events that led to the deposition of an interval 

containing relatively pure, calcisphere-rich limestone beds in an overall 

stratigraphic succession of impure clayey chalk and marl (unnamed member 

of the Mooreville Chalk, Arcola Limestone Member marl interbeds, and the 

Demopolis Chalk). 

The objective of this research has been to undertake a comprehensive 

petrographic and geochemical study of aspects of the Arcola Limestone 

Member of the Mooreville Chalk and immediately sub- and superjacent strata, 

in order to provide an interpretation of the nature and genesis of the interval. 

This research has sought to gain an understanding of the Arcola Limestone 

Member within the context of paleoceanographic mechanisms responsible for 

the observed bedding rhythms within the unit. Further, this work has been 

conducted to test the hypothesis that Arcola Limestone Member rhythms are 

the products of primary environmental processes related to 

paleoceanographic parameters, and that signals of these driving mechanisms 

can be discerned within the unit through lithologic and geochemical study. 

It has been noted that rhythmic bedding is quite typical in Cretaceous 

pelagic carbonate sequences deposited in continental-edge and 
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epicontinental settings. Rhythmic bedding is generally attributed to one or a 

combination of some or all of five principal paleoceanographic driving 

mechanisms: carbonate dissolution cycles, scour cycles, redox cycles, 

carbonate productivity cycles, and elastic dilution cycles. Rhythmic bedding is 

interpreted as the sedimentological response to these driving mechanisms, 

which are thought to be related to periodic variations in the Earth's orbit 

(Milankovitch cycles) that impact the climate-ocean circulation system owing 

to concomitant fluctuations in solar insolation, the driving force of climate. 

In order to assess the possible causal mechanisms for the observed 

carbonate rhythms in the Arcola Limestone Member interval, studies were 

conducted at five outcrop exposures of the unit and sub- and superjacent 

strata in Alabama and Mississippi to characterize the nature of the 

stratigraphic interval and the contained carbonate rhythms. Rock samples 

collected from these localities were characterized petrographically and 

analyzed for calcium carbonate (CaC03) and total organic carbon (TOC) 

content and composition of stable isotopes of oxygen and carbon (813C, 8180). 

Further, samples from two exposures have been analyzed for sulfur content. 

On the basis of the data, evidence, and observations generated by this 

study, which include lithologic, biotic, geochemical, and physical parameters 

observed from the collected samples and the outcrop localities, the rhythms in 

the Arcola Limestone Member interval are interpreted to result from cyclic 

changes in terrigenous elastic sediment input (elastic dilution cycles) into the 
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basin, perhaps accentuated by intervals of slightly enhanced carbonate 

productivity ( carbonate productivity cycles). Cyclicity is inferred to be 

associated with climate variability (wet and dry periods) and short-term 

relative sea level variations, augmented by fluctuations in carbonate 

productivity specifically related to periodic population of the continental-edge 

shelf by Pithonella calcisphere-producing dinoflagellates. There is also 

evidence for differences in benthonic oxygenation levels between the 

calcisphere limestone beds and the associated marls. This is manifest in 

increased preservation of organic matter, elevated sulfur contents, and 

decreased ratios of organic carbon to sulfur in the marl beds. The inferred 

differences in redox conditions most likely resulted from increased 

sedimentation rates associated with input of terrigenous elastic material 

during deposition of the marl units. 

High calcisphere and low terrigenous detritus contents in the relatively 

pure, indurated Arcola Limestone Member limestone beds, in combination 

with the near-total absence of calcispheres in the sub- and superjacent and 

interbedded marl units, indicate periodic reductions in turbidity on the shelf, 

leading to favorable paleoceanographic conditions to support "blooms" of the 

calcisphere-producing dinoflagellates. 

Paleogeographic reconstructions of the study area and contiguous parts of 

the eastern Gulf Coast depositional basin during the deposition of the Arcola 

Limestone Member interval indicates that two siliciclastic dispersal systems, 
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one to the northwest of the study area and one to the east, exerted influence 

on the study area during deposition of the interval. During deposition of the 

Mooreville Chalk marl beds that immediately underlie the Arcola Limestone 

Member, the northwestern dispersal system was dominant. During 

accumulation of the Arcola Limestone Member and the marls beds of the 

Demopolis Chalk that immediately overlie the Arcola Limestone Member, the 

eastern dispersal system became increasingly important as a delivery system 

for siliciclastic sediment into the basin. During deposition of the Arcola 

Limestone Member, the central part of the study area was more isolated from 

siliciclastic input than either the western or eastern parts. This resulted in a 

well-developed condensed section capped by a mineralized hardground in 

this area. 



CONCLUSIONS 

1. The indurated limestone beds of the Arcola Limestone Member contain 

abundant Pithonel/a spherica, calcispheres that are assigned to the 

dinoflagellate subfamily Pithonelloideae of family Calciodinellaceae. These 

pelagic organisms normally inhabit deep-water outer shelf and slope 

environments, but their periodic inhabitation of shelf settings, such as the 

Late Cretaceous eastern Gulf Coastal Plain basin, under conditions 

conducive to their proliferation has been documented. Other constituents 

in the limestone beds include predominately carbonate micrite and 

microcrystalline carbonate cement and lesser amounts of foraminiferal 

tests, fragments of megafossils, and clay-sized terrigenous elastic detritus. 

Minor components include quartz silt and sand, glauconite, sulfides (pyrite 

or marcasite), and phosphate. These beds can be characterized as 

calcisphere wackestones, packstones, and grainstones. 

2. The marl beds that rhythmically alternate with the Arcola calcisphere 

limestone beds can be generally characterized as foraminiferal and 

nannofossil wackestones. These beds, which are very fine-grained, 

accumulated under hemipelagic conditions and consist predominantly of 

nannofossils, carbonate micrite and clay-sized terrigenous elastic detritus 
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with varying abundances of foraminifera and fossil fragments (primarily 

bivalve shell material), quartz silt and sand, mica, glauconite, phosphate, 

and sulfide minerals (pyrite or marcarsite). Only rarely are constituents 

over 200 µm in length observed in the marl beds. 

3. Statistical analyses reveal that the carbonate content, total organic carbon 

content, sulfur content, and carbon stable isotope composition of the 

indurated calcisphere limestone beds are significantly different than those 

of the associated marl units. There is no significant difference in the 

composition of stable isotopes of oxygen between the limestones and 

marls. Regression analysis indicates a relatively strong negative 

correlation between carbonate content and total organic carbon content, a 

moderate correlation between carbonate content and 813C composition, 

and a strong correlation between sulfur content and carbonate content. 

There is no correlation between 8180 composition and carbonate content. 

4. Previous interpretations of the origin of the Arcola Limestone Member 

calcisphere limestone beds that invoke a very shallow-water, benthonic 

depositional model, suggest significant changes in salinity and 

temperature during deposition, and ascribe the calcispheres to 

Acetabularia-like green algae are not supported by the data, evidence, 

and observations presented here. Likewise, a high-energy depositional 

environment interpretation for the calcisphere limestone beds is not 

supported by the data, evidence, and observations presented here. 



236 

5. Of the five primary principal paleoceanographic driving mechanisms 

thought to produce rhythmic bedding in pelagic/hemipelagic carbonate 

stratigraphic successions, i.e., carbonate dissolution cycles, scour cycles, 

redox cycles, carbonate productivity cycles, and elastic dilution cycles, 

carbonate dissolution and scour can be ruled out as probable causal 

mechanisms for Arcola rhythmicity. 

6. The rhythms in the Arcola Limestone Member interval are interpreted to 

result from cyclic changes in terrigenous elastic sediment input (elastic 

dilution cycles) into the basin, perhaps accentuated by intervals of slightly 

enhanced carbonate productivity (carbonate productivity cycles). Cyclicity 

is inferred to be associated with climate variability (wet and dry periods) 

and short-term relative sea level variations, augmented by fluctuations in 

carbonate productivity specifically related to periodic population of the 

continental-edge shelf by Pithonel/a calcisphere-producing dinoflagellates. 

High calcisphere and low terrigenous detritus contents in the relatively 

pure, indurated Arcola Limestone Member limestone beds, in combination 

with the near-total absence of calcispheres and much higher terrigenous 

elastic content in the sub- and superjacent and interbedded marl units, 

indicate periodic reductions in turbidity on the shelf, leading to favorable 

paleoceanographic conditions to support "blooms" of the calcisphere

producing dinoflagellates. 
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7. Paleogeographic reconstructions of the study area and contiguous parts of 

the eastern Gulf Coast depositional basin during the deposition of the 

Arcola Limestone Member interval indicates that two siliciclastic dispersal 

systems, one to the northwest of the study area and one to the east, 

exerted influence on the study area during deposition of the interval. 

During deposition of the Mooreville Chalk marl beds that immediately 

underlie the Arcola Limestone Member, the northwestern dispersal system 

was dominant. During accumulation of the Arcola Limestone Member and 

the marls beds of the Demopolis Chalk that immediately overlie the Arcola 

Limestone Member, the eastern dispersal system became increasingly 

important. During deposition of the Arcola Limestone Member, the central 

part of the study area was more isolated from siliciclastic input than either 

the western or eastern parts. This resulted in a well-developed condensed 

section capped by a mineralized hardground in this area. 

8. Evidence for differences in benthonic oxygenation levels (redox cycles) 

between the calcisphere limestone beds and the associated marls include 

increased preservation of organic matter, elevated sulfur contents, and 

decreased C/S ratios in the marl beds relative to the limestone beds. The 

inferred differences in redox conditions most likely resulted from increased 

sedimentation rates associated with input of terrigenous elastic material 

during deposition of the marl units. 
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9. The indurated limestones of the Arcola Limestone Member most likely 

exhibit light 813C signatures due to the influence of the biochemical 

degradation of organic matter and subsequent introduction of 12C-enriched 

carbonate cement into calcisphere chambers. 
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Appendix 1--Hand specimen descriptions. 

marl, dark olive gray (SY 3/1 ) , silty, micaceous, microfossiliferous, minor pyrite or marcasite replacing fossil fragments, very 
.. slightly fossiliferous 

marl , olive gray (SY 4/1 ), micaceous 

marl, dark olive gray (SY 3/1) , fossiliferous, glauconitic, phosphatic, micaceous, si lty 

· ?;;,-:I marl, olive gray (SY 4/1 ), glauconitic, micaceous, slighty sandy, silty, microfossiliferous, dessiminated pyrite or marcasite 

marl, olive gray (SY 4/1 ), glauconitic, sil ty 

marl , dark olive gray (SY 3/1 ), glauconitic, burrow mottled, sandy, micaceous, slightly fossiliferous 

.I limestone, light olive gray (SY 6/1 ), slightly glauconitic 

marl, olive gray (SY 4/1 ), slightly glauconitic, very slightly micaceous 

marl, olive gray (Sy 4/1 ), microfossiliferous, burrow mottled, sl ightly glauconitic, slightly phosphatic 

llimestone, light olive gray (SY 6/ 1 ), burrow mottled 

marl, olive gray (SY 4/1 ), very slightly micaceous 
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Appendix 1--Hand specimen descriptions (continued). 

