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ABSTRACT 

The Mesozoic Louann Salt extends through the northern GOM, extending 

onshore from eastern Texas to western Alabama and Florida. Along the landward 

terminus of the salt is a system of peripheral faults, including the Gilbertown Fault Zone 

bordering the Mississippi Interior Salt Basin to the north and east. This study sought to 

constrain the timing of fault movement and determine its relationship to the baswinward 

evacuation of Louann Salt through the use of a 3D seismic survey and well logs. By 

mapping Mesozoic formations and the peripheral fault system, lateral changes in 

formation thickness were used to generate fault expansion indices (FEI) and formation 

thickness charts, whereas well logs were utilized for finding formation tops and density. 

Through comparing the timing of fault slip, salt evacuation, lateral differential loading, 

and density changes, this study suggests the evacuation of salt flow initiated before an 

average stratigraphic density inversion formed and before more faults slipped. This 

indicates that faults moved as a passive response to salt evacuation. Multiple peaks in 

fault slip along all of the faults are observed through the Mesozoic with some differences 

in timing and magnitude, but patterns of slip across all faults indicate main slip events 

during the deposition of the Cotton Valley Group, the Mooringsport Formation, and the 

Eutaw Formation. The record of fault motion makes clear that salt evacuation is episodic 

and increased during periods of greater deposition and density inversion.  
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CHAPTER I – INTRODUCTION 

This study focused on the temporal relationship between the initiation of 

movement of the Louann Salt and the initiation and movement of the regional peripheral 

fault zone, the Gilbertown Fault Zone, by investigating the wedgeward terminus of the 

Louann Salt and associated Mesozoic sedimentary deposits using well logs and a 3D 

seismic survey. Salt tectonism of the Louann Salt has been influential in the subsurface 

structures of the Gulf of Mexico (GOM) region and integral to the basin’s development 

and evolution by increasing accommodation space and helping develop the petroleum 

system. The (GOM) is divided into several smaller salt basins, one being the Mississippi 

Interior Salt Basin (MISB) which extends through southwestern Alabama to southern 

Mississippi and into much of Louisiana (Mancini and Puckett, 2000). The MISB has 

Louann Salt overlying basement (Dobson and Buffler, 1997) with alternating siliciclastic 

and carbonate deposits filling the basin (Puckett and Mancini, 1999). The wedgeward 

terminus of the Louann Salt is closely followed by the peripheral Gilbertown Fault 

System at the northern edge of the basin (Bishop, 1973; Hughes, 1968; Mancini and 

others, 1999; Martin, 1978), with some authors suggesting that there is more slip than 

predicted for the amount of salt evacuation (Hughes, 1968). The basin has as much as 

13,000 ft of sediment overlying the Louann Salt (Mancini and others, 1999). The fault 

system is comprised of largely en echelon listric normal faults that extend from western 

Texas to eastern Florida (Mancini and others, 2001a). Basinward movement of the salt is 

hypothesized as a cause of the peripheral faults (Bishop, 1973; Martin, 1978). The 

mechanism driving salt movement and the normal fault system is still largely contested 

(Eoff and others, 2015; Rowan, 2019), with interpretations including gravity driven 



 

2 

faulting, relict basement faults and topography, differential compaction of sediments, 

gravity flow of salt, and sediment creep (Bishop, 1973; Fossen, 2016; Hughes, 1968; Jin 

and others, 2009).  

When salt movement initiated is also still under investigation in the MISB. 

Hughes (1968) suggested salt flow began soon after deposition of the salt, during 

deposition of the overlying Oxfordian Norphlet Formation; Jackson and Seni (1983) 

indicated the earliest record of movement occurred later, during Late Jurassic (Tithonian) 

coincident with Jurassic Cotton Valley Group deposition. Largely, studies leave it 

ambiguous, suggesting initiation as Early Cretaceous or Late Jurassic (Andrews, 1960; 

Johnson and others, 2006; Mancini and others, 2001b; Qi and others, 1998; Shah Alam 

and Pilger, Jr., 1988). 

This study focuses on a portion of the peripheral fault system—specifically the 

Gilbertown Fault Zone imaged in the seismic survey outlined Figure 1—that may have 

implications for the rest of the peripheral fault system across the GOM. The main 

hypothesis being, when and why did the Louann Salt begin to evacuate? More 

specifically, what is the relationship between salt movement, faulting, density inversion, 

sediment thickness variation, and sediment creep? This study has been granted access to a 

100 mi2 seismic survey in Choctaw County, Alabama, thanks to Savannah Oil & Gas, 

LLC and its affiliates.  

Additionally, the study area and region have significant petroleum reserves, 

making this study of interest to a wide variety of workers and society. Faulting proximal 

to mechanically weak layers such as salt can be complex due to the differences in strain 

response. With several potential contributing factors to induce fault movement, 
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constraining the timing of initial salt movement is possible, and could also potentially 

isolate the core driving element(s) of fault initiation. Additionally, the interplay between 

deposition, faulting, and salt evacuation was evaluated. This study seeks to a) map the 

geometry of the fault and related fold system in the 3D seismic section, b) use well logs 

to determine if there are loci of significant deposition such as deltas near the fault system 

that could induce movement through differential loading, c) measure and compare the 

thickness of sediments above and below the fault to test the validity of sediment creep 

using a fault expansion index, and d) determine at what point of sedimentation was the 

density differential significant enough to initiate salt movement using density logs and 

compaction curves. 
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Figure 1.1 Index Map 

Index map of the extent of the Louann Salt and the peripheral fault zones in the northern Gulf of Mexico region. The donated 3D 

seismic survey is outlined in red. Modified after Hosman (1996) and  Ko (2014).  
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CHAPTER II – LITERATURE REVIEW 

2.1 Geologic Setting 

2.1.1 Gulf of Mexico 

The GOM formed from the process of Pangaea rifting during the Middle to early 

Late Jurassic (Worrall and Snelson, 1989). Failure occurred along the former Gondwana-

Laurentia boundary, and the more weakly sutured accreted terranes (Eddy and others, 

2018). Extension initiated in the Late Triassic (~210 Ma) with the collapse of the 

Appalachian and Ouachita mountains with rifting trending northwest to southeast with 

little lateral movement as North America and South America began splitting apart (Bird 

and others, 2005; Eddy and others, 2014; Eddy and others, 2018; Pindell and others, 

2014; Worrall and Snelson, 1989). Shallow seas that form with rifting often provide 

depositional environments for evaporites, and that proved to be the case in the GOM.  

While there is some dispute regarding the timing of the evaporitic sequences 

deposition of the Werner Anhydrite and the Louann Salt, it is largely agreed that 

deposition occurred at the end of rifting and prior to seafloor spreading (Bird and others, 

2005; Eddy and others, 2014; Eddy and others, 2018) as evidenced by the separation of 

the northern Louann Salt and the southern Campeche Salt, which are suggested to be the 

same formation (Worrall and Snelson, 1989). Shortly after evaporite deposition, the 

Yucatan Peninsula began to rotate, changing the spreading orientation from northwest-

southeast to northeast-southwest extension (Bird and others, 2005; Eddy and others, 

2014; Eddy and others, 2018; Pindell and others, 2014; Worrall and Snelson, 1989). This 

rotation, coupled with the seafloor spreading, is attributed to separating the two sections 

of salt (Eddy and others, 2018).  
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With the newly formed GOM, transgressive-regressive sequences in the Late 

Jurassic deposited clastic and carbonate sediments on the salt. During the Cretaceous, the 

passive-margin region experienced tectonic activity, inducing a series of uplifts across the 

northern GOM region (Worrall and Snelson, 1989). The Sabine Uplift, Monroe Uplift, 

and Wiggins Arch are all positive features that arose through the Triassic (Adams, 2009). 

In this period, the northern GOM largely was composed of gently sloping carbonate 

shelves, which experienced two cycles of progradation (Worrall and Snelson, 1989). The 

uplifts, coupled with underlying salt flow, provided Cretaceous formations with structural 

features optimal for hydrocarbon localization (Worrall and Snelson, 1989).  

Cenozoic deposition largely originated from migrating alluvial sources, resulting 

in characteristic delta to distal marine sequences (Worrall and Snelson, 1989). Structures 

such as listric faults rooted in older formations continue to have expression in Cenozoic 

formation. (Worrall and Snelson, 1989).  

