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ABSTRACT 

Gilbertown Field is the oldest oil field in Alabama and has produced oil from fractured chalk 

of the Cretaceous Selma Group and glauconitic sandstone of the Eutaw Formation. The field has 

been largely in primary recovery since 1944 and has been in danger of abandonment. This 

project was designed to analyze the structure of Mesozoic and Tertiary strata in Gilbertown Field 

and adjacent areas to suggest ways in which oil recovery can be improved. 

Gilbertown Field is situated in a salt-related horst-and-graben system. Sequential restorations 

suggest that the Early Cretaceous was the major episode of structural growth. Faults offset strata 

as young as Miocene; deformation is restricted mainly to the hanging wall and includes shear 

fractures and drag folds, and two regional orthogonal joint systems are present. The regional 

subsidence history is typical of extensional basins, and thermal modeling indicates that oil 

probably migrated from deep Jurassic source rocks. 

The Eutaw Formation comprises 7 major flow units and is dominated by low-resistivity, low- 

contrast pay that is difficult to characterize quantitatively. Selma chalk produces strictly from 

fault-related fractures that were mineralized as warm fluid migrated from deep sources. 

Resistivity, dipmeter, and fracture identification logs corroborate that deformation is 

concentrated in the hanging-wall drag zones. New area balancing techniques were developed to 

characterize growth strata and confirm that strain is concentrated in hanging-wall drag zones. 

Curvature analysis indicates that the faults contain numerous fault bends that influence fracture 

distribution. Eutaw oil is produced strictly from footwall uplifts, whereas Selma oil is produced 

from fault-related fractures. Clay smear and mineralization may be significant trapping 

mechanisms in the Eutaw Formation. The critical seal for Selma reservoirs, by contrast, is where 

Tertiary clay in the hanging wall is juxtaposed with poorly fractured Selma chalk in the footwall. 

Gilbertown Field can be revitalized by infill drilling and recompletion of existing wells. 

Directional drilling may be a viable technique for recovering untapped oil from Selma chalk. 

Revitalization is now underway, and the first new production wells since 1985 are being drilled 

in the western part of the field. 
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EXECUTn7E SUMMARY 

Gilbertown field, established in 1944, is the oldest oil field in Alabama and produces heavy 

oil from fractured chalk of the Cretaceous Selma Group and from sandstone of the Eutaw 

Formation. The objective of this project is to analyze the geologic structure and burial history of 

Mesozoic and Tertiary strata in the Gilbertown area to suggest ways in which oil recovery can be 

improved. Indeed, the decline of oil production to marginally economic levels in recent years has 

made this type of analysis timely and practical. Key technical advancements being sought 

include understanding the relationship of requisite strain to production in Gilbertown reservoirs, 

developing area balancing techniques that can be applied to growth structures, analyzing the 

relationship between curvature and fracturing, determining the timing of hydrocarbon generation, 

and identifying the avenues and mechanisms of fluid transport. 

Structural maps and cross sections establish that the Gilbertown fault system is part of a 

horst-and-graben system that is detached at the base of the Jurassic Louann Salt. Sequential 

restoration of cross sections suggests that the fault system began forming as a half graben during 

the Jurassic. The Early Cretaceous was the major episode of structural growth and subsidence of 

the half graben. By the end of the Early Cretaceous, however, the growth rate of antithetic faults 

in the eastern part of the field became effectively equal to that of synthetic faults. Thus, the half 

graben began collapsing, and the overall structural geometry of Cretaceous and younger strata is 

that of a full graben. Cross sections demonstrate significant growth of the graben during 

Cretaceous time but show limited growth in the Tertiary section. 

Geologic mapping of formations and fracture systems has added significantly to knowledge 

of the geology of the Gilbertown area. Faults offset strata as young as Miocene, whereas 

Quaternary alluvial deposits cut across structures in the area. An excellent exposure of one fault 

shows that deformation is restricted mainly to the hanging wall and that shear fractures and drag 

folds are significant structural components. Fracture studies reveal two distinct orthogonal joint 

systems in the study area. One joint system is interpreted to have formed as part of the tectonic 
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stress field responsible for regional extension, whereas the other system apparently is forming 

today in response to regional uplift and unroofing. 

Analysis of burial history indicates that the subsidence history of Jurassic and Tertiary strata 

in the Gilbertown area is typical of extensional basins. Factoring out the tectonic component of 

subsidence suggests that more than half of the total effective subsidence in the Gilbertown area 

can be accounted for by sediment loading and compaction. Thermal modeling demonstrates that 

source rocks in the Upper Cretaceous section are undermature. The most likely scenario is that 

oil was generated in the Smackover Formaiion and migrated along faults and fractures into what 

is now Gilbertown Field. 

The Eutaw Formation was divided in to seven flooding-surface-bound parasequences that 

could be mapped throughout the Gilbertown area. These parasequences are interpreted to have 

been deposited during regional transgression as part of a barrier shoreline system. Glauconite and 

carbonate cement are key sources of reservoir heterogeneity in the Eutaw Formation. High 

glauconite content makes the Eutaw a low-resistivity, low-contrast formation, and the limited log 

suite prevents characterization of the sandstone using shaly sand methodology. However, 

commercial core analyses enable quantification of basic reservoir properties. 

The Selma Group was deposited on a niuddy carbonate shelf, and eight stratigraphic intervals 

were traced throughout Gilbertown Field. Isotopic analysis indicates that mineralization of 

fractures occurred during burial and that slickensides continued forming near maximum burial. 

Evidence from resistivity, dipmeter, and fr,acture identification logs indicates that reservoir-scale 

deformation in the Selma is mainly in the hanging walls of the faults. This deformation 

apparently includes minor faults, fractures, and drag folds. 

Structural modeling included 3-D computer visualization, area balancing, curvature analysis, 

and seal analysis. Three-dimensional visualization software provided a significant advantage 

over 2-D techniques by constraining reservoir geometry and patterns of fault linkage. New area 

balancing techniques were developed to cliaracterize growth strata. Requisite strain calculations 

indicate that Jurassic strata deep in the Gilbertown graben contain a large component of small- 
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scale deformation and that deformation in Upper Cretaceous strata is restricted to the fault zones, 

especially hanging-wall drag folds. Curvature analysis indicates that the faults where oil is 

produced from the Selma Group contain numerous bends. Transport of strata through these 

bends appears to have had a strong control on fracturing. Eutaw oil is produced strictly from 

footwall uplifts, whereas Selma oil is produced from fault-related fractures. Fault-seal analysis 

suggests that clay smear and mineralization may be significant trapping mechanisms in the 

Eutaw Formation. The critical seal for Selma reservoirs, by contrast, is where Porters Creek Clay 

in the hanging wall is juxtaposed with Selma chalk in the footwall, reflecting the predominance 

of hanging-wall deformation. 

The decline characteristics of Eutaw and Selma wells differ markedly, reflecting 

development in conventional and fractured reservoirs, respectively. Decline curves of the most 

productive wells, moreover, reflect the field's development history, which included an episode of 

near abandonment in the late 1960s followed by one of rejuvenation during the 1970s. Plotting 

production and completion patterns on maps and cross sections identifies opportunities for 

revitalization through infill drilling and recompletion. 

Waterflooding efforts in the Eutaw Formation have met with only limited success because of 

the high water-oil ratio. However, many parts of the field remain to be drilled, and the thickness 

and properties of pay zones have been greatly underestimated. Indeed, much of the pay appears 

to remain behind casing. To accurately characterize pay zones, drilling and recompletion 

initiatives should include a coring program or at least a logging program that facilitates shaly 

sand analysis. 

Many Selma wells have been completed more than 100 feet below the topseal, indicating that 

a large quantity of oil remains untapped in proven production. Existing wells can be sidetracked 

to intersect the reservoir closer to the topseal, but reentry of old wells may prove costly. Highly 

deviated wells, including horizontal boreholes, may take the best advantage of the fracture 

distribution, and drilling oblique to strike of the major faults will maximize the amount of 

reservoir contacted by deviated wellbores. 
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Throughout this project, investigators at the Geological Survey of Alabama and the 

University of Alabama have maintained active contact with individuals in industry, academia, 

and government. Results have been and will continue to be disseminated through technical 

presentations, publications, and a world-wide web site. A focused technology workshop was held 

on September 15, 1998, with the sponsorship of the Eastern Gulf Region of the Petroleum 

Technology Transfer Council. Workshop presentations are also scheduled with the Texas and 

Southwestern regions of the Petroleum ‘Technology Transfer Council. Technology transfer 

efforts have already rekindled interest in revitalizing Gilbertown Field, where two new wells are 

being drilled. These are the first new production wells drilled in the field since 1985. 
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INTRODUCTION 

The first commercial production of oil in Alabama was from naturally fractured chalk of the 

Upper Cretaceous Selma Group in Gilbertown Field (figs. 1,Z) .  Oil production has been reported 

from fractured chalk in the Gulf Coast basin since the 192Os, and Gilbertown Field was 

discovered in 1944. Many of the original fields are still producing oil, although production has 

declined greatly (Scholle, 1977; Lowe and Carington, 1990). Gilbertown Field is still largely in 

primary recovery, and production efforts focus on glauconitic sandstone of the Eutaw Formation, 

which produced more than 6,000 barrels of oil in May 1998, rather than Selma chalk, which 

produced only 3 barrels of oil in that same month. The applicability of improved recovery 

strategies to both these reservoirs has not been considered fully, and a large amount of oil may 

remain untapped. 

Virtually all oil production from chalk in the United States is from extensional faults 

associated with salt domes and the peripheral faults defining the margin of the Gulf Coast basin. 

Similarly, the major oil production from chalk in the North Sea basin of Europe is from 

extensional fault and fracture systems related to salt movement (Brown, 1987; Meling, 1993). 

Many fields in the eastern part of the Gulf Coast basin produce from multiple pools in sandstone 

and carbonate of Jurassic to Tertiary age and, in most of those fields, fractured chalk is 

considered a reservoir of secondary importance. As a result, natural fracturing has received only 

passing consideration in field management plans, which have centered on production from the 

conventional sandstone and carbonate reservoirs. This is unfortunate, because much additional 

oil may be produced from untapped fractured chalk in existing fields. Furthermore, fracturing 

may have a strong influence on the distribution and producibility of oil in traditional sandstone 

and carbonate reservoirs and should thus be considered when implementing plans for improved 

oil recovery. Indeed, as production from domestic oil fields continues to decline, it is imperative 

that recovery efficiency be optimized and that unconventional opportunities be pursued to avoid 

premature abandonment of existing fields. 
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Figure 1 .--Structural features in the Gulf Coast basin of southwest Alabama with location of 
study area and Gilbertown Field (modified from Mancini and others, 1991). 
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systems and the Hatchetigbee anticline. 
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For this reason, the Geological Survey of Alabama has undertaken a 

multidisciplinary investigation of the impact of fracturing on the distribution and pro 

oil from extensional fault systems in Gilbertown Field and adjacent areas. This rese 

focuses on natural fracturing in the Selma Group as well as in conventional sandstor 

of the underlying Eutaw Formation. This is the final report of a 3-year project that is 

develop and apply advanced technical concepts in coordinated geoscience and 

research. 

Central to this research is the refinement and application of area balancing tc 

extensional structures in the Gilbertown area. These emerging, innovative techniqi 

potential to constrain structural geometry and kinematics, quantify layer-parallel 

predict the distribution of fractures (Eparcl and Groshong, 1993; Groshong, 1994). P 

balancing has immediate applications to developing strategies to improve oil rec 

fractured reservoirs. However, these techniques are still largely in the the( 

experimental domains and therefore have yet to be applied rigorously to natural a 

settings. Our goal is to demonstrate comprehensively the utility of area balancing tc 

designing improved recovery programs for fractured oil reservoirs. In order to attair 

coordinated multidisciplinary approach is! required that synthesizes geologic, geop 

engineering data. 

REGIONAL GEOLOGIC SETTING 

This study is in southern Choctaw County, Alabama, and adjacent areas in the vi 

Gilbertown fault system (figs. 1, 2). The Gilbertown fault system is one of many 

structures in the eastern part of the Gulf Coast basin, a Mesozoic-Cenozoic rifted b 

during the opening of the Gulf of Mexico (Salvador, 1987; Worrall and Snel 

Evaporite sedimentation associated with early rifting had a profound impact on the SI 

sedimentologic evolution of the region and ultimately affected the generation and el 

hydrocarbons. 
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Stratigraphy and Sedimentation 

Rifting commenced with extensional collapse of the Appalachian-Ouachita orogen near the 

start of the Mesozoic Era (Horton and others, 1984). Initially, coarse-grained, arkosic clastics of 

the Eagle Mills Formation were deposited in deep half grabens and grabens and are associated 

with basaltic dikes, sills, and flows (Guthrie and Raymond, 1992). As rifting continued, 

magmatism waned, and evaporite sedimentation prevailed until near the end of Jurassic time (fig. 

3). Evaporite sedimentation marks initial opening of the Gulf of Mexico and began with 

deposition of the Werner Formation, which is a dominantly anhydritic unit with some coarse- 

grained clastics (Tolson and others, 1983). Above the Werner is the Louann Salt, which contains 

mainly massive halite intercalated with a lesser amount of anhydrite (Oxley and Minihan, 1969; 

Mink and others, 1985). 

Above the Louann Salt are the Norphlet Sandstone and limestone and dolomite of the 

Smackover Formation (fig. 3), which are of Late Jurassic age and are among the most important 

hydrocarbon reservoirs in the eastern Gulf Coast basin. In the Gilbertown area, Upper Jurassic 

and Lower Cretaceous units have a cumulative thickness of approximately 9,000 feet. The 

Norphlet is dominantly an eolian unit and contains associated alluvial fan, wadi, and playa 

deposits (Mancini and others, 1985). The Smackover, by comparison, represents development of 

an extensive carbonate ramp above the Norphlet Formation (Ahr, 1973) and was deposited in a 

spectrum of intertidal, oolite-bank, and open-marine environments (Mancini and Benson, 1980; 

Benson, 1988). Following Smackover deposition, widespread intertidal to shallow marine 

evaporite deposition resumed, as represented by the Haynesville Formation (Harris and Dodman, 

1982; Mann, 1988). The Haynesville Formation is transitional from the evaporite and carbonate 

sedimentation that dominated the Late Jurassic to the siliciclastic sedimentation that dominated 

much of Cretaceous time in southwest Alabama. The Cotton Valley Group spans the Jurassic- 

Cretaceous boundary and contains mainly coarse-grained arkosic clastics of alluvial origin in 

southwest Alabama (Tolson and others, 1983). Above the Cotton Valley, Lower Cretaceous 

strata are dominantly siliciclastic deposits with redbeds that accumulated in alluvial, coastal, and 

5 



Units 

Clayton Formation 

Selma Group 

Eutaw Formation 

Depth 
O f t -  

2000 - 

4000 - 
EXPLANATION 

6000 - 

Anhydrite 

Carbonate rocks 
8000 - 

10000 - 

12000 - 

14000 - 

16000- 

- 

20 
24 
34 
38 
40 
45 
53 
57 
60 

67 

a3 

97 

Lower Cretaceous 
undifferentiated 

128 

Werner Formation 

138 

144 

148 
150 

154 
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shallow shelf environments and contain numerous oil reservoirs south of the Gilbertown area 

(Eaves, 1976). 

Upper Cretaceous strata are subdivided into the Tuscaloosa Group, the Eutaw Formation, and 

the Selma Group (fig. 3). The Tuscaloosa Group contains marginal to open-marine siliciclastics 

and produces oil southeast of the Gilbertown area (Mancini and Payton, 1981; Mancini and 

others, 1987). In the Gilbertown area, the Tuscaloosa Group is approximately 600 feet thick. The 

Eutaw Formation is composed of sandstone and a lesser amount of mudstone and accumulated in 

beach-barrier and inner-shelf environments (Frazier and Taylor, 1980; Cook, 1993); the Eutaw is 

approximately 300 feet thick in the Gilbertown area. The Selma Group is composed of chalk and 

marl and is locally thicker than 1,300 feet near Gilbertown. The Selma signals regional 

inundation of the Eutaw barrier shoreline and establishment of an extremely widespread, muddy 

carbonate shelf that persisted for the remainder of Cretaceous time (Russell and others, 1983; 

Puckett, 1992). 

Tertiary strata ranging from Paleocene to Miocene in age are the youngest deposits preserved 

in the Gilbertown area and locally have cumulative thickness in excess of 2,000 feet (fig. 3). 

Paleocene and Eocene strata include the Clayton through Lisbon Formations, which contain a 

cyclic succession of coastal-plain and shallow-marine siliciclastics, lignite, and marl (Gibson and 

others, 1982; Mancini and Tew, 1993). Oligocene strata are composed mainly of shallow-marine 

carbonate rocks (Tew, 1992), and Miocene strata contain mainly unconsolidated sand and gravel 

(Szabo and others, 1988), which appear to be of fluvial origin. 

Structure and Tectonics 

Southwest Alabama contains a diversity of basement and salt structures (fig. 1). Deep tests 

penetrate the Eagle Mills Formation and crystalline basement mainly northeast of the Mississippi 

interior salt basin and in the general area of the Wiggins arch (Horton and others, 1984; Mink 

and others, 1985; Guthrie and Raymond, 1992). Basement structures define a series of ridge 

complexes, such as the Choctaw and Conecuh ridge complexes. These ridge complexes separate 
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embayments, such as the Manila and Conecuh embayments. In general, early rift clastics of the 

Eagle Mills Formation are present near the axes of the embayments and are absent on the 

basement ridges. Although the details of basement structure are obscured by sparse well control 

and the thick sedimentary cover, the ridges and embayments appear to define a series of horsts 

and grabens that began forming during extensional collapse of the Appalachian-Ouachita orogen 

and have been modified by deep erosion. 

Among the most conspicuous structural features in southwest Alabama are the peripheral 

normal faults (fig. 1). The peripheral fault trend in Alabama contains four major fault systems, 

which are the Gilbertown, West Bend, and Pollard fault systems and the Mobile graben. These 

fault systems define a series of arcuate half grabens with southwestward to westward polarity. 

The Gilbertown and West Bend fault systems are closely related and can be considered together 

as a single half graben system. Using the terminology of Rosendahl (1987) and Scott and 

Rosendahl (1 989), the Gilbertown-West Bend system, the Mobile graben, and Pollard fault 

systems can be classified as overlapping half grabens with similar polarity. 

The peripheral faults mark the northeast margin of the Mississippi interior salt basin and have 

therefore long been considered salt structures (Murray, 1961). Indeed, salt seeps have been 

observed along some of the faults (Copeland and others, 1976). The overall configuration of the 

faults, however, suggests some influence on fault geometry by basement. For example, the major 

fault bend where the Gilbertown fault system connects with the West Bend fault system 

corresponds with the boundary between the Choctaw ridge complex and the Manila embayment 

(fig. 1). Moreover, the discontinuity between the West Bend and Pollard fault systems 

corresponds with the crest of the Conecuh ridge complex, and the southern terminus of the 

Mobile graben is near the Wiggins arch. ,4 common interpretation is that basement influenced 

the original distribution of Louann Salt and influenced where the salt could flow, but basinward 

withdrawal of the salt was the ultimate detmninant of structural style in the overlying part of the 

sedimentary cover (Rosenkrans and Marr, 1967; Martin, 1978). 
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Numerous salt-cored anticlines are associated with extensional faulting in southwest 

Alabama. Most of the anticlines contain concordant salt pillows in the cores, and only one salt 

dome within the Mobile graben can be classified as a true piercement structure (Joiner and 

Moore, 1966). One of the most prominent folds in southwest Alabama is the Hatchetigbee 

anticline (Hopkins, 1917; Moore, 1971). The axial trace of the anticline strikes northwest, 

crudely parallel to the West Bend fault system, and intersects the Gilbertown fault system at 

nearly a right angle (fig. 2). The petroleum potential of the Hatchetigbee anticline was 

recognized long ago (Hopkins, 1917), but to date, only dry wells have been drilled in the crestal 

region of the structure. 

Part of the reason that the crest of the Hatchetigbee anticline is thus far non-productive is that 

shallow and deep structure differ markedly. Indeed, the Hatchetigbee anticline is not apparent in 

the Smackover structure map (fig. 4). Instead, isolated anticlinal structures, many of which 

produce oil from the Smackover Formation, are developed near and along the bounding faults. 

Development of the Hatchetigbee anticline only in Cretaceous and younger strata is 

characteristic of turtle structures in the Gulf Coast basin, which are a type of inversion structure 

formed by withdrawal of salt beyond the flanks of what were originally localized basins 

(Hughes, 1968). In the case of the Hatchetigbee anticline, salt apparently withdrew into isolated 

anticlinal structures that form some important Smackover traps. 

Subsurface mapping reveals the extreme complexity of the Gilbertown fault system (fig. 2). 

The fault system contains numerous normal faults and is part of a full graben, herein termed the 

Gilbertown graben, that is in places wider than 5 miles. The Gilbertown fault system forms the 

south side of the graben, and the Melvin fault system forms the north side. The pattern of fault 

traces in the Gilbertown area is evidence for complex structural relay between the Gilbertown 

graben and the half graben bound by the West Bend fault system. 

Vertical separation of the top of the Eutaw Formation across the Gilbertown fault system is 

approximately 400 feet (fig. 2). Displacement apparently increases with depth and, along parts of 

the fault system, vertical separation of the Smackover Formation exceeds 1,500 feet (fig. 4). 
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Increasing displacement with depth has been noted by several workers, all of whom have 

suggested that the peripheral faults and associated salt-cored anticlines in Alabama are 

synsedimentary growth structures (Current, 1948; Copeland and others, 1976; Wilson and others, 

1976) similar to the well-known examples in the western part of the Gulf Coast basin (Wilhelm 

and Ewing, 1972; Galloway, 1986). 

GILBERTOWN FIELD 

Gilbertown Field occupies approximately 18 square miles in southern Choctaw County and 

extends along the length of the Gilbertown fault system (fig. 2). In the early days of Gilbertown, 

Hunt Oil Company owned the western part of the field, and Carter Oil Company owned the 

eastern part. The discovery well, drilled by Hunt Oil Company in the western part of the field, is 

the A. R. Jackson no. 1 well. It was the first commercial oil well drilled in Alabama and initially 

produced approximately 30 barrels of 19.6" gravity oil per day at a depth of 2,575 to 2,585 feet 

from fractured chalk of the Selma Group. According to Toulmin and others (1951), the well was 

drilled on the basis of seismic surveying. The first well drilled in the eastern part of the field by 

Carter Oil Company was the Sam Alman no. 1, which was completed in sandstone of the Eutaw 

Formation at a depth of 3,336 to 3,348 feet in 1945. The Alman well was reportedly sited on the 

basis of surface investigations (Toulmin and others, 195 1). 

Most recent development in Gilbertown Field was carried out by Belden and Blake 

Corporation (Haynes, 1984), who operated the field from 1976 to 1991. Since 1991, wells in 

Gilbertown have changed hands several times, and most of the wells are now operated by 

Gilbertown Ventures, LLC. Other operators active in the field include Lower 15 Oil Corporation; 

Union Pacific Resources, Incorporated; Kelton Company, Incorporated; and Pruet Production 

Company. 

To date, 214 wells have been drilled in Gilbertown Field. Of these, 101 wells have been 

completed in the Eutaw Formation, and 40 have been completed in the Selma Group. Gilbertown 

oil is heavy, and API gravity typically ranges from 15 to 18'. Fifty dry wells have been drilled, 
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and 21 wells are used for disposal of salt water, which is produced in volume. Most of the salt 

water disposal wells were originally completed as oil wells in the Eutaw Formation and have 

since been recompleted for deep injection of produced formation water into the Tuscaloosa 

Group. Only six Selma wells have been converted for disposal of produced water. Two new 

wells, which have yet to be tested, were (killed near the western end of the field by Cedarhill 

Operating in September, 1998. These are the first new production wells drilled in the field since 

1985. 

The dominant hydrocarbon trapping mechanism in Gilbertown Field is fault closure, and 

normal faults with variable displacement are distributed sporadically in Eutaw and Selma 

reservoirs throughout the field (Bolin and others, 1989). Selma chalk is productive only in the 

western part of the field, whereas the Eutavv Formation is productive throughout the field (fig. 5). 

Early investigators identified three pools in Gilbertown Field: the lower Eutaw, upper Eutaw, 

and the Selma (Braunstein, 1953). The lower Eutaw pool is in a series of quartzose sandstone 

units with low resistivity and strongly negative spontaneous potential. The upper Eutaw, by 

comparison, is developed in glauconitic ,sandstone with low resistivity and weakly negative 

spontaneous potential. During the 1970s, producers recognized that the Eutaw comprises a 

multitude of sandstone lenses and may produce from as many as seven pools (Pashin and others, 

1997). Porosity in Eutaw sandstone is typically 18 to 36 percent, and permeability typically 

ranges from 1 to 700 millidarcies; the pay column is generally less than 25 feet thick, and oil 

saturation is commonly 2 to 35 percent. 

Selma production is strictly from faulted and fractured chalk, and productive intervals can be 

distinguished in many well logs by high resistivity and negative spontaneous potential (fig. 6). 

Productive zones in the Selma are as much as 150 feet thick and have exceptional effective 

fracture porosity, which is locally as high as 30 percent (Braunstein, 1953); estimates of 

permeability, oil saturation, and water saturation are not available. In most wells productive 

zones in the Selma are 400 to 700 feet above the Eutaw Formation. Even so, Selma and Eutaw 
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production are mutually exclusive. Only one well has ever produced successfully from both 

formations. 

Production in Gilbertown Field is by primary water drive, and waterflooding has been 

attempted only in the East Gilbertown Eutaw Unit and in the Gilbertown (Eutaw Sand) Unit (fig. 

6). Oil and water are the principal fluids produced from the three pools in Gilbertown Field, and 

gas production is minimal. Cumulative oil production now exceeds 14 million barrels; 12.0 

million have been produced from the Eutaw, and 2.1 million have been produced from the 

Selma. Oil production in Gilbertown reached a peak of 864,000 barrels in 1951 and has since 

declined markedly (fig. 7). Annual oil production has been less than 64,OOO barrels per year since 

1994, and nearly all of that production is from the Eutaw Formation. Gas production from 

Gilbertown Field is minimal and has never been recorded above 700 thousand cubic feet in a 

single year. By contrast, a large amount of water is produced from the field and, in 1985, water 

production reached a peak recorded annual value of 10.3 million barrels. 

The decline of oil production to marginally economic levels in Gilbertown Field makes 

assessment of improved recovery operations timely and practical. Detailed structural modeling is 

necessary to determine the nature and distribution of faults and fractures and, hence, what 

methods can be applied most effectively to Selma and Eutaw reservoirs. The following sections 

describe the concepts of area balance and strain in extensional structures and discuss how these 

concepts can be used to help design improved oil recovery strategies for Gilbertown and beyond. 

AREA BALANCE AND STRAIN IN EXTENSIONAL STRUCTURES 

The geometry of extensional and compressional detachment structures can be quantified 

using area balancing techniques (fig. 8). Area balancing provides a means of constraining 

structural cross sections, because layer-parallel transport and the position of the basal detachment 

can be calculated (Groshong, 1990, 1994; Epard and Groshong, 1993). Area balancing is, 

moreover, superior to commonly used length balancing techniques (Dahlstrom, 1969; Davison, 

1986; Keller, 1990) because layer-parallel strain can be quantified (Groshong, 1994; Groshong 
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and Epard, 1994, 1996). To employ these techniques, only basic stratigraphic data are required, 

preferably from several marker beds. 