'
1''\j marl, olive gray (5Y 4/1) 

marl, olive gray (5Y 4/1), slightly fossiliferous, slightly micaceous 

marl, olive gray (5Y 4/1) 

marl, dark olive gray (5Y 3/ 1), slightly micaceous, slightly fossiliferous, microfossiliferous 

marl, dark olive gray (5Y 3/1), slightly micaceous, microfossiliferous 

marl, olive gray (5Y 4/ 1 ), slightly fossiliferous, burrow mottled, slightly micaceous, microfossiliferous 

t i marl, olive gray (5Y 4/1), burrow mottled, microfossiliferous 

marl, medium olive gray (SY 5/1) , sandy, silty, glauconitic, moderately fossiliferous 
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Appendix 1--Hand specimen descriptions (continued). 

marl, medium olive gray (SY 5/1 ), sandy, glauconitic 

limestone, light olive gray (SY 6/1 ), burrowed, minor glauconite 

limestone, light olive gray (SY 6/1 ), burrowed, minor glauconite 

marl, medium olive gray (SY 5/1), slightly fossilifeous, microfossiliferous, dessiminated pyrite or marcasite 

... ).P,{{llmarl, light olive gray (SY 6/1), silty, burrow mottled, fossi liferous, glauconitic, micaceous 
•.;;Nft-:~ ,.,.,, 

·,n,.;•• .... 

limestone, olive gray (SY 4/1 ), burrowed 

limestone, light olive gray (SY 6/1), burrowed 

limestone, yellowish gray (SY 8/1 ), borrowed 

limestone, yellowish gray (SY 8/1 ), burrowed 

· I limestone, yellowish gray (SY 8/1), burrowed 

I\) 
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Appendix (--Hand specimen descriptions (continued). 

'\7marl, olive gray (5Y 4/1), glauconitic, microfossiliferous, 

marl, medium greenish gray (5 GY 5/1 ), silty, very fine-grained sand, slightly glauconitic, fossiliferous 

arl, light olive gray (SY 6/1 ), microfossilifeous 

"<icl marl, light olive gray (5Y 6/1 ), silty, minor very fine-grained sand, microfossiliferous, desseminated pyrite or marcasite 

marl, light olive gray (SY 6/1), silly, minor very fine-grained sand, microfossiliferous, glauconitic, fossiliferous, desseminated pyrite 
or marcasite 

marl, olive gray (5Y 4/1) burrow mottled, micaceous 

,mart, olive gray (SY 4/1),burrow mottled, slightly glauconitic 

mart, light olive gray (SY 6/1), burrow mottled, slightly glauconitic, slightly micaceous 
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Appendix 1--Hand specimen descriptions (continued). 

marl, light olive gray (SY 6/1 ), glauconitic, fossiliferous, pyrite or marcasite replacement in some fossils 

limestone, dark yellowish gray (SY 7/ 1 ), burrow mottled, moderately glauconitic, some dessiminated pyrite or marcasite 

limestone, dark yellowish gray (SY 7/1), burrow mottled 

marl, light olive gray (SY 8/1 ), fossiliferous, burrow mottled, slightly micaceous 

limestone, light olive gray (SY 6/1 ), burrow mottled, fossiliferous, slightly argillaceous 

arl, medium olive gray (SY 5/1 ), burrow mottled, slightly fossiliferous 

limestone, dark yellowish gray (SY 7/1), burrow mottled, very slightly micaceous 

limestone, yellowish gray (SY 8/1) 

limestone, yellowish gray (SY 8/1) 

marl, olive gray (SY 4/1 ), burrow mottled, slightly glauconitic 

marl, olive gray (SY 4/1), burrow mottled, glauconitic, slightly micaceous 
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Appendix 1--Hand specimen descriptions (continued). 

marl, dark yellowish gray (SY 7/1 ), burrow mottled, slightly fossiliferous, very slightly micaceous, very slightly glauconitic, very 
slightly silty 

limestone, medium light olive gray (SY 5/ 1 ), sl ighty fossiliferous 

. , mart, light olive gray (SY 6/1), slightly glauconitic, minor dessiminated pyrite or marcasite 

marl, light olive gray (SY 6/1), glauconitic, slightly micaceous, microfossiliferous, very slightly silty, dessiminated pyrite or 
marcasite 

itd mart, medium olive gray (SY 5/1 ), burrow mottled, slightly fossiliferous 

, marl,light yellowish gray (SY 9/1 ), slightly fossil iferous, slightly micaceous 

limestone, yellowish gray (SY 8/1) to light olive gray (SY 6/1 ), burrow mottled, very slightly fossiliferous 

marl, yellowish gray (SY 8/1 ), burrow mottled 

limestone, very light olive gray (SY 7/1 ), borrow mottled 

limestone, light yellowish gray (SY 9/1) 
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Appendix 1--Hand specimen descriptions (continued). 

marl, yellowish gray (SY 8/1 ), burrow mottled, glauconitic, slightly micaceous, slightly fossiliferous, dessiminated pyrite or 
marcasite 

;1marl, yellowish gray (SY 8/1), burrow-mottled, slightly glauconitic, slightly micaceous 

,marl, light olive gray (5Y 6/1), burrow mottled, glauconitic, slightly phosphatic, slightly micaceous 

:~i~t16:;J~~,marl, greenish-gray (SGY 6/1), burrow mottled, glauconitic, very slightly micaceous, slightly fossiliferous 

iii marl, medium olive gray (5Y 5/1 ), micaceous 

art, olive gray (5Y 4/1 ), slightly micaceous 

marl, olive gray (5Y 4/1 }, slightly micaceous, slightly fossiliferous, microfossiliferous 

.-c l marl/limestone, light olive gray (SY 6/1) 

,{j marl, olive gray (SY 5/1 ), very slightly micaceous 
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Appendix 1--Hand specimen descriptions (continued). 

_rlt'J;q:Jlimestone/marl, medium olive gray (5Y 5/1), slightly micaceous 
'8' 

limestone, light olive gray (5Y 6/1 }, very slightly micaceous, very slightly fossi liferous 

1 marl, medium olive gray (5Y 5/1 ), sl ightly micaceous, microfossiliferous 

marl, medium olive gray (5Y 5/1), micaceous, microfossiliferous 

limestone, light olive gray (5Y 6/1) 

marl, olive gray (5Y 4/1), slightly fossiliferous, slightly micaceous 

marl, medium olive gray (5Y 5/1 ), slightly micaceous 

'limestone, light olive gray (SY 6/1) 

,, marl, olive gray (SY 4/1 ), slightly fossiliferous, slightly micaceous, dessiminated pyrite or marcasite 

jlimestone, dark yellowish gray (SY 7/1), very slightly micaceous 
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Appendix 1--Hand specimen descriptions (continued). 

. . I limestone, dark yellowish gray (SY 7/1), very slightly micaceous 
HB~18 
.. ,. ' -•-◄ . .... 

.. . .. > Pimestone, dark yellowish gray (SY 7/1 ), very slightly micaceous 
HB-19 , 

,, marl, olive gray (SY 4/1 ), micaceous, silty 

marl, medium olive gray (SY 5/1), micaceous, silty 

· Jmarl, olive gray (SY 4/1) , micaceous, silty, sandy, microfossiliferous 

jmarl, olive gray (SY 4/1), micaceous, silty, sandy, microfossiliferous, dessiminated pyrite 

t\) 
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Appendix 11.--Thin section data. 
Kev-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A- >30%, MS- mudstone, WS- wackestone, PS- packs/one, GS- arainstone 

R 

I : I 
R 

I I TR I 
MC I TR I R 

I 
1.;a1.;u 

MC I R R <50% lciaystone MC TR 
CaC03 

MC I R I R I R I I TR I MC I TR I R I <50% claystone 
CaC03 

MC I R MC R MC C MC MC R <50% claystone 
CaC03 

MC MC R R R MC R-MC TR R ws 
I 

MC-C R-MC MC R TR MC R R-MC R 
<50% lciaystone 

CaC03 

A I TR TR R WS/PS 

I 
MC MC R R R R-MC R R ws 

MC R R TR TR MC TR TR ws 

A I TR TR R PS 

MC MC R R-MC TR R-MC R-MC ws 

MC MC R R A-MC TR R ws 

MC TR-R TR R TR TR MS/WS 

70% MC R R R R TR R-MC TR R ws 

85% MC R R TR R-MC TR R MS/WS 
I I 
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Appendix 11.--Thin section data (continued). 
Kev-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A->30%, MS- mudstone, WS- wackestone, PS- packstone, GS- .orainstone 

MC R TR I A-MC WS/PS 

MC R ws 

MC-C R-MC R MC TR R ws 

MC MC R TR TR R TR R ws 

R-MC R R R MC R TR TR I ws 

MC R R R R-MC R-MC R R I ws 

MC R TR R TR R ws 

MC R-MC R R-MC R TR TR ws 

A I R R-MC R R TR PS 

I 
R R TR TR R TR TR MS 

MC R-MC R TR TR MC TR I TR I ws 

MC-C R-MC R TR MC TR TR ws 

A I TR TR TR TR PS 
I I 
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Appendix 11.--Thin section data (continued). 
Key-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A- >30%, MS- mudstone, WS- wackeftone, PS- packs/one, GS- grains/one 

A TR TR TR PS/GS 

TR A-MC R TR R MS/WS 

MC A-MC R TR R TR TR-A ws 

MC MC R R TR MC TR TR ws 

MC MC R TR A-MC TR R ws 

MC MC R R R R TR A-MC ws 

MC MC R TR R-MC TR R ws 

TR TR 

R ws 

R R R TR R-MC R ws 

R R R R R ws 

MC R R MC R TR R ws 

MC I R I I I I TR I TR I I I I Majority of slide is a calcisphere-filled 
burrow 
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Appendix 11. --Thin section data (continued). 
Key-- TR-trace, R-<10%, MC- 10-20%, C-20-30%, A- >30%, MS- mudstone, WS- wackestone, PS- packstone, GS- grainstone 

A 

A R R TR TR PS 

MC R-MC TR TR TR R-MC TR TR ws 

R R TR TR R-MC TR MS/WS 

MC MC R R R R-MC TR R WS/PS 
I 

C-A I R R TR MC-C WS/PS J Approx. 50% of calcispheres filled with 
sulfides 

A I TR TR TR PS/GS 
, WS-filled burrow cuts section 

A I TR TR TR PS/GS 

MC R-MC R R R R TR TR-R ws 

MC MC R R TR R-MC TR TR ws 

MC R R TR-R R-MC TR R ws 

MC MC R TR R-MC TR TR WS 

MC MC MC MC R R R TR R WS/PS 
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Appendix 11.--Thin section data (continued) . 
Key-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A- >30%, MS- mudstone, WS- wackestone, PS- packstone, GS- grainstone 

