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The Floyd (Neal) Shale is an organic-rich black shale in the Black Warrior Basin
that is being explored for its unconventional gas potential. To understand the stratigraphic
architecture of the black shale facies in Mississippi, a detailed examination of well logs,
conventional core, well log correlation (cross sections) and isopach maps were used to
delineate and characterize the Neal Shale depositional facies.
From this study it can be concluded that parasequences associated with the upper
Pride Mountain Formation, Hartselle, Floyd Shale and Bangor Limestone are equivalent
to resistive units in the Neal Shale in Alabama. In Mississippi, the upper Pride Mountain
Formation and Hartselle are distinctly separate and the Floyd Shale and Bangor
Limestone comprise all equivalent units in the Neal Shale. The Neal Shale reaches
maximum thickness of 125 ft and structurally deeper areas with maximum thickness of
shale are key areas to focus for future potential gas exploration.
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CHAPTER I
INTRODUCTION
The Black Warrior Basin is a late Paleozoic foreland basin that is triangular in
shape and encompasses northwest Alabama and northeast Mississippi (Figure 1).The
basin is confined on the west by the Mississippi Valley Graben system, on the southwest
by the Ouachita orogen on the southeast by the Appalachian orogen, and on the north by
the Nashville Dome (Carroll et al., 1995).

Figure 1

Tectonic Setting of the Black Warrior Basin in Alabama and Mississippi
(Modified from Thomas, 1998)
1

The basin contains Cambrian through Pennsylvanian strata (Figure 2) and is
economically important because of conventional oil and gas that is produced from
Mississippian and Pennsylvanian reservoirs. The most prolific reservoirs are
Mississippian fluvial to deltaic porous and permeable sandstones.

Figure 2

Stratigraphic Column. Black Warrior Basin, Alabama and Mississippi

2

The Mississippian Floyd (Neal) Shale has long been identified as the source rock
for these oil and gas reservoirs; however, today, this organic-rich black shale is being
explored for its unconventional gas potential (Pashin, 2008, 2009; Pashin et al, 2011).
The term “Floyd Shale” can be misleading because it represents a larger shale interval
that includes several clastic and carbonate facies throughout Mississippi and Alabama,
not all of which are gas-bearing (Figure 3).

Figure 3

Regional cross section model. Black Warrior Basin, Alabama and
Mississippi (Modified from Pashin, 1994)

There are a few research papers that have been written (Cleaves and Broussard,
1980; Pashin, 1994) that have recognized that the organic-rich, resistive shale interval
located in the lower part of the Floyd Shale is distinctively different from the rest of the
3

formation. Drillers informally refer to this interval as the Neal Shale. Accordingly, usage
of the term, Neal, helps specify the facies of the Floyd that contains prospective
hydrocarbon source rocks and potential shale-gas reservoirs. Most of the research in the
Black Warrior Basin has focused on conventional reservoirs in Mississippian and
Pennsylvanian fluvial to shallow-marine sandstone units. The literature that specifically
mentions the black shale facies present contentious ideas concerning depositional
environments. Higginbotham (1986) was unable to determine whether the black shale
facies originated in a shallow water high energy environment or in deep low energy
conditions. Cleaves and Broussard (1980) and Cleaves and Bat (1988) favored deep, low
energy sedimentation that developed after deposition of the Lewis and Evans intervals.
More recent work in Alabama by Pashin (1993; 1994) and Mars and Thomas (1999)
identified the black shale as the transitional facies of the upper Bangor carbonate ramp
within the deep basin. Most notably, Pashin (1993) outlined the stratigraphic framework
of the Bangor-Neal transition and clastic infill in Alabama through correlation of
stratigraphic markers. His research characterized the Bangor-Neal transition in Alabama;
however, a detailed correlation and stratigraphic interpretation was not made for the
western part of the Black Warrior Basin in Mississippi. Even though most of the research
pertains to regional stratigraphy, it is pertinent because it provides clues to the
depositional and stratigraphic framework of the Neal Shale throughout the entire Black
Warrior Basin.
The purpose of this paper is to understand the stratigraphic architecture and
sedimentologic dynamics of the black shale facies in the Black Warrior Basin by
examining the Bangor Limestone as it passes into the Neal Shale using well log analysis,
core description, well log correlation (cross sections) and subsurface mapping. These data
4

were used to delineate and characterize the Neal Shale depositional facies and ultimately
define the area throughout the Black Warrior Basin that may have the greatest potential
for future shale-gas exploration.
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CHAPTER II
REVIEW OF LITERATURE
Regional Setting
The Black Warrior Basin is in north-central Mississippi and Alabama and covers
an area of about 35,000 square miles. The asymmetric, triangular basin is approximately
230 miles long from west to east and approximately 188 miles long from north to south,
with the apex to the south. The Black Warrior Basin (Figure 1) is a late Paleozoic
foreland basin that is bounded by the Ouachita orogenic belt and Mississippi Valley
Graben system to the west, the Appalachian orogenic belt in the east and by the Nashville
Dome in the north.
The Mississippian System in the Black Warrior foreland basin represents a series
of siliciclastic and carbonate deposits that occurred in the early Ouachita orogeny
(Thomas, 1974, 1985a). The basin can be characterized structurally as a homocline of
Paleozoic strata that dips southwest. Numerous northwest-striking normal faults that
range from less than 10ft to more than 1000ft of displacement are superimposed on this
homocline and increase in frequency toward the Ouachita orogenic belt (Thomas, 1988).
In the eastern part of the basin, the homocline is deformed by the northeast-striking folds
and thrust faults of the Appalachian orogen. The basin formed in response to converging
thrust and sediment loads in the Ouachita and Appalachian orogens that developed on the
Alabama Promontory. The Alabama promontory formed as a protuberance of the
Laurentian continental margin during rifting of the Iapetus ocean during the Early
6