Area-depth relationships were first proposed for compressional structures by Chamberlin 

(1910) but were not applied to extensional structures until the study of Hansen (1965). Area- 

depth-strain relationships have been developed more recently and have been considered mainly 

in the context of sedimentary basin model.ing (de Charpal and others, 1978; McKenzie, 1978). 

Until recently, however, area-depth-strain relationships were applied only to specific structural 

models that require basic assumptions about kinematics and rheological behavior that may be 

untestable or even erroneous when applied to a given set of structures (Groshong, 1994). Thus, 

the newly developed area balancing techriiques developed by Groshong and Epard (1994) and 

Groshong (1994) offer a great advantage when analyzing area-depth-strain relationships, because 

they make no assumptions about rheology and kinematics and can be applied readily using basic 

measurements from geologic cross sections. 

Two fundamental assumptions are used when area balancing cross sections. The first is that 

the cross-sectional area of a body of rock remains constant during deformation; this is the 

primary tenet of area balance originally put forth by Chamberlin (1910). The second assumption, 

which applies specifically to detached structures like those in the Gilbertown area, is that the 

structure must terminate downward at a basal detachment. 

If the cross-sectional area of a structure is constant, then the area displaced above the basal 

detachment is equal to the area uplifted or downdropped relative to the original level, termed 

regional, so that: 

S = DH, 

where S is displaced area, D is displacement distance of the block on the lower detachment, and 

H is depth to detachment. The area downdropped below regional in extensional structures is 

termed lost area. The sign convention is That displacement distance and the displaced area are 
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negative in extensional structures and are positive in compressional structures. The cross section 

must obey the area-depth relationship at every structural level given by the depth, h, to a 

common reference level. Plotted on an area-depth graph (fig. S), the relationship between 

structural levels is the straight line, 

S = Dh + Sa, 

where Sa is the area intercept of the line. The slope of this line is the displacement distance on 

the Iower detachment, and the detachment itself is located where lost or excess area projects to 

zero; the detachment may be above or below the arbitrary reference level. In a typical example, 

the displaced areas from multiple stratigraphic markers are plotted to define the area-depth line 

from which the displacement and depth to detachment are determined (fig. 8). 

Beds within graben and half-graben systems typically undergo layer-parallel stretching 

strain, e, which can be quantified using area balancing techniques. Although some layer-parallel 

strain can be ductile, the greatest proportion of the strain is by brittle faulting and associated 

fracturing. The layer-parallel strain is defined by the equation, 

where the original bed length is 

be determined from area-depth relationships by 

and the observed bed length is LI . The original bed length can 

b = W + D ,  (4) 

where W is the width of the graben at regional and D is extensional displacement which, 

according to the sign convention, is expressed as a negative value. A strain equation that can be 
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used with measurements from geologic cross sections can be derived by solving (1) for D and 

substituting the result into (4) and then into (3). This transformation gives 

and is termed the requisite strain (Groshorrg and Epard, 1994). The term requisite strain is used 

because the derived value is the homogeneous strain required for the observed structural 

geometry to be area balanced. 

Area balancing techniques have yet to be applied rigorously to hydrocarbon reservoirs. Thus 

far, these methods have been applied to well-constrained structures to validate the basic concepts 

(Groshong, 1994). Preliminary tests of the methodology in producing reservoirs have been made 

for coalbed methane fields in northern Alabama (Wang and others, 1993; Pashin and others, 

1995). However, these tests have focused more on structurai geometry than on the distribution of 

strain. 

The fractured chalk of Gilbertown Field is an ideal place to test the importance of areadepth- 

strain relationships in the development and implementation of strategies for improved oil 

recovery from chalk and associated sandstone reservoirs. Abundant subsurface control provided 

by more than 50 years of drilling and seismic exploration enables tight constraint of reservoir 

geometry as well as reservoir properties. Additionally, the long production history of Gilbertown 

Field enables a thorough understanding of the relationship of oil and water production to 

structure and will aid greatly in predicting the effects of improved recovery strategies, such as 

infill drilling, horizontal drilling, waterflooding, and gas injection. 

Determination and validation of extensional structural geometry through area balancing has 

broad application to fractured chalk and associated sandstone reservoirs. Indeed, all major chalk 

reservoirs in the United States and Europe are developed in extensional salt basins (Scholle, 

1977). Furthermore, understanding detachment geometry is critical, because fracturing and 

second-order faulting in detached extensional structures is developed in large part by transport of 
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the hanging-wall block through buried fault bends (McClay and Scott, 1991; Withjack and 

others, 1995). Structural analysis of Eutaw reservoirs will also be valuable because, although 

considerable research has been performed on reservoir heterogeneity in barrier-island deposits 

(Sharma and others, 1990a, b; Pashin and others, 1991; Kugler and others, 1994), investigators 

have not considered the effect of natural fractures on reservoir performance. 

To balance structures in the Gulf Coast basin, however, the basic methodology requires 

further development. Area balancing techniques have yet to be applied to natural salt structures, 

which may present complications due to the typical regional elevation changes caused by salt 

movement. Furthermore, synsedimentary growth affects the slope of the line represented by 

equation (l), so a growth factor needs to be incorporated into the equation to derive accurate 

values of D. 

Several investigators have considered the effect of stress in fractured chalk on fracturing and 

fluid flow (Teufel and Farrell, 1990; Teufel and Warpinski, 1990; Peterson and others, 1992), but 

the distribution of strain has yet to be examined. Examining strain will be a significant 

contribution, because natural fractures are a direct expression of strain and can indicate ancient 

and modem stress fields (Griggs and Handin, 1960; Steams and Friedman, 1972; Watts, 1983). 

An important aspect of area balancing is that requisite strain can be calculated at multiple 

stratigraphic levels. Furthermore, if a closely spaced set of cross sections is constructed, the 

distribution of strain can be mapped at each level. As stated, the requisite strain calculation 

(equations 4 and 5) models only homogeneous strain between fault planes (fig. 8). However, 

curvature of beds between the fault planes can be calculated to determine how strain is 

distributed between faults (Narr, 1991; Lisle, 1994). If the relative distribution of strain is 

known, then requisite strain can be quantified precisely. 

An enhanced knowledge of fracture architecture and strain distribution has immediate 

applications to the development and execution of improved oil recovery programs. For example, 

sites of exceptional strain can be identified that may contain untapped oil and can thus be 

prospective for infill drilling and horizontal drilling. Indeed, horizontal drilling has exceptional 
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potential to increase oil recovery from fractured reservoirs (Selvig, 1991 ; McDonald, 1993). 

Additionally, understanding structural geometry and the distribution of strain can provide 

important information regarding the feasj bility of infill, waterflood, and gas injection efforts. 

This is particularly critical in fractured chalk, where primary production and waterflooding can 

induce formation damage (Hermansson, 1990; Teufel, 1991, 1992). Recompleting wells in chalk 

may also present difficulties. For example, Simon and others (1982) indicated that oil-based 

drilling mud and fracture fluids help ensure integrity of fractured chalk reservoirs in the North 

Sea basin. 

METHODS 

This project employs an interdisciplinary approach that combines basic geologic methods, 

petrologic and geophysical methods, advanced structural modeling, subsidence and thermal 

modeling, and production analysis. This approach is establishing the importance of area 

balancing for understanding the distribution of strain, stress, and fractures in extensional fault 

systems and is further establishing how these factors determine the distribution and producibility 

of oil and associated fluids. With this increased understanding, the best decisions can be made 

regarding which technologies, such as waterflooding, gas injection, recompletion, infill drilling, 

and horizontal drilling, can be applied to improve oil recovery in fractured reservoirs in 

extensional terranes, thereby facilitating efficient management of oil fields in an economically 

sound and environmentally prudent manner. 

Task 1: Subsurface Geology 

More than 700 geophysical logs from the Gilbertown area were correlated to identify 

structurally significant stratigraphic markers and to identify faults. Markers in Jurassic through 

Tertiary strata were picked using resistivity and spontaneous potential logs. Faults were 

identified and vertical separations were quantified on the basis of missing section. Well 

locations, kelly bushings, depths of log picks, and vertical separations of faults were tabulated in 
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a spreadsheet that was used to calculate the elevation of each marker and fault and the thickness 

of stratigraphic intervals between markers. 

After logs were picked and elevations were calculated, a series of seven structural cross 

sections traversing the Gilbertown fault system and adjacent parts of the Hatchetigbee anticline 

was constructed. These cross sections are all perpendicular to the major fault traces and are 

designed to provide the best possible structural interpretation that can be used for area balancing. 

Well data were projected perpendicular to straight lines of cross section. After the cross sections 

were completed, area-balanced restorations were made of selected cross sections to characterize 

the structural evolution of the Gilbertown area. Detailed structural and stratigraphic cross 

sections were also made to determine the internal stratigraphy and depositional heterogeneity of 

the Selma Group and the Eutaw Formation. 

Structural contour maps were made showing the elevation of all Jurassic through Tertiary 

stratigraphic markers in Gilbertown field and in adjacent areas; selected maps are included in this 

report. Using fault-cut information, faults were correlated among wells, and contour maps of 

fault surfaces were made. These maps aided greatly in constraining the structural contour maps 

because they show precisely the attitude, geometry, and horizontal separation of the faults in the 

reservoir intervals. In all, development of structural cross sections and maps was an iterative 

process in which each step of construction led to refinements. 

In addition to structural contour maps, isopach maps were made of key marker-bound 

intervals in the Gilbertown area. These maps show the thickness of units ranging in age from 

Jurassic to Tertiary. Only thickness calculations from intervals lacking faults were used to 

generate these maps. The isopach maps help verify and quantify syndepositional growth of the 

Gilbertown fault system and the Hatchetigbee anticline and show how subsidence was 

distributed through time in plan view. After the maps were completed, rigid-body restorations 

were made of selected cross sections to characterize the structural evolution of the Gilbertown 

area. 
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To study stratigraphy and facies variations in the Eutaw Formation of Gilbertown Field, 

wells were correlated and six geologic cross sections were constructed using SP logs and a 

datum at the top of the Eutaw. Only the three strike cross sections are presented in this report; 

additional cross sections are in Pashin ana. others (1997). Perforated and producing zones were 

marked on a set of cross sections to indicate productive intervals in the Eutaw and thus to 

determine their distribution within the forniation. Results of core analyses and core descriptions 

also were plotted on cross sections. Net sandstone isolith maps were then constructed for each 

stratigraphic interval of the Eutaw Formaticm using SP logs. 

Cores from 22 wells in Gilbertown Field were suitable for study of the Eutaw Formation and 

the Selma Group. No continuous core is available. Only representative core samples from 1- or 

10-foot intervals or sidewall cores could be used. Each core was described with the aid of a 

binocular microscope, and lithologic core logs were drawn for wells with samples representing a 

significant part of the Eutaw Formation. These core logs were then compared with a complete 

electric log of the Eutaw Formation to provide a composite core description. 

Task 2: Surface Geology 

The Gilbertown fault system has bean mapped at the surface by several investigators 

(MacNeil, 1946; Toulmin and others, 1951; Szabo and others, 1988), but these maps are 

generalized and reveal little about the distribution of fractures and other strain indicators. For this 

reason, an intensive investigation of the Gilbertown fault system and associated structures was 

conducted using standard field techniques. 

Before field work began, the published. literature and unpublished field notes were scanned 

for evidence of faulting at the surface in the Gilbertown area. A database of paleontologic field 

sites proved extremely useful, because the largest and freshest exposures in the field area are also 

classic fossil localities. Surface geologic methods in Gilbertown Field and vicinity include (1) 

observing the characteristics and measuring the orientation of faults and joints in outcrop, and (2) 

precise mapping of formations and members near faults. 
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For mapping and fracture analysis, every public road and quarry was examined, with a stop 

made at every fresh or large outcrop. Road-accessible river bluffs were examined in fall 1996, 

and suitable creek exposures were selected for study in winter 1997. River bluffs are the largest 

and freshest exposures and thus yield the most valuable and cost-effective results. Creek beds 

and banks are less extensive but can be just as fresh as river bluffs; however, they are not readily 

accessible and can consume an inordinate amount of time. Roadcuts and small quarries are 

readily accessible, but most are deeply weathered. To help plot outcrop and fault patterns, all 

available remotely sensed imagery, including aerial photographs and satellite imagery, was 

examined. 

Outcrops were examined closely to determine the presence of faults, joints, and contacts. The 

orientations of faults and fractures were measured with a Brunton compass, and the elevation of 

contacts was measured by altimeter or by reference to topographic maps. Outcrops were located 

on 7.5-minute topographic quadrangles, and data were recorded in level books. Photographs 

were taken to illustrate pertinent features. A detailed geologic map of the Gilbertown fault 

system and Hatchetigbee anticline was compiled that shows the distribution of all exposed 

formations and members. The orientations of more than 500 joints were measured and analyzed 

using basic statistical methods for directional data as discussed by Krause and Geijer (1987). 

Once the data were analyzed, joint modes were identified, and the vector-mean azimuth of each 

joint system at each field station was plotted on maps. Once plotted, the geologic significance of 

the joint systems was interpreted. 

Task 3: Petrology and Log Analysis 

Petrologic analysis of Eutaw reservoirs was performed to understand framework composition 

and the diagenetic factors affecting reservoir quality and geophysical log response. Thin sections 

were made and analyzed to determine primary rock composition and the composition and 

distribution of authigenic minerals. Six sandstone core samples representative of the various 

units were collected and used to prepare thin sections for petrographic study. Additional core 
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samples then were collected from sandstone in the different units and additional thin sections 

were prepared. Each thin section was stained for calcite, sodium feldspar, and potassium 

feldspar. A blue tint in the glue was used to help identify porosity. Thin sections were point 

counted (approximately 300 points per s1id.e) to determine framework grains, grain size, porosity, 

cement, and grain size. 

To characterize formational fluids and thermal conditions in the Selma Group during 

diagenesis, samples of chalk, slickensides in the chalk, and spany calcite in a vug were hand- 

picked under a binocular microscope. Each sample was packaged separately and sent for stable 

isotopic analysis for 613C and ij1*0 at the: University of Michigan Stable Isotope Laboratory. 

Carbonate samples weighing between 101 pg and 1 mg were placed in stainless steel boats. 

Calcite and dolomite samples were roasted at 380°C in vacuo for one hour to remove volatile 

contaminants. Aragonite was roasted at 200°C to prevent inversion to calcite. Samples were then 

placed in individual borosilicate reaction vessels and reacted at 7232°C with 3 drops of 

anhydrous phosphoric acid for 8 minutes (12 minutes for dolomite) in a Finnigan "Kiel" 

extraction system coupled directly to the inlet of a Finnigan MAT 251 triple collector isotope 

ratio mass spectrometer. Isotopic enrichments were corrected for acid fractionation and "0 

contribution and are reported in %O PDB. Samples have been calibrated to a best fit-regression 

line defined by two standards, NBS-18 and NBS-19. Precision of data were monitored through 

daily analysis of a variety of powdered carbonate standards. At least six standards were reacted 

and analyzed daily, bracketing the sample: suite at the beginning, middle, and end of the day's 

run. Measured precision was maintained at better than 0.1%0 for both carbon and oxygen isotope 

compositions. 

The Eutaw Formation and Selma Group present disparate challenges for analyzing 

geophysical well logs. Low-resistivity glauconitic pay in the Eutaw Formation makes 

determination of porosity, oil saturation, and water saturation extremely difficult if not 

impossible because only spontaneous potential (SP) and resistivity logs are available for the 

reservoir intervals in nearly all wells. However, comparison of core logs, commercial core 
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analyses, and completion data with the well logs indicates that some correlations between log 

signature, particularly spontaneous potential, and reservoir quality exist and can be quantified. 

Thus, all well logs of the Eutaw Formation in Gilbertown Field were digitized using Geographix 

Prizm software. Core-analysis data were depth-calibrated with the well logs, and least-squares 

regression analysis was performed to determine if correlations with data from well logs exist. 

Also, statistical analysis of each reservoir interval proved useful for characterizing heterogeneity 

in the Eutaw Formation. 

A more diverse log suite, including spontaneous potential, resistivity, dipmeter, and fracture 

identification logs W s ) ,  exists for wells that have produced from fractured chalk of the Selma 

Group. Many productive wells have high resistivity in fault zones, so spontaneous potential and 

resistivity curves were digitized using Geographix Prizm software. Dipmeter logs are available 

for some of the newer wells in Gilbertown Field and were compared with resistivity and 

completion data to help identify styles of deformation within productive zones. SCAT analysis 

(Bengtson, 1981; Groshong, 1998) of dipmeter data was performed using GaiaBase software and 

helped identify faults, determine major modes of bedding attitude, and predict fault orientation. 

Fracture identification logs were run on nearly all wells completed in the Selma Group since 

1975 and provide additional information on the relationship between faulting and fracturing. 

Task 4: Structural Modeling 

Stratigraphic and structural data were used to construct a 3-D computer model of the 

Gilbertown graben and associated structures using GeoSec3D, a software package by CogniSeis, 

a subsidiary of Paradigm Geophysical. Inputs for the model are the elevations of eight regional 

marker beds from the top of the Smackover Formation through the top of the Selma Group and 

the elevation and stratigraphic separation of faults recognized from missing section in the wells. 

The geographic reference system used in the model is UTM that was converted to feet to 

maintain uniformity with units marked on well logs. Data were input to GeoSec3D via the 

program GeoSec2D, which has an input dialog for receiving unit tops and fault cuts. Surfaces in 
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the model were produced by contouring or shading a triangulation-based network (TIN) of data 

points. Triangulation contouring represents linear interpolation between control points and 

honors all the data points precisely. Additional points were added to the surfaces to produce a 

shape that maintains the correct bed thicknesses. Intersections of beds with faults were produced 

in GeoSec3D by defining new points along the triangulation network of the fault, then joining 

this line to the bed surface to form a seamless intersection. 

The area balancing techniques described in detail in the introduction of this report were used 

to validate and restore the structural cross sections and to calculate requisite strain. To model 

growth strata, the basic area balancing techniques required modification. The lost-area method 

was used to calculate depth to detachmenl, and displacement, and requisite strain in each cross 

section made under Task 1. Initial calculations of requisite strain were made to validate the 

structural cross sections. The cross sections were then revised, and new calculations were made 

to quantify reservoir-scale deformation that is below the level of detection. Next, data from other 

parts of the project were used to suggest how the remaining strain is distributed in Eutaw and 

Selma reservoirs. 

Curvature analysis of bed and fault surfaces was performed using the Isomap module of the 

Geographix Exploration System to identify possible zones of enhanced fracturing in the Selma 

Group. First, structural contour maps were generated in Isomap using a minimum-curvature 

gridding algorithm. Next, second derivative surfaces were generated to model curvature. The 

derivative surfaces included total (mixed) curvature, as well as curvature in the strike (x) and dip 

(y) directions. Finally, three-dimensional models of the bed and fault surfaces were constructed 

using the 3D submodule of Isomap, and shaded representations of the second derivative surfaces 

were superimposed on the models to highli,ght zones of enhanced curvature. 

Juxtaposition and seal diagrams (Allan, 1989; Knipe, 1992) were constructed to establish 

critical sealing relationships along strike of the faults. Juxtaposition diagrams, which show what 

formations are in contact along fault planes, were used by projecting hanging-wall and footwall 

elevations of contacts from the Eutaw Formation through the Naheola Foxmation to a vertical 
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plane that parallels regional strike (east). Once the juxtaposition diagrams were complete, the 

sealing properties of each juxtaposed lithologic pair were evaluated on the basis of lithologic 

properties and patterns of hydrocarbon occurrence. Using this knowledge, the juxtaposition 

diagrams were then converted to seal diagrams. 

Task 5: Burial and Thermal Modeling 

To evaluate the thermal and maturation history of potential source rocks and reservoirs in the 

Gilbertown area, three burial history curves were constructed using data from well logs from the 

Alabama Oil and Gas Board well log file. These include the S. V. Cowie 11-9 #1 well (permit 

9704); the M. W. Smith Lumber, Inc. 15-11 well (permit 3589), the C. J. Oats #1 (permit 1399), 

W. A. Grant 33-5 #1 (permit 3282), and Boney Unit 29-7 #1 (permit 1946). Well 9704 was used 

to model maturation north of the Gilbertown graben, whereas well 3589 was used to model the 

area south of the graben. No well penetrates the deepest part of the graben, so a composite 

section based on logs from wells 1399, 3282, and 1946 was made to model subsidence and 

maturation in the structurally deepest part of the graben. Well 1399 was used for the Tertiary and 

Upper Cretaceous part of the section, well 3282 for the Lower Cretaceous and Jurassic, and well 

1946 was used to calculate the thickness of section missing by normal faulting. 

Burial history curves were made using BasinMod, which uses the decompaction curve of 

Falvey and Middleton (1981). Well 3589 was drilled into the Werner Formation and thus 

provides the most complete stratigraphic record of any well in the Gilbertown area. No major 

disconformities exist in these wells from the Jurassic through the Miocene. To analyze the 

complete subsidence history of the region, the Oligocene-Miocene section, which is preserved in 

parts of the study area but is not logged in wells, was added to the section. Ages of rock units 

used to make burial histories were obtained from a variety of literary sources (for example, 

Dobson and Buffler, 1997; Mancini and Tew, 1991, Berggren, and others, 1995). 

Twelve wells were selected for vitrinite reflectance analysis to determine absolute maturation 

levels in rocks of Jurassic through Tertiary age (tables 1,2). From these 12 wells, more than 180 
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reflectance measurements were collected; however, only 70 samples contained enough vitrinite 

to confidently determine reflectance. Whole-rock samples from cuttings sets were crushed to 

minus-20 mesh size and then embedded in epoxy to make a pellet. After they were polished, the 

pellets were allowed to dry in a desiccator for at least 24 hours. Reflectance measurements were 

made with a Nikon Microphot-FX compoimd microscope. Data were collected using PHOSCAN 

3, a PC-compatible program developed by Nikon. Typically, 25 measurements were made for 

each sample. However, low organic content limited the number of points counted in many 

samples. Much of the woody organic matter measured for reflectance is lignitic and is thus 

huminite rather than vitrinite. BasinMod was used to model maturation in the Gilbertown area 

using the Lopatin method (Waples, 19810). Kinetic modeling was attempted (Burnham and 

Sweeney, 1989; Sweeney and Burnham, 1990), but unrealistically high geothermal gradients 

were required to match known reflectance values. 

Table 1 .--Location information for wells used in burial historv and thermal maturation studv. 
Permit 
No. Name 
224 John F. York #1 
1507 John Green Est. #1 
1643 McClure 5-12 #1 
1789 Jessie Johnston #1 

1872 Scarbrough “ A  #1 
1994 John W. Thompson II #30-2 
2297 Laubenthal #1 
2584 R.E. Davis 1-1 1 #I 
3589 M.W. Smith Lumber Inc. 

#15-11 
3640 Cowan-Scotch Lumber 34- 

14 #1 
9704 S.V. Cowie 11-9 #1 

1820 Almm 32-10 #1 

4 ., 
structural 

county Location Setting 
Clarke Sec. 01, T07N, ROlW Hatchetigbee anticline 
Choctaw Sec. 12, TlON, R05W south of graben 
Washington Sec. 05, T05N, R02W Mississippi interior salt basin 
Washington Sec. 04, T08N, R02W Hatchetigbee anticline 
Choctaw Sec. 32, T1 lN, R03W Gilbertown graben 
Washington, Sec. 08, TO7N, RO4W Mississippi interior salt basin 
Choctaw Sec. 30, TllN, R04W Gilbertown graben 
Washington Sec. 23, T05N, ROlE Mississippi interior salt basin 
Mobile Sec. 01, TOIS, R02W Mississippi interior salt basin 
Choctaw Sec. 15, TlON, R04W south of fault system 

Clarke Sec. 34, TllN, ROlW north of fault system 

Choctaw Sec. 11, T1 lN, RO4W north of fault system 
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Tab1 

permit 
no. 
224 
1507 
1643 
1789 
1820 
1872 
1994 
2297 
2584 
3589 
3640 
9704 

* Estima 

: 2.--Stratigraphic and thermal data for wells used in burial history and 

Sample Ground Smackover Bottom Bottom Geothermal 

X-1965 199 -12,711 -12,117 88.9 1.84 
X-3427 86 -13,015 -13,557 93.3 1.76 
X-3642 104 -17,704 -18,866 154.4 2.33 
X-3736 191 -13,071 -13,434 106.7 2.09 
X-3892 82 -12,140 -12,578 87.8 1.76 
X-3846 221 -16,211 -16,635 129.4 2.13 
X-3985 242 -13,570 * -12,755 92.2 1.82 
X-4388 27 -16,333 -16,743 126.7 2.09 
X-4939 235 -18,187 -18,256 144.4 2.2 1 
X-5671 235 -12,855 -17,136 123.3 1.95 
X-5163 304 -10,729 -13,211 88.9 1.67 
X-6459 246 -11,004 -11,529 92.2 2.0 1 

thermal maturation study. 

no. Elev. (ft) Eiev. (ft) Elev. (ft) Temp (“C) Gradient (“C/lOOm) 

e 

To help determine whether hydrocarbons were locally derived or had migrated from distant 

sources, oil and gas production data from 32 oil and condensate fields in the Gilbertown area 

were compiled from the database of the State Oil and Gas Board of Alabama. Oil-gas production 

ratios were calculated and plotted against elevation and maturation parameters to see if a 

relationship between gas content and burial depth exists. 

Task 6: Production Analysis 

In order to analyze production from Gilbertown Field, all production and completion data 

were compiled from the electronic database of the State Oil and Gas Board of Alabama. Water 

and gas production data are not available from most wells drilled before 1970, and oil production 

data for most early wells was reported annually. Therefore, only annual and cumulative oil 

production values were analyzed. Where possible, data were augmented using open-file 

information at the State Oil and Gas Board and with the files of Belden and Blake, Incorporated, 

which were donated to the Geological Survey of Alabama through the kindness of Charles D. 

Haynes of the University of Alabama. Production data were then analyzed to compare the 

decline characteristics of Selma and Eutaw wells. Cumulative production values of each well 
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were then plotted on maps to identify the structural and depositional contro 

performance. Completion data were analyzed to determine productive zones for eac 

the results were plotted on maps and cross sections. Production and engineering dat 

synthesized with the geologic information to identify opportunities for infi 

recompletion, and application of improved recovery technologies. 

ACCOMPLISHMENTS 

During the course of this project, investigators developed a new understanc 

structure, stratigraphy, and controls on hydrocarbon recovery in Gilbertown Field. 1 

begins with a review of the structural geology of Gilbertown Field and adjacent 

discussion continues with the results of geologic mapping and an analysis of regioi 

systems. The subsequent discussion of burial and thermal history details the cha 

distribution, and origin of hydrocarbon accumulations in the Gilbertown area. Next i 

treatment of reservoir geology in the Eutaw Formation and the Selma Group th 

stratigraphy, depositional environments, petrology, and the results of log analysis. Th 

section on structural modeling includes the results of 3-D computer visualization, are 

curvature analysis, and seal analysis. The final section of the chapter is on productj 

and synthesizes production and compledon data with geologic data to suggest 

hydrocarbon recovery in Gilbertown Field may be improved. 