R-MC R TR TR R TR TR-R ws 
I 

A I TR R PS/GS 
!moderate sulfide fill of calcispheres 

R-MC R-MC TR TR R TR R MS/WS 

TR R-MC R-MC R TR R-MC TR R ws calcispheres in burrow 

A TR TR TR PS 
marl-filled burrow cuts section 

MC-C MC-C MC R R R-MC TR R ws 

MC MC R TR TR R TR R ws 

MC R TR R-MC TR TR ws 

R R 

R R TR R TR TR MS/WS 

R-MC I R-MC I R I TR I TR TR I R-MC I TR R ws 

R R R TR R R ws 
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Appendix 11.--Thin section data (continued). 
Key-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A- >30%, MS- mudstone, WS- wackestone, PS- packs/one, GS- grainstone 

R-MC R R R TR R TR R WS 

MC R-MC R R TR R TR R ws 

A TR TR TR R TR PS/GS 

A TR TR R PS 

R-MC R TR TR R TR R ws 

MC R-MC R TR R TR R ws 

A I TR TR R TR R PS 

MC MC R R TR R TR R ws 
I 

TR R-MC R R TR R TR R ws !calcispheres in burrow 

A TR TR R GS 

R R R TR R-MC TR R-MC ws 

A TR TR TR R PS/GS 

A TR TR TR R PS/GS 

A R R R WS/PS 
I I 

I\) 
0) 
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Appendix 11.--Thin section data (continued). 
Key-- TR-trace, R-<10%, MC- 10-20%, C- 20-30%, A - >30%, MS- muds/one, WS- wackes/one, PS- packs/one, GS- grains/one 

HB-21 :,u,o MC MC MC MC TR R TR R ws 
•,.; 

ii 50% MC MC-C C C TR R TR R ws HB-22 

C TR R TR MC <50% I sandstone 

I\) 

--.J 
0 
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Appendix Ill-Statistical Analysis Data 

Carbonate Content--Limestones versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 57.17 85.39 Mean 
Variance 135.16 9.24 Variance 
ObseNations 16 2 ObseNations 
df 15 1 Pooled Variance 
F 14.63 Hypothesized Mean 
P(F<=f) one-tail 0.20 df 
F Critical one-tail 6156.97 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
85.39 

9.24 
2 

127.29 
0 

16 
3.34 

0.004196914 
2.92 

Marls 
57.17 

135.16 
16 

I\) 
--..J 
I\) 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Limestones versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 65.61 93.73 Mean 
Variance 67.70 15.18 Variance 
Observations 14 6 Observations 
df 13 5 Pooled Variance 
F 4.46 Hypothesized Mean 
P(F<=f) one-tail 0.0545304 df 
F Critical one-tail 9.82 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
93.73 
15.18 

6 
53.11 

0 
18 

7.91 
2.8902E-07 

2.88 

Marls 
65.61 
67.70 

14 

I\) 
-..,J 
w 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Limestones versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 66.92 93.06 Mean 
Variance 84.93 19.93 Variance 
Observations 13 6 Observations 
df 12 5 Pooled Variance 
F 4.26 Hypothesized Mean 
P(F<=f) one-tail 0.060234 df 
F Critical one-tail 9.89 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
93.06 
19.93 

6 
65.81 

0 
17 

6.53 
5.15755E-06 

2.90 

Marls 
66.92 
84.93 

13 

t\) 
'-J 
..j::,. 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Limestones versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 71.57 95.06 Mean 
Variance 55.69 13.52 Variance 
Observations 8 2 Observations 
df 7 1 Pooled Variance 
F 4.12 Hypothesized Mean 
P(F<=f) one-tail 0.3626951 df 
F Critical one-tail 5928.33 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limetones 
95.06 
13.52 

2 
50.42 

0 
8 

4.19 
0.003057821 

3.36 

Marls 
71.57 
55.69 

8 

I\.) 
---I 
01 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Limestones versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 62.75 91.56 Mean 
Variance 149.00 78.02 Variance 
Observations 18 5 Observations 
df 17 4 Pooled Variance 
F 1.91 Hypothesized Mean 
P(F<=f) one-tail 0.2802679 df 
F Critical one-tail 14.11 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
91.56 
78.02 

5 
135.48 

0 
21 

4.90 
7.65228E-05 

2.83 

Marls 
62.75 

149.00 
18 

I\) 
'-I 
0) 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Limestones versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 63.85 92.36 Mean 
Variance 120.99 31.97 Variance 
Observations 69 21 Observations 
df 68 20 Hypothesized Mean 
F 3.78 df 
P(F<=f) one-tail 0.000798 t Stat 
F Critical one-tail 2.59 P(T <=t) two-tail 

t Critical two-tail 

Limestones 
92.36 
31.97 

21 
0 

67 
15.75 

3.25445E-24 
2.65 

Marls 
63.85 

120.99 
69 

I\) 
-...J 
-...J 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Limestones versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=D.01 

Marls Limestones 
Mean 0.67 0.31 Mean 
Variance 0.03 0.01 Variance 
Observations 16 2 Observations 
df 15 1 Pooled Variance 
F 3.41 Hypothesized Mean 
P(F<=f) one-tail 0.4038312 df 
F Critical one-tail 6156.97 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.31 
0.01 

2 
0.03 

0 
16 

-2.97 
0.009082472 

2.92 

Marls 
0.67 
0.03 

16 

I\) 
...... 
CX) 



Appendix I I I-Statistical Analysis Data ( continued) 

Total Organic Carbon Content--Limestones versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 0.76 0.23 Mean 
Variance 0.03 0.02 Variance 
Observations 14 6 Observations 
df 13 5 Pooled Variance 
F 2.17 Hypothesized Mean 
P(F<=f) one-tail 0.2018072 df 
F Critical one-tail 9.82 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.23 
0.02 

6 
0.02799828 

0 
18 

-6.56 
3.66565E-06 

2.88 

Marls 
0.76 
0.03 

14 

I\) 
--.J 
c.o 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Limestones versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean 0.28 0.64 Mean 
Variance 0.03 0.02 Variance 
Observations 6 13 Observations 
df 5 12 Pooled Variance 
F 1.37 Hypothesized Mean 
P(F<=f) one-tail 0.3037956 df 
F Critical one-tail 5.06 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.28 
0.03 

6 
0.02 

0 
17 

-4.67 
0.000219962 

2.90 

Marls 
0.64 
0.02 

13 

I\) 
a:> 
0 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Limestones versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 0.58 0.23 Mean 
Variance 0.02 0.00 Variance 
Observations 8 2 Observations 
df 7 1 Pooled Variance 
F 5.04 Hypothesized Mean 
P(F<=f) one-tail 0.3305414 df 
F Critical one-tail 5928.33 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Limestones Marls 
Mean 0.225 0.57875 
Variance 0.00405 0.0204125 
Observations 2 8 
Pooled Variance 0.0183672 
Hypothesized Mean 0 
df 8 
t Stat -3.301681 
P(T <=t) two-tail 0.0108317 
t Critical two-tail 2.3060056 

Limestones 
0.23 
0.00 

2 
0.02 

0 
8 

-3.30 
0.010831671 

3.36 

Marls 
0.58 
0.02 

8 

I\) 
0) _._ 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Limestones versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a =0.01 

Limestones Marls 
Mean 0.30 0.66 Mean 
Variance 0.04 0.03 Variance 
Observations 5 18 Observations 
df 4 17 Pooled Variance 
F 1.12 Hypothesized Mean 
P(F<=f) one-tail 0.3797677 df 
F Critical one-tail 4.67 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.30 
0.04 

5 
0.03 

0 
21 

-3.90 
0.000828673 

2.83 

Marls 
0.66 
0.03 

18 

I\) 
0) 
I\) 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Limestones versus Marls, all sites combined 

F-test t-test 
a=0.01 a =0.01 

Marls Limestones 
Mean 0.67 0.27 Mean 
Variance 0.03 0.02 Variance 
Observations 69 21 Observations 
df 68 20 Pooled Variance 
F 1.46 Hypothesized Mean 
P(F<=f) one-tail 0.1715766 df 
F Critical one-tail 2.59 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.27 
0.02 

21 
0.03 

0 
88 

-9.76 
1 .11458E-15 

2.63 

Marls 
0.67 
0.03 

69 

I\) 
CX) 
u) 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Limestones versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean -2.29 -2.60 Mean 
Variance 0.17 0.07 Variance 
Observations 2 8 Observations 
df 1 7 Pooled Variance 
F 2.30 Hypothesized Mean 
P(F<=f) one-tail 0.1735144 df 
F Critical one-tail 12.25 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
-2.29 
0.17 

2 
0.09 

0 
8 

1.32 
0.222873466 

3.36 

Marls 
-2.60 
0.07 

8 

I\) 
(X) 
+::,. 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Limestones versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean -2.20 -2.37 Mean 
Variance 0.75 0.08 Variance 
Observations 2 7 Observations 
df 1 6 Pooled Variance 
F 8.92 Hypothesized Mean 
P(F<=f) one-tail 0.0244175 df 
F Critical one-tail 13.75 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
-2.20 
0.75 

2 
0.18 

0 
7 

0.50 
0.629404558 

3.50 

Marls 
-2.37 
0.08 

7 

I\) 
co 
(Jl 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Limestones versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean -2.29 -2.18 Mean 
Variance 0.43 0.15 Variance 
Observations 2 9 Observations 
df 1 8 Pooled Variance 
F 2.85 Hypothesized Mean 
P(F<=f) one-tail 0.1298024 df 
F Critical one-tail 11.26 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestone 
-2.29 
0.43 

2 
0.18 

0 
9 

-0.33 
0.747666478 

3.25 

Marls 
-2.18 
0.15 

9 

I\) 
(X) 
(j) 



Appendix Ill-Statistical Analysis Data (continued) 

0180 isotopic composition--Limestones versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Variable 1 Variable 2 
Mean -2.72 -2.12 Mean 
Variance 0.21 0.14 Variance 
Observations 2 4 Observations 
df 1 3 Pooled Variance 
F 1.51 Hypothesized Mean 
P(F<=f) one-tail 0.306924 df 
F Critical one-tail 34.12 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
-2.72 
0.21 

2 
0.16 

0 
4 

-1.75 
0.154912508 

4.60 

Marls 
-2.12 
0.14 

4 

I\) 
CX) 
--..J 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Limestones versus Marls, Hatcher Bluff Site 

F-test t-test 
o:=0.01 o:=0.01 

Variable 1 Variable 2 
Mean -1.77 -2.08 Mean 
Variance 0.14 0.11 Variance 
Observations 4 8 Observations 
df 3 7 Pooled Variance 
F 1.29 Hypothesized Mean 
P(F<=f) one-tail 0.3501046 df 
F Critical one-tail 8.45 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Variable 1 
-1.77 
0.14 

4 
0.12 

0 
10 

1.47 
0.171976977 

2.23 

Variable 2 
-2.08 
0.11 

8 

I\) 
0) 
OJ 



Appendix I I I-Statistical Analysis Data ( continued) 

8180 isotopic composition--Limestones versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean -2.18 -2.28 Mean 
Variance 0.30 0.14 Variance 
Observations 12 36 Observations 
df 11 35 Pooled Variance 
F 2.19 Hypothesized Mean 
P(F<=f) one-tail 0.0388591 df 
F Critical one-tail 2.80 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
-2.18 
0.30 