Cambrian and is interpreted as a passive margin formed by transform faulting (Thomas,
1991). Passive-margin carbonate sedimentation predominated from the Middle Cambrian
through Early Mississippian time (Thomas, 1988; Pashin, 1994).
Development of the Lewis lowstand wedge transitioned the basin from a welloxygenated, upwelling-dominated system (Fort Payne-Tuscumbia) to oxygen-deficient
basin with restricted circulation (Pashin, 1993; Pashin and Rindsberg, 1993). A
southwestward-thickening synorogenic clastic wedge of Upper Mississippian to Lower
Pennsylvanian rocks filled the foreland basin (Thomas, 1988). Subsidence and sediment
sources were dominated by the Ouachita orogen from the start of Upper Missisippian
Pride Mountain sedimentation through to the Early Pennsylvanian Pottsville
sedimentation (Thomas, 1988). At the start of Pottsville deposition, however, an
Appalachian flexure was superimposed on the older Ouachita flexure, and a significant
volume of sediment began entering the basin from the Appalachian orogen tilting the
basin southwestward (Pashin, 1994; 2004).
Stratigraphic Setting
The regional stratigraphy of the Black Warrior Basin includes Cambrian through
Pennsylvanian strata (Figure 2). For the purpose of this study, only the Mississippian
section was examined.
The Mississippian is broken into two general series: the Lower and Upper. The
Lower Mississippian section consists of the Fort Payne Chert and Tuscumbia Limestone.
The Fort Payne Chert can be hard to distinguish from the overlying Tuscumbia
Limestone in well logs and therefore is not considered relevant to this study. The
Tuscumbia Limestone overlies the Fort Payne Chert and dips uniformly southwest from
7

the northeast part of the basin. The Tuscumbia Limestone accumulated as a carbonate
ramp and by the end of Tuscumbia deposition, the homoclinal ramp dipped to the
southwest and geometry was mainly due to sedimentary processes (Pashin, 1993). The
Upper Mississippian section sharply overlies the Tuscumbia Limestone and has been
interpreted as an unconformity (Pashin and Rindsburg, 1993).
The subsequent deposition of the Pride Mountain Formation represents tectonic
closure along the southern part of the Alabama Promontory (Pashin and Kugler, 1992).
The Pride Mountain Formation and Hartselle consist of three shale-sandstone-carbonate
cycles know as the Lewis, Evans and Hartselle. The Lewis cycle is composed of a
widespread sandstone and carbonate unit that is present on all parts of the Tuscumbia
ramp. The regional deposition of the Lewis Sandstone throughout the study area is
interpreted as part of a lowstand event that deposited deltaic, storm dominated shelf and
beach deposits (Pashin and Rindsburg, 1993). The Lewis Sandstone unit is onlapped by
the Lewis Limestone which is considered a transgressive unit. (Stapor and Cleaves,
1992). The source of these sediments according to Pashin and Rindsberg (1993) were
transported from the northwest because a southwestward paleoslope was apparently
maintained throughout Lewis deposition.
Following the deposition of the Lewis cycle, siliciclastics that make up the Evans
cycle were introduced into the basin and is most widespread in Mississippi. The sediment
source thought to have deposited the Evans Sandstone is suggested by Cleaves (1983)
and Cleaves and Bat (1988) as a wave-dominated deltaic system that prograded southeast
from the craton along the Mississippian Graben system. The Evans Sandstone is
onlapped by the Evans Limestone, which, in similar fashion to the Lewis Limestone, is
considered a transgressive unit.
8

The Hartselle cycle is genetically related, but considered separate from the Evans
and Pride Mountain Formation. The Hartselle is present in the northern Black Warrior
Basin but is most widespread in eastern Alabama beyond the study area. The sediment
source of the Hartselle Sandstone is controversial with Thomas and Mack (1982)
interpreting shelf bars and barrier islands prograding northeast from the Ouachita orogen
whereas Cleaves (1983) and Stapor and Cleaves (1992) interpret the Hartselle cycle as an
elongate, wave-dominated deltaic complex that originated from cratonic sources to the
east.
The Floyd Shale, which overlies the Pride Mountain Formation and Hartselle and
underlies the Bangor Limestone in the northeastern part of the basin, is considered to be a
Lower Parkwood equivalent. In outcrop, the Floyd consists of fissile gray shale that
contains abundant fossils (Butts, 1926; Drahovzal, 1967). The Floyd Shale is interpreted
to be undaformal and represent a muddy shelf transition between the beach deposits of
the Hartselle cycle and the carbonates of the Bangor Limestone (Pashin, 1993).
The subsequent deposition of the Bangor Limestone and Neal cycle signifies the
establishment of a carbonate platform (Scott, 1978; Miesfeldt, 1985). In the northeast part
of the basin, the Bangor Limestone is described as mostly grainstones with some
instances of oolitic beds that are interbedded with gray shale. To the southwest, in
Alabama, the Bangor Limestone transitions into finer-grained wackestone and packstone
that ultimately condense into black shale, the Neal Shale (Pashin, 1993).
Following the deposition of the Bangor carbonate platform and Neal basin, a thick
sequence of clastics known as the lower Parkwood Formation began entering the basin.
In the northern part of the basin these clastics onlap the Bangor Limestone, whereas
along the southern margin they overly the Floyd Shale. Parkwood sediments (mostly
9

shale and sandstone) have been interpreted as progradational delta deposits derived from
the Ouachita orogen (Pashin and Kugler, 1992).
Further to the east, the Pennington Formation is a unit equivalent in age to the
Middle Parkwood consisting of red and gray shale and may be equivalent to the
Millerella Limestone; however, evidence of this cycle is not present within the study
area.
After middle Parkwood deposition, sediment supply was cut off into the basin and
a sequence of limestone was deposited basin-wide that capped the lower Parkwood. This
carbonate unit is known as the Millerella Limestone and is uniformly interpreted in
literature to be a transgressive tongue of the Bangor Limestone.