 

2.1.2 Stratigraphy 

This section will attempt to give an overview of the main Mesozoic units in 

southwest Alabama and east Mississippi as they pertain to the focus of this study (Figure 

2.1). Some disconnect exists between the naming system of subsurface units between 

state surveys. As the seismic block used for this study was shot just within the Alabama 

border, the naming system used by the Geological Survey of Alabama will be adhered to.   
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Figure 2.1 Mesozoic stratigraphic column 

Louann Salt (pink) and other important formations (green) highlighted. Modified after (Wilson, 1976). 
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The basement of the MISB and the southwest corner of Alabama is crystalline 

and sedimentary Paleozoic rocks (Dockery, III and Thompson, 2016; Raymond and 

others, 1988a). Unconformably overlying the Paleozoic basement, is the Eagle Mills 

Formation, the first Mesozoic formation. This section will start with a description of the 

Eagle Mills Formation and continue stratigraphically upwards through the Selma Group, 

and terminate with a description of Cenozoic deposition. 

Eagle Mills Formation:  The Eagle Mills Formation is a red-bed, non-marine unit of 

mostly shales, mudstones, and siltstones, with infrequent medium- to coarse-grained 

sandstones, and identified as Late Triassic by the presence of Macrotaeniopteris 

magnifolia, (Dawson, 1995; Dawson and Callender, 1992; Dockery, III and Thompson, 

2016; Raymond, 1989; Salvador, 1991; Scott and others, 1961). While broadly described 

as a red-bed, the Eagle Mills Formation is described in more detail as mottled red and 

purple, and frequently gray to green due to the presence of chlorite (Dawson, 1995; 

Salvador, 1991). Alluvial fan and stream bed deposits are likely the depositional 

environment for the coarser sections, typically seen in lower parts of the formation, while 

finer sedimentation dominated the upper formation and is attributed to flood plains or 

lake beds (Scott and others, 1961).  Clast size also appears to increase the further east the 

formation extends (Scott and others, 1961). The formation has a depositional relationship 

to graben areas, including that of the peripheral fault system and the Gilbertown Fault 

Zone (Dockery, III and Thompson, 2016; Scott and others, 1961), though this has yet to 

be fully explained.  
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Minor igneous intrusions are observed in the formation. Diabase and basalt dikes 

and sills from Late Triassic and Early Jurassic rifting cut through the Eagle Mills 

Formation (Dawson, 1995; Dawson and Callender, 1992; Dockery, III and Thompson, 

2016; Raymond, 1989). Clasts of the intrusions are present in the unconformably 

overlying Werner Conglomerate (Scott and others, 1961), which is noted to be relatively 

indistinguishable from the Eagle Mills Formation and is often considered one unit 

(Dawson and Callender, 1992).  

Louann Salt:  The Louann Salt was deposited during the Callovian and Oxfordian and 

unconformably overlies the Werner Formation (Dockery, III and Thompson, 2016; 

Mancini and others, 1990; Mancini and others, 2001a; Rhodes and Maxwell, 1993; Wade 

and Moore, 1993). The salt extends from south of the peripheral fault zone to beyond the 

shelf break in the GOM, only absent on structural highs such as the Wiggins Arch 

(Dockery, III and Thompson, 2016; Rhodes and Maxwell, 1993). The salt is considered 

significantly pure, coarse crystalline halite, with infrequent streaks of sands, shales, or 

anhydrite (Andrews, 1960; Wade and Moore, 1993). As much as 6,000 feet in thickness 

was deposited (Bearden and others, 2000; Halbouty and Hardin, Jr., 1956; Hughes, 1968; 

Mancini and others, 1990; Pindell and others, 2014). In some areas of the Alabama 

MISB, an anhydrite member of the Louann Salt caps the formation, known as the Pine 

Hill Anhydrite (Mancini and others, 1990). More on the Louann Salt, its formation, and 

salt tectonics will be discussed in later sections.  

Norphlet Formation:  The Oxfordian Norphlet Formation varies lithologically across its 

geographic range, but in the study area, it is primarily composed of continental-derived 

clastic sediments (Tew and others, 1991). The depositional environment was an extensive 
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desert plane bounded by Paleozoic and Proterozoic composed highlands (Tew and others, 

1991). Deposited conformably on top of the Louann Salt, it exhibits a regressive 

depositional sequence with four recognized lithofacies: 1) a basal shale representative of 

lagoons or bays isolated from the shoreline; 2) conglomeratic sandstone found 

predominately in up-dip areas of the formation, 3) red beds of both sandstone and 

siltstone downdip of the second lithofacies, interpreted as wadi deposits; and 4) an 

aeolian quartzose sandstone, the topmost of which experienced marine reworking related 

to the transgression that began Smackover deposition (Dockery, III and Thompson, 2016; 

Hunt and others, 2017; Schmoker and Schenk, 1994; Tew and others, 1991; Wade and 

Moore, 1993). Maximum formation thickness appears to be in the MISB at 900 feet 

(Mancini and others, 1990), however in Alabama the formation thickness peaks at 800 

feet (Tew and others, 1991). 

Smackover Formation: The Smackover Formation, depending on the location, has 

either a gradational or an abrupt contact with the underlying Norphlet Formation 

(Mancini and others, 1990) and an upper contact at the top of the uppermost occurrence 

of limestone beneath the Buckner Anhydrite (Petty, 2010). Ammonite records date the 

formation to the late Oxfordian (Mancini and others, 1990). Deposited during two system 

tracts (Tonietto and Pope, 2013), the Smackover Formation is commonly divided into 

three lithofacies (Dockery, III and Thompson, 2016; Mancini and others, 1990; Petty, 

2010; Wade and Moore, 1993). The lower Smackover Formation, part of a transgressive 

systems tract, is largely an algal carbonate mudstone laminated with wackestone and 

packstone packages, likely deposited in a subtidal to intertidal environment (Dockery, III 

and Thompson, 2016; Mancini and others, 1990; Petty, 2010; Tonietto and Pope, 2013; 
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Wade and Moore, 1993). The middle Smackover Formation includes shale and siltstone 

interbedded with packstone (Petty, 2010), still in a transgressive systems tract (Tonietto 

and Pope, 2013). The upper Smackover Formation exhibits cycles of coarsening upwards, 

with sequences of fine-grained sandstones to oolitic, peloidal, and oncoidal packstones to 

grainstones, and shoaling packages across local highs (Dockery, III and Thompson, 2016; 

Petty, 2010; Tonietto and Pope, 2013; Wade and Moore, 1993) The upper facies was 

deposited during the highstand systems tract (Tonietto and Pope, 2013). Regionally, the 

Smackover Formation thickness varies, thinning over paleohighs, and has an average 

thickness in Alabama of approximately 300 feet (Mancini and others, 1990). 

Buckner Anhydrite: The Buckner Anhydrite conformably overlies the Smackover 

Formation, interfingering or gradationally (Mancini and others, 1990; Mann, 1988; 

Salvador, 1991). Some studies refer to the Buckner Anhydrite as a formation (Bishop, 

1971; Dockery, III and Thompson, 2016; Wade and Moore, 1993), while others refer to it 

as a basal member of the Haynesville Formation (Benson and others, 1996; Mancini and 

others, 1990; Mann, 1988; Salvador, 1991). Wade and Moore (1993) assert that the 

Buckner Anhydrite interfingers with the stratigraphically higher Cotton Valley Group 

sands in Alabama, thus eliminating the Haynesville Formation altogether. The Buckner 

Anhydrite was predominantly deposited during the highstand systems track at the end of 

Smackover Formation deposition (Salvador, 1991). The depositional environment is 

largely interpreted to be shallow waters protected from an open marine environment, in 

environments such as coastal lagoons and sabkhas (Benson and others, 1996; Mancini 

and others, 1990; Mann, 1988; Salvador, 1991). The Buckner Anhydrite is characterized 

by evaporite sequences principally of anhydrite and thin red beds, caused by cycles of 
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subaqueous deposition until sediment accumulation exceeded sea level for subaerial 

exposure, then increasing accommodation space to resume the cycle (Benson and others, 

1996; Mann, 1988). Halite deposits as thick as 1000 feet (Wade and Moore, 1993) locally 

cap the Buckner Anhydrite (Mancini and others, 1990; Salvador, 1991). Anhydrite 

thickness averages 100 – 150 feet in southwest Alabama (Mann, 1988) and locally thins 

over paleohighs and salt highs, implying salt movement prior to Buckner Anhydrite 

deposition (Benson and others, 1996; Dockery, III and Thompson, 2016).  

Haynesville Group: The Haynesville Group—or Formation, depending on sources—was 

deposited during the late Kimmeridgian to early Tithonian in a highstand systems tract 

(Hammes and Frébourg, 2012; Salvador, 1991), part of a worldwide episode that 

deposited organic-rich calcareous mudstones (Hammes and others, 2011). Overlying the 

Buckner Anhydrite, the Haynesville Group is lithologically variable, and is 

predominantly interbedded terrigenous clastics and carbonates along the eastern extent 

with thin anhydrite beds (Mancini and others, 1990; Obid, 2005; Salvador, 1991). 