12 
0.17 

0 
46 

0.76 
0.45313696 

2.69 

Marls 
-2.28 
0.14 

36 

I\) 
co 
co 



Appendix Ill-Statistical Analysis Data (continued) 

813C isotopic composition--Limestones versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Limestones marls 
Mean -1.15 1.05 Mean 
Variance 0.18 0.05 Variance 
Observations 2 8 Observations 
df 1 7 Pooled Variance 
F 3.73 Hypothesized Mean 
P(F<=f) one-tail 0.0945917 df 
F Critical one-tail 12.25 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Variable 1 
-1.15 
0.18 

2 
0.06 

0 
8 

-10.98 
4.19473E-06 

3.36 

Variable 2 
1.05 
0.05 

8 

I\) 
co 
0 



Appendix I I I-Statistical Analysis Data ( continued) 

813C isotopic composition--Limestones versus Marls, Noxubee River Site 

F-test 
a=0.01 

Limestones 
Mean 0.37 
Variance 0.46 
Observations 2 
df 1 
F 78.12 
P(F<=f) one-tail 0.0001165 
F Critical one-tail 13.75 

t-test 
a=0.05 

Limestones 
Mean 0.37 
Variance 0.46 
Observations 2 
Hypothesized Mean 0 
df 1 
t Stat -2.31 
P(T <==t) two-tail 0.2599002 
t Critical two-tail 12.71 

Marls --
1.48 
0.01 

7 
6 

Marls 
1.48 
0.01 

7 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.37 
0.46 

2 
0 
1 

-2.31 
0.259900197 

63.66 

Marls 
1.48 
0.01 

7 

I\.) 
CD 
....I. 



Appendix Ill-Statistical Analysis Data (continued) 

813C isotopic composition--Limestones versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a =0.01 

Marls Limestones 
Mean 1.42 0.07 Mean 
Variance 0.09 0.09 Variance 
Observations 9 2 Observations 
df 8 1 Pooled Variance 
F 1.11 Hypothesized Mean 
P(F<=f) one-tail 0.6304885 df 
F Critical one-tail 5980.95 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.07 
0.09 

2 
0.09 

0 
9 

-5.62 
0.00032471 

3.25 

Marls 
1.42 
0.09 

9 

I\) 
(0 
I\) 



Appendix Ill-Statistical Analysis Data (continued) 

o13C isotopic composition--Limestones versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean 0.98 1.37 Mean 
Variance 0.37 0.11 Variance 
Observations 2 4 Observations 
df 1 3 Pooled Variance 
F 3.45 Hypothesized Mean 
P(F<=f) one-tail 0.160307 df 
F Critical one-tail 34.12 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Limestones Marls 
Mean 0.98 1.37 
Variance 0.37 0.11 
Observations 2 4 
Pooled Variance 0.17 
Hypothesized Mean 0 
df 4 
t Stat -1.08 
P(T <=t) two-tail 0.340606 
t Critical two-tail 2.78 

Limestones 
0.98 
0.37 

2 
0.17 

0 
4 

-1.08 
0.340605983 

4.60 

Marls 
1.37 
0.11 

4 

I\) 
<D 
u.) 



Appendix I I I-Statistical Analysis Data ( continued) 

o13C isotopic composition--Limestones versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean 0.13 1.28 Mean 
Variance 0.66 0.58 Variance 
Observations 4 8 Observations 
df 3 7 Pooled Variance 
F 1.12 Hypothesized Mean 
P(F<=f) one-tail 0.4026919 df 
F Critical one-tail 8.45 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Limestones Marls 
Mean 0.13 1.28 
Variance 0.66 0.58 
Observations 4 8 
Pooled Variance 0.61 
Hypothesized Mean 0 
df 10 
t Stat -2.41 
P(T <=t) two-tail 0.0367475 
t Critical two-tail 2.23 

Variable 1 
0.13 
0.66 

4 
0.61 

0 
10 

-2.41 
0.036747539 

3.17 

Variable 2 
1.28 
0.58 

8 

I\) 
CD 
~ 



Appendix Ill-Statistical Analysis Data (continued) 

o13C isotopic composition--Limestones versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean 0.09 1.31 Mean 
Variance 0.72 0.18 Variance 
Observations 12 36 Observations 
df 11 35 Hypothesized Mean 
F 3.90 df 
P(F<=f) one-tail 0.0009906 t Stat 
F Critical one-tail 2.80 P(T <=t) two-tail 

t Critical two-tail 

Limestones 
0.09 
0.72 

12 
0 

13 
-4.80 

0.000344934 
3.01 

Marls 
1.31 
0.18 

36 

N 
c.o 
(}l 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Limestones versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 0.44 0.06 Mean 
Variance 0.02 0.001 Variance 
Observations 14 6 Observations 
df 13 5 Hypothesized Mean 
F 25.40 df 
P(F<=f) one-tail 0.0010803 t Stat 
F Critical one-tail 9.82 P(T <=t) two-tail 

t Critical two-tail 

Limestones 
0.06 

0.001 
6 
0 

15 
-9.40 

1.1149E-07 
2.95 

Marls 
0.44 
0.02 

14 

I\) 
(0 
0) 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Limestones versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a =0.01 

Limestones Marls 
Mean 0.11 0.36 Mean 
Variance 0.03 0.004 Variance 
Observations 4 5 Observations 
df 3 4 Pooled Variance 
F 7.85 Hypothesized Mean 
P(F<=f) one-tail 0.0375807 df 
F Critical one-tail 16.69 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Limestones Marls 
Mean 0.11 0.36 
Variance 0.03 0.004 
Observations 4 5 
Pooled Variance 0.02 
Hypothesized Mean 0 
df 7 
t Stat -2.84 
P(T <=t) two-tail 0.0251709 
t Critical two-tail 2.36 

Limestones 
0.11 
0.03 

4 
0.02 

0 
7 

-2.84 
0.025170907 

3.50 

Marls 
0.36 

0.004 
5 

[\.) 
(0 
-.....J 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Limestones versus Marls, both sites combined 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones 
Mean 0.42 0.08 Mean 
Variance 0.02 0.01 Variance 
Observations 19 10 Observations 
df 18 9 Pooled Variance 
F 1.40 Hypothesized Mean 
P(F<=f) one-tail 0.3084469 df 
F Critical one-tail 4.86 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.08 
0.01 

10 
0.02 

0 
27 

-6.89 
2.08163E-07 

2.77 

Marls 
0.42 
0.02 

19 

l'v 
(0 
co 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Arcola Moorevi!!e 
Mean 60.10605 44.77198333 Mean 
Variance 37 .595722 15 .45024873 Variance 
Observations 2 6 Observations 
df 1 5 Pooled Variance 
F 2.4333409 Hypothesized Mean 
P(F<=f) one-tail 0.1795263 df 
F Critical one-tail 16.258127 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Arcola 
60.10605 

37.59572185 
2 

19.14116091 
0 
6 

4.292584366 
0.005134302 
3.707427823 

Moorevi!/e 
44.77198 
15.45025 

6 

I\) 
<O 
<O 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Demopolis Arcola 
Mean 65.740075 60.10605 Mean 
Variance 55.073513 37.59572185 Variance 
Observations 8 2 Observations 
df 7 1 Pooled Variance 
F 1.4648878 Hypothesized Mean 
P(F<=f) one-tail 0.5640706 df 
F Critical one-tail 5928.3338 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Dempolis Arcola 
Mean 65.740075 60.10605 
Variance 55.073513 37.59572185 
Observations 8 2 
Pooled Variance 52.888789 
Hypothesized Mean 0 
df 8 
t Stat 0.9799343 
P(T <=t) two-tail 0.3558195 
t Critical two-tail 2.3060056 

Demopolis 
65.740075 

55.0735127 
8 

52.88878884 
0 
8 

0.97993428 
0.3558195 

3.355380613 

Arcola 
60.10605 
37.59572 

2 

(J.) 
0 
0 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Demoe_olis Mooreville 
Mean 65.740075 44.77198333 Mean 
Variance 55.073513 15.45024873 Variance 
Observations 8 6 Observations 
df 7 5 Pooled Variance 
F 3.5645713 Hypothesized Mean 
P(F<=f) one-tail 0.0903371 df 
F Critical one-tail 10.455551 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demopolis 
65.740075 

55.0735127 
8 

38.56381938 
0 

12 
6.252093833 
4.24108E-05 
3.054537956 

Mooreville 
44.77198 
15.45025 

6 

(;.) 
0 ....... 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Arcola Mooreville 
Mean 72.578867 56.25586 Mean 
Variance 30.291576 13.7786381 Variance 
Observations 3 5 Observations 
df 2 4 Pooled Variance 
F 2.1984449 Hypothesized Mean 
P(F<=f) one-tail 0.2269254 df 
F Critical one-tail 17.99981 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Arcola 
72.57886667 
30.29157637 

3 
19.28295086 

0 
6 

5.089956219 
0.002243445 
3.707427823 

Moorevi/fe 
56.25586 
13.77864 

5 

u) 
0 
I\.) 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, Noxubee River Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Demopolis 
72.578867 69.93 
30.291576 13.83721583 

3 6 
2 5 

2.1891381 
0.2075475 
13.274075 

Arcola Demop_olis 
72.578867 69.93 
30.291576 13.83721583 

3 6 
18.538462 

0 
7 

0.8700381 
0.4131173 
2.3646226 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola 
72.57886667 
30.29157637 

3 
18.5384617 

0 
7 

0.870038055 
0.413117281 
3.499480954 

Demopolis 
69.93 

13.83722 
6 

w 
0 
w 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Demopolis Moorevil/e 
Mean 69.93 56.25586 Mean 
Variance 13.837216 13.7786381 Variance 
Observations 6 5 Observations 
df 5 4 Pooled Variance 
F 1.0042513 Hypothesized Mean 
P(F<=f) one-tail 0.512656 df 
F Critical one-tail 15.521891 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demopolis 
69.93 

13.83721583 
6 

13.81118129 
0 
9 

6.076435522 
0.00018445 

3.249842848 

Mooreville 
56.25586 
13.77864 

5 

(.,J 
0 
.i::,.. 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Moorevil/e Arcola 
Mean 58.33802 73.003 Mean 
Variance 50.390891 0.03333362 Variance 
Observations 5 2 Observations 
df 4 1 Pooled Variance 
F 1511.7137 Hypothesized Mean 
P(F<=f) one-tail 0.0192871 df 
F Critical one-tail 5624.257 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Mooreville Arcola 
Mean 58.33802 73.003 
Variance 50.390891 0.03333362 
Observations 5 2 
Pooled Variance 40.319379 
Hypothesized Mean 0 
df 5 
t Stat -2.760422 
P(T <=t) two-tail 0.0398147 
t Critical two-tail 2.5705776 

Moorevil/e 
58.33802 

50.39089077 
5 

40.31937934 
0 
5 

-2. 760422356 
0.039814723 
4.032117431 

Arcola 
73.003 

0.033334 
2 

(,.) 