STRUCTURE OF GILBERTOWN FIELD 

Marker Ireds and Fault Cuts 

Correlation of 725 geophysical well logs revealed numerous stratigraphic marker 

be used to characterize structure in Gilbertown Field and adjacent areas (fig. 3). 

drilled in search of shallow Cretaceous and deep Jurassic reservoirs, and the strati 

structural data reflect these disparate drilling targets. Wells drilled before 1970, incl 

wells in Gilbertown Field, record Tertiary and Cretaceous strata from depths of 200 f 
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feet. Of these logs, 332 begin in the Hatchetigbee through Lisbon Formations, which are of 

Tertiary age, and end in the Eutaw Formation, which is of Late Cretaceous age. Three hundred 

ninety three (393) wells were drilled in search of deep reservoirs in the Jurassic Smackover 

Formation and record strata from the Upper Cretaceous Selma Group at a depth of 2,000 to 5,000 

feet to the Jurassic Smackover Formation at more than 12,000 feet. Only eight wells penetrate 

crystalline basement north of the Melvin fault system, and six wells penetrate the Jurassic 

Louann Salt and deeper strata south of the fault system. 

The deepest stratigraphic marker that has been drilled in enough places to make structural 

cross sections is the top of the Smackover Formation, which is readily identified below the basal 

anhydrite (Buckner Member) of the Haynesville Formation (fig. 3). Interbedded anhydrite and 

shale provide numerous stratigraphic markers that are useful for correlation in the Haynesville, 

and a widespread sandstone unit was used to divide the formation into upper and lower parts. 

Where the sandstone is absent in the eastern and southern parts of the study area, equivalent 

strata can be identified by correlating resistive carbonate and evaporite markers. By comparison, 

the Cotton Valley Group is composed almost entirely of sandstone and thus lacks significant 

stratigraphic markers. Basal Cotton Valley strata are in facies relationship with the Haynesville 

Formation near the northern edge of the study area, and careful correlation was required to 

identify resistivity markers equivalent to the top of the lower Haynesville and the upper 

Haynesville. The top of the Cotton Valley Group is marked by exceptionally resistive sandstone 

with shale partings in some areas, and careful correlation was required to ensure consistent log 

picks. 

. Lower Cretaceous strata contain mainly interbedded sandstone and shale with abundant 

redbeds and can be subdivided crudely on the basis of shale and sandstone content. However, no 

regionally extensive marker beds were identified that could be used reliably to make structural 

cross sections and maps. This lack of markers is a significant obstacle for making structural 

interpretations, considering that the Lower Cretaceous is thicker than 5,000 feet in the 



Gilbertown area. Even so, recognition lof shaly and sandy units was useful for identifying 

missing section and estimating vertical separations in faulted wells. 

Upper Cretaceous strata, by comparison, contain several widespread stratigraphic markers 

(fig. 3). The base of the Tuscaloosa Group is extremely difficult to identify in well logs, so a 

massive sandstone within the lower Tuscaloosa (Mancini and Payton, 1987) was used as the 

working base of the Tuscaloosa Group. The base of the so-called marine Tuscaloosa shale is a 

distinctive marker that was used to subdivide the Tuscaloosa Group into upper and lower parts. 

The Tuscaloosa-Eutaw contact can be difficult to correlate among wells, so the safest approach 

was to combine the two units for the structural parts of this investigation. The upper contacts of 

the Eutaw Formation and the Selma Group are readily identified in well logs and are thus among 

the most reliable markers for making structural maps and cross sections. Indeed, nearly all wells 

penetrate the top of the Eutaw Formation, making it the best controlled surface in the 

stratigraphic section. 

Interbedded sandstone, shale, and marl in the Tertiary section comprise a multitude of 

stratigraphic units that can be correlated throughout the study area (fig. 3). Thin, resistive marl 

markers (Matthews Landing and Coal Bluff Members, respectively) mark the top of the Porters 

Creek and Naheola Formations. The top of a sandstone unit in upper part of the Nanafalia 

Formation (Gravel Creek Member) is a useful marker throughout the northern part of the study 

area; the top of a correlative marl unit was used in the southern part. The Tuscahoma Formation 

contains many shale, sandstone, and mad units, but these units are too discontinuous to be 

reliable markers. The top of the Tuscahoma Formation is marked by the base of the Bashi Marl 

Member of the Hatchetigbee Formation and is an extremely useful marker. The upper contact of 

the Hatchetigbee Formation, which is marlred by the resistive, siliceous and zeolitic shale of the 

overlying Tallahatta Formation, is the youngest marker used for subsurface investigation. 

A total of 428 wells (59 percent of those analyzed) intersect faults with vertical separation 

exceeding 50 feet. As many as six faults were identified in a single well, and the vertical 

separation of some faults exceeds 3,000 feet. Faults can be identified readily by recognizing 
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missing section, but the precision with which faults can be located varies depending on the 

internal stratigraphy of the faulted units. The numerous markers in pre-Cotton Valley units 

makes faults simple to locate. By contrast, the great thickness of homogeneous sandstone within 

the Cotton Valley Group is a source of considerable uncertainty when trying to locate faults in 

shortened sections. This uncertainty is greatest in the Lower Cretaceous, where no reliable 

marker beds can be used as a point of reference. Considering the great thickness of the Lower 

Cretaceous, moreover, only faults with vertical separations greater than 300 feet can be identified 

with any degree of confidence. In most younger units, however, abundant marker beds make it 

possible to identify faults with minimal displacement and to locate them precisely. 

Structure 

Numerous faults compose the Melvin, Gilbertown, and West Bend fault systems, and 

individual faults were labeled so they could be identified consistently (fig. 9). The Melvin fault 

system contains three major faults labeled A, B, and C. Faults A and B are separated by a large 

relay ramp, and fault C is a long synthetic fault that is in the hanging wall of fault B. The 

Gilbertown fault system consists of four subparallel faults and contains two rider blocks that 

extend along the southern margin of the Gilbertown graben. The Gilbertown fault system was 

accordingly subdivided into West Gilbertown faults A and B and East Gilbertown faults A and 

B. In the central part of Gilbertown Field the faults are linked in a structurally complex relay 

zone. By comparison, the West Bend fault was mapped as a single fault. 

Maps and cross sections establish that the Gilbertown and Melvin fault systems form a full 

graben extending the length of the map area, whereas the Gilbertown and West Bend fault 

systems form a horst that is restricted to the eastern end of the map area (figs. 9, 10). The 

Gilbertown graben contains most of the faults in the map area and consists of two major 

segments containing faults that generally strike east. The western segment comprises Melvin 

fault A and the West Gilbertown faults, whereas the eastern segment contains Melvin faults B 

and C and the East Gilbertown faults. A structurally complex relay zone is present at the 
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intersection of the two graben segments. The relay zone marks a lateral offset of the axis of the 

graben and is defined by faults striking southeast and northwest. The horst in the eastern part of 

the Gilbertown Field is formed principally by East Gilbertown fault A and the West Bend fault. 

The horst is an arcuate structure in which IEast Gilbertown fault A intersects the West Bend fault 

just beyond the eastern margin of Gilbertown Field. 

Cross Sections 

Cross sections establish that structural relationships change considerably with depth and 

along strike (figs. 10-18). For example, dip of the faults changes with depth. Interestingly, this 

change corresponds approximately with the base of the Selma Group. Below the Selma Group, 

faults generally dip 60". In the Selma Group and younger units, by comparison, faults dip as 

gently as 45". In some of the eastern cross sections, moreover, faults of opposite polarity nearly 

intersect at the level of the Smackover Formation. The cross sections also show evidence of 

considerable growth in the Cretaceous section and little or no growth in the Tertiary section. 

Because of insufficient data, however, evidence for growth in the Jurassic section is incomplete. 

A key problem encountered when making cross sections is that direct control of the elevation 

of Jurassic stratigraphic units is limited along the axis of the graben. This is because Smackover 

reservoirs in the map area are primarily in footwall uplifts, so the major faults are typically 

penetrated no deeper than the Cotton Valley Group. To compensate for this problem, maps and 

cross sections were drawn by using verticall separations of fault cuts to estimate the elevation of 

the Jurassic units. Considering the probability of synsedimentary growth of the faults, however, 

Jurassic units may be slightly deeper than shown in cross section. 

Each cross section reveals different nuances of structural style in the Gilbertown area. In 

cross section A-A', the westernmost cross section in the map area (fig. 1 l), Jurassic strata thicken 

southward and roll over into West Gilbertown fault A within the rider block. A significant 

footwall uplift in the Smackover and Haynesville formations is apparent below the fault. 

Cretaceous strata roll over more strongly into West Gilbertown fault B than into West 
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Gilbertown fault A. These relationships suggest that, in this line of cross section, the West 

Gilbertown faults are the synthetic structures. Melvin fault A and West Gilbertown fault B 

apparently intersect in the Jurassic section, and the top of the Cotton Valley Group is 

anomalously deep. 

Cross section B-B' traverses the center of the western graben segment but, unfortunately, is 

one of the least constrained cross sections (fig. 12). Vertical fault separations suggest that 

Jurassic strata are nearly horizontal in the graben, and the overall geometry of the structure 

suggests that these strata roll over into the Melvin fault. Similar relationships are apparent in the 

Cretaceous section, and comparison of cross sections A-A' and B-B' indicate transfer of 

dominant fault slip from the West Gilbertown faults to Melvin fault A. 

Cross section C-C' is better constrained than B-B' and is the only cross section that shows the 

position of the Louann Salt, which is only 868 feet thick at the south end of the cross section (fig. 

13). Structural relationships in cross section C-C' are similar to those in B-B'. However, the 

graben is significantly narrower than in the cross sections to the west, and Cretaceous strata 

clearly roll over into Melvin fault A. One significant feature in cross section C-C' is a second- 

order fault in the central part of the graben that intersects West Gilbertown fault B. The fault has 

a vertical separation exceeding 300 feet in the Eutaw Formation, but no evidence for offset exists 

above the Eutaw, suggesting that the fault was a short-lived structure. 

The only cross section traversing the relay zone connecting the two major segments of the 

Gilbertown graben is D-D', which contains all the major faults comprising the Melvin and East 

Gilbertown fault system (fig. 14). South of the graben, a localized anticline and footwall uplift 

are developed in the Smackover and Haynesville formations but are not apparent in Cotton 

Valley and younger strata. Structure is very complex within the graben, and some strata dip as 

steeply as 17'. Jurassic strata roll over toward both sides of the graben but roll much more 

strongly into Melvin fault A than into East Gilbertown fault A. Conversely, Cretaceous strata roll 

more strongly into East Gilbertown fault A than into Melvin fault A, suggesting transfer of 

dominant slip from the north side of the graben toward the south during growth. 
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The structural style of the eastern graben segment is well shown in cross section E-E (fig. 

15). South of the graben, strata dip gently southward, and oil has been produced from a small 

anticline in the Jurassic section. In the graben, Melvin fault B nearly intersects East Gilbertown 

fault B at the level of the Smackover Formation, and Melvin fault C is interpreted to intersect 

East Gilbertown fault B in the Lower Cretaceous section. Jurassic strata clearly roll over into 

Melvin fault B, and the southernmost fad1 in the rollover system apparently penetrates strata no 

younger than Lower Cretaceous. Rollover folding is at best indistinct in the Cretaceous section. 

A fault with a vertical separation of 400 feet was identified in Lower Cretaceous and older strata 

north of the graben. 

Cross section F-F is the westernmost cross section showing the relationship between the 

horst and graben (fig. 16). Control on the orientation of Jurassic strata in the hanging wall of the 

West Bend fault does not exist. However, (Cretaceous and Tertiary strata in the hanging wall dip 

southward, away from the fault, and no rollover fold is apparent. This configuration may reflect 

fault drag and movement of strata above the shallow fault bend where dip of the fault increases 

from approximately 45" to more than 60". .lurassic strata in the horst block are gently folded, and 

fault separations suggest that the lower Tuscaloosa Group dips significantly toward the north. 

Faults defining the horst block intersect just above the Selma Chalk. The faults apparently cross, 

forming a conjugate pair. Tertiary strata between the faults, moreover, are preserved in a 

complementary graben. The main graben is narrower than it is in cross section E-E, but 

otherwise, structural relationships are essentially the same. 

Structural relationships in cross section G-G' resemble those in F-F, although some 

differences are worthy of mention (fig. 1'7). The shallow bend in the West Bend fault is less 

pronounced than in cross section F-F, and Cretaceous and Tertiary strata in the hanging wall dip 

away from the fault more gently. Control cm the geometry of Jurassic strata in the horst block is 

minimal. As in cross section F-F, the West Bend fault and East Gilbertown fault A intersect to 

form a conjugate pair with a complementary graben, and the overall structural geometry is 

simpler in cross section G-G'. In the graben, East Gilbertown fault B is absent or has merged 
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with East Gilbertown fault A. Another significant difference is that Jurassic and Cretaceous 

strata roll over, albeit weakly, into Melvin faults B and C. 

H-H' is the easternmost cross section of the network (figs. 10, 18). The most notable 

difference between cross section H-H and the previous two cross sections is the relationship 

between the West Bend fault and East Gilbertown fault A. In cross section H-H, the West Bend 

fault appears to be continuous, whereas the East Gilbertown fault is interpreted to terminate near 

or even abut the West Bend fault. No control exists on the position of the East Gilbertown faults 

in the deep subsurface. On the opposite side of the graben, Melvin fault C is absent or has 

merged with Melvin fault B. Additionally, Melvin fault B dips more gently in cross section H-H 

than in other nearby cross sections. 

Structural Contour Maps 

A series of structure maps shows distinctive changes of the structural plan at different 

stratigraphic intervals. The deepest stratigraphic surface that could be mapped with adequate 

control in the Gilbertown graben is the top of the Cotton Valley Group (fig. 19). Most of the 

major faults composing the Gilbertown, Melvin, and West Bend fault systems are readily 

recognized (compare figs. 9 and 19). At the top of the Cotton Valley, however, the Gilbertown 

graben is wider than 2 miles only in a few places. Conversely, the horst is locally wider than 3 

miles. Indeed, the only major fault that is absent is Melvin fault C, which is interpreted to 

intersect East Gilbertown fault B above the Cotton Valley Group. 

Widely spaced contours in the western graben segment reflect the gentle dip of Jurassic strata 

in this area (fig. 19). In the relay zone and the eastern part of the graben, by contrast, the top of 
\ 

the Cotton Valley Group dips markedly toward the north as the Jurassic section rolls over into 

the Melvin fault system. The top of the Cotton Valley Group is essentially horizontal in the 

northwestern part of the horst and dips south-southeast in the eastern part. West of the horst, and 

immediately south of the relay zone, is a fault-bound anticline that has been drilled extensively in 

search of Smackover reservoirs. 
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Figure 19.--Structural contour map of the top of the Cotton Valley Group, Gilbertown Field and 
adjacent areas. 



A map of the top of the lower Tuscaloosa Group differs considerably from that of the top of 

the Cotton Valley Group (fig. 20). Throughout the map area, the graben is 2 to 3 miles wide, and 

the horst is only 1 mile wide. In contrast to the top of the Cotton Valley, the top of the lower 

Tuscaloosa appears to sag between the faults making up the western graben segment. The top of 

the lower Tuscaloosa sags less distinctly in the eastern segment, and rollover into the Melvin 

fault is not readily apparent. South of East Gilbertown fault A and in the horst, the top of the 

lower Tuscaloosa Group forms a simple fault-bound anticline. West of the horst, moreover, the 

fault-bound anticline that was drilled in search of Smackover reservoirs is absent. 

The structural contour map of the top of the Eutaw Formation contains the tightest well 

control of any map presented in this study and provides a clear picture of the structural 

configuration of Eutaw sandstone reservoirs in Gilbertown Field (fig. 21). As with the top of the 

lower Tuscaloosa, the top of the Eutaw Formation sags between the faults defining the western 

graben segment. However, sagging at the top of the Eutaw is considerably less pronounced than 

at the top of the lower Tuscaloosa. Structural relationships within the relay zone resemble those 

in the Tuscaloosa Group, but West Gilbertown fault A appears to die out and is separated from 

the other faults by a small relay ramp. The fault-bound anticline south of East Gilbertown fault A 

and in the horst has a configuration similar to that at the top of the lower Tuscaloosa Group. 

Immediately south of West Gilbertown fault A is a minor footwall uplift. 

Structure at the top of the Selma Group differs from that at the top of the Eutaw Formation in 

some distinct ways (fig. 22). In the western part of the graben, widely spaced contours indicate 

that sagging is much less pronounced than in the Eutaw Formation and the Tuscaloosa Group. 

S,mcture is also subdued in the relay area and in the eastern graben segment. For example, East 

Gilbertown fault A and West Gilbertown fault A apparently do not intersect the other faults. The 

most conspicuous difference is that the horst is extremely narrow, reflecting the near intersection 

of the West Bend fault and East Gilbertown fault A. 

The top of the Nanafalia Formation was the youngest surface mapped (fig. 23). Structure in 

most of the map area resembles that at the top of the Selma Group, although Nanafalia structure 
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c 
is even more subdued. However, intersectiton of the West Bend fault and East Gilbertown fault A 

has resulted in markedly different structural patterns in the eastern part of Gilbertown Field. The 

West Bend fault appears to connect with East Gilbertown fault A, and the small graben formed 

by conjugation of the faults was mapped in the east-central part of the field. 

Isopach Maps 

Isopach maps comparing the thickness of successive stratigraphic intervals to fault patterns 

were made to assess the distribution and timing of synsedimentary fault growth. The deepest unit 

mapped is the Lower Cretaceous section (fig. 24). In parts of the map area where the Lower 

Cretaceous is unfaulted, interval thickness was read directly from well logs. In the graben and 

the hanging wall of the West Bend fault, however, direct control on interval thickness is largely 

lacking, so thickness was measured from ttie cross sections (figs. 10-18). North of the graben, the 

Lower Cretaceous section is generally thinner than 4,400 feet, whereas south of the graben and 

in the horst, the Lower Cretaceous is approximately 5,000 feet thick (fig. 24). Growth was 

apparently minimal in the western segment of the graben where the Lower Cretaceous is only 

5,400 feet thick. By contrast, up to 1,800 feet of growth is evident in the relay zone and in the 

eastern graben segment where Lower Cretaceous strata are locally thicker than 6,200 feet. 

The map of the combined upper Tuscaloosa Group and Eutaw Formation shows marked 

thickening of sediment in the graben and in the hanging wall of the West Bend fault (fig. 25). 

North of the graben, this interval is less thim 1,350 feet thick. The interval is approximately 100 

feet thicker south of the graben and is just under 1,400 feet thick in most of the horst. The section 

typically expands across the faults by 300 feet, and in the deepest parts of the graben, the upper 

Tuscaloosa Group and Eutaw Formation locally have a combined thickness exceeding 1,700 feet. 

Growth across the West Bend fault is even more pronounced, with a maximum hanging-wall 

thickness greater than 1,800 feet. 

The isopach pattern of the Selma Group closely resembles that of the combined upper 

Tuscaloosa Group and Eutaw Formation (fig. 26). Outside the graben, the Selma Group is 
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generally thinner than 1,100 feet. The Selma Group is locally thicker than 1,350 feet in the 

western graben segment and reaches a maximum thickness of 1,400 feet in the eastern segment. 

Interval thickness is locally less than 1,050 feet in the horst and reaches a maximum of 1,550 feet 

in the hanging wall of the West Bend fault. 

Whereas thickness patterns are similar from the upper Tuscaloosa Group through the Selma 

Group, the isopach map of the Tuscahoma Formation shows a very different pattern that may not 

be related to faulting (fig. 27). The Tuscahoma thickens southward from approximately 600 feet 

to 700 feet in the general area of the Melvin fault system and is locally thicker than 750 feet in 

the western part of the graben. An elliptical area where the Tuscahoma Formation is locally 

thinner than 650 feet is centered above the West Gilbertown faults and the area where the East 

Gilbertown faults turn northwest into the relay zone. Perhaps the only convincing evidence for 

fault control of sediment thickness is in the graben formed by conjugation of East Gilbertown 

fault A and the West Bend fault. 

Structural Evolution 

The structural cross sections, structural contour maps, and area-balanced structural 

restorations provide evidence for a long and complex structural history in the Gilbertown area 

(fig. 28). Development of small anticlines in the Jurassic section indicate that some structures 

began developing early as sediment accumulated above the Louann Salt. Some of the anticlines 

finished forming prior to deposition of the Lower Cretaceous section. Footwall uplifts may have 

also begun forming at this time, but spotty well control does not provide a definitive answer. 

Although these structures were active only for a short time, they form significant traps for oil in 

the Smackover Formation. Footwall uplifts commonly form by accumulation of salt that has 

withdrawn from below the hanging wall (Hughes, 1968; Jenyon, 1986). A lesser indication that 

structures began growing during the Jurassic is that the section is consistently thicker on the 

south side of the graben than on the north side (figs. 11-18). 
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Figure 28.--Sequential restoration showi:ng evolution of the graben formed by the Gilbertown 
and Melvin fault systems. Restoration based mainly on cross section E-E (fig. 15). 

62 



Restoration of cross sections indicates that most of the deep structure that is present today 

had developed by the end of the Early Cretaceous (fig. 28). In the eastern graben segment and 

the relay zone, the deep structure is that of a half graben in which strata roll over into the Melvin 

fault system (figs. 14-18). In the western part, Jurassic strata roll over into the Gilbertown fault 

system (fig. 1 l), indicating development of opposed overlapping half grabens, or are essentially 

flat-lying (figs. 12, 13), indicating early development of a full graben. The horst appears to have 

been an essentially stationary structure during this time with only minor deformation of the 

Jurassic section (figs. 16-1 8). 

Half-graben development dominated the early structural history of the Gilbertown area, but 

restoration to the top of the Cretaceous reveals a change in overall structural style (fig. 28). In 

many parts of the graben where Jurassic strata roll over into the Melvin fault system, Upper 

Cretaceous strata do not exhibit significant rollover, suggesting that the half graben evolved into 

a nearly symmetrical full graben. This means that the rate of displacement on synthetic and 

antithetic faults became equal. Locally, however, half-graben formation continued through the 

Cretaceous. In cross section A-A, for example, Jurassic and Cretaceous strata roll over into the 

Gilbertown fault system (fig. 11). In the relay zone, by contrast, Jurassic strata roll over into the 

Melvin fault system, whereas Cretaceous strata roll over into the Gilbertown fault system, thus 

providing evidence for local reversal of structural polarity during the Cretaceous (fig. 14). 

Structural history during Tertiary time is less clear than that during the Cretaceous. Whereas 

structural growth is readily apparent in Cretaceous units, isopach maps indicate that growth of 

Tertiary units across the faults is at best questionable (figs. 11-18,24-26), with the exception of 

*e small graben formed by conjugation of East Gilbertown fault A with the West Bend fault 

(fig. 27). Thus, two possibilities exist for interpreting Tertiary structural history. The first is that 

most faults ceased moving some time after Selma deposition and were reactivated after 

deposition of the Tuscahoma Formation. The second possibility is that, although faults may have 

moved some during the Tertiary, local depositional variability overwhelmed the effect of 

synsedimentary growth. 



The decrease of fault dip near the start of Selma deposition is perhaps the most enigmatic 

structural event in the Gilbertown area (fig. 28). One interpretation is that dip decreased by 

refraction of the faults through the chalk, which is more brittle than the shale and sandstone that 

predominates in the Lower Cretaceous s8ection through the Eutaw Formation. An alternative 

cause of low fault dip is compaction of the faults with the surrounding sediment (Xiao and 

Suppe, 1980; Skuce, 1996). This may be the more appropriate interpretation, because chalk is 

highly compactible, and the faults have not been refracted back to a steep dip in the dominantly 

siliciclastic Tertiary section. 

Conjugation of East Gilbertown fault A with the West Bend fault occurred shortly after 

Selma deposition (figs. 16, 17). Conjugate fault systems typically develop where the tip regions 

of opposed normal faults with subequal displacement overlap (Nicol and others, 1995). Growth 

strata provide evidence for simultaneous movement of opposed faults in conjugate systems 

(Horsfield, 1980), and simultaneous growth is apparent in cross sections of the Gilbertown area. 

Most of the major faults appear to propagate to the surface, suggesting that final movement is 

Miocene or younger. The faults appear to be inactive today, because none of the structures are 

associated with topographic scarps, and streams cut freely across the Gilbertown and West Bend 

fault systems, as well as the Hatchetigbce anticline (Szabo and others, 1988). However, the 

distribution of faults at the surface is a matter of continuing debate and is discussed in the 

following section. 

GEOLOGIC MAPPING 

An intensive field investigation of the Gilbertown fault system and the Hatchetigbee anticline 

was performed to achieve two major goals. The first goal was to gain a comprehensive 

understanding of the surface geology in the Gilbertown area by determining the distribution of 

the exposed formations and delineating th.e surface traces of the major faults. The second goal 

was to characterize and analyze the fracture systems that are the source of effectively aI1 

permeability in chalk of the Selma Group. 
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Surface Geology 

Investigation of the surface geology in the area of the Gilbertown fault system and 

Hatchetigbee anticline has provided new insight into the geology of the Gilbertown area (fig. 

29). Field work proved quite challenging, considering that most strata cropping out in the field 

area are poorly consolidated. Major faults are frequently expressed at the surface by minor 

valleys and dips in the terrain, and are rarely or never exposed. Typically, roads dip and fault 

traces are covered with road fill. However, roadcuts near faults are common, and they can be 

used to bracket the fault trace and, occasionally, provide data for fracture analysis. Bracketing 

faults is especially difficult where the Lisbon Formation, which crops out in much of the field 

area, is faulted against itself. Where the terrain is deeply dissected, members of the Lisbon can 

be identified, and differences in elevation across the fault can be compared. Remotely sensed 

imagery, including aerial photographs and satellite imagery have provided additional constraint 

on the surface traces of faults. 

Investigation of the surface geology in the Gilbertown area confirms the mapping efforts of 

Szabo and others (1988), although some minor improvements were made during this 

investigation (fig. 29). The oldest formation exposed in the map area is the Tuscahoma 

Formation, and the youngest Tertiary unit preserved is unconsolidated sand and gravel of 

Miocene age. The quality of exposures varies significantly throughout the field area, but the 

Tallahatta Formation, which contains a significant quantity of siliceous mudstone, is resistant to 

weathering and thus shows fractures better than any other unit. Pleistocene terrace deposits are 

common along the east side of the Tombigbee River, which flows along the western boundaries 

of Marengo and Clarke Counties. Quaternary alluvium is preserved in a network of dendritic 

valleys that locally incise the Tertiary units by more than 200 feet. 

Most major normal faults mapped in the subsurface were observed at the surface, and vertical 

separations at the surface probably do not exceed 300 feet. Significant differences between fault 

patterns in the subsurface and at the surface provide important information about the regional 
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Figure 29.--Generalized geologic map of thle Gilbertown fault system and Hatchetigbee anticline 
(modified from Szabo and others, 1988). 
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structural history. For example, only the western part of the Melvin fault system (Melvin fault A) 

was mapped at the surface (fig. 29). Limited exposure makes identification of the eastern part of 

the fault system (Melvin faults B and C) questionable. However, enough exposures of the 

Tallahatta Formation exist along the streams that the fault would probably have been identified 

had it propagated to the surface. No significant mineralization was observed in the fault zones, 

but calcite mineralization is known from the subsurface in Gilbertown Field (Braunstein, 1993) 

and in surface exposures of faulted chalk well north of the study area (Schneeflock, 1972; 

Hawkins, 1993). 