Deposition was likely along a wide shelf of the Apalachicola basin (Dobson and Buffler, 

1997) in shallow, stratified water (Hammes and others, 2011), with the formation 

thinning or absent along salt highs (Salvador, 1991). A member of the Haynesville 

Group, the Frisco City Sandstone, is present in southwest Alabama, indicative of an 

alluvial fan environment that grades to shoreface deposits downdip (Salvador, 1991). In 

the MISB region of Alabama, the Haynesville may be as thick as 2,800 feet (Mancini and 

others, 1990).  

Cotton Valley Group: Overlying the Haynesville Formation is the Cotton Valley Group, 

deposited in the Late Jurassic (Forgotson, Jr., 1954; Mann and Thomas, 1964; Moore, 
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1983; Payeur and others, 2017; Sydboten, Jr. and Bowen, 1987) to potentially the 

beginning of the Cretaceous (Dobson and Buffler, 1997). While the Cotton Valley Group 

is divided into four formations—the Bossier Shale, Terryville Sandstone, Hico Shale, and 

Knowles Limestone—within east Texas and Louisiana (Mann and Thomas, 1964), in the 

MISB the Cotton Valley Group is largely treated as one formation, though some studies 

identify two members, the lower Shongaloo Member and an upper Dorcheat Member 

(Moore, 1983). The Cotton Valley Group has minor interbedded limestones and shales of 

predominantly course to fine clastic sediments (Sydboten, Jr. and Bowen, 1987). The 

base of the Cotton Valley Group is picked above the Haynesville Group at the initial 

appearance of limestone (sometimes referred to as the Knowles Limestone) and picked 

below the Hosston Formation at the primary shale below gravel (Moore, 1983). The 

depositional environment has largely been attributed to one or two large deltaic systems 

that occurred in the MISB, with a higher amount of clastic sediments in the eastern 

reaches of the MISB attributed to being nearer the source of clastic sediment (Dobson 

and Buffler, 1997; Sydboten, Jr. and Bowen, 1987) or originating from a nearer source 

than that of the delta system (Forgotson, Jr., 1954). Influence of salt tectonism on 

deposition has been demonstrated by thickened wedges along the margins of salt 

detachments (Payeur and others, 2017). Variable erosion of the Cotton Valley Group is 

suggested by transitional contacts with the Cretaceous sediments above in some locations 

and sharp contacts in others (Payeur and others, 2017).  

Hosston & Sligo Formations: Overlying the Cotton Valley Group are the Hosston and 

Sligo Formations. The Hosston Formation continues beyond the up-dip limit of the 

Cotton Valley Group, where it unconformably overlies older Jurassic rocks (Mink and 



 

14 

Mancini, 1995). There is a gradational contact between the updip Hosston Formation and 

the downdip equivalent Sligo Formation (Mancini and Puckett, 2000). Hauterivian to 

Aptian in age, the Hosston and Sligo Formations were deposited as a transition from 

shallow marine (Sligo Formation) to continental clastic (Hosston Formation) (Doolan and 

others, 2011; Mancini and Puckett, 2000; Thomson, 1978). The Sligo Formation is more 

limited in the region, only occurring within the southern region of the MISB, where it is 

mostly beds of shales and fine sandstones; outside of the MISB, the formation is 

predominantly limestone (Doolan and others, 2011; Mancini and Puckett, 2000). The up-

dip Hosston Formation fines upward, but is largely a sandstone unit (Rives, 1961) with 

interbedded shales and mudstones (Nunnally and Fowler, 1958). In Alabama, the 

sediments are likely sourced from the Appalachian Mountains to the northeast and 

deposited in deltaic to beach environments (Doolan and others, 2011; Mink and Mancini, 

1995). This results in a large variation in lithology, with conglomeratic sands to nodular 

mudstones (Nunnally and Fowler, 1958). The Hosston Formation, in central MISB, 

reaches thicknesses of 3300 feet (Thomson, 1978).  

Pearsall Formation: In the Gulf Coast region, the Pearsall Formation overlies the Sligo 

Formation and is composed of three members: the Pine Island Shale, the James 

Limestone, and the Bexar Shale (Enomoto and others, 2012). In southwest Alabama, the 

stratigraphic column generally includes only the Pine Island member of the Pearsall 

Formation (Doolan and others, 2011; Forgotston, Jr., 1963; Wilson and others, 1976) or 

includes the James Limestone, which only extends into the southern reaches of the MISB 

(Enomoto and others, 2012; Mancini and others, 2001a). The Pine Island Shale is largely 

dark calcareous shales intermixed with fissile mudstone and siltstones to fine and 
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medium grained sandstones (Enomoto and others, 2012; Mancini and others, 2001a). 

Deposition likely occurred near the source on the shelf in a fluvial or deltaic environment 

(Forgotston, Jr., 1963). The Pine Island Shale has thicknesses ranging from 640-1262 feet 

in the MISB (Valentine and others, 2014). The James Limestone occurs as limestone 

interbedding becomes more pervasive downdip and becomes regionally extensive 

(Mancini and others, 2001a).  

Rodessa Formation: Overlying the Pine Island Shale is the Rodessa Formation, a 

lithologically varied formation that thickens and fines southward (Forgotston, Jr., 1963; 

Roberts and Lock, 1988). The depositional environment was most likely a shelf with a 

restricted backreef area (Forgotston, Jr., 1963; Pittman, 1984; Roberts and Lock, 1988) 

with local sediments sourced from the Appalachian Mountains being deposited in stacked 

meander belts, indicated by thin fining upwards packages (Esposito and others, 2008). In 

eastern Mississippi and southwest Alabama the sediments grade from fine micaceous 

sands to calcareous and biogenic shales, with marine limestones increasing in occurrence 

basinward (Esposito and others, 2008; Forgotston, Jr., 1963; Roberts and Lock, 1988). 

The end of Rodessa Formation deposition saw increased shelf restriction from reef 

development, leading to increased salinity and an increase in evaporites, including an 

anhydrite bed (Forgotston, Jr., 1963; Pittman, 1984; Roberts and Lock, 1988; Valentine 

and others, 2014). Rodessa Formation thickness in the MISB has been found to be around 

800 feet (Esposito and others, 2008).  

Ferry Lake Anhydrite: Conformably overlying the Rodessa Formation is the Ferry 

Lake Anhydrite (Pittman, 1984). Dated to Albian times through ammonite occurrences, 

its deposition is strongly influenced by the reef growth that restricted circulation during 
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upper Rodessa Formation deposition (Petty, 1995; Pittman, 1984). The resulting lagoon 

remained throughout Ferry Lake Anhydrite deposition, with occasional flooding over the 

reef disrupting the stratopycnal body (Kimball and others, 1989; Petty, 1995; Pittman, 

1984). Consequently, the formation of predominantly anhydrite beds includes 

interbedded shale and carbonates, particularly oolitic limestone (Forgotson, Jr., 1957; 

Kimball and others, 1989; Pittman, 1984). While observed in southwest Alabama 

(Wilson and others, 1976), Forgotson (1957) asserts that the Ferry Lake Anhydrite thins 

to disappears in central Mississippi. Pittman (1985) specifies a thickness of 200-250 feet 

over most of the region. When absent, the Rodessa Formation is overlain by the 

Mooringsport Formation.  

Mooringsport Formation: The Mooringsport Formation conformably overlies the Ferry 

Lake Anhydrite (Forgotson, Jr., 1957). With a maximum thickness in the MISB of 800 

feet, up-dip the formation thins, with a thickness of only 250 feet in eastern Mississippi 

(Dockery, III and Thompson, 2016; Nunnally and Fowler, 1958). Foraminiferal 

correlation has dated the Mooringsport Formation as forming during the mid to late 

Albian (Mancini and Puckett, 2000). The Mooringsport Formation continued deposition 

of the restricted shelf and lagoonal environment that developed during Rodessa 

Formation and Ferry Lake Anhydrite deposition (Raymond and others, 1988b). As such, 

a range of lithologies are observed, with limestones dominant downdip, sandstones up-

dip, and shales in the intermediary, though the formation is mostly marine shale and 

limestone (Mancini and Puckett, 2000; Nunnally and Fowler, 1958). To the northeast of 

the basin, micaceous fine-grained sandstones, mudstones and shales with minimal 

limestone nodules dominates the lithology (Nunnally and Fowler, 1958). In some 
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locations, the absence of limestones can make distinguishing the upper Mooringsport 

Formation from lower Paluxy Formation nearly impossible (Dockery, III and Thompson, 

2016).  

