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ABSTRACT
This field case study focuses on Upper Jurassic (Oxfordian) Smackover hydrocarbon
reservoir characterization, modeling and evaluation at Fishpond Field, Escambia County,
Alabama, eastern Gulf Coastal Plain of North America. The field is located in the Conecuh
Embayment area, south of the Little Cedar Creek Field in Conecuh County and east of Appleton
Field in Escambia County.
In the Conecuh Embayment, Smackover microbial buildups commonly developed on
Paleozoic basement paleohighs in an inner to middle carbonate ramp setting. The microbial and
associated facies identified in Fishpond Field are: (F-1) peloidal wackestone, (F-2) peloidal
packstone, (F-3) peloidal grainstone, (F-4) peloidal grainstone/packstone, (F-5) microbiallyinfluenced wackestone, (F-6) microbially-influenced packstone, (F-7) microbial boundstone, (F8) oolitic grainstone, (F-9) shale, and (F-10) dolomitized wackestone/packstone. The Smackover
section consists of an alternation of carbonate facies, including F-1 through F-8. The repetitive
vertical trend in facies indicates variations in depositional conditions in the area as a result of
changes in water depth, energy conditions, salinity, and/or water chemistry due to temporal
variations or changes in relative sea level. Accommodation for sediment accumulation also was
produced by a change in base level due to differential movement of basement rocks as a result of
faulting and/or subsidence due to burial compaction and extension. These changes in base level
contributed to the development of a microbial buildup that ranges between 130-165 ft in
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thickness. The Fishpond Field carbonate reservoir includes a lower microbial buildup interval, a
middle grainstone/packstone interval and an upper microbial buildup interval.
The Fishpond Field has sedimentary and petroleum system characteristics similar to the
neighboring Appleton and Little Cedar Creek Fields, but also has distinct differences from these
Smackover fields. The characteristics of the petroleum trap and reservoir at Fishpond Field
requires modification of the exploration strategy presently in use to identify Smackover
reservoirs productive of hydrocarbons in the Conecuh Embayment area. The complexity of the
geologic history of the petroleum trap and reservoir development at Fishpond Field distinguishes
this field from the Appleton basement paleohigh and related microbial buildup and the Little
Cedar Creek stratigraphic trap and associated inner ramp microbial buildups.
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LIST OF ABBREVIATIONS
SOGBA

State Oil and Gas Board of Alabama

LCCF

Little Cedar Creek Field

BBL

Barrels of oil

BBLS/D

Barrels of oil per day

MCF

Million Cubic Feet

md

Millidarcy

phi

Porosity

ND

Neutron Density

GR

Gamma Ray

MI

Microbially-influenced

GS/PS

Grainstone/Packstone

CI

Contour interval
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CHAPTER 1 INTRODUCTION
The Upper Jurassic (Oxfordian) Smackover Formation is present in the subsurface
throughout the Gulf Coastal Plain. It is underlain by the Middle to Upper Jurassic (CallovianOxfordian) Norphlet Formation and overlain by the Upper Jurassic (Kimmeridgian) Haynesville
Formation. The Smackover is composed of carbonate rocks, including packstones and
grainstones deposited under moderate to high energy subtidal conditions, and wackestones and
lime mudstones deposited under lower energy conditions (Benson, 1988). In the Conecuh
Embayment area of south Alabama (Figure 1), these deposits can be associated with low energy,
subtidal thrombolite (microbial) boundstones (Mancini et al, 2008). These microbial boundstones
occur as carbonate buildup facies and are proven reservoir rocks typically characterized by high
effective porosity, permeability and connectivity (Haddad and Mancini, 2013). The Smackover
basinal laminated lime mudstone beds are generally rich in amorphous and microbial kerogen,
and contains up to 4.55 % measured TOC (Mancini et al., 2003). Petroleum systems modeling
indicates the lime mudstones began generating and expelling petroleum when they were buried
deeper than 8500-12,500 ft (2591-3811 m) in the Conecuh and Manila Subbasins (Mancini et al.,
2005).
There are presently three active producing Smackover oil field plays in southern Alabama
(Mancini et al, 2004a, Mancini et al, 2004b, Mancini et al, 2008, Mancini et al, 2013). The
stratigraphic trap play (Little Cedar Creek Field); the basement ridge play, involving combined
stratigraphic and structural components (Appleton Field, Vocation Field and associated fields);
and the structural salt play, involving salt anticlines and extensional faults related to salt
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movement and the regional peripheral fault trend (Chatom Field, Chunchula Field, Womack Hill
Field and associated fields).
In 2014, Sklar Exploration Company drilled two wildcat wells in the stratigraphic trap
play area in Escambia County, Alabama, and discovered what is now known as Fishpond Field.
As of December 2016, Fishpond Field has produced 1,060,892 bbl of crude oil (ASOGB, 2017).
This field has a reservoir interval of up to 140 ft in thickness and is characterized by high
porosity and permeability according to core analyses from the wells in the field.

Figure 1. Location map of Fishpond Field and the surrounding study area. Note the key
Smackover fields and the regional structural features (modified from Mancini et al., 2008).
Statement of Problem
Mancini et al. (1991) defined the updip Smackover basement ridge play in southwest
Alabama, and Mancini et al. (2004b) reported on microbial carbonate buildups that are typically
associated with the pre-Jurassic paleotopographic features that comprise this play. The
microbialites originated and developed on structurally controlled Paleozoic basement paleohighs,
!
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and the microbial reservoir facies attained thicknesses up to 190 ft, as evidenced by the buildup
at Appleton Field (Mancini et al., 2004b). Mancini et al. (2008) published a paper on microbial
buildups that developed in association with a stratigraphic trap at Little Cedar Creek Field, which
is updip and northeast of Appleton Field (Figure 1). These microbialites originated and
developed on a carbonate ramp surface with the stratigraphic updip limit being the controlling
factor. The microbial reservoir facies in Little Cedar Creek Field ranged in thicknesses up to 43
ft (Haddad and Mancini, 2013).
This study is designed to examine the origin of the microbial carbonate facies at Fishpond
Field and to determine the key factors (stratigraphic, structural, and/or a combination) controlling
the presence and development of the microbial reservoir facies in this field.

Objectives of Study
The objectives of the study are as follows:
1.! Perform an integrated case study of the petroleum trap and associated Smackover
reservoir at Fishpond Field, including reservoir characterization, modeling, and the
determination of the structural, stratigraphic, depositional, and diagenetic factors
controlling reservoir development and quality in the field.
2.! Compare the petroleum trap and associated microbial carbonate reservoir facies at
Fishpond Field to previously published field case studies for Smackover microbial
reservoirs at Appleton Field (combination structural paleohigh and stratigraphic
lithologic trap associated with a microbial reservoir section of up to 190 ft) (Mancini et
al., 2004b) and Little Cedar Creek Field (stratigraphic trap associated with a microbial
reservoir section of up to 43 ft) (Haddad and Mancini, 2013).
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3.! Review the current petroleum exploration strategy employed in southern Alabama to
identify potentially productive Smackover petroleum traps (structural and stratigraphic)
associated with microbial carbonate reservoirs to determine if the findings from the
Fishpond Field case study have potential to enhance the present exploration strategy for
targeting Smackover petroleum traps and associated microbial reservoirs in this area.

Fishpond Field Location and History
Fishpond Field is located approximately 15 miles south of the City of Evergreen, in
Escambia County, Alabama (Figures 1 and 2). The field is located south of Little Cedar Creek
Field in Sections 9 and 10, Township 3 North, Range 12 East (Figure 2). Little Cedar Creek is
the most prolific oil field in the area since 1970 when Jay Field was discovered in the Florida
panhandle. In 2007, Midroc Operating Company drilled the Cedar Creek Land and Timber 10-9
(SOGBA Permit #15383) south of the Little Cedar Creek Field, which turned out to be a dry
hole. In March 2014, Sklar Exploration Company drilled a wildcat well, the Cedar Creek Land
and Timber 10-5 #1 (SOGBA Permit #16990) in the area. It was the first well to produce from
the newly discovered Fishpond reservoir. The original flow rate for the well was 414 bbls/d.
Sklar then drilled Cedar Creek Land and Timber 9-8 #1 (SOGBA Permit #17021) two months
later which tested at 560 bbls/d. Finally, Sklar stepped out and drilled the Cedar Creek Land and
Timber 9-3 #1 (SOGBA Permit #17033), which was found to have very little pay and was
plugged and abandoned. Using the information obtained from the drilling of permits #15383 and
#17033 the extent of Fishpond Field can be delineated. The two producing wells, along with 3D
seismic data, permitted Sklar Exploration to establish Fishpond Field and justify it as being a
separate reservoir from the neighboring Brooklyn Field to the immediate north (Figures 1 and 2).
After one year of production from both wells, the field was unitized and the Permit #16990 well
!
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was converted into a gas injection well to optimize production from Permit #17021. Permit
#17021 is now the only producing well and, as of December 2016, was producing over 1000
bbl/d.