0 
(Jl 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Swilleys Bend Site 

F-test t-test 
cx=0.01 ex =0.01 

Demoe_olis Arcola 
Mean 72.034 73.003 Mean 
Variance 43.683594 0.03333362 Variance 
Observations 6 2 Observations 
df 5 1 Pooled Variance 
F 1310.4965 Hypothesized Mean 
P(F<=f) one-tail 0.0209691 df 
F Critical one-tail 5763.9554 t Stat 

P(T <=t) one-tail 

t-test t Critical one-tail 
cx=0.05 P(T <=t) two-tail 

Demopolis Arcola t Critical two-tail 
Mean 72.034 73.003 
Variance 43.683594 0.03333362 
Observations 6 2 
Pooled Variance 36.40855 
Hypothesized Mean 0 
df 6 
t Stat -0.196683 
P(T <=t) two-tail 0.8505683 
t Critical two-tail 2.4469136 

Demopolis 
72.034 

43.68359367 
6 

36.40855033 
0 
6 

-0.196683403 
0.425284161 
3.142667993 
0.850568321 
3. 707 427823 

Arcola 
73.003 

0.033334 
2 

w 
0 
0) 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Mooreville Demopolis 
Mean 58.33802 72.034 Mean 
Variance 50.390891 43.68359367 Variance 
Observations 5 6 Observations 
df 4 5 Pooled Variance 
F 1.1535427 Hypothesized Mean 
P(F<=f) one-tail 0.4290775 df 
F Critical one-tail 11.391876 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
58.33802 

50.39089077 
5 

46.6646146 
0 
9 

-3.311033358 
0.009068963 
3.249842848 

Demopolis 
72.034 

43.68359 
6 

(,.) 
0 
-....J 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Arcola Demopolis 
Mean 77.2439 65.8969 Mean 
Variance 26.655467 17.45938353 Variance 
ObseNations 4 4 ObseNations 
df 3 3 Pooled Variance 
F 1.5267129 Hypothesized Mean 
P(F<=f) one-tail 0.3682592 df 
F Critical one-tail 29.456714 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Arcola Demoe_ofis 
Mean 77.2439 65.8969 
Variance 26.655467 17.45938353 
ObseNations 4 4 
Pooled Variance 22.057425 
Hypothesized Mean 0 
df 6 
t Stat 3.4167928 
P(T <=t) two-tail 0.0141996 
t Critical two-tail 2.4469136 

Arcola 
77.2439 

26.65546665 
4 

22.05742509 
0 
6 

3.416792823 
0.014199573 
3.707427823 

Demopolis 
65.8969 

17.45938 
4 

w 
0 
co 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Moorevil/e Arcola 
Mean 65.851014 62.00762 
Variance 241.56513 86.9165284 
Observations 7 5 
df 6 4 
F 2.7792772 
P(F<=f) one-tail 0.1708445 
F Critical one-tail 15.206751 

t-test 
a=0.05 

Moorevi/le Arcola 
Mean 65.851014 62.00762 
Variance 241.56513 86.9165284 
Observations 7 5 
Pooled Variance 179.70569 
Hypothesized Mean 0 
df 10 
t Stat 0.4896406 
P(T <=t) two-tail 0.6349511 
t Critical two-tail 2.2281392 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
65.85101429 
241.5651255 

7 
179. 7056866 

0 
10 

0.489640609 
0.634951144 
3.169261618 

Arcola 
62.00762 
86.91653 

5 

uJ 
0 
co 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a=0.01 

Demopolis Arcola Demopolis Arcola 
Mean 59.46706 62.00762 Mean 59.46706 62.00762 
Variance 152.36056 86.9165284 Variance 152.3605554 86.91653 
Observations 5 5 Observations 5 5 
df 4 4 Pooled Variance 119.6385419 
F 1.7529526 Hypothesized Mean 0 
P(F<=f) one-tail 0.2999845 df 8 
F Critical one-tail 15.977093 t Stat -0.367251776 

P(T <=t) two-tail 0. 722956311 
t-test t Critical two-tail 3.355380613 
a=0.05 

Demopolis Arcola 
Mean 59.46706 62.00762 
Variance 152.36056 86.9165284 
Observations 5 5 
Pooled Variance 119.63854 
Hypothesized Mean 0 
df 8 
t Stat -0.367252 
P(T <=t) two-tail 0.7229563 
t Critical two-tail 2.3060056 

CJ.) ...... 
0 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Moore ville Demopolis 
Mean 65.851014 59.46706 
Variance 241.56513 152.3605554 
Observations 7 5 
df 6 4 
F 1.5854834 
P(F<=f) one-tail 0.3412747 
F Critical one-tail 15.206751 

t-test 
a=0.05 

Moorevil/e Demoe_olis 
Mean 65.851014 59.46706 
Variance 241.56513 152.3605554 
Observations 7 5 
Pooled Variance 205.8833 
Hypothesized Mean 0 
df 10 
t Stat 0.7598408 
P(T <=t) two-tail 0.464886 
t Critical two-tail 2.2281392 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
65.85101429 
241 .5651255 

7 
205.8832974 

0 
10 

0.759840801 
0.464886012 
3.169261618 

Demopolis 
59.46706 
152.3606 

5 

uJ ..... ..... 



Appendix Ill-Statistical Analysis Data (continued) 

Carbonate Content--Marls versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Mooreville Arcola Mooreville Arcola 
Mean 56.632974 68.935525 Mean 56.63297391 68.93553 
Variance 147.1578 84.71801464 Variance 147.1577982 84.71801 
Observations 23 16 Observations 23 16 
df 22 15 Pooled Variance 121.8443724 
F 1.7370308 Hypothesized Mean 0 
P(F<=f) one-tail 0.136953 df 37 
F Critical one-tail 3.3296601 t Stat -3.4236081 

P(T <=t) two-tail 0.001524572 
t Critical two-tail 2.715405572 

w 
-1. 

I'\) 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Demopolis 
68.935525 66.84922414 
84.718015 65.6831646 

16 29 
15 28 

1.289798 
0.2715917 

2.753012 

Arcola Demop_olis 
68.935525 66.84922414 
84.718015 65.6831646 

16 29 
72.323229 

0 
43 

0.7877543 
0.4351615 
2.0166908 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Demoe_olis 
68.935525 66.84922 

84. 71801464 65.68316 
16 29 

72.32322857 
0 

43 
0. 78775427 4 
0.435161525 

2.69510565 

w ..... 
w 



Appendix I I I-Statistical Analysis Data ( continued) 

Carbonate Content--Marls versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Mooreville Demopolis Moorevil/e Demopolis 
Mean 56.63297 4 66.84922414 Mean 56.63297391 66.84922 
Variance 147.1578 65.6831646 Variance 147.1577982 65.68316 
Observations 23 29 Observations 23 29 
df 22 28 Pooled Variance 101.5320034 

F 2.2404188 Hypothesized Mean 0 
P(F<=f) one-tail 0.0225494 df 50 
F Critical one-tail 2.5587497 t Stat -3.631209357 

P(T <=t) two-tail 0.000663581 
t Critical two-tail 2.677788871 

u.) _._ 
.i::,. 



Appendix I I I-Statistical Analysis Data ( continued) 

Total Organic Carbon Content--Marls versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Moorevi/le Arcola Moore vi/le Arcola 
Mean 0.7116667 0.675 Mean 0.711666667 0.675 
Variance 0.0442967 0.01805 Variance 0.044296667 0.01805 
Observations 6 2 Observations 6 2 
df 5 1 Pooled Variance 0.039922222 
F 2.454109 Hypothesized Mean 0 
P(F<=f) one-tail 0.4486618 df 6 
F Critical one-tail 5763.9554 t Stat 0.224755178 

P(T <=t) two-tail 0.829628516 
t-test t Critical two-tail 3. 707 427823 
a=0.05 

Moorevi/le Arcola 
Mean 0.7116667 0.675 
Variance 0.0442967 0.01805 
Observations 6 2 
Pooled Variance 0.0399222 
Hypothesized Mean 0 
df 6 
t Stat 0.2247552 
P(T <=t) two-tail 0.8296285 
t Critical two-tail 2.4469136 

w _,_ 
(}l 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Tibbee Creek Site 

F-test t-test 
a=0.01 a=0.01 

Demoe_olis Arcola Demopolis Arcola 
Mean 0.64625 0.675 Mean 0.64625 0.675 
Variance 0.0254554 0.01805 Variance 0.025455357 0.01805 
Observations 8 2 Observations 8 2 
df 7 1 Pooled Variance 0.024529688 
F 1.4102691 Hypothesized Mean 0 
P(F<=f) one-tail 0.5724231 df 8 
F Critical one-tail 5928.3338 t Stat -0.232194449 

P(T <=t) two-tail 0.822216638 
t-test t Critical two-tail 3.355380613 
a=0.05 

Demopolis Arcola 
Mean 0.64625 0.675 
Variance 0.0254554 0.01805 
Observations 8 2 
Pooled Variance 0.0245297 
Hypothesized Mean 0 
df 8 
t Stat -0.232194 
P(T <=t) two-tail 0.8222166 
t Critical two-tail 2.3060056 

(.,) ...... 
0) 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Tibbee Creek Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Demopolis 
0.7116667 0.64625 
0.0442967 0.025455357 

6 8 
5 7 

1.7401707 
0.2437578 
7.4603577 

Mooreville Demop_olis 
0.7116667 0.64625 
0.0442967 0.025455357 

6 8 
0.0333059 

0 
12 

-0.663719 
0.5194184 
2.1788128 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Demopolis 
0.711666667 0.64625 
0.044296667 0.025455 

6 8 
0.033305903 

0 
12 

0.663719239 
0.519418437 
3.054537956 

(.,) _,__ 
-.....J 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a =0.01 

Arcola Mooreville Arcola Moore vi/le 
Mean 0.85 0.73 Mean 0.85 0.73 
Variance 0.0709 0.03365 Variance 0.0709 0.03365 
Observations 3 5 Observations 3 5 
df 2 4 Pooled Variance 0.046066667 
F 2.1069837 Hypothesized Mean 0 
P(F<=f) one-tail 0.237145 df 6 
F Critical one-tail 17.99981 t Stat 0.765576313 

P(T <=t) two-tail 0.472958997 
t-test t Critical two-tail 3.707427823 
a=0.05 

Arcola Mooreville 
Mean 0.85 0.73 
Variance 0.0709 0.03365 
Observations 3 5 
Pooled Variance 0.0460667 
Hypothesized Mean 0 
df 6 
t Stat -0.765576 
P(T <=t) two-tail 0.472959 
t Critical two-tail 2.4469136 

w 
-,I, 

CX) 



Appendix I I I-Statistical Analysis Data ( continued) 

Total Organic Carbon Content--Marls versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a =0.01 

Arcola Demopolis Arcola Demopolis 
Mean 0.85 0.745 Mean 0.85 0.745 
Variance 0.0709 0.02431 Variance 0.0709 0.02431 
Observations 3 6 Observations 3 6 
df 2 5 Pooled Variance 0.037621429 
F 2.9164953 Hypothesized Mean 0 
P(F<=f) one-tail 0.1447285 df 7 
F Critical one-tail 13.274075 t Stat 0.765573083 

P(T <=t) two-tail 0.468952281 
t-test t Critical two-tail 3.499480954 
a=0.05 

Arcola Demopolis 
Mean 0.85 0.745 
Variance 0.0709 0.02431 
Observations 3 6 
Pooled Variance 0.0376214 
Hypothesized Mean 0 
df 7 
t Stat -0.765573 
P(T <=t) two-tail 0.4689523 
t Critical two-tail 2.3646226 

(;.) ..... 
<D 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Mooreville Demopolis 
Mean 0.73 0.745 Mean 
Variance 0.03365 0.02431 Variance 
Observations 5 6 Observations 
df 4 5 Pooled Variance 
F 1.384204 Hypothesized Mean 
P(F<=f) one-tail 0.3588851 df 
F Critical one-tail 11.391876 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Moorevi/le Demopolis 
Mean 0.73 0.745 
Variance 0.03365 0.02431 
Observations 5 6 
Pooled Variance 0.0284611 
Hypothesized Mean 0 
df 9 
t Stat 0.146835 
P(T <=t) two-tail 0.8864988 
t Critical two-tail 2.2621589 

Moorevil/e 
0.73 

0.03365 
5 

0.028461111 
0 
9 

-0.14683501 
0.88649881 

3.249842848 

Demopolis 
0.745 

0.02431 
6 

w 
I\.) 