Paluxy Formation: Conformably overlying the Mooringsport Formation is the Paluxy 

Formation (Mancini and Puckett, 2000; Nunnally and Fowler, 1958). Divided in two 

members by Mancini & Scott (2006), the lower member is characterized by fossiliferous 

clay- and mudstones and very fine-grained sandstones. Their upper member is described 

as a nonfossiliferous, friable sandstone and interbedded silt- and claystones. This chiefly 

sand and shale sequence is how the formation is identified, with the top of the formation 

picked at the lower limestone occurrence of the overlying Fredericksburg Group 

(Dockery, III and Thompson, 2016; Nunnally and Fowler, 1958). The middle of the 

formation is largely sandstone, with thinner shale packages, while the upper and lower 

segments of the formation exhibit thicker shales packages (Mancini and Puckett, 2000). 

Maximum thickness of the Paluxy Formation is 1500 feet, though in eastern Mississippi, 

it is 800 feet (Dockery, III and Thompson, 2016).  

Washita-Fredericksburg (Undifferentiated): The Washita and Fredericksburg 

Formations are composed predominantly of limestone and deltaic deposits, and the 

contact between them is insufficient to easily differentiate them in well logs (Reese, 

1975). As a result they are referred to as the Washita-Fredericksburg Undifferentiated (or 

Wash-Fred) in the MISB, and as the undifferentiated Lower Cretaceous units in Alabama 

(Swanson and others, 2013). The Fredericksburg Formation begins a cycle of 

transgressive, onlapping shelf limestones and intermediary lowstand continental clastics 

(Dockery, III and Thompson, 2016; Swanson and others, 2013; Talbert and Atchley, 
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2000). As the transgressive cycle ended and the shoreline began to regress due to inland 

uplift, Washita Formation deposition commenced (Swanson and others, 2013). The 

Washita Formation sedimentation is largely similar to that of the Fredericksburg 

Formation, though the sands progress southward as the deltaic systems prograde with the 

receding shore (Reese, 1975). Across the greater GOM area, the Wash-Fred may include 

or be subdivided into smaller formations, including the Edwards Limestone, Person 

Formation, Goodland Limestone, Kiamichi Formation, Kainer Formation, and the 

Dantzler Formation (Dockery, III and Thompson, 2016; Swanson and others, 2013). The 

Dantzler Formation caps the Wash-Fred, composed of red shale and sands with some 

fossiliferous zones (Dockery, III and Thompson, 2016). Thickness for the Wash-Fred is 

as much as 1500 feet (Dockery, III and Thompson, 2016).  

Tuscaloosa Group (Lower, Marine Shale, Upper):  The Tuscaloosa Group 

unconformably overlies the Lower Cretaceous sedimentary rocks, and is divided into 

three sections: the Lower Tuscaloosa, the Marine Shale, and the Upper Tuscaloosa 

(Mancini and others, 1987; Winter, 1954). The Lower Tuscaloosa is Cenomian, during 

which there was a worldwide sea-level rise, and as such upwardly grades from fluvial and 

deltaic systems to marine shelf systems (Mancini and others, 1987). The Lower 

Tuscaloosa includes a massive sand unit from barrier island sands, a claystone unit from 

lagoonal deposits, and sands from the shelf (Dockery, III and Thompson, 2016; Mancini 

and others, 1987). The Marine Shale is of late Cenomian age, and exhibits glauconitic 

and carbonaceous claystone that is rich in macrofossils indicative of a shallow marine 

shelf (Dockery, III and Thompson, 2016; Mancini and others, 1987; Munyan, 1943). As 

sea level fell, depositional environments similar to those of the Lower Tuscaloosa 
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resumed, and Upper Tuscaloosa sediments are primarily composed of variegated sands 

and clays (Munyan, 1943), with a basal gravel layer (Dockery, III and Thompson, 2016).  

Eutaw Formation: Conformably overlying the Tuscaloosa Group is the Eutaw 

Formation (Mancini and others, 1987). Comprised of two members, an unnamed lower 

and the upper Tombigbee Sand, it can reach thicknesses of 350 feet in Alabama (Liu, 

2005; Mancini and Soens, 1994). The lower member of the Eutaw Formation has a basal 

section of chert pebbles, phosphatic nodules, and fragments of permieralized wood and 

shark teeth, while the remainder of the bed is generally glauconitic and micaceous 

crossbedded sandstone with clay laminations (Dockery, III and Thompson, 2016; 

Mancini and Soens, 1994). The Tombigbee Sand is locally highly fossiliferous, and is 

massive sandstones with glauconite, crossbedding, and laminae (Dockery, III and 

Thompson, 2016; Liu, 2005; Mancini and Soens, 1994). The Tombigbee Sand likely 

deposited in nearshore environments of isolated lagoons, deltas, and tidal inlets (Liu, 

2005).  

Selma Group: The Selma Group is a series of shallow marine carbonates, separated into 

four main formations: the Mooreville Chalk, the Demopolis Chalk, the Ripley Formation, 

and the Prairie Bluff Chalk (Copeland, 1968; Dockery, III and Thompson, 2016; Heydari, 

2000). The oldest, the Mooreville Formation, overlies the Eutaw Formation and is a thin-

bedded gray marl, with a very dense section of a few feet at the top of limestone known 

as the Arcola Limestone Member (Copeland, 1968; Heydari, 2000). The Demopolis 

Chalk unconformably overlies the Mooreville Formation, and has a lower member of 

gray marl, and a middle and upper member of argillaceous chalk, of which contains a 

very high percent of CaCO3 (Copeland, 1968; Heydari, 2000). The Ripley Formation 
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conformably overlies the Demopolis Chalk and is comprised of calcareous clays, and 

fossiliferous or micaceous sands (Copeland, 1968). The uppermost member of the Selma 

Group, the Prairie Bluff Chalk is massive fine and micaceous chalk with variable fossil 

abundance (Copeland, 1968). In all, the Selma Group reaches thicknesses of 950 feet in 

western Alabama, and is indicative of a major marine transgression for the area 

(Dockery, III and Thompson, 2016). Northward, the members grade into continental 

clastic rocks (Dockery, III and Thompson, 2016).  

Cenozoic Sedimentation: Unconformably overlying the Selma Group is the Midway 

Group, which is the first of the Cenozoic sediments (Cushing and others, 1964). The 

Wilcox Group, Claiborne Group, and Jackson Group comprise the remainder of the main 

formations in the study area (Cushing and others, 1964) Largely, Cenozoic sediments are 

unconsolidated sands, clays, and shales, with a maximum thickness of 7,000 feet in the 

MISB (Cushing and others, 1964).  

 

2.2 Salt Tectonics 

Salt, due to its rheological properties, is generally weaker than its overburden and 

may be induced to evacuate its original deposition extent as a result of mechanisms such 

as density inversions (buoyancy), gravity spreading, differential loading, local loading, 

and sediment creep (Hudec and Jackson, 2007; Hughes, 1968; Rowan, 2019; Vendeville, 

2005). Sedimentary layers comprised predominantly of halite are referred to as salt 

deposits, despite potential presence of other evaporites such as anhydrite, or other 

minerals (Hudec and Jackson, 2007). Pure rock salt has a density of 2.16 g/cc, though 

lithologic layers defined as salt, due to the aforementioned impurities, is typically 2.20 
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g/cc (Fossen, 2016; Hudec and Jackson, 2007; Jackson and Hudec, 2017; Warren, 2006). 

Compaction that occurs during diagenesis from continued deposition increases the 

density of the overburden, potentially creating a density inversion (Fossen, 2016; Hudec 

and Jackson, 2007; Jackson and Hudec, 2017; Warren, 2006). Dry salt will deform via 

dislocation creep, whereas minimal water content weakens the salt and causes movement 

through diffusion creep (Archer and others, 2012; Fossen, 2016; Hudec and Jackson, 

2007). Salt behaves viscoelastically, but under geologic conditions, time scales, and 

strain rate, elasticity can effectively be ignored and, for modelling purposes, salt may be 

treated as a viscous fluid (Fossen, 2016; Hudec and Jackson, 2007). Initially, both the salt 

and the overburden had been modeled as viscous fluids, but research has indicated that 

the brittle nature of lithified overburden is necessary to incorporate into models (Fossen, 

2016; Jackson and Hudec, 2017). In instances of lithified overburden, the salt must 

overcome the yield strength of overlying sediment and boundary drag, variables not 

accurately modelled when also treating the overburden as a fluid (Hudec and Jackson, 

2007; Vendeville, 2005).  