Figure 2. Fishpond Field and unit boundary (SOGBA, 2017).
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CHAPTER 2 GEOLOGIC SETTING
The geologic setting of the Conecuh Embayment and related Conecuh subbasin is
directly associated with rifting of the North American and South American plates throughout the
Mesozoic Era (Mink and Mancini, 1995). The Triassic Period is characterized by shallow
restricted basins that led to extensive salt deposition (Mancini et al., 2003). During the early to
middle Jurassic, thermal contraction began a period of basin subsidence that opened a seaway to
the Pacific Ocean (Mancini et al., 2003; Haddad, 2012). The rifting of the Yucatan platform
completed the passage from the Pacific to the Atlantic Ocean (Bird et al., 2005). The Gulf of
Mexico began to form, beginning a depositional cycle that would cover the southernmost
structures of the Appalachian Mountain belt (Haddad, 2012). Erosion of the Paleozoic basement
ridges served as a source for the siliciclastic sediments of the late Jurassic Norphlet Formation
(Mancini et al, 1985, Markland, 1992, and Llinas, 2004). Due to a rapid transgression, these
features were inundated by carbonate sediments of the overlying late Jurassic (Oxfordian)
Smackover Formation (Figure 3) (Mancini et al, 2001). These late Jurassic deposits were
described as a seaward dipping and thickening wedge of sedimentary strata that blankets the
passive southern margin of North America (Kopaska-Merkel, 2002). The Smackover Formation
is characterized by limestones and dolomites that exhibit many different facies and fabrics. In
southwest Alabama, these carbonates were first interpreted to have accumulated in a carbonate
ramp setting (Ahr, 1973; Mancini and Benson, 1980). Tew et al. (1993) later interpreted the
Smackover as being deposited in a distally steepening ramp setting. The facies and fabrics of the
Smackover Formation carbonates are dependent on sea level, water chemistry, sunlight,
!
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temperature, and water currents that prevailed during deposition, as well as post-depositional
processes (Parcell, 2000). In general, the Smackover Formation can be divided into three main
members, the lower, middle and upper, with each being characterized by diagnostic facies
(Benson, 1988). In the Conecuh Embayment, microbial boundstone is a diagnostic facies that is
found throughout the lower to middle Smackover section, while grainstone/packstone is found in
the upper Smackover section (Haddad and Mancini, 2013). Carbonate deposition ended with
initiation of deposition of the Buckner Anhydrite Member of the Haynesville Formation
(Mancini et al., 2001).

Figure 3. Jurassic stratigraphy of southern Alabama (Heydari and Baria, 2006).
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CHAPTER 3 METHODOLOGY
This study integrates the data from the four wells drilled in and around the Fishpond
Field area. The data include analysis of well logs, description of core slabs, petrographic analysis
of thin sections, and incorporation of petrophysical information available from conventional core
analyses (Table 1). All of these data were acquired from the State Oil and Gas Board of Alabama
(SOGBA). The well log analysis consists of using neutron density, neutron porosity and gamma
ray logs to correlate certain well log signatures to physical surfaces observed in cores. This
correlation facilitates identification of the formations and lithofacies seen in cores. The available
core slabs were examined to confirm, where possible, the formation tops as observed in wireline
logs. The cores were analyzed for lithology, carbonate depositional textures, post-depositional
features, and porosity types. Seventy-four thin sections were prepared from the cores and
lithology, carbonate texture, allochems, diagenetic features and porosity types were described.
Conventional core analysis was used to examine porosity, permeability, water saturation and oil
saturation for each well. This information, along with the well log data was used in assessing
reservoir connectivity and potential productivity. A structure map derived from seismic data and
prepared by Sklar Exploration Company was submitted to the SOGBA as a hearing exhibit and
was available for use in this study. This map was digitized and analyzed using Schlumberger
Petrel software, which was donated to the University of Alabama for educational use.
The data above were used to identify and characterize the Smackover facies present in the
field area and to characterize the reservoir facies in the field. This information was also used to
construct stratigraphic and structural cross sections across the field and to prepare lithofacies and
!
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reservoir thickness maps in the field area. These cross sections and maps, in conjunction with the
Smackover structure map, were used to determine the structural, stratigraphic and depositional
settings of the Smackover reservoir and the nature of the petroleum trap in Fishpond Field. The
cross sections, thickness maps, and petrophysical data were used to construct an integrated
reservoir model for Fishpond Field (Figure 4).

Table 1. Data used in this study.

To begin the modeling of the Fishpond reservoir, five individual text files had to be
created for input into the software. The files include: well data, formation tops, contour maps
derived from SOGBA exhibits based on 3D seismic data, LAS well log data, and conventional
core data. A study area polygon was established to specifically target the Fishpond reservoir that
was defined and delineated in the SOGBA hearing exhibit. Using the base and top of the
Smackover Formation, the thickness between these two surfaces was defined. The next step of
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the study was to perform petrophysical modeling of the reservoir. Using the Sequential
Guassman Simulation, a geometrical model was created to accurately distribute the geological
properties.

Figure 4. Work flow for modeling technique used in Petrel software.
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CHAPTER 4 FIELD ANALYSIS, RESERVOIR CHARACTERIZATION AND MODELING
Petroleum Trap
Ahr (1973) proposed that the Smackover Formation in the Gulf of Mexico was deposited
in a carbonate ramp setting. This ramp had a shallow dip of less than one degree and changes in
depth of 100-200 ft per mile. Structure maps on the top of the Norphlet and Smackover
formations (Figures 5 and 6) show that the carbonate ramp in the Conecuh Embayment area can
be tracked from the north, where the most updip Smackover deposits in the embayment occur,
and dipping to the southwest, with progressively increasing depths of these units. Ahr (1973)
indicated that variations in topography on a ramp are related to salt tectonics or pre-Jurassic
structure. In the Conecuh Embayment area, paleotopographic highs consist of faulted Paleozoic
basement features (Mancini et al, 2004b). These structures may form anticlinal closures that can
trap hydrocarbons and potentially facilitate the development of microbial buildups under certain
conditions. The microbial buildups generally occur on structural highs and are interpreted to be
associated with changes in water conditions at the time of deposition. The lateral extent of
microbial buildups is limited around individual paleohighs.
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Figure 5. Structure map on top of the Norphlet Formation, Fishpond Field and surrounding area. Note that the Norphlet Formation is
striking North 75 degrees West. (Contour Interval: 25 ft).
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Figure 6. Structure map on top of the Smackover Formation for Fishpond Field and surrounding area. Note that the Smackover
Formation is striking North 65 degrees West. Closure of the Fishpond Field feature could not be defined due to the lack of well control
between Fishpond Field and Brooklyn Field. (Contour Interval: 25 ft).
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In the Fishpond Field area, deposition of the Norphlet Formation was impacted by a large
structural feature (Figure 7). Norphlet siliciclastics generally were not deposited on the crests of
other topographic highs in southern Alabama, typically pinching out or terminating on the flanks
of these features (Llinas, 2004). However, Norphlet deposits are present on the crest of the
paleohigh at Fishpond Field. At the State Oil and Gas Board hearing, Sklar Exploration
Company provided evidence in the form of testimony and exhibits, including 3D seismic data,
that the paleohigh at Fishpond was a basement feature (SOGBA: File Docket No. 3-24-1517,18,19,20,21 and 5-5-15-11A).

Figure 7. Structure map on top of the Norphlet Formation, Fishpond Field. The map is based on
well log data.
The Smackover Formation at Fishpond Field was deposited on the crest and flanks of an
elevated feature on the seafloor (Figure 8), but the Smackover reservoir is restricted to the crest
of the paleohigh (Figures 9 and 10). Thus, Smackover depositional and post depositional
conditions over the crest were favorable for the origination, enhancement and preservation of
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porous and permeable carbonates. Therefore, the petroleum trap at Fishpond Field is a
combination structural and stratigraphic trap. The stratigraphic component consists of a facies
change from porous grainstone/packstones and boundstones isolated on the crest of the structural
high that transition to nonporous packstones and wackestones rimming the perimeter of the
feature (Figure 9 and 11). At a State Oil and Gas Board hearing, Sklar Exploration Company
provided evidence in the form of testimony and exhibits, including 3D seismic data, that the
petroleum trap at Fishpond Field is, in part, a stratigraphic trap (SOGBA: File Docket No. 3-2415-17,18,19,20,21 and 5-5-15-11A). Sklar described the trap as “a structural closure where the
structure drapes over the top of Smackover where it is thick at this location, and so there is some
structural trap, but it’s not a typical Smackover in that we would look at the closing contour or a
spill point on our structure map. This is also a stratigraphic trap. The low proven oil extends
below where the closing point or the spill point would be for the structure” (Board Hearing
Minutes: 3-26-2015, 6-23-2015). Numerous stylolites filled with oil, found throughout the cores
of the Smackover Formation in Fishpond Field, suggests that oil migration was facilitated as a
result of pressure solution and compaction.

Figure 8. Structure map on top of the Smackover Formation, Fishpond Field. The structure map
is derived from Exhibit 5 of Docket No. 3-24-15-19, State Oil and Gas Board Hearing Files
2015. Exhibit 5 is based on 3D seismic data.
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Table 2. Lithology
Legend for Cross
Sections A-A’ and B-B’.