10

CHAPTER III
ANALYTICAL METHODS
Software
The data for this study were managed, organized and integrated using PETRA®,
which is software commonly used by petroleum geologists to organize and analyze
geological and geophysical data from oil and gas-bearing provinces. PETRA® has several
different modules that allow input of general well data and geophysical well logs to
construct base maps, cross sections, structural maps, and a variety of other surface and
subsurface contour maps.
Base Map
For this study, selected county outline maps and township-range grids for the
Black Warrior Basin of Mississippi and Alabama were imported into the mapping
module that outlined the area of study (Figure 4). Well locations were described by
latitude and longitude and were imported into the mapping module to construct a base
map consisting of counties, townships, sections and well locations. Due to the large
number (>4000) of wells and uneven well spacing within the Black Warrior Basin,
approximately one well per township section was selected for study. A total of 397 wells
were examined in this study.

11

Figure 4

Area of Study. Black Warrior Basin, Alabama and Mississippi
Geophysical Well Logs

For each well, all useful geophysical well logs including spontaneous potential
(SP), resistivity, gamma ray (GR), density, and neutron were collected as raster images
and were imported into the PETRA software. Each of these logs measure different rock
properties that are displayed in cross section according to depth measured from the drill
rig’s Kelly bushing, which is commonly about 12 feet above the land surface. The SP log
is used to detect fluid-bearing beds and to estimate formation water salinity and
formation clay content. The resistivity log is fundamental in formation evaluation
because hydrocarbons do not conduct electricity while saline formation waters do. A
12

large difference therefore exists between the resistivity of rocks filled with hydrocarbons
and those filled with saline water. A GR log measures the total natural radioactivity of a
formation. Shale and clays are responsible for most natural radioactivity and therefore, a
good indicator of such rocks, especially black shale, which tends to have very high
natural radioactivity due to the high rare earth content of marine organic matter. The log
is very important when correlating stratigraphic markers well-to-well. The density log is
a measure of the formational bulk density and is mostly used as a measure of porosity.
Similarly, the neutron log also measures the porosity of a formation, but measures the
quantity of hydrogen present in the formation. The two logs (density and neutron) are
most commonly used in conjunction with each other to determine porosity and lithology
of formation; most notably, to differentiate between carbonate and clastic rocks. The suite
of logs provides the necessary data to distinguish and characterize the lithology, and
define the surfaces and parasequences examined in this study.
Drill Core and Graphic Core Log
To help characterize lithology based on geophysical log response, a quarter slab
of 4- inch (H-gauge) drill core from the Exum Trust 6-16 #1 in Pickens County, Alabama
(Figure 5) was described and interpreted using a standard geologic color chart (GSA) and
standard stratigraphic and sedimentologic procedures.
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Figure 5

Location Map; Conventional Core, Murphy Oil Corp., Exum Trust 6-16 #1,
Section 6,Township 21 South, Range 15 West, Pickens County, Alabama.

The core for this study was viewed at the Geological Survey of Alabama and is
available to the general public. Rock types were identified by color and grain size, and
calcareous strata were distinguished using a 10% HCl solution. A graphic core log was
constructed (Figure 6) to help characterize and interpret the Neal Shale, and was
compared with a resistivity log to characterize the geophysical response to lithologic
variation. Based on this analysis, stratigraphic units and surfaces could be identified and
classified which provide the basis for geophysical log correlation used in the study.

14

Figure 6

Graphic Core Log, Murphy Oil Corp., Exum Trust 6-16 #1, Pickens
County, Alabama
Stratigraphic Cross Sections

To provide regional perspective, a network of cross sections (Figure 7) depicting
geophysical well logs was constructed to identify rock types, marine flooding surfaces,
15

parasequences, and parasequence sets to help define the stratal geometry of the Neal
basin.

Figure 7

Cross Section Lines. Study Area, Black Warrior Basin, Alabama and
Mississippi

Three (3) stratigraphic cross sections along depositional dip were constructed to
illustrate the Bangor-Neal shelf-to-basin transition and one (1) cross section along
depositional strike was constructed to ensure consistent correlation. In order to construct
all cross sections, resistivity logs were digitized and major stratigraphic markers based on
marine flooding surfaces (typically contacts between limestone and shale or sandstone
and shale) were defined on the basis of resistivity patterns. Based on geophysical log
response, lithology is represented on each curve by color: (Light Blue = Carbonate,
Yellow = Sandstone, White = Gray Shale, Brown = Organic-rich Black Shale). Markers
were correlated to define depositional sequences using the methods described by Hanford
16