Triggers of salt movement are varied and numerous. Not only must there be one 

or more triggers for movement initially, but there must also be at least one mechanism 

that continues to drive movement (Rowan, 2019). Buoyancy was long treated as the 

dominant mechanism for both triggering and driving salt flow due to density inversions, 

but other forces have been assessed for their viability in contributing to salt movement. 

With the 2.20 gm/cc density even after minimal compaction, salt is significantly less 

dense than its overburden: lithified carbonates can have densities as high as 2.7-2.8 g/cc, 

and while uncompressed siliciclastic sediments have similar density to salt, after 
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compression siliciclastic rocks have higher density than salt. Some debate exists as to 

how much overburden must exist to induce movement (Hughes, 1968; Vendeville, 2005). 

For the already more dense carbonates, it is possible that movement can begin to occur 

syndepositionally under unlithified sediments, but this is not thought to be the case for 

siliciclastics (Hudec and Jackson, 2007; Hughes, 1968; Jackson and Hudec, 2017; 

Vendeville, 2005). To compress siliciclastic sediments to a density greater than salt, there 

must be at least 2,000-2,300 feet of overburden for fine-grain sizes, or up to 5,000-10,000 

feet for larger grain sizes (Fossen, 2016; Hudec and Jackson, 2007; Rowan, 2019). Once 

achieved, this density differential may drive the buoyancy of salt to rise towards the 

surface.  

However, it is thought that density alone does not trigger movement. Archer and 

others (2012) posit that as a viscous liquid, salt can be initiated to flow by small regional 

dips from gravity, with slopes as little as 0.5%, while Vendeville (2005) asserts the 

critical angle is less than 1°. Differential loading, whether sedimentary, tectonic, or 

thermal (Hudec and Jackson, 2007), can also trigger lateral or upward migration (Archer 

and others, 2012; Fossen, 2016; Jackson and Hudec, 2017; Vendeville, 2005; Warren, 

2006; Warsitzka and others, 2013). Variations across the salt in any such differential 

loading may induce zones of differing pressure, leading to movement of salt to lower 

pressures. Differential loading is especially significant near focused deposition, such as 

deltas. 

Salt will laterally move from high depositional load towards low depositional 

loads in a positive feedback cycle: areas of thicker—and therefore heavier—overlying 

sediment will settle downward into the salt inducing a pressure difference, forcing the salt 
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to evacuate outward from beneath the load (Hudec and Jackson, 2007; Jackson and 

Hudec, 2017; Rowan, 2019). This creates surficial basins that will subsequently receive 

greater sedimentation, increasing the overburden and further expelling the underlying salt 

from that area. As it is pressure driven, and not density driven, salt flow in such a manner 

can occur even when there is a lack of density inversion (Vendeville, 2005).  

 

2.3 Louann Salt 

The Louann Salt is an integral part of the GOM region’s geology and, through 

subsurface movement and salt structures, has a large influence on the strata. The relative 

pureness of the salt, mentioned previously, is largely a function of the paleoenvironment 

it was deposited in. Branson (1915) first proposed the “modified bar theory” to explain 

how large deposits of gypsum and salt were forming. The modified bar theory suggests 

that marine waters enter a primary barred basin, where the initial precipitates calcite and 

gypsum are deposited and the residual water is concentrated brine. Recurring cycles 

would further concentrate the brine, until sea level rise was sufficient enough to flood the 

primary barred basin and push the brine into a secondary basin through thin channels, 

where halite would be deposited. Eventually, there would be a primarily 

anhydrite/gypsum basin adjacent to a primarily halite basin. Hazzard et al (1945) ascribed 

this explanation to the Louann Salt. The west Texas Delaware Basin acted as the first 

basin, where the Permian Castile Formation is a series of alternating layers of calcite and 

gypsum and minimal halite, while the Gulf Coast Basin was the secondary, depositing the 

relatively pure Jurassic Louann Salt as basin waters became more saline over time 

(Halbouty and Hardin, Jr., 1956).  
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Development of the MISB sub-basin of the Gulf Coast Basin is a function of the 

paleo-highs. The Wiggins Arch, which has no salt present, and the Adams County High, 

which has minimal salt, mark the southern bounds of the MISB (Salvador, 1991). To the 

northwest and west, the Monroe Uplift, LaSalle Arch, and Sabine Uplift separate the 

MISB from the North Louisiana salt basin, while the Conecuh Ridge is an influential 

high to the east (Andrews, 1960; Salvador, 1991). The northern termination of the basin 

is largely a function of up-dip termination, which may be influenced by the Ouachita Belt 

trending northwest to southeast through north-central Mississippi, and the Appalachian 

Front trending northeast to southwest through northern Alabama resulting in highlands 

along the northeast boundary of the MISB (Worrall and Snelson, 1989). This northern 

limit of the MISB, and the extent of the Louann Salt as a whole, is now marked by a 

series of peripheral fault zones, regionally being the Pickens-Gilbertown Fault Zone, 

discussed below (Bishop, 1973; Hughes, 1968).  

 Salt related subsurface structures follow a typical trend from proximity to the 

peripheral fault zones to the interior of the basin (Hughes, 1968). In the MISB, structures 

that form in the thinnest salt, near the up-dip pinch-out and have salt anticlinal 

thicknesses of 500-2000 feet, are known as peripheral salt ridges. These ridges run 

parallel to the peripheral fault zones and form as initial salt flow moved up-dip, but are 

not significant enough to pierce through overlying sediments (Fossen, 2016; Hughes, 

1968). Further downdip into the salt basin, low-relief salt pillows are the dominant 

structure, which typically occur at salt anticlinal thickness of 1000-3500 feet, with a 

general parallel trend to the peripheral salt ridges and minimal structural effect on 

formations above the Haynesville Formation (Hughes, 1968). In the central basin area, 
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anticline thicknesses of 3,500-7,000 feet are intermediate salt anticlines, while those that 

reach 7000 feet and above Hughes (1968) refers to as high relief salt anticlines. High 

relief structures may take different shapes, including ridges, stocks, and teardrop diapirs, 

sometimes referred to as piercement domes (Fossen, 2016). Two domes, Richton and 

Tatum, have risen to an extent to be within 1000 feet of the surface (Bearden and others, 

2000).  

What caused salt movement, and when it initiated, is still under investigation. 

Hughes (1968) suggested salt flow began during Norphlet Formation deposition; Jackson 

and Seni (1983) indicated the earliest record of movement occurred as late as during 

Cotton Valley Group deposition. Largely, studies leave it ambiguous, suggesting 

initiation as Early Cretaceous or Late Jurassic (Andrews, 1960; Johnson and others, 2006; 

Mancini and others, 2001b; Shah Alam and Pilger, Jr., 1988).  

 

2.4 Peripheral Fault System 

The landward periphery of the MISB is marked by a series of related fault zones 

that approximately mark the extent of the Louann Salt deposition. In Texas, there is the 

Mexia-Talco Fault Zone; in Arkansas, there is the South Arkansas Fault Zone; in 

Mississippi and extending into west Alabama there is the Pickens-Gilbertown Fault Zone; 

in southwest Alabama there is the West Bend-Coffeeville Fault Zone, and extending into 

the Florida panhandle is the Pollard-Foshee Fault Zone (Bishop, 1973; Copeland, 1976; 

Mancini and others, 2001a; Mancini and Mink, 1985; Martin, 1978). Within each of these 

broad fault may be smaller fault systems; for example, the Gilbertown Fault Zone (Figure 
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2.2) includes both the Melvin Fault System and Gilbertown Fault System (Copeland, 

1976; Qi and others, 1998).  

These fault zones are extensional systems that typically parallel the regional strike 

of their area, and are generally listric faults that root in the Louann Salt (Mancini and 

others, 2001a; Mancini and Mink, 1985; Martin, 1978). The faults are often referred to in 

literature as contemporaneous faults, in that there is syndepositional movement (Bishop, 

1973; Hardin and Hardin, 1961; Hughes, 1968; Quarles, Jr., 1953). 

Given the proximity to and rooting in the Louann Salt, the peripheral fault zones 

are typically associated with and expected to be resultant from salt flow. Bishop (1973) 

conducted an extensive assessment of regional fault trends and found this to be too 

simplistic a model. Instead, a compilation of several hypotheses are likely to each 

influence initiation of salt flow and the evolution of the fault zones. An older series of 

regional faults is closely associated with the continental margin and the Ouachita 

orogenic belt, and it is theorized that this older extensional regime continued to influence 

the younger peripheral fault trend (Bishop, 1973). The Mexia-Talco fault system was 

compared to the fault zones related to rifting in the East African Rift Zone, and shared 

common features, including a composition of en-echelon half-grabens, antithetic faults, 

splaying, specific widths and dips, and an overall tensional stress regime (Walthall and 

Walper, 1967).  