Figure 9. Location Map of Cross Sections A-A’ and B-B’.
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Figure 10. Structural cross section A-A’ illustrating the petroleum trap at Fishpond Field.
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Figure 11. Stratigraphic cross section B-B’ illustrating the stratigraphic trap at Fishpond Field. This cross section is flattened on the top
of the Smackover Formation.
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Stratigraphy
The Smackover formation can be as thick as 350 ft in the Conecuh Embayment and
increases in thickness 20-50 ft per mile from the northern updip limit to the center of the basin in
the southwest (Haddad and Mancini, 2013). This can be seen in the regional thickness map
(Figure 12) that shows an anomaly around Fishpond Field. This thickness anomaly is due to an
increase in formation thickness in Fishpond Field because of the microbial buildup development
related to the structural high in the field area. The isopach map of only the Fishpond Field
reservoir (Figure 13) shows that Permit #17021 well was drilled at the location of the thickest
reservoir in the field area with Permit #16990 being drilled off the peak of the thickest point.
Note the drastic decrease in thickness to the south of the field off the structural high.
The Smackover Formation can be identified and defined using gamma ray logs as it
typically has a clean (lacks clay) gamma ray signature. As seen in the eight wells outside of
Fishpond Field, several shale deposits are present within the Smackover Formation, while no
shale is found within the field itself. These shales are being deposited from an ancestral river that
was located to the east of Fishpond Field. The shales are limited to the areas exhibiting troughlike geometry between structural highs. Dolomitized wackestone/packstone is found in the lower
part of the Smackover Formation in the wells surrounding the paleohigh. The two productive
wells on the crest of the high have distinct signatures in the neutron and density curves indicating
porosity changes throughout the multi-stage growth of the buildup. Each facies can have a
slightly different porosity pattern, which probably reflects differing lithologies due to variations
in diagenesis. These signatures can be used to differentiate between a highly porous boundstone
and a nonporous wackestone.
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Figure 12. Smackover isopach map for Fishpond Field and surrounding area. (CI: 5 ft)
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Figure 13. Reservoir isopach map for Fishpond Field. (CI: 5 ft)
Fishpond Field consists of a variety of reservoir grade facies that form a unique build-up
that is interpreted to have grown with increasing accommodation space. There have been
multiple studies done on the facies in Appleton and Little Cedar Creek Fields that have provided
a general expectation for the regional facies. However, these studies do not represent the facies
and the sequence in which they were deposited in Fishpond Field probably due to location of the
field and the environmental changes that affected depositional patterns in the field area. The
facies recognized from the wells in Fishpond Field are predominantly composed of reservoirquality rock. Integrating well log signatures, core information and thin section analysis, seven
distinct lithofacies were identified in the Smackover Formation in cores from Permits #16990
and #17021 at Fishpond Field. These lithofacies include: (F-1) Peloidal Wackestone (Figure 14),
(F-2) Peloidal Packstone (Figure 15), (F-3) Peloidal Grainstone (Figure 16), (F-4) Peloidal
Grainstone/Packstone (Figure 17), (F-5) Microbially-Influenced Packstone (Figure 18), (F-6)
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Microbially-Influenced Wackestone (Figure 19), and (F-7) Microbial Boundstone (Figure 20).
The (F-8) Oolitic Packstone (Figure 21), (F-9) Shale (Figure 22), and (F-10) Dolomitized
Wackestone/Packstone (Figure 23) were found outside of the field in the two adjacent wells
(Permits #17033 and #15383).
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Lithofacies Identification and Description
Peloidal Wackestone (F-1)
Lithology: Limestone, mud-supported with greater than 10% grains
Color: Tan, brownish-gray, brown
Allochemical Constituents: Peloids, gastropods, foraminifera
Sedimentary Features: Mainly Structureless, stylolites, fractures
Diagenesis: Dissolution, recrystallization, cementation, compaction
Cement: Late stage blocky calcite cement, anhydrite cement
Porosity: 1.7-9.3%
A.!

C.

B.

Scale: 2mm
Figure 14. Peloidal Wackestone thin section photographs A & B from Permit #17021. Core
photograph C. from Permit #16990.
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Peloidal Packstone (F-2)
Lithology: Limestone, grain-supported, high percent of lime mud
Color: Tan, light-brown, brown, tanish-gray, gray
Allochemical Constituents: Peloids, bivalves, echinoids, Tubiphytes
Sedimentary Structures: Stylolites
Diagenesis: Dissolution (leaching), cementation, compaction
Cement: Late stage blocky calcite cement
Porosity: 0.8-27.4%
A.!

C.

B.

Scale: 2mm
Figure 15. Peloidal Packestone thin section photographs A. from Permit #16990 and B. from
Permit #17033. Core photograph C. from Permit #17021.
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Peloidal Grainstone (F-3)
Lithology: Limestone, grain-supported, lacks mud
Color: Tan, tanish-gray
Allochemical Constituents: Peloids, microbial grains, bioclasts, skeletal fragments
Sedimentary Features: Stylolites
Diagenesis: Dissolution (leaching), cementation, compaction
Cement: Blocky calcite
Porosity: 8.7-21.3%
A.!

C.

B.

Scale: 2mm
Figure 16. Peloidal Grainstone thin section photographs A. & B. from Permit #17021. Core
photograph C. from Permit #17021.
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Peloidal Grainstone/Packstone (F-4)
Lithology: Limestone, grain-supported, moderate to low percent of lime mud
Color: Gray, brownish-gray, brown, dark brown
Allochemical Constituents: Peloids, gastropods
Sedimentary Features: Stylolites
Diagenesis: Recrystallization, cementation, compaction
Cement: Calcite, micrite
Porosity: 0.8-9.4%
A.!

C.

B.

Scale: 2mm
Figure 17. Peloidal Grainstone/Packstone thin section photographs A. from Permit #17021 and
B. from Permit #16990. Core photograph C. from Permit #17021.
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Microbially-Influenced Packstone (F-5)
Lithology: Limestone, grain-supported, high percent of lime mud
Color: Gray, brownish gray, grayish brown
Allochemical Constituents: Microbial grains, peloids, skeletal grains
Sedimentary Features: Microbial laminae, microbial fenestrae
Diagenesis: Recrystalization, cementation, compaction
Cement: Calcite, micrite
Porosity: 1.3-3%

A.!

C.

B.

Scale: 2mm
Figure 18. Microbially-influenced packstone thin section photographs A. from Permit #17021
and B. from Permit #16990. Core photograph C. from Permit #17021.
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Microbially-Influenced Wackestone (F-6)
Lithology: Limestone, mud-supported, greater than 10% grains
Color: Dark gray, gray, greenish gray, brownish gray, brown
Allochemical Constituents: Microbial grains, peloids, skeletal grains
Sedimentary Features: Microbial laminae, Microbial fenestrae
Diagenesis: Recrystallization, dissolution, cementation, compaction
Cement: Calcite, micrite,
Porosity: 0.6-9.6%
A.!

C.

B.

Scale: 2mm
Figure 19. Microbially-influenced Wackestone thin section photographs A. from Permit #17021
and B. from Permit #16990. Core photograph C. from Permit #16990.
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Microbial Boundstone (F-7)
Lithology: Limestone
Color: Tan, tanish gray, gray, dark gray, brownish gray, brown, grayish black
Allochemical Constituents: Microbial grains, peloids, bioclasts
Sedimentary Features: Microbial laminae, microbial heads, burrows, stylolites
Diagenesis: Dissolution (leaching), recrystallization, cementation, compaction
Cement: Late stage calcite
Porosity: 0.8-28.8%
A.!

C.

B.

Scale: 2mm
Figure 20. Microbial Boundstone thin section photographs A. from Permit #16990 and B. from
Permit #17021. Core photograph C. from Permit #16990.
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D.

F.

Laminated
E.