and Loucks (1990). Stratigraphic markers were correlated throughout the Mississippian
section and major stratigraphic markers associated with the Bangor Limestone and Neal
Shale were color-coded to facilitate easy identification (Red, Orange, Brown, Green and
Blue) . All stratigraphic cross sections were constructed using the base of the Millerella
Limestone as a consistent datum point (widespread marker bed in the Black Warrior
Basin).
Subsurface Isopach Maps
To determine the sediment thickness and distribution of these units throughout the
Black Warrior Basin, stratigraphic markers in all cross sections were interpreted and used
as templates to correlate all wells used in this study to construct regional subsurface
isopach maps (Figures 12-21). Intervals were computed and maps were constructed using
PETRA® software and were gridded and contoured using a minimum curvature
algorithm. Contour interval for each map varied according to the range of each data set.
To help with visual identification, maps were color filled based on unit thickness with
warmer colors (yellow, orange and red) indicating the thickest units and darker colors
(brown, blue and purple) indicating thinner units.
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CHAPTER IV
RESULTS
Drill Core Analysis
The Neal Shale can best be described by analyzing the rocks from a conventional
core that was drilled in Alabama. The Exum Trust 6-16 #1 well was drilled by Murphy
Oil Corp. in Section 6, Township 21 South, Range 15 West, Pickens County, Alabama in
2006 (Figure 5). The description is based on a quarter slab of a 4-inch (H-gauge) core
that contains 324 ft of Mississippian section that spans depths of 6350 ft to 6674 ft. For
the purpose of this study, 190ft of the total core was described and compared with a
resistivity curve that illustrates the Mississippian section between the Tuscumbia
Limestone (6,590 ft) and the Millerella Limestone (6,400 ft) (Figure 6).
In stratigraphic succession, there is a 13 ft unit at the base of the core (6590 ft –
6577ft) that consists of fine-grained medium to light gray (N 5-6) micritic limestone that
grades into a thin unit (3 ft) of coarse-grained medium to light gray (N 5-6) packstone
that contains a thin bed of brachiopods (2 inches). At 6572 ft, there is a sharp contact
with an overlying 57 ft thick dark gray-black (N2) shale with numerous thin limestone
units (approx. 1 inch) of rippled calcareous laminae with instances of pin stripe, wavy
and lenticular laminae. The majority of these laminae are concentrated within a 6 ft
interval from 6565 ft to 6571ft that also includes a small pyrite nodule located at 6558 ft.
There is a color change at 6554 ft to dark gray (N3) with an interval of rippled calcareous
laminae at 6549 ft and a pyrite/calcareous parting at 6552 ft. Additional pyrite bands and
18

calcareous laminae are present up through 6513 ft which includes pyrite nodules at 6531
ft and 6515 ft. Between 6515 ft and 6510 ft black shale noticeably changes to gray shale
(N4), which is slightly calcareous and contains horizontal burrows (6511 ft) and a rippled
pyritic band that is approximately 1 inch thick (6509 ft). Gray shale changes to dark grayblack (N 2-3) shale from 6510 ft to 6496 ft with three thin units of calcareous laminae. At
6496 ft, black shale transitions into a 28 ft thick calcareous gray (N-4) shale and contains
numerous pyrite nodules and horizontal burrowing along with calcareous laminae, pyritic
bands (6488 ft), fist size pyrite nodules with calcite filled septaria (6486-87 ft), crinoids
(6482 ft), a brachiopod/crinoid bed (6481 ft), numerous calcareous concretions,
burrowing and pyrite nodules (6480-70 ft). At 6468 ft, grey shale transitions into 54 ft of
dark grey-black shale (N-3) that is noticeably less fissile than the black shale near the
base of the core and contains multiple instances of calcareous laminae, a large micritic
concretion (6455 ft) and a brachiopod bed which also includes a 1-inch micrite layer and
calcareous laminae. At 6414 ft, this shale grades into 4 ft thick lighter gray shale of N-4
color and contains a small calcareous concretion at 6414 ft and includes brachiopod beds
that also contain horizontal burrowing. Above 6411 ft, gray shale grades into a micritic
limestone of N-6 color that contains no visible fauna up through the top of the core (6400
ft).
Geophysical Well Log Analysis
Several different geophysical logs were used to characterize and correlate the
Mississippian section of the Black Warrior Basin (SP, Resistivity, GR, Density, and
Neutron). These logs help distinguish lithology, flooding surfaces, parasequences and
parasequence sets. Within the Mississippian section of the Black Warrior Basin there are
19

numerous shale, limestone, and sandstone sequences that can be identified using
combinations of these geophysical logs. To distinguish and identify these rocks, these
geophysical logs were correlated with the rocks identified in the core log.
According to the core log, the geophysical log response for gray shale is positive
SP deflection, moderate GR, and high density porosity and neutron porosity. Gray shale
is relatively conductive, therefore having low resistivity. Black shale has positive SP but
has higher resistivity and GR response due to an increase in organic matter and naturally
occurring radioactive materials. Similar to the gray shale, black shale has high density
neutron readings. Therefore; it is easy to distinguish the black shale facies from gray
shale. The response for carbonates (limestone) is low SP, high resistivity, low GR and the
density/neutron (porosity) exhibit a stacking pattern and plot at or near the zero (0). Clean
sandstones typically have negative SP deflection (depends on porosity) and moderate to
high resistivity depending on formation fluids (hydrocarbons or water). Sands are
generally distinguished from carbonates using the density/neutron because they tend to
have higher porosities and show what is called gas-effect crossover because the neutron
porosity reads lower than the density porosity, which is typical of gas bearing rocks.
Therefore, based on the core and correlative log characteristics (Figure 6),
carbonate units at the base of the core are representative of the Tuscumbia Limestone.
These units are overlain by a thick sequence of black shale (76 ft) that contains a single 5
ft interval of gray shale. Due to the relative high resistivity and pattern of this black shale
unit, it is interpreted to be the Neal Shale. Gray shale units above the Neal are much
lower resistivity and contain diverse sedimentary structures and fauna and are consistent
with lower units of the Floyd Shale. Above the Floyd Shale there is a relatively thick (53
ft) interval of moderately resistive dark-gray to black shale that is capped by a thin unit (5
20