Another trend observed in relation to the peripheral faults are flexures (Bishop, 

1973), in which regional dip has been apparently amplified downdip of a structure 

(Hardin and Hardin, 1961). Flexures observed in the Gulf Coast region are attributed to 

the landward depositional edge of the continental slope, due to the difference in slope  



 

 

 

 

Figure 2.2 Regional map of the Gilbertown Fault Zone 

Modified after Qi and others (1998) and Pashin and others (1998b).
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between it and the continental shelf  (Hardin and Hardin, 1961). Flexures in the Gulf 

Coast area are associated with regional contemporaneous faults (Bishop, 1973; Hardin 

and Hardin, 1961). As a result of the faults increasing accommodation space, 

sedimentation must increase downdip, making dip seem more significant. This 

relationship between flexure and fault thus appears to be more broadly a function of 

regional dip at the time of deposition. This could indicate basement trends are the 

underlying influence for flexure-fault association, as specified by Walthall and Walper, 

(1967).  

More frequently referenced as influencing the peripheral fault trend is gravity slip 

or gravity creep (Bishop, 1973). The regional dip trend, coupled with elastic basin-fill 

sediments, results in a slow down-dip slip of unlithified sediments (Cloos, 1968). This 

gravity slide requires a plane upon which the sediments are able to transport along 

(Quarles, Jr., 1953); in the MISB, this is the Louann Salt. As the sediment sags along the 

plane of movement, it is breaking away from a stable platform; in the MISB, this is the 

Paleozoic rocks (Quarles, Jr., 1953). Beyond the up-dip extent of the Louann Salt, a slip 

surface is not present between Mesozoic and Paleozoic rocks. The depositional extent of 

the Louann Salt thus provides the plane of movement to break away from the up-dip 

stable platform where the Louann Salt is not present, whereupon the peripheral fault 

system can form.  

The final factor Bishop (1973) listed as a mechanism of initiating salt movement 

is salt flow. This follows a similar mechanism to the gravity creep; however, the driving 

mechanism is not the sediments sliding on a slip plane (the salt) because of a regional dip 

and the difference between a reliable and unreliable basement, but rather from the salt 
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being an unreliable basement as a result of salt movement throughout the basin. The 

difference between the two systems is the salt acting as a passive or as an active agent; 

through sediment creep, salt flow is passive, with salt flow induced by mobile sediments, 

while through salt flow, the salt flows and induces movement in the sediments. As 

described by Hughes (1968), the fault system is initiated from stresses in the overburden 

due to underlying salt flow. However, Hughes (1968) goes on to clarify that salt 

movement by itself would likely not be enough to generate the degree of faulting present; 

instead, the juxtaposition of the weaker salt with the stable Paleozoic basement generated 

both shear and tensional stresses that induced faulting with minimal salt flow.  
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CHAPTER III – METHODS 

This study first utilized the seismic survey to map the Gilbertown Fault Zone and 

its surrounding stratigraphy. Through the survey, variation in strata thickness was 

measured, while well logs were added as control points for correlating the formations. 

Neutron-density logs were used for calculating formation density. Lastly, compaction 

curves were coupled with density measurements to calculate overburden pressure.  

 

3.1 Data Collection 

This study used a pre-stack time-migrated seismic survey generated by Reservoir 

Geophysical Corporation, proposed and owned by Savannah Oil & Gas LLC and its 

affiliates. The survey covers 100 mi2 across the Gilbertown Fault Zone in Choctaw and 

Clarke County, Alabama. 625 inlines are oriented north to south, while 550 crosslines are 

oriented east to west. While shooting the survey, a 2 ms sampling rate was used, with an 

8 s two-way travel time. The survey is georeferenced using North American Datum 1927 

on the Alabama West 102 projection.  

Well logs were imported into IHS Petra®, and formation depths as well as 

neutron porosity averages were found from these wells. Well logs from within the 

seismic block were exported into the seismic data within IHS Kingdom® to tie in the 

subsurface mapping through correlating picked horizons in the seismic section and 

picked formation tops in the well logs. Wells surrounding the Gilbertown Fault Zone 

received the primary focus for this study. 
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3.2 Mapping Fault Geometry 

The trace of the fault(s) were mapped through offset of reflectance boundaries. 

The analyzed well logs within the seismic survey were used to augment fault mapping by 

using log picked formations along reflectance boundaries in the seismic data. The 

reflectance of some strata are significantly stronger than others. Among the brightest 

horizon reflectances are the top of the Selma Chalk Group, the top of the Eutaw 

Formation, and the top of the Smackover Formation. These were the first to be correlated 

to the well logs and used as markers across the fault system.  

 

3.3 Lateral Facies Thickness 

The thickness of several formations were measured with the goal of determining 

if there are any loci of local loading. Focus was given to Late Jurassic to Early 

Cretaceous formations. Thickness measurements were made through the seismic section, 

and as such are in time (s). The median thickness (in time) for each formation was 

calculated. The range of thicknesses in the formation were compared to the average, and 

any thickness outside two standard deviations was noted. Areas with several outliers due 

to increased lateral thickness were considered as an area of increased depositional load.  

 

3.4 Measure Overburden Thickness Above & Below Fault 

Formation thickness was measured throughout the entirety of the survey. 

Thickness was measured as noted above. Formation thickness was measured at each of 

the 352 equally spaced measurement points in which the formation was present. To 

compare across-fault thicknesses, measurements on either side of the fault were averaged 
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per formation and compared by plotting the average thickness of the formation on the 

footwall block versus those on the hanging wall block. This comparison technique is 

called a fault expansion index (FEI) (Thorsen, 1963). Thickness of the formation on the 

upthrown footwall was divided by the thickness of the formation on the downthrown 

hanging wall. This ratio was plotted and the greatest ratio is indicative of the largest 

amount of fault movement. Changes in formation thickness across the fault could indicate 

fault-controlled deposition. No change (ratio of 1) indicates no fault growth during 

formation deposition—for the older formations, this could be they were deposited prior to 

faulting, while for the younger formation it indicates cessation of fault growth (Thorsen, 

1963).  

Observations of thickened sediments immediately adjacent to the fault trace on 

the downthrown block were used to suggest growth strata, which can indicate the 

deposition of the formation was coeval with faulting and differentiate which formations 

deposited prior to faulting, potentially through observation of drag folds.  

 

3.5 Formation and Overburden Density Inversions 

Neutron-density logs were used as a method to determine formation porosity. 

Given that some rock types have a greater degree of compaction than others (e.g., chalk), 

standardized formation compaction curves can provide porosity measurements as a 

function of burial depth. This would allow formation density for each formation to be 

calculated from deposition to present. The compaction curves from Kim and others, 

(2018) were used to calculate initial porosity and thickness of the formations through 
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time with the porosity and thickness measurements. This provided a timeline for when 

the salt would have moved given only the lithostatic load influencing the salt. 
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CHAPTER IV – RESULTS 

The following section covers the main results from this study: first, the 3D 

seismic survey was mapped, finding a reflector representative of approximately the top of 

each formation, as well as marking where faults were observed. Second, thickness 

measurements for each formation were made and tabulated. Those thicknesses were then 

used to generate fault expansion indices for all faults mapped. Lastly, formation density 

measurements and formation thickness (in feet) were collected via well logs to calculate 

the density of each formation over time.  

 

4.1 Mapping 

Bright reflectors within the 3D seismic survey were used for initial mapping of 

formations (i.e., the Selma Chalk). Remaining formations were mapped via formation 

tops in well logs embedded within the seismic survey. The following formations were 

mapped: Norphlet Formation, Smackover Formation, Buckner Anhydrite, Haynesville 

Formation, Cotton Valley Group, the Hosston and Sligo Formations (combined), Rodessa 

Formation, Ferry Lake Anhydrite, Mooringsport Formation, Paluxy Formation, the 

Washita and Fredericksburg Formations (combined), Tuscaloosa Formation, Eutaw 

Formation, and the Selma Chalk. The Hosston and Sligo Formations and the Washita and 

Fredericksburg Formations were combined due to their similar composition and 

subsequent difficulty in identifying their contact both seismically and in wells. 

Additionally, the Tuscaloosa Formation was picked at the top of the Lower Tuscaloosa as 

the Lower Tuscaloosa had a stronger reflector. As such, Tuscaloosa Formation 

thicknesses measured from the seismic data will be thinner than what is traditionally 



 

35 

reported (see Stratigraphy). The lost thickness is attributed to the above Eutaw 

Formation, which will be proportionally thicker than what is traditionally reported.  