!!!!!!!!!!!!!!Dendritic

Reticulate
Figure 20. (continued) D. from Permit #17021, E. from Permit 17021 and F. from Permit
#16990.
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*Lithofacies observed from Permits 15383 and 17033B off-structure include:
Ooid Grainstone (F-8)
Lithology: Limestone
Color: gray, brown, brownish-black
Allochemical Constituents: Ooids, bioclasts, peloids
Sedimentary Features: fenestrae, fractures, stylolites
Diagenesis: cementation, compaction
Cement: Early stage calcite
Porosity: 0.3-1.7%

Scale: 2mm

Figure 21. Oolitic Grainstone thin section and core photographs from Permit #15383.
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Shale (F-9)
Lithology: Shale
Color: grayish-black, black
Allochemical Constituents: N/A
Sedimentary Features: brittleness, fractures
Diagenesis: N/A
Cement: N/A
Porosity: 0.0%

Figure 22. Shale core photographs from Permit #17033.
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Dolomitized Wackestone/Packstone (F-10)
Lithology: Dolomite
Color: gray, dark gray
Allochemical Constituents: N/A
Sedimentary Features: lamination
Diagenesis: Dolomite replacement
Cement: Dolomitized calcite cement
Porosity: 0.4-2.0%

Scale: 2mm

Figure 23. Dolomitized packstone/wackestone thin section and core photographs from Permit
#17033.
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The peloidal grainstone, peloidal packstone, peloidal grainstone/packstone and the
microbial boundstone facies are the best reservoirs in the field, exhibiting very high porosities
averaging between 11%-20% and permeabilities ranging from around 0.5 md to around 7000
md. The reservoir quality of these rocks is directly affected by the amount and type of diagenesis
that alters their original textures. Dissolution and cementation can drastically modify
permeability associated with these rocks either positively or negatively.
The lithofacies observed in the wells occur in a characteristic vertical succession. The
Upper Jurassic Smackover Formation unconformably overlies the Norphlet Formation at
Fishpond Field. The Norphlet consists of fluvial-alluvial and coastal eolian and shoreline
conglomerates, sandstones and shales. The upper Norphlet facies appear to have been reworked
with the initiation of Smackover marine transgression. The microbial buildup sequence begins
with microbially-influenced wackestone (F-5) or microbially-influenced packstone (F-6) and
then grades into microbial boundstone (F-7). This boundstone is then capped with peloidal
packstone (F-2), peloidal grainstone/packstone (F-3) or peloidal grainstone (F-4). In Permit
#16990, four such sequences were observed and in Permit #17021 eight sequences were
observed. Peloidal wackestone (F-1) completes the Smackover succession. The Buckner Member
of the Haynesville Formation overlies the Smackover Formation. This formational contact can be
transitional or sharp. The Haynesville Formation then overlays the Buckner Member and
includes carbonates, sands and shales.
The majority of rocks analyzed for this study are peloidal. Parafavreina peloids are found
throughout all of the facies but are most common in the low energy facies. The peloidal
wackestone (F-1) facies is found to have a low number of grains that include peloids,
foraminifera and gastropods. This facies is interpreted to be deposited in a low energy
environment. Some siliciclastics are present in the form of quartz silt. The argillaceous silt influx
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into the carbonate system is due to local rivers flowing into this part of the embayment. In some
places, the micrite within the peloidal wackestone appears to be recrystallized. However, this
recrystallization did not alter the rock enough to create significant porosity or permeability.
The peloidal packstone (F-2) facies consists largely of peloids with bivalves, echinoids,
and tubiphytes making up a small percentage of the rock. This facies is heavily compacted in
some areas while also having significant amounts of leaching in others. It appears that large
clusters of peloids were leached early, while early-stage cement was leached later.
The peloidal grainstone facies (F-3) is very similar to the packstone facies, but it does not
have any original mud matrix between the allochems. The majority of allochems are peloids and
bioclasts that are possibly reworked microbialite buildup fragments. Some grains are covered
with early stage fibrous marine cement with late-stage, blocky cement forming in the larger pore
spaces.
The peloidal grainstone/packstone (F-4) facies is a combination of the (F-2) and (F-3)
facies. The (F-4) facies resembles both facies and cannot be placed into just a single category as
the fabric is not homogenous throughout the thin section. The microbially-influenced packstone
(F-5) facies is found to have large amounts of calcimicrobes. This facies was probably porous at
one time but much of this porosity has been occluded by cementation. The microbiallyinfluenced wackestone (F-6) facies is similar to the microbially-influenced packstone (F-5)
facies but had less microbial activity and fewer grains. This is likely due to a lower-energy
environment with water chemistry negatively affecting microbial activity.
The microbial boundstone (F-7) facies is by far the most distinct facies in the succession
and therefore the easiest to identify. This facies is characterized by pervasive dissolution of the
depositional (intraframe) fabric (Haddad, 2012). The pore network is characterized by vuggy,
interconnected pores that have vertical and lateral continuity. There are patches of cyanobacteria
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that formed in large clusters throughout the buildup. Clotted fabrics are also common in intervals
exhibiting high primary porosity, as well as those with some secondary porosity caused by
dissolution. Other porosity types are formed from fractures and nonselective dissolution that
creates the vuggy pores. The boundstone is susceptible to extensive alteration as well as high
amounts of neomorphism due to its composition and fabric. It appears in some parts of the
reservoir that the rock has been completely recrystallized as evidenced by change in color and
fabric.
Fishpond Field’s reservoir facies is interpreted to have developed as a microbial buildup
on a paleohigh in an inner to inner-middle ramp setting. The buildup is characterized by multiple
sequences of alternating facies (Figure 24). Off the paleohigh, the facies consist of non-reservoir
grade packstone/wackestone and shale in Permits #17033 and #15383. These facies have little to
no porosity and permeability which limits lateral petroleum migration. The initial microbial
boundstone facies (F-7) is found in the base of both Permits #17021 and #16990. During
development of the buildup, depositional conditions varied as evidenced by the multiple stages
of vertical microbial growth in the field. In Permit #16990, the buildup has an interbedded
column of dendritic and reticulate thrombolite textured rock. The eastern side of the buildup
began developing a zone that consisted of interbedded peloidal packstones (F-2) and grainstones
(F-3), while the west side of the buildup retained a uniform buildup of thrombolite boundstone.
The field area underwent a uniform deposition of microbial influenced wackestone that divides
the upper bounstone reservoir from the lower boundstone reservoir. The microbial colonies
renewed their growth and continued across the buildup until it grades into a microbial influenced
packstone (F-5). The higher-energy subtidal shoal grainstone/packstones (F-2, F-3, F-4) are then
deposited in the upper Smackover and serve as a thin reservoir separate from the lower microbial
reservoirs. The last facies to be deposited in the Smackover Formation is the peloidal wackestone
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that serves as a cap before it begins grading upwards into anhydrites of the Buckner Member of
the Haynesville Formation.
Fishpond Field’s depositional sequences can be further divided into three major reservoir
zones: Build-Up 1, Middle GS/PS, and Build-Up 2. Although the middle zone is thickest on the
western side of the field, the microbial build up is present throughout the field. Each of these
zones have different petrophysical parameters and an understanding of these can be helpful in
optimizing production from the overall reservoir. Permit #17021 has 140 ft of net pay whereas
Permit #16990 has 113 ft. These zones are thick despite the fact that the reservoir underwent
differential compaction and pressure solution resulting in the formation of numerous stylolites.
These buildups could have been much thicker during deposition compared to what is observed
now due to this compaction.
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Figure 24. Vertical distribution of facies in cores studied.
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Diagenesis
Although the principal control on reservoir architecture and geographic distribution in
Smackover carbonates is the depositional facies, diagenesis (chiefly dissolution and
dolomitization) is a significant factor that preserves and enhances reservoir quality (Benson,
1988; Mancini et al., 2004b). At Fishpond Field, Smackover facies have experienced important
diagenetic events (Figure 25). Dissolution has served to increase porosity and permeability in the
microbial carbonate and associated facies. Dolomitization is minimal in the field. Some
fracturing is evident in these carbonates. Compaction, pressure solution, cementation and
recrystallization have acted to occlude porosity in Fishpond Field (Figure 26A-E).
Facies at Fishpond Field experienced both early-stage, selective and late-stage, nonselective dissolution. Depositional allochems have been partially leached or totally dissolved and
some are no longer identifiable. In Figure 26, thin section A, microbial features have been
leached resulting in linear void space. These voids then appear to have been enlarged by a
second phase of leaching. This dissolution is selective and likely occurred separately due to the
composition of the microbial growth features that rendered them susceptible to being dissolved
in meteoric waters during relative sea level falls. In thin section B, void space resulting from
dissolution was filled with calcite cement. This cement is blocky in form and occludes porosity.
In thin section C, allochems in a grainstone/packstone have been dissolved resulting in molds
and vugs. In thin section D, blocky calcite cement is found to be intruding into available void
space. In thin section E, void space has been filled with calcite cement.
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Figure 25. Generalized paragenetic events for Smackover Formation in Fishpond Field.
A.

Permit #16990, Depth- 12136 ft, Scale: 25 mm
B.

Permit #17021, Depth- 12134 ft, Scale: 25 mm
Figure 26. Thin section photographs of depositional and diagenetic patterns.
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C.

Permit #17021, Depth- 12250 ft, Scale: 25 mm
D.

Permit #17021, Depth- 12145 ft, Scale: 25 mm
E.