0 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Mooreville Arcola 
Mean 0.622 0.67 Mean 
Variance 0.03717 0.0008 Variance 
Observations 5 2 Observations 
df 4 1 Pooled Variance 
F 46.4625 Hypothesized Mean 
P(F<=f) one-tail 0.1095391 df 
F Critical one-tail 5624.257 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.01 

Moorevil/e Arcola 
Mean 0.622 0.67 
Variance 0.03717 0.0008 
Observations 5 2 
Pooled Variance 0.029896 
Hypothesized Mean 0 
df 5 
t Stat -0.331807 
P(T <=t) two-tail 0.7534917 
t Critical two-tail 2.5705776 

Moorevil/e 
0.622 

0.03717 
5 

0.029896 
0 
5 

-0.3318071 
0.753491697 
4.032117431 

Arcola 
0.67 

0.0008 
2 

(,) 
I\) 
....I. 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Swilleys Bend Site 

F-test t-test 
a=0.01 a=0.01 

Demopolis Arcola 
Mean 0.645 0.67 Mean 
Variance 0.02227 0.0008 Variance 
Observations 6 2 Observations 
df 5 1 Pooled Variance 
F 27.8375 Hypothesized Mean 
P(F<=f) one-tail 0.142871 df 
F Critical one-tail 5763.9554 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Demopolis Arcola 
Mean 0.645 0.67 
Variance 0.02227 0.0008 
Observations 6 2 
Pooled Variance 0.0186917 
Hypothesized Mean 0 
df 6 
t Stat -0.223955 
P(T <=t) two-tail 0.830223 
t Critical two-tail 2.4469136 

Demopolis 
0.645 

0.02227 
6 

0.018691667 
0 
6 

-0.223955444 
0.830223045 
3.707427823 

Arcola 
0.67 

0.0008 
2 

(,) 
f\.) 
[\) 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis 
0.622 

0.03717 
5 
4 

1.6690615 
0.2915244 
11.391876 

Demopolis 
0.622 

0.03717 
5 

0.0288922 
0 
9 

0.223461 
0.8281665 
2.2621589 

Mooreville 
0.645 

0.02227 
6 
5 

Mooreville 
0.645 

0.02227 
6 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demopolis Mooreville 
0.622 0.645 

0.03717 0.02227 
5 6 

0.028892222 
0 
9 

0.223460953 
0.828166489 
3.249842848 

uJ 
I\) 
uJ 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Arcola Landing Site 

F-test t-test 
a=0.01 a=0.01 

Arcola Moorevi/le 
Mean 0.5875 0.57 Mean 
Variance 0.031625 0.0158 Variance 
Observations 4 4 Observations 
df 3 3 Pooled Variance 
F 2.0015823 Hypothesized Mean 
P(F<=f) one-tail 0.2915805 df 
F Critical one-tail 29.456714 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Variable 1 Variable 2 
Mean 0.5875 0.57 
Variance 0.031625 0.0158 
Observations 4 4 
Pooled Variance 0.0237125 
Hypothesized Mean 0 
df 6 
t Stat 0.1607179 
P(T <=t) two-tail 0.8775903 
t Critical two-tail 2.4469136 

Arcola 
0.5875 

0.031625 
4 

0.0237125 
0 
6 

0.160717946 
0.877590273 
3.707427823 

Mooreville 
0.57 

0.0158 
4 

w 
I\) 
+:>-



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Moorevil!e 
0.734 0.542857143 

0.02508 0.028590476 
5 7 
6 4 

1.1399711 
0.4706551 
15.206751 

Arcola Mooreville 
0.734 0.542857143 

0.02508 0.028590476 
5 7 

0.0271863 
0 

10 
1.9798238 
0.0758949 
2.2281392 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola 
0.734 

0.02508 
5 

0.027186286 
0 

10 
-1 .97982377 
0.07589489 

3.169261618 

Moorevil!e 
0.542857 

0.02859 
7 

w 
I'\) 
Ul 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Hatcher Bluff Site 

F-test t-test 
cx=0.01 a =0.01 

Demopolis Arcola 
Mean 0.706 0.734 Mean 
Variance 0.02983 0.02508 Variance 
Observations 5 5 Observations 
df 4 4 Pooled Variance 
F 1.1893939 Hypothesized Mean 
P(F<=f) one-tail 0.4352829 df 
F Critical one-tail 15.977093 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
cx=0.05 

Demopolis Arcola 
Mean 0.706 0.734 
Variance 0.02983 0.02508 
Observations 5 5 
Pooled Variance 0.027455 
Hypothesized Mean 0 
df 8 
t Stat -0.267188 
P(T <=t) two-tail 0.796083 
t Critical two-tail 2.3060056 

Demopolis 
0.706 

0.02983 
5 

0.027455 
0 
8 

-0.267188223 
0.796083006 
3.355380613 

Arcola 
0.734 

0.02508 
5 

(.u 
I\.) 
m 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Oemo£Ofis Moorevil/e 
0.706 0.542857143 

0.02983 0.028590476 
5 
4 

1.0433544 
0.4576052 
9.1483798 

Oem0£0fis Moorevil!e 

7 
6 

0.706 0.542857143 
0.02983 0.028590476 

5 7 
0.0290863 

0 
10 

1.6336813 
0.1333738 
2.2281392 

t-test 
a=0.01 

Demopolis 
Mean 0.706 
Variance 0.02983 
Observatic 5 
Pooled Va 0.029086286 
Hypothesi; 0 
df 10 
t Stat 1.633681271 

P(T <=t) tw 0.133373798 
t Critical tVI 3.169261618 

Mooreville 
0.542857143 
0.028590476 

7 

w 
I\) 
----.I 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Mooreville Arcola 
Mean 0.6447826 0.70375 Mean 
Variance 0.0370352 0.032171667 Variance 
Observations 23 16 Observations 
df 22 15 Pooled Variance 
F 1.1511737 Hypothesized Mean 
P(F<=f) one-tail 0.3967571 df 
F Critical one-tail 3.3296601 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Moore ville Arcola 
Mean 0.6447826 0.70375 
Variance 0.0370352 0.032171667 
Observations 23 16 
Pooled Variance 0.0350635 
Hypothesized Mean O 
df 37 
t Stat -0.967333 
P(T <=t) two-tail 0.3396584 
t Critical two-tail 2.0261905 

Mooreville 
0.644782609 
0.037035178 

23 
0.035063484 

0 
37 

-0.967332962 
0.339658424 
2.715405572 

Arcola 
0.70375 

0.032172 
16 

0,) 
I\) 
co 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, all sites combined 

F-test 
cx=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
cx=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Demoe_olis 
0.70375 0.666206897 

0.0321717 0.023781527 
16 29 
15 28 

1.3528007 
0.2374238 

2.753012 

Arcola Demopolis 
0.70375 0.666206897 

0.0321717 0.023781527 
16 29 

0.0267083 
0 

43 
0.7376657 
0.4647242 
2.0166908 

t-test 
ex =0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Demo£_olis 
0.70375 0.666207 

0.032171667 0.023782 
16 29 

0.02670832 
0 

43 
0.737665748 
0.464724246 

2.69510565 

u) 
I\.) 
<O 



Appendix Ill-Statistical Analysis Data (continued) 

Total Organic Carbon Content--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Oemo£_o!is 
0.6447826 0.666206897 
0.0370352 0.023781527 

23 29 
22 

1.5573087 
0.1335327 
2.5587497 

28 

Mooreville Oemo£_o/is 
0.6447826 0.666206897 
0.0370352 0.023781527 

23 29 
0.0296131 

0 
50 

0.4458877 
0.6576033 
2.0085599 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Demo£_o/is 
0.644782609 0.666207 
0 .037035178 0 .023782 

23 29 
0.029613133 

0 
50 

0.445887665 
0.657603295 
2.677788871 

w 
w 
0 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Tibbee Creek Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demo_e_olis Mooreville 
-2.622683 -2.56767264 
0.1286109 0.064681972 

4 
3 

1.988357 
0.3519046 
99.164026 

Demo_e_olis Mooreville 

3 
2 

-2.622683 -2.56767264 
0.1286109 0.064681972 

4 3 
0.1030393 

0 
5 

-0.224382 
0.8313414 
2.5705776 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Oemo_e_olis Mooreville 
-2.62268333 -2.567673 
0 .128610854 0 .064682 

4 3 
0.103039301 

0 
5 

-0.22438162 
0.831341352 
4.032117431 

(;.) 
(;.) 
-'-



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Noxubee River Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Oemop_olis 
-2.308813 -2.5322554 
0.0103039 0.145128617 

3 3 
2 2 

14.084765 
0.066292 

99.000317 

Mooreville Oemop_olis 
-2.308813 -2.5322554 
0.0103039 0.145128617 

3 3 
0.0777163 

0 
4 

0.9816474 
0.3818527 
2.7764509 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Demop_olis 
-2.308812844 -2.532255 
0.010303943 0.145129 

3 3 
0.07771628 

0 
4 

0.981647394 
0.381852676 
4.604080459 

u) 
u) 
I\) 



Appendix I I I-Statistical Analysis Data ( continued) 

8180 isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Arcola 
-2.397026 -1.89786212 
0.1137195 9.1986E-05 

3 2 
2 1 

1236.2697 
0.0201067 
4999.3396 

Mooreville Arcola 
-2.397026 -1.89786212 
0.1137195 9.1986E-05 

3 2 
0.0758437 

0 
3 

-1.985521 
0.1412972 
3.1824493 

t-test 
a=0.01 

Moore ville Arcola 
Mean -2.397026334 -1.897862 
Variance 0.113719506 9.2E-05 
Observations 3 2 
Pooled Variance 0.075843666 
Hypothesized Mean O 
ill 3 
t Stat -1.985520646 
P(T <=t) two-tail 0.141297231 
t Critical two-tail 5.840847734 