Formations dipped uniformly southwest until being intercepted by the fault 

system, with formations deepest in the subsurface in the southwest of the survey, and 

shallowest in the northeast corner, as shown with the top of the Norphlet Formation 

(Figure 4.1). The fault system seen in the survey had little effect on overall strike of the 

formations, but locally there was shallowing or deepening of the formation around the 

fault system. Folding near the fault system was also observed, with drag folding present 

along some of the faults in formations younger than the Rodessa Formation. A rollover 

anticline is associated with the fault system, as well. The formations older than the main 

growth phase have folded down, resulting in their absence in the southeast corner of the 

survey as they slid down the fault scarp.  

A fault system (Figure 4.2) extends through the seismic survey from the western 

edge of the survey through to the eastern edge. The fault system is comprised of five fault 

segments, trending west-northwest to east-southeast. The northernmost fault, F1, extends 

(from west to east) through the first third of the survey before terminating. South of F1 is 

F2, which is traced from the western edge of the survey into the center, where it branches 

into F3 and F4. F3 continues relatively due east to the eastern edge of the survey, and F4 

continues slightly south and east before paralleling F3 to the survey’s eastern limit. The 

last fault, F5, is to the south of F2, extending from the western edge of the survey until it 

terminates approximately halfway to the eastern edge. While F1, F2, F3, and F4 all 

extend below the Norphlet Formation to a décollement surface defined by the Louann 

Salt, F5 only cuts through younger formations, extending down to the Ferry Lake 



 

 

 

Figure 4.1 Norphlet Formation horizon 

The top of the Norphlet Formation mapped in the 3D seismic survey. Depth is in travel time, horizontal distance is in miles. General dip towards the SW is shown. 



 

 

 

Figure 4.2 Mapped Faults 

The fault system observed in the 3D seismic survey is shown in red lines as observed in the Selma Chalk (~2,000 feet depth). Dashed red lines represent continuation of the fault that was not directly 

mapped. The F4 linkage to F2 is investigated in a later section. 
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Anhydrite. Additionally, F1, F2, F3, and F4 dip southwest into the basin, while F5 dips 

northeast.  

Once the above-mentioned formations and the fault system were mapped, the 

seismic survey was gridded with 16 northwest-southeast lines (labelled 1 – 16) 

approximately paralleling the strike of the observed fault system, and 22 northeast-

southwest lines (labelled A – V) approximately perpendicular to the strike of the 

observed fault system, each one 30 survey lines from one another (Figure 4.3). This 

geometry was chosen so as to visualize and measure attributes relative to the orientation 

of the faults and provide points of analysis for other data sets (see below). Lines A – V 

are shown as cross-sections in Appendix A.  

 

4.2 Formation Thickness 

To measure thickness of each formation across the seismic survey, thickness was 

measured at the intersection of each NE-SW and NW-SE line for every formation. 

Exceptions were made when there was a gap in the survey continuity, as well as when 

intersections fell within a fault zone and the seismic reflectors were too uncertain to pick 

formation tops. Additionally, the rollover anticline in the southeast corner of the survey 

caused some formations to have missing sections and were unable to be measured. Tables 

with each thickness measurement taken are shown in Appendix B.  

Thickness was measured in seconds via the ruler tool in IHS Kingdom. 

Measurements were made from formation top to formation top, perpendicular to both. As 

a result, any imperfect picks in the formation tops effected the accuracy of the 

measurements. Additionally, some formations had very small thicknesses in the survey, 
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and a minor change in placement of the ruler would cause a significant change in 

thickness (e.g., a change from 0.017s to 0.019s is a 10% change in thickness). Due to 

these limitations, individual measurements will not be analyzed, but localized or survey-

wide thinning or thickening trends in the data should hold true.  

Thickness varied for each formation across the survey. Largely, thicker sediments 

were observed on the downthrown side of F2, F3, and F4. Thickness for each formation 

was averaged across the entire survey, and any measurement within the formation that 

was two standard deviations or greater from said average was highlighted. Across all 

formations, few measurements were highlighted for being thinner than the average 

thickness; most highlighted measurements were thicker than the average for that 

formation.  

Multiple highlighted measurements within a single formation that are close in 

proximity (usually adjacent) to one another form clusters. For thinner than average 

measurements, only the Washita-Fredericksburg Formation contained a significant 

cluster, comprised of 10 contiguous measurements in the downthrown block of F4 with 

several small (2-3 contiguous measurements) clusters nearby in the downthrown blocks 

of F2 and F4 (Figure 4.4). The majority of measurements two standard deviations away 

from the mean of their respective  

formations were thicker than the mean thickness, and frequently clustered, though most 

were small clusters of 5 or less measurements. The largest cluster observed is in the 

Cotton Valley Group on the downthrown side of F2, with 30 contiguous measurements 

comprising the majority of Cotton Valley Group measurements from the F2 downthrown 

block (Figure 4.5).  



 

 

 

Figure 4.3  Measurement locations 

3D seismic survey (gray parallelogram) with 22 NE-SW lines (labelled A-V) and 16 NW-SE lines (labelled 1-16) oriented parallel and perpendicular to strike, respectively. Formation thickness 

measurements were taken at each intersection of the lines. 



 

 

 

Figure 4.4  Washita-Fredericksburg Formation thickness measurements 

Thickness measurement cells from the Washita-Fredericksburg Formation. Highlighted cells (bordered in red) indicate measurements two standard deviations away from the mean. Darker green 

indicates thicker, lighter green indicates thinner. Tan indicates no measurement taken. 



 

 

 

Figure 4.5 Cotton Valley Group thickness measurements 

 Thickness measurement cells from the Cotton Valley Group. Highlighted cells (bordered in red) indicate measurements two standard deviations away from the mean. Darker green indicates thicker, 

lighter green indicates thinner. Tan indicates no measurement taken.
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4.3 Faults 

Fault expansion indices were generated for each of the five fault segments. For 

each index, thicknesses were averaged using three NE-SW lines of measurements, with 

separate averages above and below each fault for each formation. Lines E, F, and G were 

used to generate indices for F1, F2, and F5. Lines J, K, and L were used to isolate F2. 

Lines R, S, and T were used to generate an index for F3 and for F4. Simplified cross 

sections for lines E/F/G (Figure 4.6a), J/K/L (Figure 4.6b), and R/S/T (Figure 4.6c) 

illustrate the various fault blocks.  

Of the three sections, F1 is only present in lines E, F, and G. The expansion index for F1 

was created with M2 as the upthrown block, and N1 as the downthrown block. In the FEI 

for F1 (Figure 4.7), most formations have a ratio very close to one, peaking at 1.57. The 

first occurrence of a ratio over one in the FEI is with deposition of the Buckner 

Anhydrite, which has a ratio of 1.15. Expansion in the hanging wall resumed during the 

Cotton Valley Group, before the peak in the FEI occurred during the Hosston and Sligo 

Formations, with a ratio of 1.57. Expansion appears to have stopped until the 

Mooringsport Formation, then again with Washita and Fredericksburg Formations. 

Expansion continued to a secondary peak during the Tuscaloosa Group with a ratio of 

1.31, with final expansion occurring during the Selma Chalk. The overall trend of the F1 

expansion index is difficult to ascertain; growth resumes and ceases throughout the 

depositional sequence.  

To the south of F1, also in lines E, F, and G, is F2. The younger formations 

(Paluxy Formation and younger) in F2’s downthrown block are faulted by F5, resulting in 

the separation of the M1 and S1 block. For the formations deeper than F5



 

 

              

 
Figure 4.6 Simplified cross-sections 

Simplified cross sections for a) lines E, F, and G, b) lines J, K, and L, and c) lines R, S, and T.  

a b 

c 
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 (Mooringsport Formation and older) in F2’s downthrown block, thickness 

measurements are used from both M1 and S1 indiscriminately. In the formations faulted 

by F5, thickness measurements for the F2 hanging wall were used only from M1. The 

footwall used is M2. The FEI for F2 (Figure 4.8) indicates downthrown block expansion 

began during the Haynesville Formation, which has a ratio of 1.17, increasing in 

expansion to the Cotton Valley Group. Expansion appears to have paused during the 

Hosston and Sligo Formations, before resuming in the Rodessa Formation and 

continuing through the Rodessa Formation. The peak of expansion occurred during the 

Ferry Lake Anhydrite with a ratio of 1.87. A final occurrence of expansion occurred 

with the deposition of the Eutaw Formation.  

Without knowing if the M2 block faulted from the N1 block prior to the M1 

block faulting from M2, an index was also created encompassing both the F1 and F2 

faults by comparing M1 (downthrown) to N1 (upthrown) (Figure 4.9). The F1 & F2 

index is similar to the F2 index, but has peak expansion during the Cotton Valley Group 

and lacks a secondary peak in the Eutaw Formation. There is a second expansion peak 

during the Mooringsport Formation, rather than the Ferry Lake Anhydrite, though these 

formations do share a contact and as such the expansion is likely proximal in time.  