Permit #16990, Depth- 12118 ft, Scale: 25 mm

Figure 26. (continued) Thin section photographs showing diagenesis and depositional fabric
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Depositional Model
The Conecuh Embayment underwent a series of extensional faulting episodes due to the
rifting of the North and South American plates. The Pre-Jurassic Fishpond Field area is
interpreted to have formed in an active normal fault-bounded graben with adjacent horst features
(Figure 27A). Norphlet deposition in the Conecuh Embayment began in the middle to late
Jurassic times. Alluvial and fluvial red shales and eolian and coastal sandstones were eroded and
deposited in low lying basement features in the Fishpond Field area (Figure 27B). After an
increase in extension, the Fishpond Field structure was formed as the area was uplifted in
association with a horst feature. In the model proposed her, Norphlet deposits were preserved on
the crest of the feature (Figure 27C). These sandstones were reworked at the initiation of the
rapid Smackover transgression. The first Smackover facies that accumulated was peloidal
wackestone followed by microbially-influenced packstone and microbialites with a continued
increase in relative sea level. Depositional conditions in the field then became variable with the
initiation of differential fault movement affecting different parts of the field’s underlying
structure. Higher energy conditions were present in parts of the field due to localized
environmental effects or perhaps due to a variability in the depositional surface and availability
of accommodation space caused by these localized changes in base level. Movement along
normal basement faults resulted to differential elevations in the field, with parts of the field being
higher in elevation than other parts of the field (Figure 27D). In this model, these changes
produced a higher energy environment in the western part of the field, while microbialites
continued to grow in the eastern part of the field. With renewed relative sea level rise, more
uniform environmental conditions returned with deposition of wackestone and microbial
carbonate development across much of the field area. As accommodation space increased due to
a continued rise in relative seal level and probably due to subsidence as a result of continued
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burial compaction of Norphlet shale, microbial carbonate aggradation continued in parts of the
field and the deposition of sudtidal wackestones and packstones characterized other parts of the
field. Development of the microbial buildups is interpreted to have ceased because of changes in
environmental conditions, probably as a result of freshwater influx lowering salinities in the field
area and leading to shale deposition on the flanks of the field. With continued subsidence and
relative sea level rise, subtidal wackestone accumulated throughout the field area. Fault
migration of thermal fluids is assumed to have dolomitized the lower Smackover Formation
deposits on the flanks of the field’s structure. Availability of accommodation space then
decreased, due to a reduction or cessation in the rise of relative sea level rise and a reduction in
subsidence. As a result of the change in base level and sedimentation rates, higher energy
shoreface, shoal, and carbonate bank grainstone/packstone and lagoonal deposits prograded over
the field area (Figure 27E). Deposition of these facies marked the shift from marine transgression
to progradation. Smackover deposition ended with the accumulation of lagoonal/bay wackestone.
Accumulation of marginal marine and nonmarine Haynesville shales and anhydrites followed
(Figure 27F).

Table 3. Lithology legend for depositional model
!

43!

!

Figure 27. Depositional history of facies in the Fishpond Field area.
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Petrophysical Properties
The Fishpond Field reservoir can be divided into three distinct vertical zones with
different lithologies and varying petrophyscial properties. These zones consist of a lower and
upper microbial boundstone zone separated by a middle grainstone and packstone zone. Starting
from the base of the formation in Permit #17021, the reservoir is composed of microbial
boundstone facies. Figure 28A and B show the lower boundstone zone has an average porosity of
11% and an average permeability around 305 md due to its carbonate texture and inherent pore
system of depositional growth (intraframe), diagenetic solution-enhanced and vuggy pores. The
middle grainstone/packstone zone is much thicker in Permit #17021 than in other parts of the
field. The grainstone/packstone zone (Figure 29A and B) has a higher average porosity due to its
carbonate texture and inherent pore system of primary and solution enhanced pores than the
underlying boundstone. The grainstone/packstone zone has a minimum porosity of 10% and an
average porosity of about 20%. The average permeability in this zone is over 45 md, which is an
indicator of connectivity in the reservoir resulting in probable high hydrocarbon productivity.
The upper boundstone zone has less potential for high productivity in Permit #17021 than in
Permit #16990 (Figure 30A and B). In Permit #17021, the upper boundstone has an average
porosity around 10% due to greater compaction and cementation as evidenced by the pore
system observed in thin section. Permeability ranges from 0.5 md to 8000 md in the lower and
upper boundstone and grainstone/packstone zones in this part of the field. The variability in
porosity and permeability is attributed mainly to diagenetic effects. The lower boundstone and
middle grainstone/packstone zones are interpreted to have the highest productivity in Permit
#17021 due to higher average porosities and permeabilities than what is found in the upper
boundstone zone.
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Figure 28. Porosity (A) and permeability (B) bar graphs for the lower boundstone zone in Permit
#17021.
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Figure 29. Porosity (A) and permeability (B) bar graphs for the middle grainstone-packstone
zone in Permit #17021.
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Figure 30. Porosity (A) and permeability (B) bar graphs for the upper boundstone zone in Permit
#17021.
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In Permit #16990, the lower and upper boundstone and middle grainstone/packstone
zones were evaluated for the same petrophysical parameters as Permit #17021. All three zones
were characterized by high average porosities and permeabilities. The lower boundstone zone
has an average porosity of 19% and an average permeability of approximately 246 md due to its
carbonate texture and inherent pore system (Figure 31A and B). The middle
grainstone/packstone zone in Permit #16990 has a lower average porosity than is found in the
middle grainstone-packstone zone in Permit #17021, but has a similar permeability (Figure 32A
and B). The middle zone’s decrease of porosity is attributed to diagenetic occlusion agents of
cementation and compaction associated with the carbonate texture of microbially-influenced
packstone and wackestone. These facies are not as susceptible to dissolution as a packstone or
grainstone. The upper boundstone zone in Permit #16990 has a higher average porosity of
around 14% which is higher than the upper boundstone zone in Permit #17021 (Figure 33A and
B). The average permeability of the upper boundstone zone is around 100 md. Dissolution is
considered to be the main contributor to the high permeabilities in the lower and upper
boundstone zones in Permit #16990 resulting in a pore system characterized by solutionenhanced and vuggy pores. Based on the porosity and permeability values, the lower and upper
boundstone zones in Permit #16990 have the potential to be the most productive intervals in the
western side of the field.
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Figure 31. Porosity (A) and permeability (B) bar graphs for the lower packstone zone in Permit
#16990.
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Figure 32. Porosity (A) and permeability (B) bar graphs for the middle grainstone-packstone
zone in Permit #16990.
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Figure 33. Porosity (A) and permeability (B) bar graphs for the upper boundstone zone in Permit
#16990.
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Facies Evaluation
The seven facies found within Fishpond Field were analyzed in the two producing wells
for permeability/porosity relationships (Figure 34A and B). The cross-plots serve to illustrate the
differences in the quality of the reservoir rock due to variations in petrophysical properties as a
result of different Smackover carbonate facies, textures and pore systems. In Permit #17021, the
microbial boundstone facies has the highest potential for hydrocarbon productivity because of its
pore system produces high average permeability of around 300 md. The microbial boundstone
facies and peloidal packstone facies have parallel trend lines for porosity values, while the
peloidal packstone facies has a slightly lower average permeability due to its pore system. This
indicates that these two facies both have a high potential to be a reservoir quality rock, but the
microbial boundstone facies texture and pore system results in higher permeability and
connectivity. The one facies that was found in Permit #17021 and not in Permit #16990 was the
peloidal grainstone facies. This facies has a relatively high average permeability, but its average
porosity was less than the peloidal grainstone and microbial boundstone facies due to diagenesis.
The peloidal wackestone facies and microbially-influenced packstone facies have low porosity
and permeability due to their carbonate textures and pore systems, and therefore, these facies
have low reservoir potential.
In Permit #16990, the microbial boundstone facies is the most productive reservoir. It has
an average trend line that matches Permit #17021. However, Permit #16990’s peloidal packstone
facies has a slightly lower average porosity and does not have a parallel trend line relationship as
seen in Permit #17021. This change in trend line suggests a probable facies change from peloidal
packstone in Permit #17021 to microbial boundstone in Permit #16990. Thus, the composite
porosity data for the peloidal packstone facies in Permit #16990 indicates this facies has lower
potential to be a quality reservoir rock.
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Figure 34. Porosity-permeability cross plots for Smackover facies observed in (A) Permit
#17021 and (B) Permit #16990. Data from core analysis.
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Reservoir Petrophysical Modeling
This study uses integrated geologic modeling to visualize reservoir properties by
incorporating using available 1D and 2D data. The data that are integrated into the model include
interpreted well logs, core data and analysis, stratigraphic cross sections, thickness maps and a
digitized structural contour map. These data were used to create a static model that illustrates
structural, stratigraphic, depositional and simulated petrophysical properties that can be
correlated throughout Fishpond Field. This modeling provides a better understanding of the
genesis of the Fishpond petroleum reservoir and trap and areas in the field with the highest
potential for oil recovery and production.
The reservoir at Fishpond Field is complex and its extent can only be predicted using
simulations. Four potentially chronostratigraphic surfaces based on major lithofacies changes
that reflect the timing of important deposition events of key Smackover facies were selected for
modeling (Figure 35A-D). These surfaces represent the base of the overlying top seal (A), of the
upper boundstone zone (B), of the grainstone/packstone zone (C), and the lower microbial
boundstone zone (D). Figure 35A shows the uppermost beds of the Smackover Formation that
consist mostly of wackestones with low porosities of around 1.0-4.0%. This zone is overlain by
sabkha anhydrites of the Buckner Anhydrite Member of the Haynesville Formation that serve as
a petroleum seal rock. Figure 35B shows the beds of the upper microbial boundstone that occurs
mostly on the western side of the field. This zone is found to have high porosity in both Permits
#17021 and #16990. The model supports communication between the two wells in the upper
microbial boundstone zone. Figure 35C shows the beds of the middle grainstone/packstone zone
that is well developed in Permit #17021. This zone is thin and has variable porosities and
permeabilities in Permit #16990 due to fluctuations in deposition. Figure 35D shows beds of the
lower microbial boundstone zone. This zone is well developed in the central part of the field as
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illustrated by the thickness of the microbial buildup in Permit #16990. The lower microbial
boundstone zone is thin in Permit #17021. These microbialite facies have better quality reservoir
beds on the crest of this paleohigh, but these beds have not been tested on the flanks of the
structure. The microbial boundstone appears to be absent off structure to the northwest.