ft) of heavily bioturbated, low-resistivity, gray shale. The shale represents a Lower
Parkwood equivalent that is considered part of the Floyd Shale sequence. In the
uppermost section of core (6410 ft – 6400 ft) the Lower Parkwood equivalent, or Floyd
Shale, is overlain by a resistive limestone that is interpreted to be the Millerella
Limestone.
Stratigraphic Cross Section Analysis
As mentioned above in “Analytical Methods”, four (4) stratigraphic cross sections
were constructed to identify major stratigraphic markers and parasequences and to outline
the stratal geometry of the Neal Shale associated units. Cross section A-A’ (Figure 8)
extends from northern Marion County, Alabama to southern Pickens County, Alabama.
Cross section B-B’ (Figure 9) extends from central Itawamba County, Mississippi to
northeastern Oktibbeha County, Mississippi, and cross section C-C’ (Figure 10) extends
from central Itawamba County, Mississippi to Calhoun County, Mississippi. The cross
sections were strategically aligned perpendicular to the northeast-southwest trending dip
of the basin. Cross section D-D’ (Figure 11) intersects the three lines of cross section and
extends from northwest central Pontotoc County, Mississippi to southeast Pickens
County, Alabama, which was used as a tool to help correlate stratigraphic markers in the
other cross sections and wells throughout the basin.
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Figure 8
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Cross Section A-A’. Marion County, Alabama to Pickens County, Alabama

Figure 9
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Cross Section B-B’. Itawamba County, Mississippi to Oktibbeha County, Mississippi

Figure 10
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Cross Section C-C’. Itawamba County, Mississippi to Calhoun County, Mississippi

Figure 11
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Cross Section D-D’. Pontotoc County, Mississippi to Pickens County, Alabama

Based on all cross sections, Neal shale deposition was restricted to the southwest
part of the Black Warrior Basin and is correlative with the upper Pride Mountain
Formation (i.e., strata above the Lewis Limestone), the Hartselle Sandstone and the
Bangor Limestone. In the study area, these units are generally overlain by the lower
Parkwood Formation and the Millerella Limestone. It is important to note that based on
each cross section, the resistivity pattern of the Pride Mountain-Bangor interval is
maintained throughout the Neal Shale (Pashin and Kugler, 1992). Based on previous
work in Alabama by Pashin (1993), the Pride Mountain-Bangor interval is consistent
with a parasequence set or succession of genetically related sequences where several
correlative stratigraphic markers can be traced south into the Neal Shale. Each markerdefined unit is based on a marine flooding surface that helps define individual
parasequences or genetic stratigraphic sequences (flooding-surface bounded stratigraphic
intervals).
In cross section A-A’ (Figure 8), correlative markers within the Pride MountainBangor interval, with the exception of the Lewis cycle, tend to thin southward as they
merge into equivalent strata of the lower Neal Shale. However; in Mississippi (Figures 911), both the Evans and Lewis cycle do not exhibit a thinning pattern down-dip into the
Neal Basin where stratigraphic markers do not correlate and are separate from lower units
in the Neal Shale. Each of these cycles generally shows combinations of coarsening
upward and blocky resistivity signatures. In cross section B-B’ (Figure 9), units in the
Lewis cycle overlain by Parkwood clastics, pinch out, or is eroded against the Tuscumbia
Limestone within the lower Neal Basin. The Hartselle cycle, which deposited above the
Evans cycle and below the Bangor-Neal cycle is seen in cross sections A-A’ (Figure 8),
B-B’ (Figure 9) and C-C’ (Figure 10). The cycle is restricted to the northern part of the
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basin in Alabama and Mississippi and exhibits a fining upward resistivity signature. In
Alabama, or cross section A-A’ (Figure 8), the Hartselle correlates to lower thin units
within the Neal Shale; however, in Mississippi, correlative units appear to pinch out
above the Evans cycle in the northeast. The Floyd Shale, which overlies the Hartselle
cycle and underlies the Bangor-Neal cycle in the northeast, exhibits a relatively low and
consistent resistivity pattern that dramatically thins to the southwest and correlates to
lower resistivity units within the basal Neal Shale throughout all cross sections.
In all cross sections (Figures 8-11), it is evident the majority of the Neal Shale
correlates mainly with the Bangor Limestone. Within the Bangor interval along the upper
ramp, five (5) color-coded stratigraphic markers can be used to separate strata into
parasequences (A, B, C, D and E). Although relative thickness varies, from the well logs,
the parasequences exhibit a coarsening-upward progradational stacking pattern whose
boundaries are consistent with marine flooding surfaces. In the central part of all cross
sections, well logs indicate that strata within the Bangor Limestone start to condense and
transition along the middle ramp into finer grained carbonates interbedded with gray
shale that can be characterized as wackestone and packstone that intertongue with Nealequivalent strata (Pashin, 1993). These limestone and shale units exhibit clinoform stratal
geometry (See Rich, 1951). Further to the southwest, along the lower ramp, units are
overlain by a thick wedge of Parkwood clastics and correlative units are almost
exclusively black shale according to the higher gamma ray and resistivity signatures in
the well logs. Within this area, markers in the black shale becomes subparallel, defining
fondoform stratal geometry (Pashin, 2008). Based on all cross sections, Neal shale
deposition was restricted to the southwest part of the Black Warrior Basin and is
correlative with the upper Pride Mountain Formation (i.e., strata above the Lewis
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limestone), the Hartselle Sandstone and the Bangor Limestone. It is generally overlain
by the lower Parkwood Formation and the Millerella Limestone. In the southeast, it is
also probable that strata associated with the upper Parkwood Formation and basal
Millerella Limestone may correlate to the upper Neal Shale (Pashin et al, 2011);
however, based on the regional extent of this study, this correlation was unable to be
shown.
Subsurface Isopach Map Analysis
A series of subsurface isopach maps were constructed based on all 397 wells
examined in this study. The wells were correlated using data obtained from the core log
and cross sections. Thickness of individual units within the Pride Mountain-Bangor
interval help illustrate and define the aerial extent of each major parasequence as it
transitions from sand, shale and carbonates down slope into black shale within the lower
Neal basin.
The Lewis cycle (Figure 12) is most widespread in the northwest part of the basin
(Mississippi), with a relative thickness of 100 –150 ft that extends southeast into
Alabama within Lamar and Pickens Counties. This cycle is thin, generally ranging from 0
– 50 ft in the northeast, where it laps onto the Fort Payne-Tuscumbia carbonate ramp
(Marion and Fayette County, Alabama) and southwest (Clay, Lowndes and Oktibbeha
County, Mississippi) where it forms a progradational fringe in the interior of the basin.
Contour patterns are based on 5 ft intervals and indicate that a consistent sediment supply
originated from the northwest.
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Figure 12