The Gilbertown fault system was mapped from the western edge of Choctaw County 

eastward into the relay zone (fig. 29). This fault appears to include parts of West Gilbertown 

fault B and East Gilbertown fault B, and faults corresponding to West Gilbertown fault A and 

East Gilbertown fault A were not identified. In Clarke County, the West Bend fault is readily 

identified at the surface where Oligocene limestone and Miocene siliciclastic deposits are 

preserved in the hanging wall, and approximately 4 miles to the south, an antithetic fault can be 

traced for a considerable distance. The West Bend fault extends into Choctaw County, but the 

conjugation of the Gilbertown and West Bend fault systems could not be mapped. 

The oldest formation exposed in the crest of the Hatchetigbee anticline is the Hatchetigbee 

Formation, which is of Eocene age (fig. 29). Strata as young as Miocene are preserved along the 

flanks of the anticline, and Quaternary alluvium fills valleys that cut across the axial trace of the 

structure. Minor, northwest-striking normal faults have been observed approximately 3 miles 

south of the crest of the Hatchetigbee anticline by previous workers (MacNeil, 1946; Toulmin 

and others, 1951; Szabo and others, 1988), but none of these faults appears to have the continuity 

of a subsurface fault in a similar structural position that was first mapped by Moore (1971) (figs. 

2,29). The northwest tip of the Jackson fault offsets Eocene through Miocene strata near the 

eastern terminus of the Hatchetigbee anticline. The Jackson fault extends well south of the map 

area and is the major bounding fault of the Mobile graben. 
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Cross-cutting relationships suggest that the faults ceased moving at different times (fig. 25). 

Most faults moved at least until the Mioceme, although parts of the Melvin and Gilbertown fault 

systems may have ceased moving during the Eocene or earlier. The Hatchetigbee anticline also 

incorporates strata as young as Miocene, suggesting that movement was effectively 

contemporaneous with regional faulting. Pleistocene terrace deposits and Quaternary alluvium 

are not tectonically deformed anywhere in the map area, and no fault scarps were observed in the 

field, indicating that faulting and folding {ended by the close of Tertiary time. The gap between 

Miocene and Pleistocene deposition is thie most significant hiatus in the Cenozoic section of 

southwest Alabama and appears to reflect a combination of falling base level, regional uplift, and 

valley incision that is antecedent to reg:ional faulting and development of the Hatchetigbee 

anticline. Supporting evidence for regional uplift is presented in the section on burial and thermal 

history, but the mechanism of uplift remairis obscure. 

Fra.cture Analysis 

Fractures in the Gilbertown area are of two major types: shear fractures and joints. Shear 

fractures are intimately associated with faults. Coffeeville Landing is the only outcrop in the 

field area where faults and shear fractures are exposed well enough to facilitate detailed analysis. 

Joints are exposed in numerous outcrops, yet no analysis of joint systems in the Gulf Coast basin 

of Alabama has been performed previously. To fill this need, and to determine the importance of 

jointing in Gilbertown reservoirs, quantitative assessment of the joint population in the field area 

is based on 575 measurements of joint orientation. 

Faults and Shear Fractures at Coffeeville Landing 

An exposure of the Lisbon Formation at Coffeeville Landing, which is on the east bank of 

the Tombigbee River in Clarke County (NE1/4NW1/4 sec. 17, T. 9 N., R. 1 W.), provides a 

unique window into the relationship among faulting, folding, and fracturing in the Gilbertown 

area (fig. 30). The outcrop is under water much of the year, and the best time to visit is during 
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Figure 30.--Sketch of outcrop at Coffeeville Landing showing faults and fault-related fracturing 
in the Lisbon Formation. 
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the late summer when river level tends to be lowest. The Lisbon is composed mainly of poorly 

consolidated sand with abundant mollusc shells and includes prominent beds of dark-gray to 

brownish-gray clay that contains the distimctive trace fossil ThaZZusinoides. The clay beds are 

excellent markers that help define the majolr structures at Coffeeville Landing. 

Two normal faults that strike approximately N. 85" E. and dip steeper than 70" N. are 

readily recognized in the outcrop (fig. 30). These faults are approximately 5 miles south of the 

West Bend fault and can be interpreted as antithetic structures that are part of the hanging-wall 

rollover of the West Bend fault system. EFforts to map the faults beyond the outcrop, however, 

were unsuccessful because of dense vegetation. 

The faults separate three blocks of weakly deformed strata named from south to north the 

footwall block, the central rider block, and the hanging-wall block on the basis of structural 

position (fig. 30). Each fault block contains a unique internal stratigraphy. The footwall block 

contains lignitic sand near the base and is the only one without a clay bed, whereas the central 

rider block contains a single clay bed. Tws clay beds are in the hanging-wall block, and near the 

top of the section is a well-indurated sandstone layer containing echinoids found nowhere else in 

the outcrop. Because none of the blocks can be correlated, only gross estimates of fault 

displacement can be made. For the blocks not to correlate, each fault must have more than 25 

feet of slip. The total thickness of the Lisbon Formation in the area of Coffeeville Landing is less 

than 200 feet, and based on the thickness of the exposed section in the footwall and hanging-wall 

blocks, combined slip on the two faults cannot exceed 150 feet. 

Few fractures and second-order faults were observed in the footwall block, although efforts 

were hampered by difficult access. The southern fault is planar and contains an argillaceous 

gouge that tapers upward from 1 foot to less than 1 inch in width (fig. 30). Strata in the central 

rider block dip between 2 and 4" toward the north and contain numerous minor faults and shear 

fractures that are synthetic and antithetic to the main faults. The northern fault is planar and 

contains arenaceous and argillaceous gouge that is in places thicker than 5 feet. The southern 

edge of the gouge zone is sharply bounded by the main fault plane, whereas the northern edge is 
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poorly defined, indicating that the gouge 'formed mainly by deformation of the proximal part of 

the hanging wall. Shear fractures, most of which are synthetic to and dip more gently than the 

fault plane, are abundant in the fault gouge. Clay beds in the hanging-wall block define a drag 

fold in which strata adjacent to the fault dip steeper than 5". This drag fold is reminiscent of the 

sagging between faults that is apparent in structural contour maps of the Upper Cretaceous units 

in the Gilbertown graben (figs. 20-22). Whereas the central fault block contains numerous 

second-order synthetic and antithetic structures, synthetic faults predominate in the hanging-wall 

block. 

Regional Joint Systems 

Joints, which are extensional opening-mode fractures along which little or no movement has 

taken place, are found in all sedimentary basins and were referred to by Pollard and Aydin 

(1988) as "the most ubiquitous structure in the earth's crust." No information exists on jointing in 

the eastern part of the Gulf Coast basin, yet field investigation of the Gilbertown area revealed 

that systematic joints are present in strata of Paleocene through Miocene age. Nonsystematic 

joints lack preferred orientation, whereas systematic joints form subparallel sets. Joint surfaces 

form perpendicular to the least horizontal principal stress direction and parallel to the greatest 

horizontal principal stress direction. Joints typically comprise orthogonal systems composed of 

systematic joints and cross joints. Cross joints tend to be discontinuous and commonly curve, 

terminating at right angles to systematic joints, reflecting interaction of growing fractures with a 

preexisting free surface (Lachenbruch, 1962). 

The spacing and surface morphology of joints appear to be a function of lithology, pore fluid, 

and stress history (La Pointe and Hudson, 1985). In most sedimentary rocks, joints are spaced on 

the order of 0.5 inch to more than 30 feet, and different beds in the same outcrop commonly 

display different spacing patterns and morphologies. For example, mechanically brittle rocks 

such as sandstone and limestone commonly contain planar joints with even spacing, whereas 



joints in the same area can be curved and irregularly spaced in more ductile rocks, such as shale. 

Spacing also is positively correlated with bed thickness (McQuillan, 1973). 

Joints were observed in most outcrops of Cenozoic strata in the Gilbertown area, and the 

morphology and spacing of the joints vary with respect to lithology. Joints were only observed in 

fresh exposures of sand; the joint surfaces tend to be rough owing to poor consolidation and the 

abundant shell fragments in many beds. Joints in clay tend to be more planar and smoother than 

those in sand, and siliceous mudstone of the Tallahatta Formation is the most brittle and thus best 

jointed unit in the field area. Locally, hackle plumes were observed on joint surfaces in the 

Tallahatta. Soft Oligocene limestone is the most poorly jointed rock type in the study area, and 

joint surfaces resemble those in sand. Joint spacing is extremely variable, and some fresh 

outcrops extending for more than 100 feet contain no joints. In other outcrops, however, joints 

are spaced between 1 and 10 feet. The best evidence for irregular joint spacing is in Oligocene 

limestone at the St. Stephens Quarry in Washington County (secs. 32, 33, and 34, T. 7 N., R. 1 

W.), where quany faces can be traced continuously for nearly a mile. Here, joints are developed 

in swarms up to 50 feet wide with individual joints spaced between 1 and 10 feet apart. The 

swarms are separated in places by more than 1,000 feet of limestone containing no natural 

fractures. Cross-cutting relationships between the joint sets were not identified, but system 2 

joints at Coffeeville Landing clearly abut die synthetic faults in the hanging-wall block. 

The limited extent of most outcrops makes determining relationships among joints difficult, 

and the only way to confidently define joint systems and to distinguish main joints from cross 

joints was through statistical analysis of joint orientation. In all, 575 measurements of joint 

orientation were made. A rose diagram showing all joint orientations in the field area reveals a 

polymodal distribution, signifying development of two joint systems (systems 1 and 2) with 

associated cross joints (fig. 31). A distinct boundary between system 1 and system 2 joints, and 

for that matter, system 1 and system 2 cross joints cannot be drawn with confidence, but there is 

little overlap between the main joint and. cross joint modes. The main joints account for 77 

percent of all directional readings. System 1 joints account for nearly 58 percent of all joint 
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Figure 3 1 .--Rose diagram with statistical summary of joint systems in the Gilbertown area. 
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readings and have a vector-mean azimuth of 295", or west-northwest. System 2 joints, by 

comparison, account for only 20 percent of all joint readings and have a vector-mean azimuth of 

343O, or north-northwest. 

Maps showing the vector mean azimuth of joints and cross joints at each field station were 

plotted with respect to regional structure and the outcrop pattern of the Tallahatta Formation 

where most data were obtained (figs. 32-35). One set of maps shows raw vectors (figs. 32,34), 

whereas another set shows vectors weighted according to the number of joint readings (figs. 33, 

35). Both joint systems maintain uniform orientation throughout the map area, and system 2 

vectors are more consistently aligned than system 1 vectors. System 1 joints are distributed 

throughout the field area; they are oblique to most of the normal faults and strike nearly parallel 

to the axial trace of the Hatchetigbee anticline. System 2 joints are also distributed throughout 

the field area, but most of these joints are exposed along the Tombigbee River near the Clarke- 

Choctaw County line. System 2 joints are strongly oblique to all structures other than the Jackson 

fault. However, these joints closely parallel some long hillsides defined by the outcrop pattern of 

the Tallahatta Formation in northern Choctaw County, as well as some straight segments of the 

Tombigbee River. 

Consistent orientation of each joint system throughout the map area (figs. 32-35) indicates 

that the fractures formed in response to regional stresses, as is typical of many sedimentary 

basins (Nickelsen and Hough, 1967; Engelder, 1985), rather than to the local stresses associated 

with folding and faulting. Near parallelism of system 1 joints to the axial trace of the 

Hatchetigbee anticline (figs. 32, 33) suggests that these joints formed as part of the regional 

extensional stress field responsible for the major folds and faults in the field area. Cross-cutting 

relationships suggest that system 2 joints are younger than the folds and faults and are thus the 

product of a neotectonic stress field in which the maximum compressive stress is oriented north- 

northwest. Parallelism of the joints to long hillsides and concentration of joints in the valley of 

the Tombigbee River (figs. 34, 35) suggests that these fractures are modern unloading joints 

related to regional uplift and valley incision. 
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EXPLANATION 
Field station GFS Gilbertown fault system 
System 1 joint vector MFS Melvin fault system 
System 1 cross joint vector WBFS West Bend fault system 
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Tallahatta Fm. - bar on downthrown side HA Hatchetigbee anticline 
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Figure 32.--Map of raw system 1 joint vectors in the Gilbertown area. 
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Figure 33.--Map of weighted system 1 joint vectors in the Gilbertown area. 
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Figure 34.--Map of raw system 2 joint vectors in the Gilbertown area. 
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Figure 35.--Map of weighted system 2 joint vectors in the Gilbertown area. 
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Fractures with surfaces bearing features like plumose structure and hackle marks have been 

interpreted to form by tension under conditions of high pore-fluid pressure (Engelder and 

Lacazette, 1990). Except in the Tallahatta Formation, most joints in the Gilbertown area lack 

such high-stress features and can thus be interpreted as having formed under relatively low pore 

pressure and perhaps over a longer period. Moreover, the poorly consolidated formations that 

dominate the surface geology of the Gilbertown area were almost certainly poor transmitters of 

tectonic stress. If system 1 joints indeed formed under the same stress regime as the Hatchetigbee 

anticline and the Gilbertown, Melvin, and West Bend fault systems, then a high probability 

exists that these fractures extend well into the subsurface, perhaps beyond the depth of Selma 

and Eutaw reservoirs. Conversely, system 2 joints apparently reflect ongoing geomorphic 

processes and accordingly may not extend downward to reservoir depths. 

BURIAL AND THERMAL HISTORY 

Gilbertown is the only field producing hydrocarbons from post-Jurassic strata along the 

Gilbertown graben; all other fields produce from the Smackover Formation. In the following 

sections, we present the burial and thermal history of Jurassic through Tertiary strata in the 

Gilbertown area and identify the probable source rocks and migration pathways. To study the 

variability of burial and thermal maturation patterns in the Gilbertown area, 12 wells were 

selected to coIlect data for making vitrinite reflectance profiles and burial history curves (fig. 36; 

tables 1, 2). These wells were selected from a variety of structural settings to discover different 

maturation history patterns. 

Burial History 

A burial history curve that is representative of the Gilbertown area is based largely on the 

M.W. Smith Lumber Inc. 15-11 well (permit 3589) (fig. 37). The curve provides evidence of a 

simple burial history characterized by decelerating subsidence and sedimentation rates from 

Jurassic through Miocene time. Maximum burial depth was apparently reached during the 

Miocene, and presence of a Miocene-Quaternary unconformity suggests that the region has been 
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subsidence calculated for the base of the Louann Salt. 
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undergoing uplift and erosion since that time. Erosional relief on this unconfonnity indicates that 

a minimum of 300 feet of section has been denuded. 

Decelerating subsidence is typical of extensional basins and reflects lithospheric contraction 

as the crust cools during the late states of rifting (Sclater and Christie, 1980). Factoring out the 

tectonic component of subsidence reveals some key characteristics of basin formation in 

southwestern Alabama (fig. 37). Tectonic subsidence was apparently a significant component of 

total subsidence during the Jurassic and Early Cretaceous. However, the curve flattens 

significantly during the Cretaceous, indicating that the crust was effectively cool and that no 

external tectonic forces were required to drive subsidence and fault growth by the time the Eutaw 

Formation and Selma Group were deposited. Comparison of the tectonic subsidence curve with 

the total effective subsidence curve suggests that more than 50 percent of the basin fill is the 

product of sediment loading and compaction. The effect of compaction is especially apparent 

from 40 to 15 million years ago (Ma). During this time, Jurassic strata are interpreted to have 

ceased subsiding, but compaction of Lower Cretaceous and younger strata provided sufficient 

accommodation space for Eocene through Miocene sediment to accumulate. Erosion of Miocene 

and younger beds may reflect late-stage ioetatic rebound of the basin margin. 

Vitrinite Reflectance Profiles 

Vitrinite reflectance is one of the most reliable indicators of thermal maturity in sedimentary 

rock. Maturation of organic matter is a function of time and temperature (Waples, 1980), and as 

woody organic matter in the form of humiinite and vitrinite matures, the percent of light reflected 

from a polished sample increases logarithmically. Therefore, not only can the thermal maturity 

of a stratigraphic unit be measured directly from an analyzed rock sample, but levels above and 

below the sample can be inferred from a regression line passing through a set of measured 

samples. This assumes that no source of heat has affected the vitrinite particle other than the 

regional geothermal gradient. Limitations of vitrinite as a tool for maturation study include both 

the paucity of vitrinite in oxidized rocks such as redbeds and many carbonates and evaporites. 
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Seventy samples were analyzed for vitrinite reflectance (table 3); no samples from stratigraphic 

units lower than the Tuscaloosa Group were analyzed due to extreme oxidation of the rock 

sample or to absence of organic matter. However, data from the Upper Cretaceous-Tertiary 

section can be projected to predict the maturation level of the Smackover Formation. 

Ten samples from well 9704, which is located north of the Gilbertown graben span the 

interval from the Hatchetigbee Formation to the Tuscaloosa Group (fig. 38). Reflectance of the 

samples ranges from 0.3 1 to 0.42 percent. A line of regression passing through these samples has 

an ? value of 0.87, which indicates that there is a good correlation between reflectance and 

elevation. The top of the Smackover Formation is at an elevation of -11,004 ft., where the 

regression line projects to a reflectance value of 0.7 percent. Within 95 percent confidence, 

reflectance of the Smackover is predicted to be between 0.6 and 0.9 percent. 

Samples from well 1994 range from the Hatchetigbee Formation to the Tuscaloosa Group 

and have vitrinite reflectance values of 0.34 to 0.51 percent (fig. 39). The value of r2 for the 

regression line is 0.86, and the reflectance of the Smackover Formation is inferred to be 1.0 

percent, but may range from 0.9 to 1.3 percent with 95 percent confidence. 

The reflectance profile for well 3589 (M.W. Smith Lumber Inc. #15-1 l), which is south of 

the Gilbertown graben, is based on only 8 samples from the Tuscahoma Sand to the Tuscaloosa 

Group (fig. 40). Reflectance values range from 0.32 to 0.52 percent. Although the r20f the line of 

regression is 0.8 1 , the 95 percent confidence interval for the slope of the regression line is poorly 

constrained at the depth of the Smackover Formation. 

A scatterplot of all vitrinite reflectance values from the 12 wells analyzed during this study 

has an ? of only 0.61, but the 95 percent confidence interval is fairly narrow because of the large 

data set (fig. 41). In wells where the slope of the regression line is poorly constrained and thus 

cannot be used for projection, assignment of reflectance values to the Smackover Formation is 

based on the regression of all data in the region. 



Table 3 .--Results of vitrinite reflectance analvsis. 
Well 

Permit No. 
224 
224 
224 
224 
224 
224 
224 
224 
224 
224 
1507 
1507 
1507 
1507 
1507 
1507 
1507 
1507 
1507 
1643 
1643 
1643 
1643 
1789 
1789 
1789 
1789 
1789 
1789 
1789 
1789 
1789 
1820 
1820 
1820 
1820 

' 1820 
1820 
1820 
1872 
1872 
1872 
1872 
1872 
1872 
1872 

Sample 
Depth 
387 
648 
1017 
1467 
2463 
2553 
2823 
3273 
3723 
4143 
660 
900 
2130 
2460 
3030 
3750 
3780 
3870 
4460 
3130 
3930 
5460 
6450 
300 
580 
1520 
1910 
3045 
3135 
3285 
3645 
4585 
2530 
4050 
41 10 
4170 
4530 
5070 
5770 
1340 
1700 
2240 
2870 
2900 
2990 
4290 

Sample 
Elevation 
-188 
-449 
-818 

- 1,268 
-2,264 
-2,354 
-2,624 
-3,074 
-3,524 
-3,944 
-574 
-814 
-2,044 
-2,374 
-2,944 
-3,664 
-3,694 
-3,784 
-4,374 
-3,026 
-3,826 
-5,356 
-6,346 
-109 
-389 
-1,329 
-1,719 
-2,854 
-2,944 
-3,094 
-3,454 
-4,394 
-2,448 
-3,968 
-4,028 
-4,088 

-4,988 
-5,688 
-1,119 
- 1,479 
-2,019 
-2,649 
-2,679 
-2,769 

-4,448 

-4,069 

unit 
TuscahomiI 
Naheola 
Naheola 
Porters Creek 
Eutaw 
Eutaw 
Eutaw 
ruxaloos~t 
r ~ s c a l o o s ~ ~  
Tuscaloose1 
Hatchetigbee 
Tuscahoma 
Naheola 
Porters Creek 
Selma? 
Eutaw 
Eutaw 
Eutaw 
Tuscaloos~i 
Naheola l ipite 
Porters Creek 
Eutaw 
Tuscaloosa. 
Hatchetigbee 
TUSCahOmil 
Naheola 
Porters Creek 
Eutaw 
Eutaw 
Eutaw 
Eutaw/Tusl:aloosa 
Tuscaloosa. 
Porters Creek 
Eutaw 
Eutaw 
Eutaw 
Eutawflus1:aloosa 
Tuscaloosa. 
Tuscaloosa. 
Tallahatta? 
Tuscahoms t 
Nanafalia? 
Nanafalia? 
Naheola 
Porters Creek 
Selma? 

Mean %R(J 
0.3 1 
0.35 
0.34 
0.35 
0.41 
0.37 
0.44 
0.40 
0.36 
0.38 
0.33 
0.36 
0.43 
0.39 
0.35 
0.42 
0.43 
0.41 
0.46 
0.35 
0.39 
0.43 
0.47 
0.31 
0.34 
0.35 
0.34 
0.38 
0.38 
0.43 
0.41 
0.46 
0.37 
0.43 
0.41 
0.40 
0.39 
0.41 
0.45 
0.33 
0.37 
0.34 
0.41 
0.35 
0.44 
0.41 

_I 

Minimum 
0.28 
0.29 
0.30 
0.28 
0.33 
0.3 1 
0.36 
0.30 
0.29 
0.28 
0.25 
0.28 
0.34 
0.3 1 
0.29 
0.39 
0.37 
0.35 
0.37 
0.26 
0.32 
0.36 
0.34 
0.25 
0.28 
0.29 
0.26 
0.33 
0.37 
0.36 
0.36 
0.37 
0.30 
0.40 
0.37 
0.38 
0.38 
0.38 
0.42 
0.25 
0.29 
0.26 
0.32 
0.27 
0.30 
0.32 

Maximam 
0.38 
0.43 
0.45 
0.41 
0.48 
0.47 
0.50 
0.49 
0.46 
0.5 1 
0.40 
0.43 
0.5 1 
0.45 
0.43 
0.56 
0.54 
0.52 
0.56 
0.46 
0.54 
0.56 
0.54 
0.37 
0.38 
0.43 
0.40 
0.52 
0.57 
0.55 
0.56 
0.60 
0.43 
0.5 1 
0.55 
0.5 1 
0.60 
0.49 
0.57 
0.46 
0.41 
0.38 
0.49 
0.49 
0.50 
0.52 

~ ~~ 

count 
25 
25 
25 
17 
21 
24 
15 
19 
25 
22 
25 
25 
25 
20 
18 
23 
18 
19 
23 
25 
20 
17 
15 
25 
25 
25 
20 
19 
20 
16 
17 
23 
17 
25 
17 
21 
19 
22 
18 
20 
25 
25 
19 
25 
21 
15 
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Well 
Permit No. 

1872 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
2297 
2297 
2297 
2297 
2297 
2584 
2584 
2584 
2584 
2584 
2584 
3589 
3589 
3589 
3589 
3589 
3589 
3589 
3589 
3640 
3640 
3640 
3640 
3640 
9704 
9704 
9704 
9704 
9704 
9704 
9704 
9704 
9704 
9704 

Tab 
Sample 
Depth 
4890 
990 
1320 
1770 
2250 
2820 
4230 
4320 
4440 
5100 
5790 
6300 
3690 
3990 
4950 
6150 
6800 
3210 
3870 
4770 
6180 
6300 
6810 
740 
920 
1670 
2150 
3762 
3823 
3883 
4554 
3 170 
3390 
3520 
4000 
4500 
150 
330 
450 
930 
1560 
2070 
3360 
3620 
3920 
4700 

3.--Results of vitrinite reflectance analysis (continued). 
Sample 

-4,669 Eutaw 

- 1,078 Tuscahoma 
-1,528 Tuscahoma 
-2,008 Nanafalia? 
-2,578 Porters Creek 

Elevation unit 

-748 Hatchetigbee 

-3,988 E U ~ W  
-4,078 E U ~ W  
-4,198 Eutaw 
-4,858 Tuscaloosa 
-5,548 Tuscaloosa 
-6,058 Tuscaloosa 
-3,663 ? 
-3,963 ? 
-4,923 Tuscahoma 
-6,123 Naheola 
-6,773 Porters Creek 
-2,975 Tuscahoma? 
-3,635 Naheola lignite 
-4,535 Porters Creek 
-5,945 Eutaw 
-6,065 Eutaw 
-6,575 Tuscaloosa 
-505 TusCahoma 
-685 Tuscahoma lignite 
-1,435 Naheola 
- 19 15 Porters Creek 
-3,527 Eutaw 
-3,588 E U ~ W  
-3,648 E U ~ W  
-4,319 Tuscaloosa 
-2,866 Eutaw 
-3,086 E U ~ W  
-3,216 E U ~ W  
-3,696 Tuscaloosa 
-4,196 Tuscaloosa 
96 Hatchetigbee 
-84 Hatchetigbee 
-204 Hatchetigbee 
-684 Tuscahoma 

- 1,3 14 Naheola 
- 1,824 Porters Creek 
-3,114 Eutaw 
-3,374 Eutaw 
-3,674 E U ~ W  
-4,454 Tuscaloosa 

Mean %RQ 
0.43 
0.35 
0.34 
0.39 
0.41 
0.44 
0.48 
0.47 
0.49 
0.5 1 
0.50 
0.49 
0.32 
0.36 
0.42 
0.46 
0.45 
0.36 
0.36 
0.45 
0.41 
0.48 
0.50 
0.32 
0.38 
0.36 
0.35 
0.42 
0.51 
0.46 
0.52 
0.39 
0.42 
0.41 
0.41 
0.43 
0.33 
0.32 
0.3 1 
0.35 
0.38 
0.37 
0.39 
0.42 
0.40 
0.42 

Minimum 
0.36 
0.27 
0.28 
0.30 
0.34 
0.32 
0.38 
0.4 1 
0.44 
0.39 
0.41 
0.4 1 
0.33 
0.3 1 
0.33 
0.37 
0.35 
0.26 
0.30 
0.28 
0.33 
0.36 
0.37 
0.27 
0.29 
0.26 
0.26 
0.32 
0.34 
0.36 
0.36 
0.34 
0.34 
0.40 
0.32 
0.39 
0.25 
0.24 
0.24 
0.27 
0.30 
0.28 
0.3 1 
0.36 
0.33 
0.37 

Maximum 
0.55 
0.38 
0.38 
0.47 
0.52 
0.52 
0.57 
0.56 
0.60 
0.63 
0.57 
0.61 
0.52 
0.55 
0.56 
0.53 
0.61 
0.49 
0.46 
0.59 
0.55 
0.63 
0.65 
0.39 
0.46 
0.44 
0.47 
0.5 1 
0.56 
0.50 
0.59 
0.44 
0.48 
0.55 
0.50 
0.57 
0.37 
0.39 
0.34 
0.43 
0.47 
0.46 
0.46 
0.59 
0.5 1 
0.47 

count 
25 
25 
25 
25 
23 
16 
17 
25 
21 
19 
17 
20 
25 
16 
25 
25 
20 
25 
25 
25 
25 
21 
17 
25 
25 
25 
22 
19 
25 
25 
18 
22 
18 
18 
16 
19 
25 
25 
25 
25 
25 
18 
23 
25 
23 
23 

85 



1000 

0 

-1 000 

-2000 

-3000 

-4000 

-5000 

-6000 

-7000 

-8000 

-9OOO 

-10000 

-1 1000 

-1 2000 

-1 3000 

-14000 

0.2 

Permit 9704 -- S.V. Cowie 11-9 #1 
Sec. 11, T11 N, R04W 

~~ ~~ 

Top of Smackover 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Mean Vitirinite Reflectance (%R,) 
2.0 

Figure 38.--Vitrinite :reflectance profile for well 9704. 
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Figure 39.--Vitrinite reflectance profile for well 1994. 
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Figure 40.--Vitrinite reflectance profile for well 3589. 
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Figure 41 .--Vitrinite reflectance profile that includes all samples from all wells studied. 
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Thermal History and Source Rock Maturation 

Sassen and Moore (1988) suggested that laminated lime mudstone in the Jurassic Smackover 

Formation is the principal hydrocarbon source rock throughout the eastern Gulf Coast basin and 

that the current pattern of hydrocarbon production from the Smackover can be explained by 

thermal maturity trends. In addition to the vitrinite reflectance work done for this report, these 

trends have been characterized using Thermal Alteration Index (TAI), measurements from 

dinoflagellates collected from the Smackover, which correlates with vitrinite reflectance 

Maturity 
Immature ... "..."......-.".......I. 