A.!

Figure 35. Surfaces of key Smackover facies deposits and potential reservoir zones: (A)
overlying top seal, (B) upper microbial boundstone zone, (C) grainstone/packstone zone, and (D)
lower microbial boundstone zone.
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B.

C.

Figure 35. (continued) Surfaces showing deposition of key Smackover facies and potential
reservoir zones: (A) overlying top seal, (B) upper microbial boundstone zone, (C)
grainstone/packstone zone, and (D) lower microbial boundstone zone.
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D.

Figure 35. (continued) Surfaces showing deposition of key Smackover facies and potential
reservoir zones: (A) overlying top seal, (B) upper microbial boundstone zone, (C)
grainstone/packstone zone, and (D) lower microbial boundstone zone.
To complete the modeling for the field, cross-sections illustrating petrophysical
properties were created to analyze the distribution of porosity and permeability in the field area
(Figure 36 and 37A-D). The first cross section (Figure 37A) shows the porosity trend from north
to south. The highest porosity values occur in the basal beds of the formation, and porosity
decreases upward to the Smackover-Buckner contact. The uppermost part of the formation has
an interval that has very low porosity values. This interval is correlated to the wackestone that
separates the upper microbial boundstone from the thin, undeveloped upper grainstone/packstone
beds. Figure 37B shows the permeability trend for the north to south oriented cross section
depicted in Figure 36 and 37A. Figure 37B shows high permeability in the center of the field on
the crest of the paleohigh with permeable beds extending to the flanks of the feature. These beds
are potentially higher energy shoal/shoreface grainstone and packstone deposits. Figure 37C is
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oriented east to west and shows high porosity in strata in the eastern part of the field. This
porosity trend is continuous in this zone throughout most of the field. Figure 37D shows the
permeability trend from east to west. Figure 37D illustrates high permeability in the upper
microbial reservoir beds in the field but with lower permeability in these beds in the eastern part
of the field. This trend is interesting because Figure 35C predicted high porosity values for the
eastern part of the field area. This observation suggests that a potentially porous interval with
lower permeability values is present in the eastern part of the field.

Figure 36. General section cross lines through the center of Fishpond Field.
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A.

B.

Figure 37. Petrophysical cross sections showing the distribution of porosity and permeability in
the reservoir zones in Fishpond Field: (A) North to south porosity trend, (B) North to south
permeability trend, (C) East to west porosity trend and (D) East to west permeability trend.
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C.

D.

Figure 37. (continued) Distribution of porosity and permeability in the reservoir zones in
Fishpond Field: (A) North to south porosity trend, (B) North to south permeability trend, (C)
East to west porosity trend and (D) East to west permeability trend.
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CHAPTER 5 CASE STUDIES
The Smackover Formation is one of the most studied formations in the state of Alabama
due to its economic value. Presently, the majority of the studies in the Conecuh Embayment have
focused on two petroleum plays in the area: the basement paleotopographic high play and the
updip stratigraphic trap play. Appleton and Little Cedar Creek Fields (Figure 38) have been the
focus of multiple studies and serve as classical case studies for these two plays. A comparison of
the petroleum trap and associated reservoirs at Fishpond Field to Appleton and Little Cedar
Creek Fields has potential to assist in furthering the understanding of the petroleum geology of
Fishpond Field and potential analogs.

Figure 38. Locations of (1) Fishpond Field, (2) Brooklyn Field, (3) Little Cedar Creek Field, (4)
Appleton Field and (5) Vocation Field. (SOGBA, 2017)

!

58!

!
Appleton Field
Appleton Field was discovered in 1983 through the use of 2D seismic data. Later 3D
seismic data were acquired for the field area and forward modeling was used to distinguish the
reservoir interval. The impedance contrast between the upper nonporous Smackover and
Smackover reservoir is great enough to cause a distinct change in seismic amplitude (Mancini et
al., 2000). The porous carbonate reservoir overlies crystalline basement and is overlain by
nonporous carbonates and anhydrites (Figure 39). Mancini et al. (2004b) determined that the
petroleum trap at Appleton Field is a combination trap with the structural component consisting
of paleotopographic highs controlled by a Paleozoic basement feature (Figures 40 and 41A). The
stratigraphic component is characterized as pervasively dolomitized mudstone and wackestone
that seals the underlying leached microbial doloboundstone and dolograinstone/dolopackstone
(Mancini et al., 2004b). Siliciclastics of the Norphlet Formation are not present on the crest of
the Appleton structures but do occur on the flanks of the paleohighs (Figure 42A). Norphlet
deposition is not necessary for microbial buildups to develop in this field or in other Smackover
fields in this play, including Vocation Field (Figure 41B). Mancini et al. (2004b) reported that
microbial buildups can develop on the crests (Appleton Field) or flanks (Vocation Field) of
paleohighs depending upon the depositional environment (Figures 42A and B). These paleohighs
can be detected through the use of seismic data (Figures 39, 40, and 43), and the thickness of the
potential reservoir buildup can be estimated (Mancini et al., 2004b).
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Figure 39. 3D seismic line showing the paleohigh during Smackover time and the amplitude of
the microbial buildup facies at Appleton Field (Mancini et al, 2004b).

Figure 40. 3D seismic line from the Appleton Field area showing paleohighs and associated
microbial buildups (Mancini et al, 2004b).
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A.

B.

Figure 41. 3D modeling of the microbial buildups in the Appleton (A) and Vocation (B) Field
area showing the distribution of the microbial buildup deposition on multiple paleohighs
(Mancini et al., 2004b) suggesting the absence of present day communication between individual
buildups.
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Figure 42. Cross sections showing (A) the low relief paleohigh and associated Smackover
environments at Appleton Field and (B) the high relief paleohigh and associated Smackover
environments at Vocation Field (Mancini et al, 2004b).
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Figure 43. 3D seismic line of the emergent paleohigh during Smackover time at Vocation Field
showing the development of microbial buildups on the leeward flank of the structure (Mancini et
al., 2004b).

Markland (1992) described 14 distinct facies at Appleton Field (Figure 44). Using
carbonate texture and allochemical content, the following lithofacies were identified: (1)
mudstone, (2) peloidal wackestone, (3) peloidal packstone, (4) peloidal/oncoidal packstone, (5)
peloidal/oolitic packstone, (6) peloidal grainstone, (7) oncoidal grainstone, (8) oolitic grainstone,
(9) oncoidal/peloidal/oolitic grainstone, (10) algal (microbial) grainstone, (11) algal (microbial)
boundstone, (12) algal (microbial) bindstone, (13) algal (microbial) laminate, and (14) anhydrite.
These lithofacies reflect deposition in a complex environmental setting. She (1992) concluded
that this setting was controlled by a basement structure. Markland (1992) interpreted 11
depositional environments represented by these lithofacies. These include: (1) subwave base, (2)
subtidal, (3) lower shoreface to offshore/subwavebase, (4) upper shoreface, (5) shoal flank, (6)
shoal crest, (7) reef front, (8) reef crest, (9) lagoon, (10) tidal flat, and (11) sabkha. These
depositional environments were then correlated with upper, middle and lower Smackover
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deposition. Subaerial exposure occurred periodically in the Appleton Field area (Markland,
1992). Multiple exposure surfaces suggest variations in base level at Appleton Field due to
changes in relative sea level or reactivation of basement faults in the area.

Figure 44. Core photographs of (A) subtidal lithofacies, (B) thrombolite (microbial) lithofacies,
(C) shoal lithofacies, (D) lagoon lithofacies, (E) tidal flat lithofacies and (F) sabkha lithofacies as
observed by Mancini et al. (2000).
!

64!

!
Appleton structure and facies distribution were modeled by Llinas (2004), and he
determined that the Smackover sediments in this area were deposited in a catch-up to keep-up
carbonate system with aggradation as a major driver of microbial buildup development.
Available accommodation space resulted in buildups up to 190 ft. in vertical thickness.
Accommodation space was created by a rise in relative sea level combined with differential
vertical movement of basement rocks due to faulting and subsidence as a result of burial
compaction (Llinas, 2004). According to Llinas (2004), the Smackover facies at Appleton Field
experienced eogenetic and mesogenetic events that altered most of the original depositional
fabric through dolomitization and leaching (Figure 45). Facies in Vocation Field also
experienced dolomitization and leaching (Llinas, 2004). At Appleton Field, the microbial facies
is the most productive part of the reservoir because of its thickness, depositional characteristics,
and because of the favorable post depositional events that preserved and enhanced its reservoir
quality (Mancini et al., 2004b). The pore system of the microbial doloboundstone reservoir at
Appleton Field is dominated by intercrystalline dolomite and vuggy pores that are well
connected (Mancini et al., 2004b). Due to these highly interconnected pores, reservoir
communication is enhanced (Figure 46). The field has produced 2,831,000 bbl of oil to date,
mainly from the microbial part of the reservoir, with production being as high as 1300 bbl/day
(SOGBA, 2017).
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Figure 45. Generalized paragenetic sequence for Smackover carbonates in Appleton Field
(Llinas, 2004).