(;J 
(;J 
(;J 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a =0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis Arcola 
-2.225588 -1.89786212 
0.3115364 9.1986E-05 

3 2 
2 1 

3386.78 
0.0121495 
4999.3396 

Demopolis Arcola 
-2.225588 -1.89786212 
0.3115364 9.1986E-05 

3 2 
0.2077216 

0 
3 

-0.787699 
0.4883745 
3.1824493 

t-test 
a=0.01 

Demopolis Arcola 
Mean -2.225587783 -1 .897862 
Variance 0.311536354 9.2E-05 
Observations 3 2 
Pooled Variance 0.207721564 
Hypothesized Mean 0 
df 3 
t Stat -0. 78769897 4 
P(T <=t) two-tail 0.48837 4465 
t Critical two-tail 5.840847734 

u.) 
u.) 
.f:,. 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Mooreville 
-2.225588 -2.39702633 
0.3115364 0.113719506 

3 3 
2 

2.7395155 
0.2674143 
99.000317 

Demop_olis Mooreville 

2 

-2.225588 -2.39702633 
0.3115364 0.113719506 

3 3 
0.2126279 

0 
4 

0.4553486 
0.67248 

2.7764509 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Mooreville 
-2.225587783 -2.397026 
0.311536354 0.11372 

3 3 
0.21262793 

0 
4 

0.455348556 
0.672479953 
4.604080459 

w w 
0, 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Arcola Landing Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis Arcola 
-1.925846 -2.30931052 
0.1822451 0.097584086 

2 2 
1 1 

1.8675701 
0.4021636 
4052.1845 

Demop_olis Arcola 
-1.925846 -2.30931052 
0.1822451 0.097584086 

2 2 
0.1399146 

0 
2 

-1.025164 
0.4130853 
4.3026557 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis Arcola 
-1.925846309 -2.309311 
0.182245123 0.097584 

2 2 
0.139914605 

0 
2 

-1.025163918 

0.41308531 
9.924988262 

(.0 
(.0 
0) 



Appendix I I I-Statistical Analysis Data ( continued) 

8180 isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Mooreville 
-1.746054 -2.15175734 
0.0202162 0.017101831 

3 3 
2 2 

1.1821095 
0.4582721 
99.000317 

Arcola Moore ville 
-1.746054 -2.15175734 
0.0202162 0.017101831 

3 3 
0.018659 

0 
4 

3.6375571 
0.0220122 
2.7764509 

t-test 
a =0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Moorevil/e 
-1.746053823 -2.151757 
0.020216237 0.017102 

3 3 
0.018659034 

0 
4 

3.637557084 
0.022012159 
4.604080459 

w 
w 
--.J 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
ObseNations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
ObseNations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola DemoE_olis 
-1.746054 -2.46673157 
0.0202162 0.016756976 

3 2 
2 

1.2064371 
0.5413023 
4999.3396 

Arcola DemoE_olis 
-1 . 7 46054 -2.46673157 
0.0202162 0.016756976 

3 2 
0.0190632 

0 
3 

5.7178716 
0.0106145 
3.1824493 

t-test 
a=0.01 

Mean 
Variance 
ObseNations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola DemoE_olis 
-1.746053823 -2.466732 
0.020216237 0.016757 

3 2 
0.01906315 

0 
3 

5.717871635 
0.010614512 
5.84084 7734 

w 
w 
Cl) 



Appendix Ill-Statistical Analysis Data (continued) 

0180 isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil!e Demop_olis 
-2.151757 -2.46673157 
0.0171018 0.016756976 

3 2 
2 

1.0205798 
0.57343 

4999.3396 

Mooreville Oemop_olis 

1 

-2.151757 -2.46673157 
0.0171018 0.016756976 

3 2 
0.0169869 

0 
3 

2.6473347 
0.0771696 
3.1824493 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Oemop_olis 
-2.151757336 -2.466732 
0.017101831 0.016757 

3 2 
0.01698688 

0 
3 

2.64733469 
0.077169622 
5.840847734 

(,.) 
(,.) 
<.O 



Appendix Ill-Statistical Analysis Data (continued) 

8180 isotopic composition--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Arcola Moore ville 
Mean 
Variance 
Observations 
df 

-2.032435 -2.35631729 
0.110393 0.062082161 

F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

9 
8 

1.7781766 
0.1853455 
4.7444928 

12 
11 

Arcola Mooreville 
Mean -2.032435 -2.35631729 
Variance 0.110393 0.062082161 
Observations 9 12 
Pooled Variance 0.0824236 
Hypothesized Mean 0 
df 19 
t Stat -2.55837 
P(T <=t) two-tail 0.0192147 
t Critical two-tail 2.0930247 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Arcola Mooreville 
-2.032435263 -2.356317 
0.110393046 0.062082 

9 12 
0.082423586 

0 
19 

-2.558369819 
0.01921468 

2.860942914 

u) 
+:>, 
0 



Appendix I I I-Statistical Analysis Data ( continued) 

8180 isotopic composition--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demo2olis Arcola 
-2.396387 -2.03243526 
0.1768166 0.110393046 

14 9 
13 8 

1.6017009 
0.2557862 
5.6089107 

Demop_olis Arcola 
-2.396387 -2.03243526 
0.1768166 0.110393046 

14 9 
0.1515124 

0 
21 

2.1884725 
0.0400785 
2.0796142 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Arcola 
-2.396387045 -2.032435 
0.176816639 0.110393 

14 9 
0.151512413 

0 
21 

2.1884 72522 
0.040078493 
2.831366146 

w 
~ 
-'-



Appendix Ill-Statistical Analysis Data (continued) 

0180 isotopic composition--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demo12_0/is Moorevi/le 
-2.396387 -2.35631729 
0.1768166 0.062082161 

14 
13 

2.848107 
0.0452478 
4.3416435 

12 
11 

Demo12_0/is Moorevil/e 
-2.396387 -2.35631729 
0.1768166 0.062082161 

14 12 
0.12423 

0 
24 

0.2889824 
0.7750763 
2.0638981 

t-test 
a=0.01 

Demo12_olis Moorevi/le 
Mean -2.396387045 -2.356317 
Variance 0.176816639 0.062082 
Observations 14 12 
Pooled Variance 0.124230003 
Hypothesized Mean O 
df 24 
t Stat 0.288982427 
P(T <=t) two-tail 
t Critical two-tail 

0.775076315 
2.796950866 

uJ 
.i::,. 
I\) 



Appendix Ill-Statistical Analysis Data (continued) 

813C isotopic composition--Marls versus Marls, Tibbee Creek Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop__olis Moorevil/e 
0.9376193 1.193199451 
0.0619491 0.01805497 4 

4 3 
3 2 

3.4311382 
0.2338207 
99.164026 

Demop__olis Mooreville 
0.9376193 1.193199451 
0.0619491 0.018054974 

4 3 
0.0443915 

0 
5 

1.5882508 
0.1730951 
2.5705776 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demop__olis Moorevil/e 
0.93761927 1.193199 
0.06194911 0.018055 

4 3 
0.044391456 

0 
5 

1.588250801 

0.173095139 
4.032117 431 

(,.) 
+:>
(,.) 



Appendix Ill-Statistical Analysis Data (continued) 

<513C isotopic composition--Marls versus Marls, Noxubee River Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville DemoE.olis 
1.5007182 1.432632166 
0.0086041 0.002762094 

3 3 
2 2 

3.1150692 
0.2430093 
99.000317 

Variable 1 Variable 2 
1.5007182 1.432632166 
0.0086041 0.002762094 

3 3 
0.0056831 

0 
4 

1.1061414 
0.3307124 
2.7764509 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevifle Demop_olis 
1.500718159 1.432632 
0.008604113 0.002762 

3 3 
0.005683103 

0 
4 

1.106141373 
0.330712418 
4.604080459 

w 
.i:::,.. 
.i:::,.. 



Appendix I I I-Statistical Analysis Data ( continued) 

813C isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moore vi/le Arcola 
1.3383131 1.738875098 
0.0150834 0.000715109 

3 2 
2 1 

21.092448 
0.1521718 
4999.3396 

Mooreville A cola 
1.3383131 1. 738875098 
0.0150834 0.000715109 

3 2 
0.010294 

0 
3 

-4.32483 
0.0227881 
3.1824493 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevi/le 
1.338313149 
0.015083391 

3 
0.010293963 

0 
3 

-4.324829629 
0.022788066 
5.840847734 

Arcola 
1.738875 
0.000715 

2 

w 
.i:::,. 
(Jl 



Appendix Ill-Statistical Analysis Data (continued) 

B13C isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Arcola 
1 .3706806 1. 738875098 
0.2144513 0.000715109 

3 2 
2 1 

299.88629 
0.0407986 
4999.3396 

Demop_olis Arcola 
1.3706806 1.738875098 
0.2144513 0.000715109 

3 2 
0.1432059 

0 
3 

-1.065829 
0.3646678 
3.1824493 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demoe_olis 
1 .370680557 
0.21445126 

3 
0.143205876 

0 
3 

-1. 06582904 
0.364667776 
5.840847734 

Arcola 
1.738875 
0.000715 

2 

w 
.j:::,. 
0) 



Appendix Ill-Statistical Analysis Data (continued) 

313C isotopic composition--Marls versus Marls, Swilleys Bend Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Mooreville 
1.3706806 1.338313149 
0.2144513 0.015083391 

3 3 
2 2 

14.217709 
0.0657129 
99.000317 

Oemop_olis Mooreville 
1.3706806 1.338313149 
0.2144513 0.015083391 

3 3 
0.1147673 

0 
4 

0.1170158 
0.9124876 
2.7764509 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Mooreville 
1.370680557 1.338313 

0.21445126 0.015083 
3 3 

0.114767325 
0 
4 

0.117015777 
0.912487624 
4.604080459 

w 
.i::,. 
--...J 



Appendix Ill-Statistical Analysis Data (continued) 

o13C isotopic composition--Marls versus Marls, Arcola Landing Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Arcola 
1.161293 1.571477617 

0.1310226 0.022136264 
2 2 
1 1 

5.9189121 
0.248271 

4052.1845 

Demopolis Arcola 
1.161293 1.571477617 

0.1310226 0.022136264 
2 2 

0.0765794 
0 
2 

1.4822562 
0.2764818 
4.3026557 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demoe_olis 
1.161293011 
0.131022601 

2 
0.076579433 

0 
2 

1 .482256234 
0.276481769 
9.924988262 

Arcola 
1.571478 
0.022136 

2 

u) 
~ 
CX) 



Appendix I I I-Statistical Analysis Data ( continued) 

813C isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Arcola 
0.7711328 1.718262469 
1.3198437 0.031389907 

3 3 
2 2 

42.046754 
0.0232306 
99.000317 

Mooreville Arcola 
0.7711328 1.718262469 
1.3198437 0.031389907 

3 3 
0.6756168 

0 
4 

-1.411253 
0.2310068 
2.7764509 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
0.771132773 