Lewis Cycle. Isopach Map, Black Warrior Basin, Alabama and Mississippi

Similar to the Lewis cycle, the Evans cycle (Figure 13) is most widespread in
Mississippi along the western part of the basin where thickness ranges from 150 ft to
more than 250 ft in areas of Chickasaw and Calhoun Counties, Mississippi. Due to the
large range of thickness within the cycle, contours are based on 10 ft intervals. The
contour pattern indicates this cycle uniformly thins eastward towards the
Mississippi/Alabama state line to less than 10 ft in most of Alabama. However, in
northern Marion County, Alabama the cycle locally thickens to approximately 100 ft. and
provides evidence that sediment was sourced locally from the northwest.
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Figure 13

Evans Cycle. Isopach Map, Black Warrior Basin, Alabama and Mississippi

The Hartselle cycle (Figure 14) differs from the Lewis and Evans cycles in that it
is restricted to northeast part of the basin. Contour patterns based on 10 ft intervals show
the cycle is oriented northwest-southeast and is thickest (200 ft) in northeast Marion
County, Alabama. The cycle thins uniformly and pinches out to the southwest in southern
Marion and northern Lamar County, Alabama and Itawamba County, Mississippi.
Sediment distribution within this cycle indicates that sediment supply may have
originated in the northwest and was deposited along depositional strike within the
northern part of the basin.
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Figure 14

Hartselle Cycle. Isopach Map, Black Warrior Basin, Alabama and
Mississippi

The Floyd cycle (Figure 15) is similar to the Hartselle cycle in that primary
sedimentation is restricted to the northeast part of the basin.Due to the cycle’s large range
in thickness, contour intervals are based on 25 ft which shows maximum thickness of
more than 400 ft in the northeast part of the basin in Marion County, Alabama. Contour
patterns show thickness decreasing rapidly to the south and southwest in Lee, southern
Itawamba and northeastern Monroe County, Mississippi and northern Lamar and Fayette
County, Alabama to approximately 25 ft. Further to the south and southwest, the cycle is
represented by a single contour that is uniformly 0 – 25 ft thick. Based on sediment
distribution, the Floyd cycle was sourced from the northeast and was primarily deposited
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along slope. Sediment supply decreased significantly to the southwest throughout the
lower basin.

Figure 15

Floyd Cycle. Isopach Map, Black Warrior Basin, Alabama and Mississippi

The Bangor-Neal cycle, which is genetically related to the Pride MountainHartselle and Floyd cycles, contains five (5) separate correlative parasequences that help
define the thickness of Bangor Limestone units as they transition and condense
downslope into the basin.
Parasequence A (Figure 16), which can be identified as the interval between the
red and orange markers in all cross sections was primarily, deposited in Itawamba and
Monroe County, Mississippi and Marion, north Lamar and Fayette County, Alabama.
Within this area, thickness varies from 75-140 ft. To the southwest, units progressively
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thin to approximately 10 ft. Contour spacing is 5 ft; contour patterns indicate sediment
accumulated along the upper ramp but rapidly thin downslope in Lee and central Monroe
County, Mississippi and central Lamar and Fayette County, Alabama and is consistent
where contour spacing is decreased within the lower ramp.

Figure 16

Parasequence A. Isopach Map, Black Warrior Basin, Alabama and
Mississippi

Parasequence B (Figure 17) is the interval between the orange and brown markers
in all cross sections and is generally similar to parasequence A; however, the majority of
deposition occurred in the east-northeast part of the basin in southern Marion,
northeastern Lamar and north Fayette County Alabama where unit thickness ranges from
150 – 200 ft. Interestingly, in northeast Marion County, Alabama, thicknesses range from
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70-130 ft which differs from parasequence A. Contour spacing is 10 ft and the general
pattern indicates sediments were mainly deposited along the upper ramp. According to
decreased contour spacing, the cycle thins along slope and condenses to the southwest to
less than 40 ft where contour spacing increases along the lower ramp.

Figure 17

Parasequence B. Isopach Map, Black Warrior Basin, Alabama and
Mississippi

Parasequence C (Figure 18) is the interval between the brown and green makers
and is similar to parasequences A and B in that most of the unit accumulated in the
northeast. The majority of this deposition occurred throughout Marion and Fayette
County, Alabama where thickness ranges from 90 – 140 ft. There is one anomalous area
of thinning within central Marion County Alabama, which most likely can be attributed
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to missing section associated with normal faulting. However, based on the overall
depositional pattern along the upper ramp, sediment accumulated in the northeast which
closely resembles units within parasequence A. Further to the southwest, contour
intervals indicate significant thinning along the middle ramp and lower ramp to less than
15 ft.