Figure 46. Porosity distribution in microbial doloboundstone and dolograinstone reservoir facies
at Appleton Field (Mancini et al., 2000). Note high porosities in Permits #4633b and #3854.
Permit #4633b is the best producing well in the field. The microbial doloboundstone in Permit
#3854 rests below the oil/water contact in the field.
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Little Cedar Creek Field
Little Cedar Creek Field was discovered in 1994 and since then has produced over 20
million barrels of oil and 27 bcf of gas from over 70 wells (Figure 47). The Smackover oil pool
consists of two main porosity zones and is located near the updip limit of deposition of
Smackover carbonates (Mancini et al., 2008). The petroleum trap at Little Cedar Creek Field is
stratigraphic, rather than structural. A structure contour map on top of the Smackover Formation
by Haddad and Mancini (2013) shows uniform dip to the southwest at a rate of 150-200 ft/mi
(Figure 48). According to Haddad and Mancini (2013), the Little Cedar Creek Field trap is
stratigraphic in that it is located updip near the depositional limit of Smackover carbonates and
consists of a change in facies from porous microbial and carbonate bank facies to nonporous
lagoonal lime mudstone and wackestone facies near the Smackover shoreline (Figure 49). Also,
vertical and lateral facies changes from porous grainstone/packstone and boundstone to nonporous lime mudstone/wackestone seal rocks also act as a barrier to hydrocarbon flow vertically
and laterally (Haddad and Mancini, 2013). Little Cedar Creek Field has been studied extensively
as it is one of the largest oil fields in the state of Alabama. Mancini et al. (2008) observed that in
this field the microbial buildups are nearshore and can attain a vertical thickness of 43 ft; the
microbial boundstone buildup and upper grainstone/packstone bank deposits serve as the
reservoir beds; and the reservoirs are leached but not pervasively dolomitized. The two reservoir
intervals appear to be separated as they have different pressures and have impermeable carbonate
beds separating them (Mancini et al., 2008). Wells completed in the microbial reservoir have
higher hydrocarbon productivity compared to wells completed in the grainstone/packstone
reservoir (Haddad and Mancini, 2013).
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Figure 47. Early field map of the Little Cedar Creek Field showing line of structural cross
section A-A’ (Mancini et al., 2008).

Figure 48. Structure map of top of Smackover Formation of Little Cedar Creek Field (Haddad
and Mancini, 2013).
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Figure 49. Southwest-northeast structural cross section A-A’ (Figure 43) at Little Cedar Creek
Field showing the nature of the stratigraphic trap, including the updip limit of the facies and
facies changes in the field area (Mancini et al., 2008).

Ridgeway (2010) described seven facies at Little Cedar Creek Field (Figure 50). The
Buckner Anhydrite Member is not present at Little Cedar Creek Field and thus does not act as an
upper seal rock in this field. Instead, impermeable lime mudstone/wackestone serves as the upper
seal rock. Starting from the top of the Smackover section, Ridgeway (2010) determined the
following facies: peritidal lime mudstone-wackestone (S-1), tidal channel conglomerate
floatstone-rudstone (S-2), peloid-ooid shoal (bank) grainstone-packstone (S-3), subtidal lime
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wackestone-mudstone (S-4), microbially-influenced packstone-wackestone (S-5), microbial
boundstone (S-6), and transgressive lime-mudstone-dolostone (S-7).

Figure 50. Core photographs of (A) lime mudstone-dolostone, (B) tidal channel conglomerate
floatstone-rudstone, (C) shoal (bank) grainstone, (D) subtidal wackestone, (E) microbiallyinfluenced packstone, and (F) microbial (thrombolite) boundstone (Ridgeway, 2010).
Little Cedar Creek Field and the neighboring Brooklyn Field have microbial boundstone
and grainstone/packstone reservoirs that occur continuously for at least 10 miles along the
Conecuh Embayment paleo-shoreline (Haddad, 2012). These two facies were deposited at
different times under diverse conditions resulting in differing depositional patterns (Figure 51).
The boundstone facies extends to near the known updip limit of Smackover deposition. These
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buildups were the result of the initial Smackover transgression and grew in an inner carbonate
ramp setting near the coastline (Mancini et al., 2008). The grainstone/packstone facies is well
developed in the southern to central part of Little Cedar Creek Field. This facies was deposited in
a higher energy setting as regressive deposits of the Smackover began to prograde seaward
(Haddad and Mancini, 2013).

Figure 51. Isopach maps of the microbial boundstone facies (A) and shoal (bank)
grainstone/packstone facies (B) at Little Cedar Creek Field (Haddad and Mancini, 2013).
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The petrophysical properties of the reservoirs at Little Cedar Creek Field were modeled
by Haddad and Mancini (2013) using a method similar to the one used to model the
petrophysical properties of the reservoir at Fishpond Field in this study. Using well control and a
sequential Gaussian simulation, they predicted the porosity and permeability values throughout
the Little Cedar Creek Field (Figure 52A-D). Figure 52A shows permeability trends for the
grainstone/packstone facies in the field. The model illustrates that a majority of the hydrocarbon
productive facies are in the south-central part of the field. Figure 52B shows the distribution of
permeability in the microbial boundstone facies in the field. The hydrocarbon productive area in
the field follows a south to north linear trend with the southwestern part of the field having high
potential for production. The average permeability is much higher in the boundstone beds than
the grainstone/packstone beds. Figure 52C shows the porosity distribution for the
grainstone/packstone facies. The trend in porosity is similar to that of the permeability
illustrating that the most hydrocarbon productive area is the south-central part of the field. Figure
52D shows that the porosity trend for the microbial boundstone facies parallels the permeability
distribution for this facies. The boundstone beds have a lower average porosity than the
grainstone/packstone beds.
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B.

Figure 52. Distribution of petrophysical parameters for the reservoirs in LCCF: (A) permeability
for grainstone/packstone beds, (B) permeability for microbial boundstone beds (Haddad, 2012).
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D.

Figure 52. (continued) (C) porosity for grainstone/packstone beds, and (D) porosity for microbial
boundstone beds (Haddad, 2012).
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The higher hydrocarbon productivity of the microbial boundstone is attributed to a pore
system characterized by depositional voids or intraframe pore types associated with the microbial
growth framework and diagenetic solution-enhanced/vuggy pore types (Haddad and Mancini,
2013). This pore system provides for high permeability in the reservoir beds. On the other hand,
the pore system of the grainstone/packstone includes primary interparticle and secondary
solution-enhanced interparticle, intraparticle, vuggy and/or grain moldic pore types (Haddad and
Mancini, 2013). This more heterogeneous pore system results in high porosity but lower
permeability.