Mature 

.. .......................... 
Post Mature 

(Kopaska-Merkel and Schmoker, 1994) (table 4; fig. 42). 

Hydrocarbon Generation 
Biogenic methane 
First oil formation 
Peak oil generation 
Main phase of oil expulsion 
Peak condensate and wet-gas generation 
Peak dry-gas generation 
Oil floor 
Condensate and wet gas floor 
Dry-gas preservation limit 

I...."............. .... "..."--."-".--.__..-".--." 

__.. .................................... 

Table 4.--Relationship between temperature, TAI, vitrinite reflectance, maturity, and 

remperature 
("C) 

50-65 
".-I .... Y...."......" 

120-170 

".I" .... " .... .......... 
>200 

ydroca 

TAI 
1+ 

2- to 2 

3-- 

I-...........". 

3 to 3- 
3+ 
4 

ion generation (m6d 
Vitriuite Reflectance 

%(%) 
0.2 to 0.35 
0.35 to 0.6 
0.6 to 0.7 

,.I." .... ".""...."--......I."..". 

0.95 
1 .o 
1.2 

1.3 to 1.4 
2 .-... "."...--"--.l...-.".-. 

2.0 to 5.0 

5ed from Cardott and Lambert, 1985). 
I 

Smackover micrite may also be the source of oil in the Cretaceous reservoirs of Gilbertown 

Field (Claypool and Mancini, 1989). This is indicated by the geochemical similarity of 

Gilbertown oil to oil, condensate and organic matter in the Smackover. In general, agreement 

exists where the estimated values of vitrinite reflectance for the Smackover derived from our 

reflectance profile (fig. 41) are compared to values based on TAI, although the projected 

reflectance value for the Smackover in the area of the Gilbertown graben of 1.04 percent (fig. 39) 

is significantly higher than what is indicated for TAI (fig. 42). 

A critical variable in this process is the duration and magnitude of heat to which the source 

rock has been subjected. By varying the geothermal gradient over time, a model of the timing of 

thermal maturation can be made. The average modern geothermal gradient estimated from 
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Gilbertown field 

Figure 42.-- TAI-based vitrinite reflectance map of southwest Alabama showing location of 
wells 9704, 1994, and 3589 (modifie:d from Kopaska-Merkel and Schmoker, 1994). 
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bottom-hole temperatures in pre-Cretaceous rocks in southwest Alabama is approximately 

2.O0C/1OOm (1.1 "F/lOO ft) (Wilson and Tew, 1985), and current surface temperatures average 

20°C (68°F). Geothermal gradients calculated from bottom-hole temperatures for each of the 

wells used in this study are shown in table 2. Based on these values, manipulation of past 

geothermal gradients can generate models resulting in the current thermal maturation values for 

the Smackover Formation. The geothermal model used to obtain a match of the reflectance 

values employed an exponential decline of geothermal gradient since Triassic-Jurassic rifting 

(fig. 43). Models of thermal maturation for the areas north of the Gilbertown graben (well 9704), 

within the graben, and south of the graben (well 3589) were generated in BasinMod (figs. U-W). 

These models are presented graphically by superimposing thermal windows for hydrocarbon 

generation and geothermal gradient isotherms on burial history curves and therefore show the 

timing and degree of thermal maturation in a given well. 

In well 9704 (fig. 44), the Smackover Formation is in the mid mature (0.7 to 1.0 percent 

reflectance) phase of oil generation and entered the early mature phase approximately 100 Ma 

and the mid mature phase at approximately 70 Ma. The maximum temperature the Smackover 

obtained is predicted to be about 95°C. In the graben composite (fig. 4 3 ,  the Smackover entered 

the early mature phase at about 110 Ma, the mid mature phase at about 95 Ma and the late 

mature phase, where it remains today, at about 55 Ma. Results from south of the graben are 

similar to those from within the graben (fig. 46). Accordingly, well 3589 entered the early 

mature phase at about 110 my, the mid mature phase at about 92 my, and the late mature phase at 

about 45 Ma. 

In all wells studied, the Eutaw Formation and Selma Group are undermature with respect to 

oil generation. For example, the Eutaw Formation and Selma Group in well 3589 have only 

attained maximum temperatures of 40 to 50°C (104 to 122"F), which is well below the minimum 

temperature needed to generate oil. This result confirms that Eutaw and Selma oil in Gilbertown 

Field was not generated in place, but has migrated from deeper, more thermally mature sources 

like the Smackover Formation. 
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Figure 43.-- Mesozoic-Cenozoic geothermal gradients used for modeling thermal maturation. 
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Figure 44.--Burial and thermal maturation history for well 9704. Dashed line indicates rate of 
tectonic subsidence. 
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Figure 46.--Burial and thermal maturation history for well 3589. Dashed line indicates rate of 
tectonic subsidence. 
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Distribution of Oil and Gas 

Where hydrocarbon accumulations are generated locally, their composition typically reflects 

the maturation level of the source. As a source rock matures thermally and passes beyond peak 

oil generation, the amount of oil generated decreases, and the amount of gas generated increases 

until it becomes overmature and hydrocarbon generation ceases. The ratio of oil production to 

gas production for a gas or oil field should, therefore, reflect the maturation level of its 

hydrocarbon source rock if those hydrocarbons are generated locally. 

Production data for 32 oil and condensate fields in the Gilbertown area were analyzed, and 

oil-gas production ratios were calculated to determined whether hydrocarbons produced from the 

Smackover Formation in the Gilbertown are were locally derived (table 5) .  If it is assumed that 

the thermal maturation of the rocks is mainly the result of increasing temperature with depth an 

inverse relationship between depth (Le., increased temperature) and the oil-gas ratio (diminishing 

oil production) would be expected. Figure 47 shows the results of plotting the oil-gas production 

ratio against depth. The r2 of 0.75 of the regression line indicates that a significant correlation 

exists between the two variables. It suggests, therefore, that the hydrocarbons produced from 

each field are being generated locally under conditions controlled by the depth of the source 

rock. However, the oil-gas ratio also reflects the solution capacity of gas in oil, which is also 

dependent on depth. 

Gilbertown Field has an extremely high oil-gas ratio and plots as an extreme outlier relative 

to the Smackover data (fig. 47). Considering that Upper Cretaceous strata are undermature and 

that the oil has geochemical affinity with that in the Smackover Formation, a logical conclusion 

is that the oil indeed migrated into the field from deep Smackover sources. The extremely high 

oil-gas ratio, moreover, may indicate that the oil trapped in Gilbertown field may have been 

generated when the Smackover was just becoming mature and little gas had been generated. An 

alternative interpretation, however, is that the high oil-gas ratio indicates an absence of dissolved 

gas because of low reservoir pressure and that the excess gas is not preserved as a gas cap, but 

has bled off through seeps. By Upper Cretaceous time, the Smackover may have already been 
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Table 5.--Oil and gas production from 33 oil and condensate fields in the Gilbertown area 
through October 1997. All fields 

OiYCondensate Field 

Gilbertown 
Turkey Creek 
Toxey 
Pace Creek 
Northeast Melvin 
Melvin 
Thomton Springs 
West Bend 
Wimberl y 
West Barrytown 
Bucatunna Creek 
Stave Creek 

South Womack Hill 
Sugar Ridge 
Barrytown 
Womack Hill 
North Choctaw Ridge 
Mill Creek 
Puss Cuss Creek 
Southwest Barrytown 
Gin Creek 
Little Mill Creek 
Sila 
Zion Chapel 
Choctaw Ridge 
Crosbys Creek (Condensate) 
Southeast Chatom (Condensate) 
Souwilpa Creek (Condensate) 
Chatom (Condensate) 
Healing Springs (Conensate) 
Copeland (Condensate) 
Red Creek (Condensate) 

chappell Hill 

iroducle from the Smackover Formation except Gilbertown. - 
Production Oil-Gas Reservoir 

oil GaS Ratio Depth(ft.) 
832,885 1356* 614.22** 3,300 

- - 
3,O 13,749 
1,856,73 1 

186,821 
66,124 

235,128 
69,146 

666,445 
2,134,940 

642,509 
1,22 1,109 
3,181,423 
2,192,972 
1,135,085 
4,192,147 
3,516,485 

29,698,153 
8,078,085 
1,048,818 

69,683 
10,417 

440,700 
977,186 
387,115 
382,503 
189,166 

1,719,227 
958,695 
36,710 

ll5,1OO,O33 
557,893 
829,568 

150,639 
96,123 
13,419 
6,965 

39,032 
16,323 

215,177 
692,724 
228,328 
450,928 

1,219,271 
872,012 
515,799 

1,986,398 
1,687,351 

14,749,388 
4,228,089 

69 1,79 1 
57,258 
10,515 

470,938 
1,094,991 

670,480 
752,808 
511,251 

4,987,860 
5,575,798 

223,773 
173,952,793 

7,483,516 
14,210,043 

321,2131 5,763,9 131 

20.01 
19.32 
13.92 
9.49 
6.02 
4.24 
3.10 
3.08 
2.81 
2.71 
2.61 
2.51 
2.20 
2.1 1 
2.08 
2.01 
1.91 
1.52 
1.22 
0.99 
0.94 
0.89 
0.58 
0.5 1 
0.37 
0.34 
0.17 
0.16 
0.09 
0.07 
0.06 
0.06 

12,385 
10,460 
11,195 
10,960 
11,180 
1 1,250 
12,425 
11260 
12,060 
12,080 
12,465 
11,415 
11,400 
11,590 
1 1,850 
11,440 
11,965 
12,335 
13,535 
12,425 
13,580 
12,360 
13,570 
14,065 
1 1,945 
16,410 
16,580 
13,720 
16,080 
16,015 
16,620 
16,250 

I * Gas production data incomplete for early history of field. 
** Oil-Gas ratio computed using only 1987-1997 production data. 
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Figure 47.--Scattergram of oil-gas production ratio versus depth for 33 oil and condensate fields 
in the Gilbertown area. 
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mature enough to generate gas, and by the end of the Cretaceous it was probably in the late 

mature phase of oil generation (1 .O to 1.3 percent R,) (fig. 45). 

The Smackover and Eutaw structure: maps (figs. 2, 4) can be used to identify potential 

pathways along which oil migrated into Gilbertown Field. One scenario is that oil generated 

throughout the study area simply perco1;ited upward from the Smackover Formation and was 

trapped along the Gilbertown fault sys tem. This scenario is extremely unlikely, however, 

because a large amount of oil would have also been trapped in the Eutaw Formation near the 

crest of the Hatchetigbee anticline. Alternatively, Smackover contours define a large footwall 

uplift on the south side of the Gilbertown fault system near the relay zone (fig. 4). This uplift 

may have fed oil to the fault system, associated fractures and adjacent strata, ultimately charging 

the Cretaceous reservoirs with oil. Somc oil may have also migrated up the faults from the 

Gilbertown graben. Here, Smackover sources are deeper and are thus probably more mature than 

in the adjacent footwall uplifts. 

RESERVOIR GEOLOGY 

The previous sections provide a regional geologic framework for characterizing Eutaw and 

Selma reservoirs, and this section foccises on heterogeneity within these reservoirs, The 

discussion of the Eutaw Formation focuses on stratigraphy, sandstone petrology, and 

depositional environments. By contrast, the discussion of the Selma Group emphasizes 

stratigraphy, calcite mineralization, and stnuctural interpretations based on geophysical well logs. 

Eutaw -Formation 

Stratigraphy and Depositional Environments 

In Gilbertown Field, the Eutaw Formaition contains up to 290 feet of interbedded sandstone, 

mudstone, and shale (fig. 48). The Eutaw sharply overlies the Tuscaloosa Group and is sharply 

overlain by chalk of the Selma Group. The Eutaw forms a fining- and thinning-upward 

succession, and on the basis of SP patterns, is subdivided into seven laterally correlative units 
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Figure 48.--Composite section and geophysical well log of the Eutaw Formation in Gilbertown 
Field. 



designated as El through E7. Intervals E2 through E7 were cored in at least one well, and oil has 

been produced from the top of interval El  through interval E7. Eutaw sandstone is light olive 

gray to yellowish gray or dark yellowish brown, is in part silty and argillaceous, is generally 

friable, and is locally stained or even sa.turated with oil. Some oil-saturated sandstone is so 

poorly cemented that it crumbles when touched. Producers consider the Eutaw Formation as low- 

resistivity, low-contrast pay, and indeed, resistivity of the sandstone is approximately as low as 

that of the associated shale. Cross sections demonstrate that the thickness of intervals El  through 

E7 is fairly consistent throughout Gilbertown Field (figs. 49-52). However, the cross sections 

and net sandstone isolith maps (figs. 53-56) reveal significant facies variations within the 

intervals. 

Well logs indicate that the Eutaw Formation sharply overlies the Tuscaloosa Group (figs. 49- 

52). Interval E l  is approximately 40 feet thick; it is composed mainly of sandstone and contains 

some localized shale partings. However, a lack of core makes determination of grain size 

impossible. Updip of Gilbertown Field, Cook (1993) reported that the basal Eutaw sandstone is 

coarse grained and contains gravel with phosphate nodules at the base. The top of interval El,  

like most intervals of the Eutaw, is ideally a sandstone-shale contact. However, the shale at the 

base of interval E2 is absent in some aeiu, thus making identification of the contact difficult. 

Net sandstone thickness in interval El varies considerably, ranging from less than 20 feet in the 

footwall of West Gilbertown fault A to more than 50 feet in the hanging wall of the West Bend 

fault (fig. 53). Oil is produced from interval E l  only in two wells which are in the horst 

immediately adjacent to East Gilbertown fimlt A. 

Interval E2 is also approximately 40 feet thick and contains predominantly sandstone. Core is 

only available in the upper part of the interval and contains sandstone with burrows. In SP logs, 

the sandstone has a blocky to fining-upward signature and locally contains a significant amount 

of shale near the middle (figs. 36-40). Net sandstone thickness in interval E2 is the most variable 

in the Eutaw Formation, ranging from less than 20 feet to more than 80 feet (fig. 42). Oil is 
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Figure 49.--Index map showing location of stratigraphic cross sections of the Eutaw Formation, 
eastern Gilbertown Field. Selected cross sections are published in this report, and additional cross 

sections are in Pashin and others (1997). 
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Figure 50.--Stratigraphic cross section U-U' of the Eutaw Formation, western Gilbertown Field. 
See figure 49 for location. 
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Figure 52.--Stratigraphic cross section W-W' of the Eutaw Formation, eastern Gilbertown Field. 
See figure 49 for location. 
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produced from the sandstone only in the structurally highest part of the horst formed by East 

Gilbertown fault A and the West Bend fault. 

Intervals E3, E4, and E5 are each thinner than 40 feet and each tend to form coarsening- 

upward successions (figs. 48-52). Sandstone in these intervals is glauconitic and is generally 

very fine to medium grained; E5 is locally coarse grained. Phosphatic grains, shell fragments, 

and aragonite prisms were observed in the sandstone, and some of the associated shale contains 

carbonaceous plant fragments. Net sandstone thickness in intervals E3 and E4 ranges from less 

than 10 feet in the footwall of West Gilbertown A to more than 40 feet in the eastern part of the 

field (fig. 54). Sandstone in interval E5 is thinner than 15 feet throughout most of the field and 

reaches a thickness of more than 40 feet along the north side of the horst (fig. 55). As in interval 

E2, oil production in intervals E3 through E5 is restricted mainly to the horst. 

Interval E6 is about 70 feet thick and is composed of interbedded sandstone and shale (figs. 

48-52). At the base is a widespread shale containing glauconite grains and carbonaceous plant 

fragments. Horizontal burrows were noted in the upper part of the basal shale. At the top of the 

interval is medium-grained sandstone containing thin interbeds of shale that give the interval a 

distinctive serrate log signature. Phosphate and plant fragments are common in the middle of the 

interval, and broken mollusc shells and Inoceramus prisms were noted in the upper part. Some 

planktonic foraminifera were noted in thin section. The sandstone content of interval E6 

generally increases toward the west. Net sandstone thickness increases from less than 20 feet in 

the western part of the field to more than 50 feet in the eastern part (fig. 55). Sandstone thickness 

also tends to decrease southward from the Gilbertown fault system. Note that oil is produced 

from interval E6 in two main areas that skirt the structurally highest part of the field. 

Interval E7, which is the thinnest interval in the Eutaw Formation, is between 10 and 25 feet 

thick and consists of shale overlain by fine-grained sandstone, which is in turn overlain sharply 

by the Selma Group (figs. 48-52). This sandstone tends to be extremely glauconitic and is 

probably equivalent to the Tombigbee Sand Member of the Eutaw Formation. The sandstone is 

locally cemented with calcite and contains foraminifera, mica, and glauconite at the top. The 
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sandstone extends throughout most of Gilbertown Field but passes into shale in the east central 

part. Sandstone is locally absent along Eut  Gilbertown fault A and thickens southward from the 

Gilbertown fault system to more than 20 feet (fig. 56). Oil production comes from several areas 

along the southern margin of the Gilbertown fault system. 

Little can be said with confidence about the depositional environments of the Eutaw 

Formation in Gilbertown Field, because: a lack of continuous core prevents identification of 

bedding sequences and sedimentary structures. Investigators in other parts of Alabama have 

interpreted the Eutaw Formation as transgressive beach and shelf deposits (Frazier and Taylor, 

1980; Cook, 1993), and the Eutaw of Gilbertown Field is perhaps considered in terms of this 

paleoenvironmental framework. 

The upper Tuscaloosa Group forms a thick, coarsening-upward interval and thus is 

interpreted to mark a major progradation of sediment into the Gulf Coast basin during a relative 

highstand of sea level. The base of the Eutaw has been interpreted as a second-order type 1 

sequence boundary by Mancini and others (1996). Mancini and others (1996) identified lowstand 

and transgressive systems tracts within the Eutaw in outcrop and assigned the entire formation to 

the UZAGC-3.0 sequence. The base of the Eutaw in the Gilbertown area is essentially planar, 

thus the incised lowstand deposits that exist farther updip appear to be absent. Presence of shells 

and foraminiferan tests in the core samples confirms deposition in marine environments (fig. 48), 

and the overall thinning- and fining-upward succession of the Eutaw is compatible with a 

transgressive origin. Therefore, the entire Eutaw of the Gilbertown area is interpreted as part of a 

transgressive systems tract. However, abundant plant fragments in some sandstone and shale 

indicate input of sediment from terrestrial environments. The upper contact of the Eutaw 

Formation is gradational and is highly ltime transgressive, indicating slow inundation of the 

Eutaw shoreline and establishment of a muddy carbonate shelf across southwest Alabama 

(Russell and others, 1983; Puckett, 1992; Mancini and Tew, 1997). 

The seven intervals of the Eutaw Formation (figs. 48-52) are defined by shale-sandstone 

contacts that mark flooding surfaces, thus they can be interpreted as a set of vertically stacked 
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parasequences. General fining upward of intervals El and E2 is suggestive of aggradation, which 

is characteristic of migrating inlets and tidal channels. By contrast, general coarsening upward of 

intervals 3 through 7 demonstrates that they are progradational. However, it is unclear from 

stratigraphic evidence alone whether progradation took place on the shelf or in a back-barrier 

setting, although petrologic evidence cited in the next section provides evidence for freshwater 

influence of diagenesis. 

Petrology 

Petrology is a major consideration when characterizing Eutaw reservoirs, because glauconite 

has a strong influence on reservoir quality and geophysical log characteristics. Framework 

composition and cementation also are important controls on reservoir quality. Therefore, the 

following sections characterize Eutaw sandstone in terms of framework composition and the 

authigenesis of glauconite and intergranular cement. 

Framework Composition.-Monocrystalline quartz is the primary framework grain in Eutaw 

sandstone, constituting 73 to 92 percent of the framework grains (figs. 57, 58). In most thin 

sections quartz is angular to subangular and tends to be strongly undulose. In sandstone from 

interval E3, quartz forms 73 to 88 percent of the framework grains; in E4 quartz is 73 to 87 

percent; in E5, 84 percent; and in E6, 92 percent. Polycrystalline quartz, excluding chert, 

comprises 9 percent or less of the quartz population. The proportion of chert increases upward in 

the Eutaw Formation. 

Feldspar grains (fig. 59) comprise 4 to 20 percent of the framework grains, and potassium 

feldspar is slightly more abundant than plagioclase. The feldspar is generally angular and is 

partly sericitized or vacuolized. Partial replacement of feldspar by illite and calcite was noted in 

some samples. Some of the glauconite in the Eutaw Formation appears to be pseudomorphous 

after feldspar, as is discussed in the following section. 
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Figure 57.--QFL plot showing framewofk composition of Eutaw sandstone in Gilbertown Field. 
Sandstone classification from McBride (1963). 
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Figure 58 .--Photomicrograph of subarkose from interval E% in Gilbertown Field 
(permit 236, depth between 3,399 and 3,401 feet). Note open pore system 
(blue) and lack of compaction of mica (M). Q = quartz, G = true glauconite, 
FI = ferric illite pseudomorphous after feldspar. 
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Figure 59.--Photomicrograph of smdstone in Eutaw Formation of Gilbertown 
Field with poikilotopic calcite cement (permit 13 1, depth between 3,203 
and 3,213 feet). C = calcite, Q = quartz, F = feldspar, and G = glauconite 
(ferric illite). 
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Rock fragments make up about 2 to 13 percent of the framework grains and include chert, 

schist, phyllite, and shale/mudstone. Other allogenic detrital grains include muscovite, zircon, 

epidote, opaque minerals, and fossil fragments. Muscovite composes 18 to 100 percent of the 

allogenic grains and locally constitutes 10 percent of the total detrital grains in the sandstone. 

Plotting framework composition on the QFL diagram of McBride (1963), Eutaw sandstone can 

be classified mainly as subarkose (fig. 57). 

GZuucunite.-Glauconite constitutes a large and variable component of the Eutaw Formation, 

composing up to 44 percent of the sandstone. The glauconite is primarily green, but brown 

limonitic glauconite is locally common. In oil-saturated sandstone, glauconite absorbed oil to the 

point that it appears black and opaque in thin section (fig. 60). Two types of glauconite are 

common in the Eutaw: glauconitic mica (true glauconite) and ferric illite. True glauconite is the 

most common form in the Eutaw Formation and is generally well rounded, having a peloidal 

habit, and has a dark central core. By comparison, ferric illite grains are rectangular and contain 

internal layering that is commonly detached (fig. 58). These grains appear pseudomorphous after 

feldspar and can form up to 38 percent of the total glauconite in some sandstone units. Ferric 

illite can be distinguished readily by its micaceous lamellar structure, length-parallel extinction, 

rectilinear grain shape, and selective replacement of twinned feldspar that results in a 

characteristic ”accordion” or “book” glauconite. 

True glauconite is thought to be of fecal origin (Odom, 1984; Chaudhuri and others, 1994) 

and can form by marine diagenesis (Cloud, 1955; Odin and Matter, 1981; Velde, 1985). Ferric 

illite, alternatively, is thought to form by diagenesis of feldspar, mica, pyroxene, and other 

chemically complex silicate minerals (e.g., Takahashi, 1939; Galliher, 1935; Light, 1952; Bailey 

and Atherton, 1969). Dasgupta and others (1990) and Chaudhuri and others (1994) described 

both types of glauconite in sandstone from India. They concluded that the glauconite may result 

from the direct pseudomorphism of K-feldspar by glauconite and ferric illite in the early burial 

stage. They further concluded that true glauconite formed in marine water, whereas ferric illite 

119 



Figure 60.--Photomicrograph of glauconitic sandstone from interval E3 of the 
Eutaw Formation in Gilbert0 wn Field (permit 13 1 , depth between 3,203 
and 3,213 feet). C = calcite, Q = quartz, G = peloidal glauconite (true 
glauconite). Note porosity rims around glauconite grains. 
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formed in fresh water. Glauconization apparently occurred at the sediment-water interface in the 

intertidal zone. They interpreted the coexistence of glauconite and ferric illite in some sandstone 

to result from mechanical mixing and influxes of fresh water into a marine environment. 

Abundant glauconite and alteration of feldspar into ferric illite present difficulties for 

classifying Eutaw sandstone. If the glauconite is considered to be entirely authigenic and the 

sandstone is plotted on a standard QF'L diagram that excludes glauconite (McBride, 1963), then 

the sandstone is primarily subarkose (fig. 57). If the ferric illite part of the glauconite were 

counted as feldspar, much of the Eutaw sandstone would be considered arkose. Regardless of 

origin, glauconite is an extremely important grain type in the Eutaw Formation. Thus, point- 

count data were plotted on a ternary diagram having quartz, feldspar plus lithic fragments, and 

glauconite as the end members (fig. 61). This diagram shows that the percentage of glauconite 

grains is about the same as that of feldspar plus rock fragments. 

Cement and Porosity.-Much of the sandstone in the Eutaw Formation has an open pore 

system and lacks authigenic minerals other than glauconite (fig. 58). However, carbonate cement 

is common in many parts of the Eutaw Formation and includes siderite, calcite, and aragonite 

(figs. 59,62). Siderite has a patchy distribution and ranges from isolated rhombs to dense patches 

of intergranular cement that occlude porosity (fig. 62). Although the distribution of siderite is 

irregular, the rhombs are generally smaller than 7 micrometers. 