Figure 18

Parasequence C. Isopach Map, Black Warrior Basin, Alabama and
Mississippi

Parasequence D (Figure 19) is bounded by the green and blue markers, which,
similar to underlying parasequences, is thickest in the northeast part of the basin.
Thickness in this area ranges from 30 to 40 ft with maximum thickness of more than 50 ft
observed in central and eastern Fayette County, Alabama. The contour patterns indicate
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sedimentation was greatest throughout the upper ramp and progressively thinned along
the middle ramp in eastern Lee and northeastern Monroe County, Mississippi down
through southwestern Lamar and northeastern Pickens County, Alabama. Throughout the
lower ramp, sediment thickness is generally less than 15 ft; however, there are several
areas with less than 5 ft of overall thickness. The trend of the map indicates that most
sediment is distributed along the upper ramp in the northeast and consistently thins
downslope.

Figure 19

Parasequence D. Isopach Map, Black Warrior Basin, Alabama and
Mississippi

Parasequence E (Figure 20) represents the upper limits of the Bangor Limestone
and Neal Shale and is represented by the interval between the blue and purple markers
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within all cross section. Unlike all underlying units, this parasequence was primarily
deposited in the southeast. The majority of sedimentation occurred in Lamar, Fayette and
Pickens County, Alabama and extends northwest into eastern Monroe County,
Mississippi with isolated deposition in southeastern Pontotoc and central Itawamba
County, Mississippi. Maximum thickness reaches 28 ft, whereas areas to the northeast
and southwest along the upper and lower ramp range from 0-5ft. It is also evident that
thickness decreases to the northwest in Lee and Pontotoc County, Mississippi. Contour
patterns suggest that primary sedimentation occurred along the middle ramp and
continues to the southeast beyond the study area.

Figure 20

Parasequence E. Isopach Map, Black Warrior Basin, Alabama and
Mississippi
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To summarize the main units within the Bangor-Neal interval (parasequences A –
E), an isopach map based on the total thickness of the Bangor-Neal cycle (Figure 21)
shows the majority of deposition occurred in the northeast throughout Itawamba County,
Mississippi and Marion, Lamar and Fayette County, Alabama. Maximum thicknesses up
to 500 ft are observed along the Marion and Lamar County lines in Alabama. Contour
interval pattern indicates the cycle deposited along the upper ramp and progressively
thins downslope to the southwest. Units considered to be exclusively black shale were
deposited below the 125 ft isopach interval (brown) and range in thickness from 25 ft to
125 ft along the lower ramp and stretch from Pontotoc County, Mississippi southeast to
Pickens, County Alabama.