Field Comparison
To assist with interpreting the geological history and evaluating the significance of
Fishpond Field, the petroleum trap and associated reservoir at this field are compared to the
petroleum traps and associated reservoirs at Appleton and Little Cedar Creek Fields. The
structural map and structural cross section prepared for Fishpond Field show that the petroleum
trap is similar to the combination structural and stratigraphic trap at Appleton Field (Mancini et
al., 2004b) rather than the stratigraphic trap at Little Cedar Creek Field (Mancini et al., 2008).
Buckner anhydrite beds serve as a seal rock at Appleton (Mancini et al., 2004b) and Fishpond
Fields as observed in cores and well log signatures. However, the basement paleohigh at
Fishpond Field was not a continuously submergent (below sea level) feature during Smackover
time (Appleton Field) or a continuously emergent (above sea level) feature during Smackover
time (Vocation Field). The depositional history of the paleohigh at Fishpond Field is more
complex as evidenced by the vertical changes in Smackover lithofacies as observed in cores and
well log patterns. The proposed paleotopographic high was emergent during Norphlet and
Smackover times. It was flooded and possibly exposed on at least two occasions during
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Smackover time. Although changes in relative sea level played a major role in Smackover
accumulation and sediment reworking in the Fishpond Field area, subsidence resulting from
differential movement of basement rocks related to the activation of basement faults and burial
compaction were also critical elements that impacted Smackover deposition.
The principal reservoir in Fishpond Field consists of microbialites associated with
buildups similar to the main reservoirs in Appleton and Little Cedar Creek Fields. The microbial
boundstone at Fishpond Field is not pervasively dolomitized like the doloboundstone in
Appleton Field (Mancini et al., 2004b), rather it is similar to the highly leached boundstone at
Little Cedar Creek Field (Mancini et al., 2008). The boundstone reservoir pore system at
Fishpond and Little Cedar Creek (Haddad and Mancini, 2013) Fields consists of depositional
growth (intraframe), solution-enhanced intraframe and/or vuggy pores that are interconnected.
However, the vertical thickness of the microbial boundstone at Fishpond Field (165 ft) is similar
to the thickness of the boundstone at Appleton Field (190 ft) (Mancini et al., 2004b) because in
both these fields the microbialites are associated with basement paleohighs, and the development
of the buildups are not only affected by rises in relative sea level but also changes in base level
as a result of faulting and subsidence.
Grainstone and packstone are also reservoirs in these three fields. The grainstone and
packstone at Fishpond Field are not highly dolomitized like the dolograinstone and
dolopackstone in Appleton Field (Mancini et al., 2004b), rather these carbonates are similar to
the leached grainstone and packstone at Little Cedar Creek Field (Mancini et al., 2008). The
grainstone/packstone pore system at Fishpond and Little Cedar Creek (Haddad and Mancini,
2013) Fields consists of primary interparticle, solution-enhanced interparticle, grain moldic,
and/or vuggy pores. The grainstone/packstone beds accumulated as carbonate bank deposits at
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Little Cedar Creek Field (Haddad and Mancini, 2013) and as shoreface/shoal deposits in
Appleton (Mancini et al., 2004b) and Fishpond Fields.
The complexity of the geological history of the petroleum trap and reservoir development
at Fishpond Field distinguishes this field from the Appleton paleohigh and related microbial
buildup and the Little Cedar Creek stratigraphic trap and associated inner ramp microbial
buildups.
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CHAPTER 6 EXPLORATION STRATEGY
Smackover oil has been the most sought after hydrocarbon in south Alabama since the
discovery of Toxey Field in 1967. That find along with the discovery of other fields associated
with Paleozoic basement highs resulted in an exploration strategy that targeted paleohighs by
using 2D seismic reflection data and, later, 3D seismic reflection data. Shoal and shoreface
grainstone facies were found to have accumulated on the crest and flanks of these
paleotopographic features (Markland, 1992; Mancini et al., 2000; Mancini et al., 2004b; Mancini
et al., 2008). The discovery of Melvin and Uriah Fields indicated that microbial reservoirs were
present in south Alabama and could be exploration targets (Mancini et al., 2004b; Mancini et al.,
2008). The discovery of Vocation Field in 1971 showed that thick microbial buildups developed
in association with Paleozoic structure and that isolated paleohighs can support reservoirs with
significant areal extent and with the potential to produce more than 1 million bbls of oil (Mancini
et al., 2004b).
Although seismic reflection data have been the key in detecting basement structures
associated with microbial buildups, advancement in this technology has improved exploration
success over the years. Before 3D seismic reflection was introduced, 2D seismic was used to
locate these highs. The use of 2D seismic resulted in drilling a number of dry holes because
structural closure was difficult to define using this technology. With the advent of 3D seismic
techniques, mapping 4-way closure on a structure was significantly facilitated. However,
problems remained in finding paleohighs associated with hydrocarbon-bearing reservoirs
associated with the microbial buildups. Thus, exploration issues remained in search for oil and
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gas in the updip basement play in the Conecuh Embayment area, including locating paleohighs
that are associated with microbial buildups, delineating paleohighs that have microbial buildups
developed on the crest of the structure, and identifying paleohighs that are associated with
hydrocarbon bearing microbial reservoirs that lie above the oil/water contact.
The discovery of Little Cedar Creek Field in the Conecuh Embayment added a
stratigraphic play for the south Alabama area. Little Cedar Creek Field was essentially
discovered without the use of 3D seismic reflection data and is being developed based on an
extensive well drilling and coring program. The updip limit of shoreface and carbonate bank
facies and nearshore microbial buildup facies became a preferred target due to the areal extent of
these facies. The use of 3D seismic is not beneficial in this play because the limited thickness of
the microbial and bank deposit intervals and their depth of burial present resolution problems.
Interestingly, these prolific reservoirs at Little Cedar Creek Field were not highly dolomitized,
but rather the porosity was depositional microbial growth or interparticle, solution-enhanced,
and/or vuggy. In the early days of petroleum exploration in southwest Alabama, some thought
that in order to achieve success one had to find a reservoir that was dolomitized. This concept
has turned out not to be the case at Little Cedar Creek Field and now Fishpond Field. Although
dolomitization is a significant diagenetic process for preserving, enhancing and creating porosity
in Smackover carbonate reservoirs in the updip basement ridge and structural salt plays in
southwest Alabama, dolomitization is not a critical process for enhancing reservoir quality in the
Conecuh Embayment area (Haddad and Mancini, 2013). The preservation of depositional
porosity, the enhancement of primary porosity through solution enhancement, and the creation of
secondary porosity as a result of dissolution are critical processes to produce quality reservoirs in
the Conecuh Embayment area.
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The discovery of Fishpond Field further extended the search area for paleohighs
associated with vertically thick microbial buildups into the Conecuh Embayment. The geologic
history of the Fishpond basement feature and the microbial buildup and associated facies, along
with an understanding of the petroleum trap and carbonate reservoir interval, is information that
should be considered for integration into the exploration strategy for the area.
For example, in southwest Alabama, companies are aware that certain basement features
were emergent during specific geologic times, such as the middle to late Jurassic times, and this
timing controlled the potential reservoir facies that accumulated on the crests of a particular
paleohigh. The paleohigh at Fishpond Field was flooded by the initial Smackover transgression
and microbialite growth followed but then development was interrupted. Microbial buildup
growth began and ceased multiple times in the field area. The multi-stage development pattern of
microbial buildup at Fishpond Field is probably a result of changes in accommodation space.
There is an overall initial increase in accommodation space that results with Smackover
transgression and a continued rise in relative sea level followed by an overall decrease in
accommodation space due to a reduction or cessation in the rise of relative sea level that results
in Smackover progradation. In addition, there could be seasonal changes, environmental physical
or chemical changes, or changes in rates of sediment deposition that impacted microbial buildup
growth. However, changes in base level produced by differential movement in the basement
rocks underlying the field as a result of faulting or subsidence mainly due to Norphlet sediment
burial compaction also appears to be a viable mechanism to explain the vertically thick microbial
buildup at Fishpond Field. In this regard, it is important to be aware of the possible factors
controlling microbial buildup development and have knowledge of the geologic history of the
area in which you are searching for oil and gas. The inclusion of 3D geologic modeling as part of
the exploration strategy has the potential to improve the success rate in drilling wildcat wells.
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Hydrocarbon migration in the Conecuh Embayment area is not well understood at this time.
Understanding why a porous and permeable facies is water wet rather than hydrocarbon bearing
continues to be a major problem for exploration geologists in southwest Alabama. Geologic
modeling is also an important tool for interpreting the geologic history of a basin and in
predicting the timing of hydrocarbon migration in regard to the timing of petroleum trap
formation.
Fishpond Field has shown that exploration is more complicated than just drilling a
basement high. Knowledge of the geologic history is vital and the data to obtain this knowledge
needs to be comprehensive. A combination of 3D seismic and geologic modeling can help
increase exploration success. However, the discovery of Fishpond Field proves that the
deposition of microbial buildups on structural highs is more complex than originally imagined.
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CHAPTER 7 CONCLUSION
The discovery of Fishpond Field shows that vertically thick microbial buildups with areal
extent occur in association with paleohighs inside the Conecuh Embayment. Integrated reservoir
characterization and modeling in Fishpond Field demonstrates that the reservoir is composed of
microbial and higher energy carbonate facies that were deposited under variable conditions. The
factors affecting depositional conditions include changes in relative sea level and base level due
to subsidence and variations in the energy level, salinity and water chemistry in the sedimentary
environment. Changes in base level due to differential movement in basement rocks may have
occurred as a result of faulting caused by extension resulting from basin expansion. This
extension in the Paleozoic basement rocks impacted the availability of accommodation space
controlling the vertical growth and development of the microbial buildups.
At Fishpond Field, the boundstone reservoir of the lower microbial buildup has the
highest reservoir potential because it has high average porosity and permeability values. The
porous middle grainstone/packstone reservoir is hydrocarbon productive. The productivity of the
boundstone reservoir of the upper microbial buildup is variable because it consists of a
combination of porous and permeable boundstone and nonporous diagenetically altered
packstone/wackestone.
The petroleum trap at Fishpond Field is a combination trap. The structural component is a
fault-bounded basement topographic high. The stratigraphic component consists of a lithologic
and petropysical change from porous boundstone and gainstone/packstone on the crest of the
structure grading laterally off structure into nonporous packstone/wackestone facies.
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Fishpond Field is currently producing oil at a rate of over 1000 bbl/d, and this reservoir
should continue to be productive due to the thickness, connectivity, and quality of the reservoir;
the high flow rate of the wells; and the initiation of gas injection for enhanced recovery in the
field. With the areal extent of approximately 60 acres, there is minimum potential that any
additional wells will be drilled in the field. However, the successful discovery, development, and
production of Fishpond Field demonstrates that the Conecuh Embayment area is a place where
an operator can achieve exploration success using a combination of 3D seismic and geologic
modeling.
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APPENDIX

Core and Thin Section Description

All thin sections, core slabs, core analysis, and well logs used in this study can be found at
the Geological Survey of Alabama/State Oil and Gas Board of Alabama
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