Poikilotopic calcite cement is present in some Eutaw thin sections (fig. 59), and occurrences 

of calcite and siderite are mutually exclusive. Calcite has a patchy distribution and occludes all 

porosity in parts of the reservoir. The mineral commonly is clear, but in some thin sections it has 

a murky appearance owing to inclusions. In some calcite-cemented sandstone, a thin zone of 

porosity rims peloidal glauconite grains (fig. 60). In interval E6, calcite cement locally fills 

fractures in the glauconite indicating compaction prior to cementation by calcite. Aragonite was 

only identified in interval E6, where it forms isopachous rims coating glauconite grains. 
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Figure 61 .--QF+LG plot of Eutaw simdstone showing abundance of glauconite (G). 
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Figure 62.--Siderite-cemented sandstone in interval 3.34 of the Eutaw Formation 
in Gilbertown Field (permit 206, depth between 3,296 and 3,313 feet). S 
= siderite, Q = quartz, G = oil-stained peloidal glauconite (true 
glauconite). 
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Cementation is clearly a major source of heterogeneity within each Eutaw sandstone interval, 

but the limited amount of core makes spatial trends difficult to discern. In interval E6, however, 

lateral variation of cementation is readily apparent. E6 sandstone generally has higher shale 

content than that in other parts of the Eiitaw Formation, and the amount of carbonate cement 

increases toward the structurally highest part of the reservoir. 

All of the carbonate minerals apparently precipitated early because compaction of glauconite 

and mica are minimal. Aragonite precipitated first in the meteoric zone because it forms 

isopachous grain coatings, and poikilotopic calcite apparently formed slightly later during burial 

when the Eutaw had entered the phreatic zone. The place of siderite in the paragenetic sequence 

is unclear; however, siderite typically forms near the sediment-water interface in a range of 

marine and terrestrial environments characterized by reducing conditions (Berner, 1981 ; Mozley 

and Wersin, 1992; Coleman, 1985; Curtis and Coleman, 1986). In nearshore and intertidal 

environments, siderite can form in the presence of alternating anoxic and oxic pore waters 

(Mozley and Wersin, 1992). 

Porosity in the Eutaw Formation approaches 40 percent where authigenic cement is lacking, 

and in places, dissolution of minerals appears to have enhanced the pore system. Vacuolization 

provides some evidence for feldspar dissolution, and pores as large as sand grains may mark 

locations where grains have been dissojlved completely (fig. 58). The thin rims of porosity 

around glauconite grains may reflect dissolution of isopachous aragonite (fig. 60). Minimal 

compaction of soft grains, like mica and glauconite, and the presence of oversize pores and 

floating grains in some sandstone (fig. 58) may also reflect dissolution of pore-filling cement 

(Schmidt and McDonald, 1979). 

Log and Core Analysis 

Assessing the quality of Eutaw reservoirs is extremely difficult in Gilbertown Field, because 

only SP and resisitivity logs were run in more than 90 percent of the wells. This limited log suite 

presents a particular problem for Eutaw sandstone, which is a low-resistivity, low-contrast 
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reservoir (Cook and others, 1990). Low resistivity can be attributed to conductive iron-rich 

minerals, namely glauconite and siderite, which can form up to 30 percent of the sandstone. Clay I 
minerals can cause erroneous calculation of porosity and water saturation from well logs 

(Hilchie, 1978), and the low resistivity of the glauconitic sandstone merely compounds this 

problem. Were density and neutron porosity logs available, shaly sand analysis (Asquith and 

Gibson, 1982) would have potential for characterizing Eutaw reservoirs. Since this is not 

possible, the only other approach is to determine if some way exists to correlate SP and 

resistivity curves with porosity and permeability data from commercial core analyses. However, 

no significant correlations between log data and core data were found. 

This having failed, the only recourse was to perform a general statistical analysis of the core 

data to derive generalized values that could be applied to each stratigraphic interval in the Eutaw 

Formation (table 6). Although this approach is less desirable than determining porosity, the 

statistical analysis quantifies the variability of reservoir quality and reveals relationships among 

the seven Eutaw sandstone intervals. 

The three variables analyzed are porosity, permeability, and oil saturation (table 6). All of 

these variables are log-normally distributed, and the statistics were calculated accordingly. 

Porosity of Eutaw sandstone is generally high, ranging from 12.7 to 39.7 percent, and has a log- 

normal mean of 25.5 percent. Porosity is highest in interval E2 and generally decreases upward, 

reaching a minimum in interval E6 (fig. 63), which is finest grained and contains the most shale, 

glauconite, and carbonate cement. 

Permeability in the Eutaw Formation typically varies between 8 and 290 millidarcies (md) 

and has a log-normal mean of nearly 50 md. Mean permeability decreases upward in the 

formation and has a maximum value of 166 md in interval E2 and reaches a minimum value of 

17 md in interval E6. Permeability is extremely heterogeneous in intervals El  through E3, with 

values as high as 700 md being common (fig. 63). The upper limit of the standard deviation 

decreases markedly upward in section to less than 100 md in intervals E6 and E7. This extreme 

decrease of permeability is apparently related not only to decreasing grain size, but to clogging 
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of pore throats by clay and cement. Because of this, porosity and permeability in the Eutaw 

Formation correlate with an r2 of only 0.70 (fig. 64). 

Table 6.--Results of statistical analvsis 'of commercial core-analvsis data. Eutaw Formation. 

AH intervals 
Porosity (5%) 
Permeability (md) 
Oil Saturation (96) 
Interval E7 
Porosity (5%) 
permeability (md) 
Oil Saturation (%) 
Interval E6 
Porosity (?&) 
Permeability (md) 
Oil Saturation (%) 
Interval E5 
Porosity (96) 
Permeability (md) 
Oil Saturation (%) 
Interval E4 
Porosity (96) 
Permeability (md) 
Oil Saturation (%) 
Interval E3 
Porosity (96) 
Permeability (md) 
Oil Saturation (%) 
Interval E2 
Porosity (%) 
Permeability (md) 
Oil Saturation (%) 
Interval El 
Porosity (9%) 
Permeability (md) 
Oil Saturation (%) 

Std. error 
Maximum Minimum 10"- 1W+ oflwx 

25.5 
49.7 
9.6 

24.0 
22.4 
5.1 

22.2 
16.8 
8 .O 

24.3 
37.7 
15 -8 

24.3 
48.9 
8.2 

28.7 
87.3 
17.5 

29.6 
165.6 
15.9 

27.1 
97.7 

12.71 20.61 31.71 
0.0 
0.0 

15.1 
0.0 
0.0 

12.7 
1.1 
0.0 

17.1 
2.6 
0.0 

16.0 
2.8 
0.0 

15.2 
3.3 
0.0 

16.9 
5.2 
0.0 

19.4 
6.2 

8.5 
3.5 

20.1 
5.8 
2.3 

18.7 
5.4 
3.1 

20.7 
7.4 
9.2 

19.9 
8.5 
2.0 

23 .O 
12.3 
11.9 

24.7 
39.9 
6.9 

21.9 
13.9 

289.7 
26.7 

28.7 
86.5 
11.4 

26.5 
52.1 
20.7 

28.6 
192.3 
27.4 

29.7 
281.8 
34.5 

35.8 
620.9 
25.6 

35.5 
687.1 
36.4 

33.6 
688.7 

0.01 
0.04 
0.03 

0.01 
0.09 
0.06 

0.0 1 
0.07 
0.06 

0.0 1 
0.14 
0.06 

0.01 
0.09 
0.1 1 

0.01 
0.1 1 
0.03 

0.01 
0.09 
0.07 

0.03 
0.27 

7.21 37.4 0.01 2.71 19.21 0.161 

Much of the core-analysis data comes from water-bearing zones in the Eutaw Formation, so 

statistics for oil saturation were calculated only where oil saturation values are greater than zero 

(table 6). Mean oil saturation in the Eutaw is only 9.6 percent, although values between 3.5 and 

26.7 percent are common. Oil saturation values vary considerably by stratigraphic interval, with 

values tending to be high in intervals E2, E4, and E5 (fig. 63). The reasons for this variation, 

however, are unclear. 
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Figure 63.--Stratigraphic variation of reservoir quality in the Eutaw Formation, Gilbertown Field. 
Dark line is log-normal mean, shaded area is log-normal standard deviation. 
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Selma Group 

Stratigraphy and Depositional Environments 

Correlating well logs reveals a distinctive internal stratigraphy within the Selma Group that 

can be recognized throughout the Gilbertown area (fig. 65). Eight intervals, labeled S1 through 

S8, could be identified in the Selma Group. Interval S1 sharply overlies Eutaw sandstone and is 

distinguished by higher resistivity resulting from higher quartz and clay content than other parts 

of the Selma Group in the area. The other intervals can be distinguished most easily by changes 

in spontaneous potential (SP). Intervals with negative deflection on the SP curve tend to have 

lower resistivity than those with a positive deflection. Examination of well samples indicates 

that, despite significant variation of geophysical log properties, lithologic variation within the 

chalk is minimal. In general, intervals with a negative SP deflection are slightly darker and more 

micaceous than other intervals. 

A calcisphere packstone corresponding to the Arcola Member of the Mooreville Chalk was 

identified at the approximate depth of a thin, negative-SP marker near the middle of the Selma 

Group (fig. 65). The Arcola Limestone Member marks the top of the Mooreville Chalk. In the 

upper part of the Selma Group, intervals with a negative SP deflection correlate provisionally 

with the Bluffport Marl Member of the Demopolis Chalk (interval S6) and the Ripley Formation 

(interval S8). The Prairie Bluff Chalk forms the top of the Selma Group in outcrop and should 

contain purer chalk with more positive SP than Ripley equivalents. For this reason, the Prairie 

Bluff is interpreted to be absent in the study area, although biostratigraphic evidence is required 

for confirmation. The Selma Group is overlain by the Clayton Formation, which is a sandy 

limestone thinner than 20 feet. The Clayton Formation has moderate resistivity similar to that of 

the Selma Group and positive SP similar to that of the shale of the overlying Porters Creek 

Formation. 

The widespread distribution of each chalk interval is compatible with the interpretation of a 

muddy carbonate shelf (Russell and others, 1983; Puckett, 1992). Quartz and clay in intervals S1 

through S3 probably reflects reworking of Eutaw sediment, which was still being deposited in 
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Figure 65.--Stratigraphy of the Selma Group, Gilbertown Field and adjacent areas. 
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updip parts of the Gulf Coast basin (Mancini and Tew, 1997). The relatively pure chalk of 

interval S4 is interpreted to represent open-shelf deposition during a relative highstand of sea 

level, and the calcisphere packstone of the Arcola Member is an enigmatic unit that has been 

interpreted as a condensed section (Mancini and others, 1996). On the basis of planktonic 

foraminiferal assemblages, Mancini and others (1996) identified a subtle second-order type 2 

sequence boundary defining the base of the UZAGC-4.0 sequence a short distance above the 

Arcola. In the Gilbertown area, this sequence boundary is probably near the base of interval S5. 

Interval S5 contains some of the purest chalk in the Selma Group and was deposited as part of a 

transgressive systems tract. The slightly argillaceous chalk of the Bluffport Member (interval S6) 

signals renewed clastic influx into the study area during highstand, and interval S7 heralds a 

temporary return to pure chalk deposition. In outcrop, Ripley siliciclastics contain the sequence 

boundary defining the base of the UZAGC-5.0 sequence. This sequence boundary was not 

identified in the subsurface, and the entire UZAGC-5.0 sequence may be absent in the 

Gilbertown area. The unconformity at the base of the Clayton Formation, however, marks the top 

of the UZAGC-5.0 sequence. 

Minimal lithologic variation within the chalk suggests that each stratigraphic interval has 

similar mechanical properties. Therefore, internal stratigraphy is not predicted to be a major 

control on the distribution of fractures in the Selma Group. Even so, the SP and resistivity 

signatures of the chalk provide for fiie stratigraphic subdivision that enables identification of 

faults with less than 25 feet of vertical separation on the basis of missing and shortened section 

(fig. 66). For this reason, careful correlation of well logs is critical for identifying potential 

productive zones in the Selma Group. 

Petrology: Stable Isotope Analysis 

The stable isotope "0 has value for determining paleotemperatures during deposition of 

carbonate rocks and during precipitation of authigenic cement. Assuming isotopic equilibrium, 

the 6'*0 value of calcite is controlled by the temperature of precipitation and the isotopic 
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Figure 66.--Correlation of selected well logs penetrating West Gilbertown fault A, Gilbertown 
Field. Note diagnosis of faults based on missing stratigraphy, and note high resistivity of faulted 

interval in permit 97. 
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composition of the parent water pickson and others, 1990). One potential source of variation in 

8'0 values of diagenetic calcite cements is progressive temperature change due to burial of the 

host sediment. 

Values for chalk, slickensides, and sparry calcite obtained for the six samples from the Selma 

fall into three distinct fields (fig. 67, table 7). Values of 6l'O for chalk samples range from -3.31 

to -3.58 %O (PDB) and are consistent with 8'0 values reported from Cretaceous limestone in the 

literature (Veizer and Hoefs, 1976; and Viezer, 1983). The 8'0 value for the sparry calcite from 

the vug in the core of permit 266 is -5.10 %O (PDB), a value lighter than that of the host chalk. 

The 8'0 values for the slickensides in the chalk range from -7.55 to -7.95%0 PDB, lighter values 

than those for the sparry calcite or the chalk. The 8'0 values were plotted on a graph showing 

the variation of the 6l'O of calcite as a function of temperature (Veizer, 1983) (fig. 68). The 

graph indicates that chalk formed at about 32°C (89"F), vug calcite at about 39°C (102"F), and 

calcite slickensides at about 55" to 57°C (131 to 135OF). comparing with the results of burial and 

thermal modeling, the vug fills formed near maximum burial, probably during the Eocene or 

later (figs. 44-46). The slickensides record paleotemperatures approximately 15" higher than can 

be accounted for by simple burial modeling. This temperature is suggestive of fault friction 

combined with upward migration of fluids along the faults. If fault friction was not a significant 

factor, then warm fluids must have come from below the top of the Lower Cretaceous section. 

One plausible mechanism for upward fluid migration is compaction-driven flow. 

Table 7.--Results of stable isotope analysis of chalk and calcite fracture fills in the Selma Group. 

Permit Sample 
slickensides 
slickensides 
vug-fill spar -5.10 

chalk 1.76 -3.58 
446 chalk 1.69 -3.31 
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The 6I3C of calcite is relatively insensitive to changes in temperature (Veizer, 1983) and is 

used rather to monitor the 8l3C of the to1.d dissolved carbon (TDC) in the solutions from which 

they precipitate. Hudson (1977) summarized the range of 613C values for modern and ancient 

marine limestone, cement, and soil carbonate. Values of 613C for the five samples studied fall 

within a narrow range of 1.08 to 1.76 %O (PDB) (fig. 67, table 7). These values are consistent 

with chalk and marine carbon (Hudson, 1977), suggesting that diagenetic carbonate in the Selma 

Group was derived locally. 

Log Analysis 

Very little core of the Selma Group in Gilbertown Field survives today, so it is nearly 

impossible to observe faults and fractures directly. Therefore, geophysical well logs are the only 

tools that can be used to predict fractures. Three sets of well logs appear useful for predicting 

fractures in the Selma Group, and these include SP-resistivity logs, dipmeter logs, and fracture 

identification logs. 

SP and Resistivity Logs.-As already mentioned, SP logs are useful for identifying normal 

faults on the basis of missing section (fig. 66). Faults are associated with zones of exceptional 

resistivity, such as in well 97. The source of high resistivity appears to be calcite fracture fillings. 

Plotting zones of anomalously high resistivity on strike cross sections of the faults reveals some 

basic relationships among the wells that have produced successfully from the Selma Group (fig. 

69). Note that all of the wells have penetrated the hanging-wall blocks and that fault splays are 

common, especially along East Gilbertown fault A. The vast majority of fault cuts identified by 

missing stratigraphy are associated with a high-resistivity anomaly, and the anomalies typically 

range in thickness from 10 to 50 feet. Only one well contains anomalies in the footwall of the 

Gilbertown fault system. Moreover, the thickest anomalies extend from the fault cut upward into 

the hanging-wall block. This result suggests that fracturing is mainly in the hanging wall of the 

Gilbertown fault system, as was originally suggested by Braunstein (1953). 
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Dipmeter Logs.-Dipmeter logs were run on only two wells that produced from the Selma 

Group, but these logs contain a wealth ctf structural information supporting the hypothesis of 

dominant hanging-wall deformation. Well 4195 is located along East Gilbertown fault A in the 

eastern part of the relay zone and contain:; two faults that were recognized by missing section in 

the SP curve (fig. 70). High-quality dipmeter interpretations are shown as arrows with black 

dots, whereas low-quality solutions based on only 3 of 4 resistivity pads or data from near the 

limits of seek distance have white dots. 

Dip in the footwall of the deepest fault is minimal in well 4195 (fig. 70). The fault cut is 

expressed in the dipmeter log as a single low-quality point dipping steeper than 35' NE. Dips 

return to near zero immediately above the fault cut and then gradually increase to nearly 35'. The 

dipmeter records nearly 200 feet of dipping strata in the hanging wall, and nearly all the dip 

arrows mark a north-northeast dip, which is perpendicular to strike of the fault. Dip magnitude 

fluctuates between less than 10 and more than 30" between depths of 2,900 and 3,000 feet, and 

low-quality three-pad solutions abound. Dip that increases upward is diagnostic of footwall drag 

folds, whereas dip that decreases upward is diagnostic of hanging-wall drag folds; minor faults 

are indicated at dip maxima (Schlumberger, 1989; Berg and Avery, 1995), and caliper 

fluctuations are associated with these faults. Consistent north-northeast dip in most of the 

deformed zone suggests that drag is normal to a series of parallel synthetic faults, and localized 

dip reversals are interpreted to signify drag along antithetic faults (fig. 71). In all, the structural 

style may resemble that which was observed in outcrop at Coffeeville Landing, where a large 

drag fold with synthetic faults is developed. in the hanging wall (fig. 30). 

The shallower of the two faults in permit 4195 has a strong high-resistivity anomaly in the 

hanging wall immediately adjacent to the fault, but dipmeter results suggest that a much broader 

zone is involved in the deformation (fig. 70). Dip magnitudes in the hanging wall are as high as 

45O, and as with the deeper fault, the pattern of dip arrows can be used to infer a series of drag 

folds and minor faults. North-northeast clip predominates at the level of the major resistivity 

anomaly, indicating development of normal drag adjacent to parallel faults. But dip in the 
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hanging-wall deformation. 
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A. Parallel faults 

B. Parallel and 
oblique faults / 

Figure 7 1 .--Block diagrams showing styles of drag-zone deformation interpreted from dipmeter 
and SCAT analyses. 
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uppermost part of the Selma Group deviates by as much as 40" from that of the main fault, 

indicating that numerous oblique drag folds and faults are present (fig. 71). 

Fracture Identification Logs.-Fracture identification logs (FILS) were run on most of the 

Selma wells drilled after 1975, and Belden and Blake, Incorporated enjoyed exceptional success 

using these logs to select perforation zones in the Selma Group (fig. 72). FILS are presentations 

of the high-resolution conductivity data used to calculate dipmeters (Schlumberger, 1989). 

However, dip was not calculated when the logs were recorded. The main tools used for fracture 

detection in FILS are four conductivity curves and the two curves generated by a four-arm 

caliper. If fractures are absent, the four conductivity curves are ideally identical, reflecting 

uniform conditions around the full circumference of the borehole. If one or more conductivity 

pads contacts a fracture, however, the curves should differ. Using the orientation and correlation 

curves, it is then possible to calculate the orientation of fractures contacting multiple pads or to 

identify which part of the borehole a fracture contacted a single pad. Fracturing can also be 

indicated by the caliper curves, which record widening of the borehole by caving along fracture 

surfaces or narrowing of the borehole by accumulation of mud cake in fracture apertures. 

The application of FILS in developing the Selma Group in Gilbertown Field can be shown 

using well 2926, which produced oil successfully from the Selma Group, as an example (fig. 72). 

This well was drilled along the western part of West Gilbertown fault A and shows no resistivity 

anomaly associated with faulting. The caliper curves in all wells show expansion of the borehole 

by more than 2 inches at the base of the Porters Creek Clay, which may indicate significant 

deformation of the clay by bedding-plane slip along the top of the more resistant Clayton 

Formation. The calipers show minimal variation of borehole width within the Selma Group and 

are thus of limited use for fracture identification. 

The main criteria used to recognize fractures in the Selma Group were major separations 

between conductivity curves on the same curve track, different curve patterns on each track, or 

isolated conductivity spikes (fig. 72). Note that well 2926 was perforated where differences 
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Figure 72.--Fracture identification log (FDI,) of the upper part of the Selma Group in Gilbertown 
Field. Perforated zones were chosen on the basis of F'IL characteristics. 
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among conductivity curves are most pronounced, although a zone with significant differences 

among curves was left unperforated at depths between 2,800 to 2,850 feet. An important point to 

note is that Belden and Blake based their completions strictly on FIL characteristics because oil 

shows were extremely rare while drilling (Charles Haynes, personal commun., 1998). 

STRUCTURAL MODELING 

Structural modeling employed a four-pronged approach involving 3-D visualization, area 

balancing, curvature analysis, and seal analysis. 3-D visualization software was used to build a 

model of the Gilbertown graben that could be displayed, rotated, and manipulated in real time on 

a Silicon Graphics workstation, thereby increasing understanding of structural geometry and 

trapping mechanisms. Area balancing was used to validate the structural cross sections and to 

calculate requisite strain. Analysis of curvature in beds and faults was used to identify zones of 

potential fracturing. Finally, seal analysis was used to determine critical fault juxtapositions and 

to develop a model of hydrocarbon trapping in Gilbertown Field. 

3-D Structural ModeIing 

A three-dimensional virtual model of the Gilbertown graben and associated structures was 

developed using GeoSec3D on Silicon Graphics workstations (fig. 73). The software and 

computers facilitate real-time rotation of the 3-D model and afford flexibility in the display of 

bed surfaces and faults. Stratigraphic markers used to build the model include the tops of the 

Smackover Formation, lower and upper Haynesville Formation, Cotton Valley Group, Lower 

Cretaceous undifferentiated, lower Tuscaloosa Group, Eutaw Formation, and Selma Group. All 

major fault surfaces were also modeled (fig. 74). 

Building the 3-D model with only a well-based data set proved tedious but rewarding. Fault 

cuts were correlated among wells, and surfaces were constructed in GeoSec3D. The 3-D surfaces 

were instrumental for identifying miscorrelated fault cuts. Miscorrelated cuts were reclassified 

and assigned to the proper surfaces, thereby improving the structural interpretation. The greatest 
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Figure 73.--Overview of the 3-D structural model made in GeoSec3D showing bed surfaces 
from the top of the Smackover Formation through the top of the Selma Group. 
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Figure 74.--Fault surfaces in the Gilbertown graben and adjacent areas. The 
bed surface shown is the top of the Smackover Formation. The lines on the 

fault planes are bedding cutoffs in the hanging wall and the footwall. 
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advantage of using GeoSec3D was being able to quickly test multiple hypotheses of fault linkage 

(fig. 74). Being able to work in three dimensions enabled identification of the relay ramp in the 

Melvin fault system and recognition of the complex fault linkages within the relay zone of the 

Gilbertown fault system. 

Bed surfaces were triangulated between the faults and then connected to the fault surfaces. 

Constructing seamless intersections of beds with faults proved to be extremely time consuming. 

Once bed construction was complete, bi=d cutoff lines were mapped onto the fault surfaces, 

enabling evaluation of fault separations and stratigraphic juxtapositions (fig. 74). Accuracy of the 

bedding cutoff lines is less than desirable, however, because the lines had to be constructed by 

hand. The software has gridding capabilities that may facilitate faster construction of the 

intersections between beds and faults, but we chose basic triangulation because it precisely 

honors all data points. 

GeoSec3D enables surface-shaded, line-contoured, and color-contoured displays of all 

surfaces. Color contouring of individual rnarker beds without displaying fault surfaces provided 

some of the most instructive views of reservoir geometry. For example, a view of the top of the 

Smackover Formation clearly shows restriction of producing wells to footwall uplif’ts adjacent to 

the major faults and to salt-cored anticline:; to the south of the fault systems (fig. 75). 

Area EIalance and Strain 

Thearetical Advances 

In the first year of this project it was rcxognized that Jurassic strata in the Gilbertown graben 

are characterized by a straight area-depth line, indicating minimal structural growth, and that 

Cretaceous and Tertiary strata are characterized by a curved area-depth line that signifies major 

structural growth (Pashin and others, 1997). For the sake of simplicity, the Jurassic section 

(Smackover through Cotton Valley) is referred to as the pre-growth interval, and the Cretaceous- 

Tertiary section (post-Cotton Valley) is rlcferred to as the growth interval. These relationships 
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Figure 75.--Structural model of the top of the Smackover Formation showing 
productive wells concentrated in footwall uplifts and salt-cored anticlines. 
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have been forward-modeled successfully with a representative area-balanced growth structure 

(figs. 76,77). 

The forward model shows that the boundary between the growth and pre-growth intervals 

(fig. 77A, B) is at a sharp inflection point in the area-depth graph (fig. 77C). The points 

representing the pre-growth interval fall on a straight line because they all share the same 

displacement. The slope of the best-fitting straight line for the model (-4.5 units) is the total 

displacement on the lower detachment (axtension is negative), and the point at which the lost 

area goes to zero is the location of the lower detachment (-9.62 units below the reference level). 

The area-depth relationship of the pre-growth beds thus provides the location of the lower 

detachment if it is not visible on the cross section. The growth beds have lost areas that decrease 

upward both because of the growth and because the displacement decreases upward. 

The procedure for accurately calculating the requisite strain in both the pre-growth and the 

growth sequence is as follows. For the pre-growth interval the requisite strain can be calculated 

from 

e =  Ll/(W+D)] - I 

which is a permutation of equation (4) from the introduction of this report. Equation (6) applies 

to the values on the best-fit straight line because it uses the same value of D for each horizon. For 

the growth interval, the requisite strain can only be calculated from equation (3, which is given 

in the introduction. To use equation (5),  it is necessary to know the depth to detachment, either 

from the area-depth line of the pre-growth interval, or by direct observation. With this equation it 

is possible for each unit to have a different amount of displacement (D), as is characteristic of a 

growth sequence. 

The requisite strain in the model (table: 8) is layer-parallel extension that increases downward 

in the graben to a maximum at the lower detachment. The probability of small-scale deformation, 

including fracturing, thus increases downward in the model. The pre-growth sequence is 
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Figure 76.--Area balance of growth and pre-growth beds in a full graben. (A) Structure of a 
growth graben. Units 1 and 2 are growth intervals, unit 3 is the pre-growth interval. (B) Area- 
depth relationship with the zero depth reference level at the surface. S = lost area, h = 
distance between the reference elevation and the regional. Lost areas are below the regional. 
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Figure 77.--Forward model and area-depth relationships in a full graben. (A) Area-constant 
forward model of a growth full graben. Black and white beds are the pre-growth interval, 
patterned and white beds are the growth interval. Stage a is before deformation. Stages b-g 
represent displacement in one-half unit increments during deposition of growth beds. (B) 
Model of area-balanced full graben showing growth and variables for area balance and strain 
calculations. Marker beds are numbered. The diagonal line pattern is the area lost by one 
increment of displacement (- d) on the lower detachment, which is at the base of the cross 
section. G = growth sequence, PG = pre-growth sequence. (C) Area-depth relationship for 
the forward model. 
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significantly extended and thinned by the deformation, and the structural thinning is quite 

obvious on the cross section. The growth sequence includes depositional thickening that is 

greater than the structural thinning, giving a net thickness increase in each growth unit. The 

structural thinning can be recognized from the area balance in spite of the net thickness increase 

because the lost areas are a function only of the depth to detachment and are not affected by the 

growth. 