Figure 21

Bangor-Neal Cycle. Isopach Map, Black Warrior Basin, Alabama and
Mississippi
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CHAPTER V
DISCUSSION
The stratigraphic architecture of units that make up the Mississippian section of
the Black Warrior Basin appears to have been influenced by tectonics and episodes of sea
level rise and fall. According to Pashin and Rindsburg (1993), the Tuscumbia Limestone
is a highstand event that persisted during the early Mississippian and its upper limits
represent a major unconformity that occurred prior to Lewis deposition. The progradation
and aggradation of sediments associated with the Lewis and Evans cycles that trend from
northwest to southeast indicate they were probably sourced by an ancestral Mississippi
river and transported down the Mississippi Valley Graben System. These cycles
deposited as a lowstand wedge and thin, transgressive, carbonate units that onlap each
cycle indicate a relative rise in sea level. Based on a fining upward stacking pattern, the
overlying Hartselle cycle is considered a regressive unit that deposited and pinches out or
downlaps against the upper surface of the Evans cycle in the northeast part of the basin.
Downlapping or termination of these units against the Evans indicates an erosional
surface or unconformity at the top of the Evans cycle and base of the Hartselle cycle.
Deposition of the Hartselle cycle was restricted in the northeast based on lack of
accommodation space due to rising sea level. In Alabama, there is evidence the Hartselle
cycle may correlate to the lowermost units of the basal Neal Shale, which would provide
evidence and timing for the onset of Neal Shale deposition. As sea level continued to rise,
a tongue of the Floyd Shale was deposited as a thick muddy shelf that offlapped beach
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deposits of the Hartselle cycle. Similar to the Hartselle cycle, lower units within the
Floyd Shale appear to pinch out or downlap against the Evans cycle along the middle and
lower ramp providing additional evidence of the unconformity. Unlike the lower units of
the Floyd Shale, the upper units condense downslope into thin lower resistivity units at
the base of the Neal Shale. The Bangor-Neal Cycle, which offlaps the Floyd Shale in the
northeast part of the basin represents a series of genetically related, coarsening-upward,
prograding carbonates that deposited during marine transgression. The prograding
sequences within the Bangor-Neal cycle have been confirmed by Pashin (1993, 2009,
2011) along with paleoenvironmental work done with ostracodes recognizing their
distribution in the Black Warrior Basin is related to the interaction of clastic and
carbonate progradation of transgressive cycles associated with the Bangor carbonate
ramp (Dewey and Puckett, 1990). Individual parasequences within the Bangor thin and
intertongue with Neal-equivalent strata throughout the middle ramp and clinoforms
indicate prograding slope deposition. Throughout the southwestern part of the basin, or
lower ramp, fondoformal markers of equivalent black shale indicate aggradation and
basin floor deposition. Therefore, the Neal Shale can be considered transgressive based
on equivalent transgressive units in the Bangor Limestone. Based on a lower resistivity
signature and the core analysis, a widespread thin (5 ft) unit of calcareous bioturbated
gray shale (5 ft) within the black shale indicates possible upwelling or increased
circulation. This may be attributed to a prolonged standstill or highstand event. Thin
black shale units above this gray shale provide evidence sea level continued to transgress.
It should be noted, that although there is strong evidence the Neal Shale was deposited
deep in the basin under restricted conditions, sedimentary structures in the core, including
calcareous laminations and instances of bioturbation, indicate episodes of possible
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upwelling and circulation. At the uppermost limits of the Bangor Limestone and
equivalent Neal Shale, there is a sharp contact with the overlying Parkwood Formation.
Although an erosional surface is hard to distinguish on well logs, there is a dramatic
decrease in resistivity and a sharp contact in the core that provide evidence of an
unconformity. The subsequent influx of clastics associated with the Parkwood Formation
indicates a falling stage systems tract and the end of Neal Shale deposition. The massive
deposition of the Parkwood Formation is directly proportional to the amount of
accommodation space provided by the Bangor carbonate ramp and falling sea level. As
the basin filled, accommodation space decreased dramatically, and the aggradational
nature of the Millerella limestone indicate a transgressive origin (Pashin, 1993).
It is evident that parasequences and parasequence sets identified in Alabama that
are associated with Neal Shale deposition are similar in Mississippi. Units within the
Neal Shale are primarily equivalent with associated units of the Bangor Limestone. Only
thin, highly condensed, lower resistivity units in the basal Neal Shale are equivalent to
the Upper Pride Mountain Formation, Hartselle and Floyd cycle. Sediment distribution of
the black shale is restricted to the lower Neal Basin and the black shale reaches a
maximum thickness of 125 ft. In general, areas within the lower Neal Basin were the
black shale reaches maximum thickness (more reserves) and depth (higher pressure)
would be key areas for explorationists to focus on for possible future exploration
opportunities. More specifically, the deepest part of the basin is located downslope within
the southern part of the basin in Oktibbeha and Lowndes County, Mississippi and Pickens
County, Alabama. According to the Bangor-Neal isopach (Figure 21), the thickest
accumulations of Neal Shale within these areas are in Oktibbeha County, Mississippi and
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Pickens County, Alabama and appear to extend to the south and southeast beyond the
study area.
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CHAPTER VI
SUMMARY AND CONCLUSIONS
The Black Warrior foreland basin of Alabama and Mississippi contains Paleozoic
rocks which include several carbonate and clastic depositional cycles. Most of the
research pertaining to the basin outlines Mississippian and Pennsylvanian oil and gas
bearing sandstones and carbonates and their regional stratigraphy and relationship to
basin geometry. More recently, the organic-rich Neal Shale, which sources these
reservoirs is being studied and explored for its unconventional gas potential. Recent
publications by Pashin et al (2011) included a detailed stratigraphic analysis of the Neal
Shale in the Black Warrior Basin of Alabama; however, the Neal Shale extends into
Mississippi where a detailed analysis of the Neal Shale needed to be performed to
understand the stratigraphic and sedimentologic dynamics of the Neal Shale throughout
the entire Black Warrior Basin. To analyze and understand the dynamics of the Neal
Shale in the Black Warrior Basin, base maps and well logs were loaded into PETRA®
software and cross sections were constructed. A physical core from Pickens County,
Alabama was interpreted and compared with a series of well logs to distinguish the
lithology of the Mississippian section. Stratigraphic markers based on marine flooding
surfaces outlined parasequences, parasequence sets and unconformities.
All stratigraphic cross sections indicate upper Mississippian sediments deposited
above the upper Tuscumbia Limestone unconformity were initiated by lowstand,
prograding and aggradating clastics of the Pride Mountain Formation. The subsequent
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deposition and pinch-out of the Hartselle cycle, which is confined to the northwest, is
evidence of a regional unconformity at the upper surface of the Pride Mountian
Formation. The onlapping of the Floyd Shale above the Hartselle cycle and downlapping
of lower units against the Pride Mountain Formation provide additional evidence of this
unconformity. Upper units within the Floyd Shale thin downslope and merge into lower
resistivity units at the base of the Neal Shale. The Bangor-Neal cycle, which offlaps the
Floyd cycle in the northwest, consists of five (5) coarsening upward, prograding
parasequences than thin downslope and eventually merge with equivalent strata in the
Neal Shale. Based on this interpretation, it is evident that the majority of the organic-rich
and resistive facies of the Neal Shale is equivalent to similar transgressive units in the
Bangor Limestone. At the upper surface of the Bangor-Neal cycle there is a sharp contact
which indicates a possible unconformity which separates the underlying Bangor-Neal
cycle from the overlying Parkwood Formation. Parkwood clastics that eventually filled
the basin were subsequently onlapped by transgressive units of the Millerella Limestone.
Isopach maps that define the thickness and aerial extent of each cycle, or
parasequence, confirm the progradational and aggradational nature of the Lewis and
Evans cycles. The Lewis cycle is thickest in the northwest and prograded southeast and
deposited throughout most of the basin except for southern Mississippi where the cycle
pinches out against the Tuscumbia Limestone. Similar to the Lewis cycle, the Evans
cycle is also thickest in the western part of the basin and prograded southeast; however,
the majority of deposition occurred in Mississippi and dramatically thins along the
Mississippi/Alabama state line. Unlike the Lewis and Evans cycles, the Hartselle cycle is
thickest in the northeast part of the study area but is restricted because it dramatically
thins and pinches out to the southwest. Similar to the Hartselle cycle, the Floyd cycle is
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thickest in the northeast and consistently thins downslope to the southwest throughout the
lower Neal basin. Individual parasequences which make up the Bangor-Neal cycle show
maximum thickness in the northeast part of the basin that consistently thin downslope
into the lower Neal basin. The overall interval of the Bangor-Neal cycle offers a regional
perspective of the thickness of the resistive Neal Shale facies throughout the entire Black
Warrior Basin. Neal Shale thickness varies throughout the lower Neal basin; however,
maximum thickness reaches 125 ft in several areas. Based on thickness and depth, the
best opportunities for exploration in the Neal Shale may be areas within Oktibbeha
County, Mississippi and Pickens County, Alabama along the southern margin of the
basin.
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