1.31984367 
3 

0.675616788 
0 
4 

-1 .411252962 
0.231006821 
4.604080459 

Arcola 
1.718262 
0.03139 

3 

(,u 
.p,. 
co 



Appendix Ill-Statistical Analysis Data (continued) 

o13C isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a=0.01 

Arcola Demopolis -
Mean 1.7182625 1.385178197 Mean 
Variance 0.0313899 0.016381436 Variance 
Observations 3 2 Observations 
df 2 1 Pooled Variance 
F 1.9161877 Hypothesized Mean 
P(F<=f) one-tail 0.4549039 df 
F Critical one-tail 4999.3396 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Arcola Demopolis 
Mean 1.7182625 1.385178197 
Variance 0.0313899 0.016381436 
Observations 3 2 
Pooled Variance 0.0263871 
Hypothesized Mean 0 
df 3 
t Stat -2.246203 
P(T <=t) two-tail 0.1103253 
t Critical two-tail 3.1824493 

Arcola Demo[!_ofis 
1. 718262469 1.385178 
0.031389907 0.016381 

3 2 
0.026387083 

0 
3 

-2.246203276 
0.110325338 
5.840847734 

w 
(Jl 
0 



Appendix Ill-Statistical Analysis Data (continued) 

813C isotopic composition--Marls versus Marls, Hatcher Bluff Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Demop__olis 
0.7711328 1.385178197 
1.3198437 0.016381436 

3 2 
2 

80.569474 
0.0785337 
4999.3396 

Mooreville Demop__olis 

1 

0.7711328 1.385178197 
1.3198437 0.016381436 

3 
0.8853563 

0 
3 

0.7148783 
0.5262938 
3.1824493 

2 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Demop__olis 
0.771132773 1.385178 

1.31984367 0.016381 
3 2 

0.885356258 
0 
3 

0.714878262 
0.526293757 
5.840847734 

(,.) 
()1 
-1. 



Appendix Ill-Statistical Analysis Data (continued) 

<'513C isotopic composition--Marls versus Marls, all sites combined 

F-test t-test 
cx=0.01 a=0.01 

Mooreville Arcola 
Mean 1 .2008409 1.597228684 Mean 
Variance 0.3276154 0.058646232 Variance 
Observations 12 9 Observations 
df 11 8 Pooled Variance 
F 5.5862997 Hypothesized Mean 
P(F<=f) one-tail 0.0108588 df 
F Critical one-tail 5.7342504 t Stat 

P(T <=t) two-tail 
t-test t Critical two-tail 
a=0.05 

Moorevil!e Arcola 
Mean 1 .2008409 1 .597228684 
Variance 0.3276154 0.058646232 
Observations 12 9 
Pooled Variance 0.2143652 
Hypothesized Mean o 
df 19 
t Stat -1.941535 
P(T <=t) two-tail 0.0671717 
t Critical two-tail 2.0930247 

Mooreville 
1.200840883 
0.327615424 

12 
0.214365238 

o 
19 

-1 .94153548 
0.067171705 
2.860942914 

Arcola 
1.597229 
0.058646 

9 

w 
(J1 
I\.) 



Appendix Ill-Statistical Analysis Data (continued) 

813C isotopic composition--Marls versus Marls, all sites combined 

F-test t-test 
a=0.01 a=0.01 

Demopolis Arcola 
Mean 1 .2323827 1 .597228684 Mean 
Variance 0.103823 0.058646232 Variance 
Observations 14 9 Observations 
df 13 8 Pooled Variance 
F 1.7703267 Hypothesized Mean 
P(F<=f) one-tail 0.2113034 df 
F Critical one-tail 5.6089107 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Demopolis 
1.23238269 

0.103822988 
14 

0.086612795 
0 

21 
2.901615813 
0.008533424 
2.831366146 

Arcola 
1.597229 
0.058646 

9 

0,) 
(Jl 
0,) 



Appendix I I I-Statistical Analysis Data ( continued) 

813C isotopic composition--Marls versus Marls, all sites combined 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Demopolis 
1.2008409 1.23238269 
0.3276154 0.103822988 

12 14 
11 13 

3.1555191 
0.0262725 
4.0245141 

Mooreville Demop_olis 
1 .2008409 1.23238269 
0.3276154 0.103822988 

12 14 
0.2063945 

0 
24 

-0.176484 
0.8613945 
2.0638981 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevi!le 
1 .200840883 
0.327615424 

12 
0.206394521 

0 
24 

-0.176484049 
0.861394487 
2.796950866 

Demopolis 
1.232383 
0.103823 

14 

(,) 
Ul 
.i::,.. 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Llmestones versus Marls, Noxubee River Site 

F-test t-test 
a=0.01 a=0.01 

Marls Limestones a=0.01 
Mean 0.4435714 0.06 
Variance 0.0213324 0.00084 Mean 
Observations 14 6 Variance 
df 13 5 Observations 
F 25.395735 Hypothesized Mean 
P(F<=f) one-tail 0.0010803 df 
F Critical one-tail 9.8248165 t Stat 

P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.06 

0.00084 
6 
0 

15 
-9.403791342 

1.1149E-07 
2.946726454 

Marls 
0.443571 
0.021332 

14 

0J 
CJl 
CJl 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Llmestone versus Marls, Hatcher Bluff Site 

F-test t-test 
a=0.01 a=0.01 

Limestones Marls 
Mean 0.1125 0.362 Mean 
Variance 0.0342917 0.00437 Variance 
Observations 4 5 Observations 
df 3 4 Pooled Variance 
F 7.8470633 Hypothesized Mean 
P(F<=f) one-tail 0.0375807 df 
F Critical one-tail 16.69423 t Stat 

P(T <=t) two-tail 

t-test t Critical two-tail 
a=0.05 

Limestones Marls 
Mean 0.1125 0.362 
Variance 0.0342917 0.00437 
Observations 4 5 
Pooled Variance 0.0171936 
Hypothesized Mean 0 
df 7 
t Stat -2.83649 
P(T <=t) two-tail 0.0251709 
t Critical two-tail 2.3646226 

Limestones 
0.1125 

0.034291667 
4 

0.017193571 
0 
7 

-2.836489919 
0.025170907 
3.499480954 

Marls 
0.362 

0.00437 
5 

0,) 
Ul 
0) 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Llmestone versus Marls, both sites 

F-test 
a=0.01 

Marls Limestones 
Mean 0.4221053 0.081 
Variance 0.0177398 0.012632222 
Observations 19 10 
df 18 9 
F 1.4043266 
P(F<=f) one-tail 0.3084469 
F Critical one-tail 4.8598849 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Limestones 
0.081 

0.012632222 
10 

0.016037251 
0 

27 
-6.894475816 
2.08163E-07 
2.770684659 

Marls 
0.422105 
0.01774 

19 

u.) 
(Jl 
'-I 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Marls versus Marls, Noxubee River Site 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville Arcola 
0.594 0.343333333 

0.01978 0.002433333 
5 3 
4 2 

8.1287671 
0.1125337 
99.251338 

Mooreville Arcola 
0.594 0.343333333 

0.01978 0.002433333 
5 3 

0.0139978 
0 
6 

2.9011332 
0.0272941 
2.4469136 

t-test 
a =0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e 
0.594 

0.01978 
5 

0.013997778 
0 
6 

2.901133237 
0.027294101 
3. 707 427823 

Arcola 
0.343333 
0.002433 

3 

u) 
01 
o:i 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Marls versus Marls, Noxubee River Site 

F-test 
cx=0.01 

Demopolis Arcola 
Mean 0.3683333 0.343333333 
Variance 0.0032167 0.002433333 
Observations 6 3 
df 5 2 
F 1.3219178 
P(F<=f) one-tail 0.4836073 
F Critical one-tail 99.30227 

t-test 
cx=0.05 

Demopolis Arcola 
Mean 0.3683333 0.343333333 
Variance 0.0032167 0.002433333 
Observations 6 3 
Pooled Variance 0.0029929 
Hypothesized Mean 0 
df 7 
t Stat -0.646267 
P(T <=t) two-tail 0.5387091 
t Critical two-tail 2.3646226 

t-test 
ex =0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis 
0.368333333 
0.003216667 

6 
0.002992857 

0 
7 

-0.646267048 
0.538709119 
3.499480954 

Arcola 
0.343333 
0.002433 

3 

w 
01 
c.o 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Marls versus Marls, Noxubee River Site 

F-test 
a=0.01 

Mooreville Demopolis 
Mean 0.594 0.368333333 
Variance 0.01978 0.003216667 
Observations 5 6 
df 4 5 
F 6.1492228 
P(F<=f) one-tail 0.0361019 
F Critical one-tail 11.391876 

t-test 
a =0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
0.594 

0.01978 
5 

0.010578148 
0 
9 

3.623488407 
0.005541547 
3.249842848 

Demopolis 
0.368333 
0.003217 

6 

w 
0) 
0 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Marls versus Marls, both sites 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moore ville Arcola 
0.55 0.373333333 

0.02744 0.002626667 
6 6 
5 

10.446701 
0.0111272 
10.967142 

Moore ville Arcola 

5 

0.55 0.373333333 
0.02744 0.002626667 

6 6 
0.0150333 

0 
10 

2.4956725 
0.0316809 
2.2281392 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e 
0.55 

0.02744 
6 

0.015033333 
0 

10 
2.49567253 

0.031680853 

3.169261618 

Arcola 
0.373333 
0.002627 

6 

0) 
0) _._ 



Appendix I I I-Statistical Analysis Data ( continued) 

Sulfur Content--Marls versus Marls, both sites 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demop_olis Arcola 
0.3542857 0.373333333 
0.0040619 0.002626667 

7 
6 

1.5464104 
0.324505 

10.672238 

Demop_olis Arcola 

6 
5 

0.3542857 0.373333333 
0.0040619 0.002626667 

7 6 
0.0034095 

0 
11 

0.5863363 
0.5694858 
2.2009863 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Demopolis Arcola 
0.354285714 0.373333 
0.004061905 0.002627 

7 6 
0.003409524 

0 
11 

0.586336327 
0.569485845 
3.105815267 

w 
0) 
I\) 



Appendix Ill-Statistical Analysis Data (continued) 

Sulfur Content--Marls versus Marls, both sites 

F-test 
a=0.01 

Mean 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-test 
a=0.05 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Moorevil/e Demo[!_olis 
0.55 0.354285714 

0.02744 0.004061905 
6 7 
5 

6.7554513 
0.0188185 
8.7459284 

Mooreville Demo[!_olis 

6 

0.55 0.354285714 
0.02744 0.004061905 

6 7 
0.0146883 

0 
11 

2.9026158 
0.0143777 
2.2009863 

t-test 
a=0.01 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean 
df 
t Stat 
P(T <=t) two-tail 
t Critical two-tail 

Mooreville 
0.55 

0.02744 
6 

0.014688312 
0 

11 
2.902615809 
0.014377685 
3.1 05815267 

Demopolis 
0.354286 
0.004062 

7 

w 
0) 
w 