Table &--Requisite strain calculated for full grabt 
I Bed Requisitestrain% 

1 + 0.9 
2 + 2.6 
3 + 4.6 
4 + 7.0 
5 + 10.3 
6 + 15.2 
7 + 24.0 
8 + 37.5 
9 + 66.2 
10 + 104.2 

I model of Figure 77. 

Intrabed deformation indicated by the requisite strain is homogeneously distributed in the 

model (figs. 76-78). In natural examples it is anticipated that the requisite strain would be 

expressed as faults that are too small to be resolved at the scale of the cross section (fig. 78B). 

Most well-exposed grabens contain second-order faults. The second-order faults will 

accommodate some or all of the necessary extension implied by the model and reduce the 

magnitude of the requisite strain that must be present in the blocks between the faults. If the bed 

length is constant between the visible faults, the requisite strain will be zero, and no smaller- 

scale fractures are predicted. Restoration of the cross section provides a cross check on the 

geometric interpretation and restores the unit to its original length and thickness (fig. 78C). 

Application to Gilbertown 

Cross section C-C provides the type example for the interpretation of the Gilbertown graben 

(fig. 79). This cross section was chosen because a deep well provides the location of the top and 
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A. Before deformation B. After deformation C. Interpreted bed geometry 

Figure 78.--Area-constant extension by distributed normal faulting. (A) Original length and 
thickness of bed. (€3) Final geometry after extension by displacement on faults that are 
smaller than the resolution of the obseivation technique. (C) Final geometry interpreted from 
low-resolution measurements. 
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Figure 79.--Construction and validation of cross-section C-C' based on area balance and requisite 
strain calculations. (A) Original (straight-line interpolation) cross section C-C' across the 
Gilbertown graben system. (€3) Cross section C-C' revised to incorporate drag folds indicated 
by resistivity, mL, and dipmeter logs. 
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base of the Louann Salt. The initial area-depth curve for this cross section resembles that of the 

full graben models (figs. 76,77,80). The Jurassic section falls on a straight line suggestive of a 

pre-growth origin with respect to the footwall regional, whereas the Cretaceous units show 

strong stratigraphic growth. Based on the resolution of the data, however, small amounts of 

stratigraphic growth in the lower four units cannot be ruled out. The best-fit line through the pre- 

growth interval implies a detachment below the Louann Salt. Thus, the detachment predicted by 

this method is probably too deep and may well reflect construction of the Jurassic beds within 

the graben using projected fault cut data rather than by direct observation. Forcing the area-depth 

line through the base of the salt, where the detachment is suspected to lie, is not much different 

than the best-fit line. 

Requisite strains calculated for the cross sections (table 9) are large in the pre-growth beds 

(Smackover-Cotton Valley) and are very low and even negative in the growth beds (Lower 

Cretaceous-Selma). In the pre-growth beds, the downward increase of extension fits the 

theoretical model of requisite strain in a full graben. It is inferred that there is significant amount 

of sub-section-scale deformation in the lower units. Negative strain in the growth section 

indicates layer-parallel contraction, which is extremely unlikely in the extensional passive- 

margin setting of the northern Gulf of Mexico. Therefore, the requisite strains are either the 

result of measurement errors or require the geometry of the cross section to be changed. Both 

alternatives are considered below. 

Lengths and areas were measured in the computer program Canvas. Errors in measurement 

can occur because of the finite width of the lines being measured. The measurement error is 

negligible for the length and elevation of the growth beds, which include the Gilbertown 

reservoirs, because it is such a small psrtion of the totals. In general, we have found that 

measurement errors lead to requisite strain variations of about +1 percent (strain) or less. Small 

changes in the position of the regional also affect the requisite strain by causing the depth to 

detachment and the displacement to change. Once again, the effects are very small for beds far 

from the lower detachment, namely the growth beds. 
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Table g.--Area-depth-strain relations hips for all cross sections based on straight-line 
interpolation and extrapolation. Requisite strains (equation 4) for stratigraphic markers are in 
percent, calculated with the lower detachment (He) determined from the area-depth 
relationship. Positive strains indicate extension, negative strains indicate contraction. *Depth 
of detachment below sea level from tbe intercept of the area-depth line, kft. ** Displacement 
(extension negative) on the lo  

Cross section 
A-A' 
B-B' 
c-C' 
D-D' 
E-E' 
F-F' 
EG' 

. H-H' 

He* 
-14.58 
-14.81 
-15.02 
-15.09 
-14.43 - 14.79 - 15.06 
-14.62 

- 
D** 

- 1.32 
-1.83 
-1.84 
-2.01 
- 1.93 
- 1.34 
- 1.27 
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All cross sections, including C-C' (fig. 79A), were constructed with the beds as straight line 

segments between the control points (figs. 11-18). This gives the shortest bed length consistent 

with the data. While this procedure gives good results overall, the beds probably depart from 

straight lines, especially in the proximal hanging walls. Indeed, sags between the faults are 

readily apparent in structure contour maps (figs. 20-22), and deformation of the proximal 

hanging wall, including drag folding, is a.pparent in outcrop (fig. 30) and in dipmeter logs (fig. 

70). A likely possibility is that the beds are significantly curved near the faults because of fault 

drag. The magnitude of this effect is shown using the geometry of the top of the Eutaw 

Formation on a revised version of the Gilbertown graben in cross section C-C (fig. SOB). The 

straight-line bed has a length of 14.05 killofeet (kft) and gives a requisite strain of -0.8 percent 

(table 9). The bed drawn to show fault drag has a curved bed length of 14.42 kft and gives a 

requisite strain of +1 percent (table 10). Thus, the increase in bed length of 0.37 kft is enough to 

shift the requisite strain 2 percent, in this case from contraction (negative) to extension (positive). 

The length of 0.37 kft is about twice the amount of the low-magnification measurement error. 

All eight cross sections were redrawn to eliminate the negative requisite strains by 

introducing bed curvature (drag) near the faults. The results tabulated in table 10 show a close 

agreement in the calculated depth to the lower detachment, based on the best-fit line through the 

pre-growth area-depth points. The requisite strains in the growth sequence are all positive 
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(extensional) and small, indicating that the revised cross sections are improved significantly from 

the straight-line versions. These results help confirm that virtually all of the curvature in the 

growth beds is located in the hanging-wall drag folds adjacent to the major faults. 

Table 10.--Area-depth-stn relationships for all cross sections with fault drag included. 
Requisite strains in percent, calculation based on regional detachment at -14.80 kft. * depth of 

detachment below sea level, . kft. ** displacement on lower detachment, kft. 
Requisite strain (%) 

Cross section H* D** Ks I Ket Ktl Klu KJcv Jhu Jhl Js 
A-A' -14.82 -1.25 1 1 2 2 7 10 11 14 
B-B' -14.81 -1.83 1 1 3 4 22 26 32 56 
c-C' -14.79 -1.92 0 1 1 4 8 21 23 26 
D-D' -14.79 -2.16 1 1 0 0 5 5 5 12 
E-E -14.79 -1.68 1 1 1 0 5 15 11 16 
F-I? -14.82 -1.33 0 0 0 0 9 19 21 27 
EG' -14.81 -1.34 1 0 1 2 8 8 12 30 
H-H' -14.76 -1.33 0 1 0 0 4 11 14 29 ~ 

Curvature Analysis 

Curvature analysis has been used to predict strain and fracturing for more than 50 years 

(Woodring and others, 1940; Harris and others, 1960). Numerous investigators have analyzed 

bed curvature (Narr, 1991; Lisle, 1994), but the curvature of fault surfaces remains largely 

unaddressed. Indeed, fault curvature may be a critical control on fracture development, because 

folding is typically the direct product of transport of strata through fault bends regardless of 

tectonic setting (Groshong, 1990; Suppe, 1983; Christie-Blick and Biddle, 1985). 

Bed curvature and fault curvature may both be related to fracture development in Gilbertown 

Field. Results of structural analysis indicate that the critical bed curvatures in the Selma Group 

are related to deformation, including drag folding, in the immediate hanging walls of the faults 

(figs. 30, 71, 79B). Consequently, bed curvature is difficult to model in Gilbertown Field, 

because only a few wells penetrate major lithologic contacts within this deformation zone. 

Therefore, the second derivative maps of the bed surfaces show minimal curvature, and what 

curvature is shown is not relevant to oil production from the Selma Group. 

Fortunately, nearly every well in Gilbertown Field penetrates a fault, so plenty of data exist 

to model curvature of the fault surfaces. Structural contour maps of West Gilbertown fault A and 

157 



East Gilbertown fault A that were generated in Geographix Isomap show the available well 

control and the location of wells that produced more than 10,000 barrels of oil from the two 

faults (fig. 81). Some curvature is obvious, such as the major bend in East Gilbertown fault A at 

the edge of the relay zone, but most curvature is too subtle to identify in the map. Three- 

dimensional grid plots of the fault surfaces make irregularities of the fault surfaces easier to see, 

especially in the relay zone of East Gilbertown fault A (fig. 82). 

Superimposing second derivative surfaces on the grid plots in the 3D submodule of Isomap 

accentuates subtle curvature that is otherwise difficult if not impossible to discern (figs. 83-85). 

Dark shading marks negative curvature, and light shading marks positive curvature. The plots of 

total curvature document numerous irregularities in the fault surfaces (fig. 83). Irregularities on 

the shallow part of West Gilbertown fault A are small and are most subtle along the central third 

of the fault trace. Well control along the dcep part of the fault is sparse and irregularly distributed 

(fig. 82), and the areas of enhanced curvature reflect this distribution (fig. 83). Irregularities 

along East Gilbertown fault A are broader and more pronounced than those along the western 

fault, and the curvature signature of the relay zone and the straight fault segment differ markedly. 

Strong, broad curvature patterns in the relay zone accentuate a number of fault bends along 

which strike and dip of the fault surface vary  by more than 15". Curvature of the eastern fault 

segment is less pronounced than in the relay zone, and a series of elongate negative curvatures 

define a series of grooves in the upper part of the fault surface. 

Isomap enables users to isolate X (east-west) and Y (north-south) components of curvature 

(figs. 84,85). This functionality is especially useful in Gilbertown Field, where the major faults 

strike due east, and thus enables isolation of strike and dip components of curvature. The strike 

curvature plot of West Gilbertown fault A reveals a system of grooves and ridges; variation is 

most pronounced along the eastern and western thirds of the fault and is relatively subdued in the 

central third (fig. 84). By comparison, the amplitude and spacing of grooves and ridges is fairly 

constant along the length of East Gilbertown fault A. Interestingly, bends deeper on the fault 
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Figure 8 1 .--Structural contour map of West Gilbertown fault A and East Gilbertown Fault A 
showing distribution of wells with cumulative oil production from the Selma Group exceeding 

10,000 barrels. 
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Figure 82.--Three-dimensional grid plots of faults where oil has been produced from the Selma 
Group in Gilbertown Field. Plots generated using Geographix Isomap. 
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Figure 83.--Total curvature of faults where oil has been produced from the Selma Group in 
Gilbertown Field. Plots generated using Geographix Isomap. 

161 



West Gilbertown fault A 

Elev. (ft) 
-2000 

-4000 

-6000 

-8000 

-1 0000 

-1 2000 

East Gilbertown fault A 
Elev. (ft) 
-2000 

-4000 

-8000 

-1 0000 

Figure 84.--Strike (X) curvature of faults where oil has been produced from the Selma Group in 
Gilbertown Field. Plots generated using Geographix Isomap. 
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Figure 85.--Dip (Y) curvature of faults where oil has been produced from the Selma Group in 
Gilbertown Field. Plots generated using Geographix Isomap. 
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surface are more pronounced within the relay zone than at the boundary between the relay zone 

and the eastern fault segment. 

Superimposing curvature in the Y direction establishes that multiple fault bends are present 

along the shallow part of West Gilbertown fault A (fig. 85). The deepest set of positive 

curvatures (light) marks the upward decrease of fault dip at the base of the Selma Group, and 

negative curvatures higher on the fault suggest a tendency of the fault to steepen in the Tertiary 

section. At the western end of the diagram, however, evidence of dip variation is subdued by a 

strong groove that parallels dip of the fault. Positive curvature on the shallow part of East 

Gilbertown fault A reflects downward increasing dip in the Upper Cretaceous section. The 

eastern segment of the fault remains planar downward to the Smackover Formation. In the relay 

zone, however, alternating zones of positive and negative curvature define zones where the fault 

steepens then flattens. 

The impact of fault curvature on fracturing is ideally a function of the slip direction on the 

fault. For example, where movement is strictly dip-slip, only horizontal fault bends (dip 

curvature) should cause fracturing. Convlersely , where movement is strictly strike-slip, only the 

curvature of fault grooves and ridges (strike curvature) should be effective. And in areas of 

oblique slip, total curvature should be effective. 

Structural relationships suggest that tectonic transport of the hanging-wall block of the 

Gilbertown fault system was due north. Therefore, dip slip should prevail in the central part of 

West Gilbertown fault A and along East Gilbertown fault A east of the relay zone (fig. 81). A 

minor component of oblique slip is apparent at the extremities of West Gilbertown fault A, 

where the fault plane locally curves by more than 10". The greatest component of oblique slip in 

the field is in the relay zone where East Gilbertown fault A locally strikes more than 45" to the 

regional transport direction. 
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Seal Analysis 

Regardless of the distribution of strain and curvature, production would not be possible from 

the Eutaw Formation or the Selma Group without effective reservoir seals to trap the 

hydrocarbons. Although faults can be discrete discontinuities cutting across large volumes of 

rock, hydrologic conditions along fault planes vary considerably depending on the thickness and 

permeability of the fault gouge and the strata juxtaposed on opposite sides of the fault plane 

(Bouvier and others, 1989; Knipe, 1997). Juxtaposition diagrams, which are fault-plane 

projections showing the contacting formations, are thus of great utility for evaluating reservoir 

seals in faulted regions because they can be used to identify permeability barriers, zones of 

leakage, and reservoir spillpoints (Allan, 1989). 

Juxtaposition Diagrams 

Juxtaposition diagrams were made of West Gilbertown fault A, East Gilbertown fault A, and 

the West Bend fault, which are the principal faults affecting oil production and hydrocarbon 

trapping in Gilbertown Field (fig. 86). The deepest known oil production in the Eutaw Formation 

and the Selma Group is included on the juxtaposition diagrams. For display purposes, marker 

beds bounding the seven stratigraphic intervals of the Eutaw Formation (intervals E l  through 

E7) are shown only for the footwalls. 

Juxtaposition relationships are relatively simple along West Gilbertown fault A and reflect 

decreasing vertical separation toward the fault tips (fig. 86). Only at the fault tips are Eutaw 

strata in the hanging wall and footwall juxtaposed. The Eutaw is productive only in the footwall 

where it is juxtaposed with Selma chalk. Note that the oil-water contact is at the highest 

elevation where Eutaw strata are in contact on both sides of the fault. Approximately 1,OOO feet 

of Selma strata are in contact along the fault plane, and the deepest oil production comes from 

the middle of this interval. The area where the Porters Creek Formation is juxtaposed with the 

Selma Group has a lenslike shape, thickening from less than 50 feet near the tips of the fault to 

more than 250 feet in the central part. Conversely, the area where the Porters Creek is in contact 
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Figure 86.--Juxtaposition diagrams showing formations in contact along the Gilbertown and 
West Bend fault systems. Data projected to vertical planes striking east. 
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on both sides of the fault is thickest at the extremities. Above this, Porters Creek and younger 

strata, which are dominantly interbedded shale and sandstone, are in contact. 

Along the West Bend fault, juxtaposition relationships reflect increasing vertical separation 

toward the east (fig. 86). Juxtapositions were difficult to plot at the conjugation of the West Bend 

and East Gilbertown fault system because of limited well control and are thus not shown. 

Productive Eutaw strata in the footwall are juxtaposed with chalk, but the elevation of the 

deepest production is the same as the Eutaw-Eutaw juxtaposition in the tip region of the fault. 

The zone where Selma strata are juxtaposed across the fault thins eastward from more than 750 

feet to less than 500 feet. At the western end of the diagram, nearly the full thickness of the 

Porters Creek Formation is in contact on both sides of the fault. Farther east, however, the full 

thickness of the Porters Creek Formation is juxtaposed with the Selma Group, and so is much of 

the interbedded shale and sandstone of the Naheola Formation. 

The most complex fault juxtapositions in Gilbertown Field are along East Gilbertown fault A 

(fig. 86). One of the main complicating factors is a juncture of East Gilbertown faults A and B in 

the eastern-central part of the cross section, which is also apparent in some of the structural 

contour maps (figs. 21,22). This juncture almost certainly extends laterally along less of the fault 

plane than is shown in the juxtaposition diagram (compare figs. 86 and 21), but the available 

well control necessitates using data from the hanging wall of East Gilbertown fault B. 

Eutaw strata in the footwall of East Gilbertown fault A are nearly everywhere juxtaposed 

with Selma chalk (fig. 86). The Eutaw markers define a broad arch that marks the intersection of 

the fault with the footwall uplift where most oil is produced. Note that all known oil is entirely 

above the base of the chalk in the hanging-wall block. More than 1,000 feet of Selma strata are 

juxtaposed across the fault at the west end of the diagram, but where East Gilbertown faults A 

and B join, less than 500 feet of the Selma Group is in contact. An opposite relationship exists 

where less than 50 feet of Porters Creek clay shale is juxtaposed with chalk at the west end of the 

diagram. Where the faults join, the full thickness of the Porters Creek Formation and part of the 

Naheola Formation are juxtaposed with the Selma Group. Moreover, at least part of the Porters 
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Creek is juxtaposed on both sides of the fault everywhere but the juncture between East 

Gilbertown faults A and B. 

Seal Diagrams 

Knipe (1997) emphasized the importance of understanding the permeability characteristics of 

juxtaposed strata, as well as the mechanical properties of those strata when subjected to shear 

strain, when evaluating fault seals. For example, sand-on-sand juxtapositions can promote 

leakage of fluid across faults or can 5~rm cataclastic fault seals where intensely sheared. 

Argillaceous units tend to smear along fault planes, and may thus form effective fault seals, and 

mineralization of fault gouge is yet another sealing mechanism. The limited amount of core in 

Gilbertown Field makes direct evaluation of fault-related shear fabrics and cementation 

impossible, but production experience provides critical information that can be used to identify 

and classify the fault seals. Using this information, the juxtaposition diagrams can be modified 

into seal diagrams (figs. 86,87). 

No oil has been produced from the intarbedded sandstone and shale of the Tuscaloosa Group 

or similar strata in the Tertiary section in Gilbertown Field, so these strata are considered to be 

effectively non-sealing (fig. 87). However, smearing of clay along the faults and localized shale- 

sandstone juxtapositions may form subtle traps that have thus far been overlooked during 

regional development. 

All Eutaw oil production in Gilbertown Field comes from footwall uplifts where shale and 

sandstone are juxtaposed with chalk (figs. 87, 88). Selma chalk clearly forms the topseal for the 

Eutaw reservoirs, but the characteristics of the associated fault seal are imprecisely known. 

Considering that oil is produced from faulted and fractured chalk in the hanging walls, it is 

doubtful that chalk is the principal sealing rock type, although the zone of fracturing in the 

hanging wall may narrow as the faults steepen downward in the Selma Group (fig. 88). Smeared 

Eutaw sand and shale should contribute greatly to seal integrity, and mineralization of the fault 

gouge cannot be ruled out. Coincidence sf the deepest Eutaw oil with the highest non-sealing 
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Figure 88.--Model of trapping mechanisms and critical seals for oil in Gilbertown Field. 
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strata along West Gilbertown fault A suggests that the elevation of the oil is controlled by a 

spillpoint. Spillpoint control is not apparent along the West Bend fault, because non-sealing 

strata are juxtaposed at the western fault tip above the elevation of deepest oil production. 

Indeed, the distribution of oil in the Eutaw Formation is extremely variable (figs. 50-52), and 

internal heterogeneity within the sandstone units, smearing within the Eutaw, leakage along the 

fault, and other hydrodynamic processes related to the natural water drive may influence this 

distribution. 

Clay shale of the Porters Creek Formation has long been considered the topseal for fractured 

Selma chalk reservoirs (Braunstein, 1953). Importantly, every well that has produced oil from 

the Selma Group penetrates chalk in the hanging walls of the faults, whereas only dry holes have 

been drilled where wells penetrate chalk only in the footwalls (fig. 88). This relationship is a 

direct reflection of the predominance of hanging-wall deformation indicated by the dipmeter and 

FIL data (figs. 70-72). Therefore, the Porters Creek Formation is interpreted as an extremely 

thick, argillaceous hanging-wall seal that extends the length of Gilbertown Field (figs. 86-88). 

Poorly fractured chalk in the footwall forms an effective lateral seal throughout the field, and 

termination of the hanging-wall fracture systems in the tip regions of the faults also forms lateral 

seals. Less clear, however, is the control on the level of Selma oil along East Gilbertown fault A, 

because the deepest production comes from below the apparent spillpoint defined by the 

argillaceous seal. Lowering of the spillpoint may reflect heterogeneous deformation and 

mineralization in this part of the field. 

PRODUCTION ANALYSIS 

In a field with a production history as long as Gilbertown, hindsight is a valuable tool that 

can be used to identify ways that the field can be revitalized. The first part of this section 

discusses the decline characteristics of Eutaw and Selma wells and the relationship of long-term 

production patterns to field development. The remaining parts center on geographic patterns of 
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cumulative oil production in each reservoir and the methodologies and technologies that may 

help revitalize the field. 

Well Histories 

Production data were compiled and analyzed for all wells in Gilbertown Field. Although 

individual wells in Gilbertown field have $reported as much as 46 years of production, production 

records are not uniform. Oil production data are available for most wells, but water and gas 

production data are largely lacking. Although monthly oil production records are available for 

many wells, only annual data are available for most wells completed before 1970. In addition, 

production from some wells was commiiigled with that from other wells. Even so, annual oil 

production data provide sufficient inform ation to characterize the production histories of most 

wells and to distinguish key differences between wells completed in Selma chalk and Eutaw 

sandstone. 

Differences in the decline characteristics of Eutaw and Selma wells reflect production from 

conventional and fractured reservoirs, respectively (fig. 89). Eutaw wells have an average 

lifespan of more than 22 years, whereas Selma wells have a shorter average lifespan of 13 years. 

Peak production from both units is typically reached within 2 years; Eutaw wells peak at an 

average of 17,100 barrels per year, and Selma wells peak at an average of 13,100 barrels per 

year. The difference between Eutaw anti Selma wells is readily apparent when examining 

cumulative production. Average cumu1a.tive production of Selma wells is 52,000 barrels, 

whereas the average for Eutaw wells is more than three times as great at 158,000 barrels. This is 

a conservative estimate, because some Euti~w wells are still producing more than 300 barrels per 

month. 

Decline curves of the five most productive Eutaw wells parallel the development history of 

Gilbertown Field (fig. 89). All five wells were drilled and put on line between 1945 and 1949 as 

Alabama’s oil industry began to burgeon. The wells peaked by 1952 and declined exponentially 

until the late 1960s. The simplicity of this decline reflects production with limited well 
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maintenance during the first production phase in the field. Production slacked from the late 

1960s into the mid 1970s, and abandonment of the field appeared eminent after the State Oil and 

Gas Board of Alabama issued a statewide no-pit order for salt-water disposal in 1969. Following 

the no-pit order, only the most productive wells that could support subsurface water disposal 

remained in operation. Increasing production between 1975 and 1984 signifies rejuvenation of 

the field by Belden and Blake, Incorporated, who improved recovery by employing progressive 

cavity pumps, electrical submersible pumps, infill drilling, and optimizing the water disposal 

system (Haynes, 1984). Following this period, however, production began declining erratically 

as wells required continual tinkering to maintain economic production. 

Four of the five most productive Selma wells were drilled in 1944 and 1945 (fig. 89). Like 

the Eutaw wells, the Selma wells peaked early and declined exponentially, although the decline 

of Selma production is more erratic. All five wells were abandoned between 1960 and 1974. 

Well 239 is typical of many Selma wells that were shut in for 5 years or longer and were then put 

back on line. Although many Selma wellti were abandoned prior to 1974, the history of Selma 

production parallels that from the Eutaw Formation. For example, Belden and Blake drilled and 

completed many new Selma wells while rejuvenating the field during the late 1970s and early 

1980s. However, production of oil from the Selma Group declined sharply during the late 1980s, 

and the three remaining active wells produced only 1 barrel each during May 1998. 

Production and Cornpietion Patterns 

Euitaw Formation 

Oil is produced from the Eutaw Formation in the footwall block of West Gilbertown fault A 

and in the faulted anticline and horst defined by East Gilbertown fault A and the West Bend fault 

(figs. 90-95). In the western part of the field, wells that have produced oil are concentrated in a 

small footwall uplift immediately south of West Gilbertown fault A, and the most productive 

wells are along the flanks of the uplift (fig. 90). In the relay zone, only a few wells have 

produced oil from the Eutaw. In the eastern part of the field, wells that have produced more than 
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100,000 barrels are distributed throughout the horst and faulted anticline. Active wells are 

concentrated in the horst and faulted anticline, and three isolated wells produce from the relay 

zone and footwall uplift in the western part of the field. 

Core analyses and completion data indicate that the deepest oil in the Eutaw Formation is at 

an approximate elevation of -3,300 feet (figs. 96, 97). However, the heterogeneous distribution 

of oil and water within the Eutaw Formation indicates that no simple oil-water contact is 

apparent. Indeed, sandstone units within each Eutaw interval appear to function as independent 

flow units. Localized leakage along the fault may be responsible for the irregular distribution of 

oil, and cementation of the sandstone is apparently another major source of heterogeneity. Facies 

variation, including the pinchout of E7 sandstone in the immediate footwall of East Gilbertown 

fault A (fig. 56), is another limiting factor. 

Comparison of production and completion patterns with net sandstone isolith maps indicates 

little relationship between sandstone thickness and production beyond the pinchout of sandstone 

in interval E7 (figs. 53-56). Structural position, however appears to be a critical control on 

production (figs. 92-97). Production in intervals E l  through E5, for example, is restricted to the 

structurally highest part of the horst (figs. 92, 94). In interval E6, by comparison, production is 

restricted to the flanks of the faulted anticline (fig. 94), apparently because of abundant carbonate 

cement in the highest part of the structure. In the eastern part of the field, E7 production is 

restricted to the west flank of the faulted anticline (figs. 95-97). In the western part of the field, 

production comes only from intervals E5 through E7 (figs. 94, 95). Production in intervals E5 

and E6 is irregularly distributed in the footwall of West Gilbertown fault A, and most production 

in this area comes from E7 (fig. 95). 

Selma Group 

The Selma Group has produced oil only in the western part of Gilbertown field from West 

Gilbertown fault A and East Gilbertown fault A, although one well tested with a few barrels near 

the tip of the West Bend fault (fig. 90). Only three wells at the western end of the fieId remain 
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active (fig. 91). Oil has been produced along nearly the full length of West Gilbertown fault A, 

whereas Selma production is restricted to the western part of East Gilbertown fault A (fig. 90). 

Well performance along West Gilbertown fault A is consistent, and cumulative production is on 

the order of 10,000 barrels per well. Performance is more variable along East Gilbertown fault A, 

especially in the relay zone where four wells have produced more than 100,OOO barrels. 

Production patterns provide the best evidence that fault curvature affected fracturing in the 

Selma Group (figs. 81-85). Along West Gilbertown A, most successful chalk wells are located 

near the extremities of the fault where total curvature is greatest. In the central part of the fault, 

where strike and dip curvature are least, only 3 of 11 wells penetrating the proximal hanging wall 

produced oil from the Selma Group (fig. 81). The four most productive chalk wells are in a 

secondary fault bend within the relay zone, which is a major zone of oblique slip. However, 

drilling success in this area is only slightly over 50 percent, suggesting heterogeneous reservoir 

conditions. The success rate is higher along the eastern fault segment, where strata have been 

transported through a uniform dip curvature. 

Completion patterns differ markedly among the Selma producers (fig. 98). In the western 

part of West Gilbertown A, where 9 oiit of 13 wells produced oil from the Selma Group, 

perforated zones are in the hanging-wall block immediately below the Porters Creek topseal. 

These wells were drilled and completed by Belden and Blake after 1975, and this clearly is a 

good strategy for development with vertical wells. Note, however, that a deeper fault remains 

undeveloped. Older wells farther east were completed a as much as 250 feet below the upper 

contact of the Selma Group, indicating that a tall oil column may remain untapped. Along East 

Gilbertown fault A, where the Belden and Blake wells are intennixed with older wells, a number 

of wells were perforated in the hanging Wid1 immediately below the topseal, whereas others were 

perforated more than 1 0 0  feet below the talpseal. 
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Development Potential: Toward Revitalization 

Comparison of production and completion patterns with the geologic framework indicates 

that, after 54 years of active production, Gilbertown Field remains underdeveloped. In the 

following sections, specific solutions are identified for increasing production in an economically 

sound and environmentally responsible manner. In the Eutaw Formation, recompletion and infill 

drilling are viable options. Infill drilling is also a possibility in the Selma Group, and directional 

drilling may be the most promising technique to revitalize oil production. 

Eutaw Formation 

Numerous opportunities exist for increasing production from the Eutaw Formation. Because 

the proportion of water produced from the Eutaw Formation is extremely large, however, 

waterflooding has met with only limited success. Indeed, dilution of oil by breakthrough of 

injected fluids can have an extremely adverse effect on the economics of Eutaw reservoirs. 

Therefore, methods other than secondary recovery are favored to revitalize Eutaw production. 

Infill drilling may improve recovery in many parts of the field (fig. 99). Cedarhill Operating, 

LLC is now drilling an infill well in near the west end of the field where untapped oil may exist 

in the Eutaw Formation and the Selma Group. A significant gap in drilling also exists near the 

eastern tip of West Gilbertown fault A, and Cedarhill is drilling another well east of this area. 

Possibilities for infiil wells abound in the eastern part of the field. Some locations in the footwall 

adjacent to East Gilbertown fault A remain to be drilled, and space for infilling exists amidst 

many of the most productive wells in the field. Considering the heavy nature of Eutaw crude, 

moreover, drainage by existing wells may be incomplete. 

Among the greatest difficulties in assessing Eutaw reservoirs are that the log suite is too 

limited to identify and characterize pay zones in low-resistivity, low-contrast sandstone. The 

field has outstripped reserve estimates repeatedly (Charles D. Haynes, personal commun., 1998), 

indicating that the thickness and reservoir properties of the pay column have been 

underestimated. Examination of completion patterns indicates that zones perforated in one well 
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wells have not been drilled to depths with proven production in adjacent wells. Therefore, 

recompletion and borehole extension opportunities abound in Gilbertown Field, but operators 

should be wary of the integrity of casing in long-abandoned wells. Relogging wells with a set of 

tools that can be used for shaly sand analysis (Asquith and Gibson, 1982) would be invaluable 

for characterizing pay in the Eutaw Formation. Interestingly, very few wells have been 

completed in interval E6 in the structurally highest part of the field. Significant recompletion 

potential may exist in this interval, but much of the reservoir is tight and may be suited for 

advanced stimulation and steam injection. 

Selma Group 

Limited space remains to drill vertical wells in the Selma Group, save for the tips of the 

faults and the location near the west end of the field that is now being drilled by Cedarhill 

Operating (figs. 98, 99). Therefore, future development will focus on potential untapped oil in 

areas of proven production where wells have been perforated far below the topseal. One 

possibility for rejuvenating Selma production is to reenter existing wells and sidetrack so that the 

wells could be completed closer to where the main faults intersect the topseal. However, drilling 

costs and the integrity of long-abandoned boreholes are reasons for concern. 
I 

Highly deviated wells, including horizontal boreholes, may provide the best opportunities to 

revitalize Selma production (fig. 102). Indeed, geosteering would enable wells to take full 

advantage of the deformation zones identified in the SP, FIL, and dipmeter logs by staying in the 

reservoir zones for considerable distances. The results of dipmeter analysis (figs. 70,71) indicate 

that directional wells should be drilled oblique to strike to maximize the amount of productive 

reservoir contacted by the wellbore, especially in areas dominated by parallel faulting (fig. 103). 

Few productive structures may be contacted if wells are drilled parallel to the master faults, even 

where oblique faults are present. Logging while drilling may minimize risk, especially where 
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Figure 102.--Model of trapping mechanisms, sealing, and oil production from the Selma Group 
in Gilbertown Field. Directional drilling has potential to revitalize Selma oil production. 
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Directional wells drilled parallel to strike 
miss most faults and fractures 

Figure 103.--Relationship of directional well trajectories to fault patterns interpreted from 
dipmeter and SCAT analyses. 
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prior success is limited, but logging costs may be prohibitive in a mature field with marginal 

economics. 

Potential remains for discovery of new Selma reservoirs outside of Gilbertown Field. Most 

exploration in the Gilbertown area has centered on porous sandstone and carbonate reservoirs in 

footwall uplifts, which tend to form adjacent to the central parts of faults. Fractured chalk, by 

comparison, forms mainly hanging-wall traps that are structurally highest near the fault tips. 

Therefore, exploring for hanging-wall chalk reservoirs requires a fundamentally different 

mindset than exploring for footwall uplifts. Indeed, examination of structural contour maps 

reveals that few wells have been drilled in the tip regions of many faults in the Gilbertown 

graben (fig. 22). Oil shows are few in the productive parts of the Selma Group because of 

formation damage related to smearing of chalk and because chalk commonly swells in the 

presence of borehole fluids. Therefore, ‘many of the technologies that have proven useful in 

North Sea reservoirs, such as slow penetration rated with oil-based drilling mud (Simon and 

others, 1982), may expand the fractured chalk play in the eastern part of the Gulf Coast basin. 

Moreover, logging suites including FILS, dipmeters, and formation microscanners are tools that 

should prove vital in exploration for fractured chalk reservoirs. 

SUMMARY OF ACCOMPLISIAMENTS 

Gilbertown field, established in 1944, is the oldest oil field in Alabama and produces heavy 

oil from fractured chalk of the Cretaceous Selma Group and from sandstone of the Eutaw 

Formation. Nearly all of Gilbertown field is still in primary recovery, although waterflooding has 

been attempted locally. The objective of this project is to analyze the geologic structure and 

burial history of Mesozoic and Tertiary strata in Gilbertown Field and adjacent areas in order to 

suggest ways in which oil recovery can be improved. Indeed, the decline of oil production to 

marginally economic levels in recent yews has made this type of analysis timely and practical. 

Key technical advancements being soughit include understanding the relationship of requisite 

strain to production in Gilbertown reservoirs, developing area balancing techniques that can be 
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applied to growth structures, analyzing the relationship between curvature and fracturing, 

determining the timing of hydrocarbon generation, and identifying the avenues and mechanisms 

of fluid transport. 

Structural maps and cross sections establish that the Gilbertown fault system is part of a 

horst-and-graben system that is detached at the base of the Jurassic Louann Salt. Sequential 

restoration of cross sections suggests that the fault system began forming as a half graben during 

the Jurassic. The Early Cretaceous was the major episode of structural growth and subsidence of 

the half graben. By the end of the Early Cretaceous, however, the growth rate of antithetic faults 

in the eastern part of the field became effectively equal to that of synthetic faults. Thus, the half 

graben began collapsing, and the overall structural geometry of Cretaceous and younger strata is 

that of a full graben. Cross sections demonstrate significant growth of the graben during 

Cretaceous time but show limited growth in the Tertiary section. 

Geologic mapping of formations and fracture systems has added significantly to knowledge 

of the geology of the Gilbertown area. Faults offset strata as young as Miocene, whereas 

Quaternary alluvial deposits cut across structures in the area. An excellent exposure of one fault 

shows that deformation is restricted mainly to the hanging wall and that shear fractures and drag 

folds are significant structural components. Fracture studies reveal two distinct orthogonal joint 

systems in the study area. One joint system is interpreted to have formed as part of the tectonic 

stress field responsible for regional extension, whereas the other system apparently is forming 

today in response to regional uplift and unroofing. 

Analysis of burial history indicates that the subsidence history of Jurassic and Tertiary strata 

in the Gilbertown area is typical of extensional basins. Factoring out the tectonic component of 

subsidence suggests that more than half of the total effective subsidence in the Gilbertown area 

can be accounted for by sediment loading and compaction. Thermal modeling demonstrates that 

source rocks in the Upper Cretaceous section are undermature. The most likely scenario is that 

oil was generated in the Smackover Formation and migrated along faults and fractures into what 

is now Gilbertown Field. 
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The Eutaw Formation was divided into seven flooding-surface-bound parasequences that 

could be mapped throughout the Gilbertown area. These parasequences are interpreted to have 

been deposited during regional transgression as part of a barrier shoreline system. Glauconite and 

carbonate cement are key sources of reservoir heterogeneity in the Eutaw Formation. High 

glauconite content makes the Eutaw a lowresistivity , low-contrast formation, and the limited log 

suite prevents characterization of the sandstone using shaly sand methodology. However, 

commercial core analyses enable quantification of basic reservoir properties. 

The Selma Group was deposited on a muddy carbonate shelf, and eight stratigraphic intervals 

were traced throughout Gilbertown Field. Isotopic analysis indicates that mineralization of 

fractures occurred during burial and that slickensides continued forming near maximum burial. 

Evidence from resistivity, dipmeter, and fracture identification logs indicates that reservoir-scale 

deformation in the Selma Group is mainly in the hanging walls of the faults. This deformation 

apparently includes minor faults, fractures, and drag folds. 

Structural modeling included 3-0  computer visualization, area balancing, curvature analysis, 

and seal analysis. Three-dimensional visualization software provided a significant advantage 

over 2-D techniques by constraining reservoir geometry and patterns of fault linkage. New area 

balancing techniques were developed to characterize growth strata. Requisite strain calculations 

indicate that Jurassic strata deep in the Gilbertown graben contain a large component of small- 

scale deformation and that deformation in Upper Cretaceous strata is restricted to the fault zones, 

especially hanging-wall drag folds. Curvature analysis indicates that the faults where oil is 

produced from the Selma Group contain numerous bends. Transport of strata through these 

bends appears to have had a strong control on fracturing. Eutaw oil is produced strictly from 

footwall uplifts, whereas Selma oil is produced from fault-related fractures. Fault-seal analysis 

suggests that clay smear and mineralization may be significant trapping mechanisms in the 

Eutaw Formation. The critical seal for Selma reservoirs, by contrast, is where Porters Creek Clay 

in the hanging wall is juxtaposed with Se:lma chalk in the footwall, reflecting the predominance 

of hanging-wall deformation. 
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The decline characteristics of Eutaw and Selma wells differ markedly, reflecting 

development in conventional and fractured reservoirs, respectively. Decline curves of the most 

productive wells, moreover, reflect the field’s development history, which included an episode of 

near abandonment in the late 1960s followed by one of rejuvenation during the 1970s. Plotting 

production and completion patterns on maps and cross sections identifies opportunities for 

revitalization through infill drilling and recompletion. 

Waterflooding efforts in the Eutaw Formation have met with only limited success because of 

the high water-oil ratio. However, many parts of the field remain to be drilled, and the thickness 

and properties of pay zones have been greatly underestimated. Indeed, much of the pay appears 

to remain behind casing. To accurately characterize pay zones, drilling and recompletion 

initiatives should include a coring program or at least a logging program that facilitates shaly 

sand analysis. 

Many Selma wells have been completed more than 100 feet below the topseal, indicating that 

a large quantity of oil remains untapped in proven production. Existing wells can be sidetracked 

to intersect the reservoir closer to the topseal, but reentry of old wells may prove costly. Highly 

deviated wells, including horizontal boreholes may take the best advantage of the fracture 

distribution, and drilling oblique to strike of the major faults will maximize the amount of 

reservoir contacted by deviated wellbores. 

TECHNOLOGY TRANSFER 

Throughout this project, investigators at the Geological Survey of Alabama and the 

University of Alabama have maintained active contact with individuals in industry, academia, 

and government. Results have been and will continue to be disseminated through technical 

presentations, publications, and a world-wide web site. A focused technology workshop was held 

on September 15, 1998 and was sponsored by the Eastern Gulf Region of the Petroleum 

Technology Transfer Council (PTTC). Technology transfer efforts have already rekindled 



interest in revitalizing Gilbertown Field, and these efforts will continue well after the project is 

completed. 

TECHNICAL PRESENTATIONS 

Several technical presentations have: already been made, and additional presentations are 

planned for the upcoming year. Drs. Pashin and Groshong presented papers on area balance and 

strain in extensional structures at an American Association of Petroleum Geologists Hedberg 

Conference entitled, Reservoir Scale Defo,mation-Characterization and Prediction, which was 

held from June 22-28, 1997 in Bryce, Utah. Dr. Groshong presented a paper called Predicting 

Fractures from Area Balanced Cross Sections, which emphasized the theoretical aspects of the 

Gilbertown project. Immediately following Dr. Groshong's paper, Dr. Pashin presented a paper 

called Area Balance, Strain, and F'racturirzg in Coalbed and Chalk Reservoirs: Case Studies of 

Extensional Structures in the Black W(arrior and Gulf Coast Basins, which showed the 

application of area balance to coalbeti methane reservoirs and emphasized theoretical 

modifications required to model growth s,tructures of the Gilbertown area. During September, 

both papers were presented in a seminar at the Department of Geology at the University of 

Alabama. Dr. Pashin also presented a similar paper called Area Balance in Extensional 

Structures: Comparison Between the Black Warrior and Gulf Coast Basins in a session on 

Department of Energy reservoir management and characterization programs at the American 

Association of Petroleum Geologists Eastern Section Meeting, which was held in Lexington, 

Kentucky, from September 27-30, 1997. 

During May 1998, Dr. Pashin gave a luncheon presentation on the Gilbertown project to the 

Southeastern Section of the Society of Petroleum Engineers. The presentation was called Area 

Balance and Strain in Fractured Chalk: Toward Revitalizing Gilbertown Field, Southwest 

Alabama and emphasized integration of area balancing techniques with curvature analysis and 

seal analysis, as well as drilling technologies that are well suited to rejuvenating oil production 

from Selma chalk. Drs. Pashin and Grosliong presented two poster sessions at the American 
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Association of Petroleum Geologists Annual Meeting in Salt Lake City, Utah, in May 1998. Dr. 

Pashin’s presentation was in a session entitled, Revitalization of Marginal Oil Fields: Global 

Case Studies ; his poster is called Revitalizing Fractured Chalk and Glauconitic Sandstone 

Reservoirs in Gilbertown Field, Gulf Coast Basin, USA. Dr. Groshong’s poster was in a session 

entitled, 3-0 Imaging of Structural Forms and was called Well-based 3-0  Visualization of 

Mature Oil Reservoirs Associated with the Gilbertown Graben, Southwest Alabama. Both sets of 

posters have been placed on public display at the Geological Survey of Alabama and will remain 

on display for at least one year after completion of the project. 

In June 1998, Rick Groshong presented theoretical models of area balance at the offices of 

Midland Valley Services, Inc. in Boerne, Texas. Personnel at Midland Valley are developing and 

offer training on structural modeling software, including 2D Move and 3D Move, which are used 

for section balancing and restoration. 

Papers have also been accepted for presentation at the upcoming meeting of the Gulf Coast 

Association of Geological Societies, which will be held in Corpus Christi, Texas, in October. At 

this meeting, Dr. Pashin will present a paper called Area-Balanced Structural Model o f a  

Fractured Chalk Reservoir: Toward Revitalizing Gilbertown Field, Choctaw County, Alabama. 

Dr. Groshong will be presenting a paper on the deep structure of the Gilbertown fault system 

called Structure and Evolution of North Choctaw Ridge Field, Alabama, a Salt-Related Footwall 

UpliJi- Along the Peripheral Fault System, Gulf Coast Basin, which is a collaborative effort 

between the Gilbertown project team and the University of Alabama’s EPSCOR project team 

(US. Department of Energy Cooperative Agreement DE-FCO2-9 1ER75678). Drs. Pashin and 

Groshong have also submitted an abstract called Hanging-wall Fracture Systems in 

Chalk-Underdeveloped Reservoirs in the Eastern Gulf Coast Basin for the upcoming 1999 

Annual Meeting of the American Association of Petroleum Geologists, which will be held in San 

Antonio, Texas. 
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PUBLICATIONS 

A variety of publications are available, in press, or in review that are related to the 

Gilbertown project, and additional publications are planned. These publications include mention 

of the project in a public information brochure, technical abstracts, conference proceedings 

papers, U.S. Department of Energy Fossil Energy reports, and refereed publications. Citations 

for publications that are available or in progress are listed in the following sections. 

Public Information Brochure 

Geological Survey of Alabama and State Oil and Gas Board of Alabama, 1998, Special Edition: 

Geological Survey of Alabama and State Oil and Gas Board of Alabamaaelebrating 150 

years of research and service: 15 p (Gilbertown materials on pages 4 and 8). 

Abstracts 

Groshong, R. H., Jr., and Pashin, J. C., 1997, Predicting fractures from area-balanced cross 

sections, in Higgs, W., and Kluth, C., eds, Reservoir scale deformation: characterization and 

prediction, June 22-28, 1997, Bryce, Utah: American Association of Petroleum Geologists 

Hedberg Research Conference Proceedings, unnumbered. 

Jin, Guohai, Pashin, J. C., and Groshong, R. H., Jr., 1998, Well-based 3-D visualization of 

mature oil reservoirs associated with the Gilbertown graben, southwest Alabama: American 

Association of Petroleum Geologists 1998 Annual Convention Program (CD-ROM). 

Pashin, J. C., and Groshong, R. H., Jr., 1997, Area balance, strain, and fracturing in coalbed and 

. chalk reservoirs: case studies of extensional structures in the Black Warrior and Gulf Coast 

basins, in Higgs, W., and Kluth, C., eds, Reservoir scale deformation: characterization and 

prediction, June 22-28, 1997, Bryce, Utah: American Association of Petroleum Geologists 

Hedberg Research Conference Proceedings, unnumbered. 
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Pashin, J. C., and Groshong, R. H., Jr., 1997, Area balance in extensional structures: comparison 

between the Black Warrior and Gulf Coast basins: American Association of Petroleum 

Geologists Bulletin, v. 8 1, p. 156 1. 

Pashin, J. C., and Groshong, R. H., Jr., in review, Hanging-wall fracture systems in 

chalk-underdeveloped reservoirs in the peripheral fault trend of the eastern Gulf Coast 

basin: American Association of Petroleum Geologists 1999 Annual Convention Program. 

Pashin, J. C., Groshong, R. H., Jr., and Guohai Jin, 1998, Area balanced structural model of a 

fractured chalk reservoir: toward revitalizing Gilbertown Field, Choctaw County, Alabama: 

American Association of Petroleum Geologists Bulletin, v, 82, p. 1789. 

Pashin, J. C., Raymond, D. E., and Alabi, G. G., 1998, Revitalizing fractured chalk and 

glauconitic sandstone reservoirs in Grilbertown Field, Gulf Coast basin, Alabama, USA: 

American Association of Petroleum Geologists 1998 Annual Convention Program (CD- 

ROM). 

Qi Jiafu, Pashin, J. C., and Groshong, R. H:., Jr., 1998, Structure and evolution of North Choctaw 

Ridge Field, Alabama, a salt-related fiootwall uplift along the peripheral fault system, Gulf 

Coast basin: American Association of Petroleum Geologists Bulletin, v. 82, p. 1790. 

Articles and Reports 

Groshong, R. H., Jr., and Pashin, J. C., in review, Area balance, strain, and fracturing in 

extensional growth structures: example from Gilbertown Field, Gulf Coast basin, Alabama, 

in Kluth, C. and Higgs, W., eds., F!eservoir-scale deformation-characterization and 

prediction: American Association of Petroleum Geologists Memoir. 

Pashin, J. C., Groshong, R. H., Jr., and Guohai Jin, 1998, Structural modeling of a fractured 

chalk reservoir: toward revitalizing Gillbertown Field, Choctaw County, Alabama: Gulf Coast 

Association of Geological Societies Prcceedings, v. 48, in press. 

Pashin, J. C., Raymond, D. E., Rindsberg, A. K., Alabi, G. G., and Groshong, R. H., 1997, Area 

balance and strain in an extensional fault system: strategies for improved oil recovery in 
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fractured chalk, Gilbertown field, southwestern Alabama: U.S. Department of Energy Fossil 

Energy Report DOE/PC/91008-2,67 p. 

Pashin, J. C., Raymond, D. E., Rindsberg, A. K., Alabi, G. G., Carroll, R. E., Groshong, R. H., 

and Guohai Jin, in press, Area balance and strain in an extensional fault system: strategies for 

improved oil recovery in fractured chalk, Gilbertown field, southwestern Alabama-Year 2: 

U.S. Department of Energy Fossil Energy Report, 126 p. 

Pashin, J. C., Raymond, D. E., Rindsberg, A. IS., Alabi, G. G., Carroll, R. E., Groshong, R. H., 

and Guohai Jin, in preparation, Revitalizing Gilbertown Field-Characterization of fractured 

chalk and glauconitic sandstone reservoirs in an extensional fault system: Alabama 

Geological Survey Bulletin. 

Qi Jiafb, Pashin, J. C., and Groshong, R. H., Jr., 1998, Structure and evolution of North Choctaw 

Ridge Field, Alabama, a salt-related footwall uplift along the peripheral fault system, Gulf 

Coast basin: Gulf Coast Association of Geological Societies Proceedings, v. 48, in press. 

WEB SITE 

A summary of the project has been posted on the internet at the following URL: 

<http://www .gsa.tuscaloosa.al.us/gsa/Gilberto~-Web-Page/Gilbertown.html>. The web page 

is entitled Revitalizing Gilbertown Field: Characterization of Fractured Chalk and Ghuconitic 

Sandstone Reservoirs in an Extensional Fault System and contains a project summary with links 

to sponsoring and cooperating agencies, as well as to graphics showing key results. The page 

also includes a listing of the key project participants, their areas of contribution, and e-mail 

addresses where they can be contacted. Below this is an announcement for the focused 

technology workshop that was held on September 15, 1998. At the bottom of the web page are 

listings of project-related publications and acknowledgments. 
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WORKSHOPS 

A focused technology workshop entitled Revitalizing Gilbertown Field-Charac 

Fractured Chalk and Glauconitic Sandstone Reservoirs in an Extensional Fault Syst 

in Room 101 of the Tom Bevill Research Building on the University of Alabams 

September 15, 1998. Workshop sponsors included the Geological Survey of Alab 

Eastern Gulf Region of PTTC. Workshop presenters were from the Geologica 

Alabama and the University of Alabama. The workshop began with poster s 

refreshments. After the posters were six technical presentations on topics rangin 

development to geological modeling. The workshop was advertised through individi 

web postings, and in the Alabama Geological Society Newsletter. Forty nine indii 

industry and academia in Alabama and Mississippi registered for the workshop, and 

is given below (table 11). 

Time 

9:OO 
1o:oo 
10: 15 

10:45 

11:30 

12:oo 

1:30 

2:oo 

2:30 

3:oo 

Table 1 1 .--Workshop program. 
Presentation 

Poster Session and Refreshments 
Welcome and Introduction, by Jack C. Pashin, Geological Survey of Ali 
Perspectives on the History and Future of Gilbertown Field, by Cl 
Haynes, University of Alabama 
3-0 Computer Realization of the Gilbertown Graben, by Richard H. G 
Jr. and Guohai Jin, University of Alabama, and Jack C. Pashin, Gc 
Survey of Alabama 
Surface Geology and Fracture Systems in the Gilbertown Area, by Ar 
Rindsberg and Jack C. Pashin, Geological Survey of Alabama 
Lunch 
Burial and Thermal History of the Gilbertown Area, by Richard E. 
Geological Survey of Alabama 
Stratigraphy and Petrology of Eutaw Reservoirs, by Dorothy E. R 
Geological Survey of Alabama 
Structural Models of the Fractured Chalk Reservoir in Gilbertown 
Jack C. Pashin, Geological Survey of Alabama, Richard H. Groshong 
Guohai Jin, University of Alabama 
Conclusion: Toward Revitalization. bv Jack C. Pashin 
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Jack Pashin is scheduled to present the results of the Gilbertown project in two PTTC- 

sponsored workshops on fractured reservoirs during October. The first workshop is sponsored by 

the Texas Regional Lead Organization andb will be held in Midland, Texas on October 16, 1998. 

The title of the workshop is Oil Recovery from Naturally Fractured Reservoirs: Field Studies, 

Modeling, and Analytic Methods. The second workshop, which is sponsored by the Southwest 

Regional Lead Organization, is called the Naturally Fractured Reservoir Forum and will be held 

in Socorro, New Mexico on October 27,1998. 

EVIDENCE OF APPLICATION OF TECHNOLOGY 

Research on Gilbertown Field has already stimulated renewed interest in development, and 

Cedarhill Operating, LLC, is now drilling two wells in the western part of the field. These are the 

first new wells drilled in Gilbertown Field since 1993, when a salt-water disposal well was 

drilled. Indeed, the last successful production well was drilled in 1985. 

Scientists at Schlumberger and Westem Atlas have expressed interest in using Gilbertown 

Field as an example of how geophysical fracture detection tools can facilitate reservoir 

development. Rick Groshong has incorporated extensional models of area balance into his OGCI 

(Oil and Gas Consultants International) school entitled Structural Balance, Restoration, and 

Modeling. Scientists at Mobil Research and Development in Dallas, Texas are now using area- 

depth relationships to interpret full grabens, as are researchers at Texas A&M University. Also, 

one of the developers of the GeoSec software packages has expressed an interest in incorporating 

area-depth calculations into upcoming versiions. 

SUGGESTIONS FOR FUTURE WORK 

This research project has rekindled interest in Gilbertown Field, and abandonment appears to 

have been moved significantly into the future. We are the first to investigate fault-related seals in 

the eastern part of the Gulf Coast basin using cutting-edge techniques, such as area balance, 3-D 

computer modeling, and curvature analysis, and independent producers have expressed interest 
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in seeing more of this type of research performed. For example, no study is available of fault 

seals in Jurassic reservoirs of the Gulf Coast basin. 

Fractured chalk reservoirs are vastly underexplored because the hanging-wall trapping 

mechanisms are fundamentally different than those in the footwall uplifts where most oil is 

produced. In addition, chalk reservoirs can be difficult to recognize because of drilling-related 

formation damage. More work needs to be done with dipmeter and formation microscanner logs 

to characterize heterogeneity within fault drag zones. Innovative and cost-effective drilling and 

completion technologies are needed that can facilitate directional drilling programs in shallow 

fractured chalk reservoirs. 
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