The last fault present in E, F, and G is the back-dipping F5, which only faults the 

Paluxy Formation and younger. The F5 FEI (Figure 4.10) suggests overall little 

expansion, with peak expansion occurring during the Eutaw Formation with a ratio of 

1.32. While the other formations have ratios of less than one, the highest of them is the 

Paluxy Formation, with a ratio of 0.90, and may represent an initial expansion during the 

Paluxy Formation. The Paluxy Formation, Washita-Fredericksburg Formations, and  



 

 

 

Figure 4.7 F1 fault expansion index 



 

 

 

Figure 4.8 F2 fault expansion index (EFG) 
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Figure 4.9 F1 & F2 fault expansion index 



 

 

 

Figure 4.10  F5 fault expansion index 
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Tuscaloosa Group may also all be pre-growth strata, with no expansion in the fault until 

the Eutaw Formation. 

In lines J, K, and L, only one fault is clearly present: F2. Line J may contain the 

tip line of F1 as its throw approaches 0, and line L may contain F4. Only F2 is present in 

line K, and is in both lines J and L. As such, the J/K/L section is representative of only 

F2. The FEI for F2 (Figure 4.11) is created by using S2 block as the downthrown block, 

and N2 as the upthrown block. The F2 index indicates the initial period of expansion 

occurred with deposition of the Cotton Valley Group, which is also a peak of expansion 

with a ratio of 1.41. Expansion appears to have ceased during the Hosston and Sligo 

Formations, before resuming during the Rodessa Formation and continuing until the 

peak of expansion during the Mooringsport Formation, with a ratio of 1.48. Minimal to 

no expansion occurred after the Mooringsport Formation. The overall trend of the F2 

index in the J, K, and L lines is an expansion increase through the Cotton Valley Group, 

quiescence during the Hosston and Sligo Formations, then an expansion increase 

through the Mooringsport Formation, with little to no subsequent expansion.  

In lines R, S, and T, the F3 and F4 fault segments are present. It is likely that at 

least one of the two is a continuation of F2. The F3 FEI (Figure 4.12) is created with M3 

as the downthrown block and N3 as the upthrown block. F3 does not exhibit expansion 

until deposition of the Haynesville Formation, at a ratio of 1.23. Expansion then slows 

through the Hosston and Sligo Formations before potentially ceasing during the Rodessa 

Formation. A short period of expansion occurs during the Mooringsport Formation, and 

again during the Eutaw Formation and Selma Chalk, with 1.29 expansion peak during 

the Eutaw Formation. The overall trend of the F3 index involves decreasing expansion 



 

 

 

Figure 4.11 F2 fault expansion index (JKL) 
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from the Haynesville Formation, then a peak during the Mooringsport Formation with a 

subsequent decline, with a main peak of expansion occurring during the Eutaw 

Formation and Selma Chalk. 

The F4 FEI (Figure 4.13) uses S3 as the downthrown block, and M3 as the 

upthrown block. This index does not have data for the Haynesville Formation, Cotton 

Valley Group, or Hosston/Sligo Formations as these formations are absent due to the 

rollover anticline. Initial expansion may have occurred during the Smackover Formation 

with a ratio of 1.29. Expansion was underway with deposition of the Rodessa Formation, 

and continued through the Paluxy Formation. The 2.77 peak expansion occurred during 

this interval with the Mooringsport Formation. Expansion resumed only once more, 

during the deposition of the Tuscaloosa Group, and is another peak for this index at 

2.54. The overall trend for the F4 index is increasing expansion through the 

Mooringsport Formation, then decreasing, with an exception during the Tuscaloosa 

Group. F4 has the highest recorded expansion index of any of the faults. 

Lastly, without knowing if the M3 block faulted from the N3 block prior to the 

S3 block faulting from M3, an index was created encompassing both the F3 and F4 

faults by comparing S3 as the downthrown block to N3 as the upthrown block (Figure 

4.14). Like the F4 index, the F3 and F4 index is missing thickness data from the 

Haynesville Formation, Cotton Valley Group, and Hosston/Sligo Formations. Also like 

the F4 index, expansion may have begun with the deposition of the Smackover 

Formation, but is underway during the Rodessa Formation, and continuing through the 

high 3.19 peak during the Mooringsport Formation. Expansion then pauses until there is 

a small resurgence in expansion during the Tuscaloosa and Eutaw Formations. Overall,  



 

 

 

Figure 4.12 F3 fault expansion index 



 

 

 

Figure 4.13 F4 fault expansion index 



 

 

 

 

Figure 4.14  F3 & F4 fault expansion index 
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the F3 and F4 index increases to the Ferry Lake Anhydrite, pauses, and then has a 

secondary stage of expansion during the Tuscaloosa Group and Eutaw Formation.  

Across all faults, the highest expansion index generally occurs during one or more of 

three time periods: the Haynesville Formation and Cotton Valley Group, the Ferry Lake 

Anhydrite and Mooringsport Formation, and the Tuscaloosa Group and Eutaw 

Formation. A comparison summary of fault expansion initiation and peaks is in Table 

4.1. Faults tended to initiate expansion during the Buckner Anhydrite and Haynesville 

Formation, with peak expansion in three pulses: near the Cotton Valley Group, 

Mooringsport Formation, and Eutaw Formation. 

Fault expansion indices from the three comparisons of the northernmost block to the 

southernmost block (excepting those made by F5, which is composed of younger 

sediments) are plotted against each other in Figure 4.15 (F1 and F2 from E, F, and G; F2 

from J, K, and L; and F3 and F4 from R, S, and T). While the indices align well, there is 

an anomalously high value in the Mooringsport Formation for F3 and F4.  

Acknowledging that the Mooringsport Formation is still a peak for F3 and F4, removing 

that data point results in trendlines nearly identical. 

F2 (J/K/L) and F2 (E/F/G) are expected to be the same fault before it links with 

the F3 and F4 faults. In Figure 4.16, the two F2 fault indices indicate activity and 

quiescence at similar times and to similar degrees. Lastly, we can compare F2 to the F3 

and F4 faults in an effort to determine the relationship between the three. In Figure 4.17, 

F2 (J/F/K) is compared to F3 and F4. While F4 has three formations with significantly 

higher ratios than F2 and an overall higher degree of accommodation, periods of activity 

between the two fault segments appear synchronous. Conversely, F3 appears to have 
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Table 4.1 Fault expansion summary 

Summary of expansion activity for the faults per formation. F1 and F3 are the “north” faults, while F2 and F4 are “south” faults, and 

so are placed adjacent to one another. 

 

Formation F1 F3 
F2 

(EFG) 

F2 

(JKL) 
F4 F5 

Selma       

Eutaw  PEAK PEAK 2   PEAK  

Tuscaloosa PEAK 2    PEAK 2  

Wash/Fred       

Paluxy       

Mooringsport  PEAK  PEAK PEAK  

Ferry Lake   PEAK    

Rodessa       

H/S PEAK 1      

CV   PEAK 1 PEAK 1   

Haynesville  PEAK START    

Buckner START      

Smackover     START 
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Figure 4.15 Comparison of fault expansion indices for F2 (JKL), F1 & F2, and F3 & F4 

a) Comparison chart of the F2 (J/K/L), F1&F2, and F3&F4 fault expansion indices. b) With the 3.2 value removed from F3 & F4, the 

indices follow nearly identical trends (both shown with a power 3 polynomial trendline).



 

 

 

 

Figure 4.16 Comparison of fault expansion indices for F2 (EFG) and F2 (JKL) 

Comparison chart of the F2 (E/F/G) and F2 (J/K/L) fault expansion indices, with a power 3 polynomial trend line for each fault.
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Figure 4.17 Comparison of fault expansion indices for F2 vs F3 and F2 vs F4 

Comparison of fault expansion indices for F2 (J/K/L) to F3 (a) and F4 (b) with a power 3 polynomial trendline for each fault.   
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nearly opposite activity periods to those of F2, despite having a similar average 

expansion ratio along the fault. 

4.4 Density 

A density inversion is frequently cited as reasoning for salt to initiate flow in a 

salt-based sedimentary basin (Fossen, 2016; Jackson and Hudec, 2017). The composite 

compaction curves created by Kim and others (2018) were used to reconstruct formation 

porosity and thickness through the history of the basin (Appendix C), modelled through 

the following formula:  

 

(1)  porosity = porosity initial * exp ( -depth * coefficient ) 

 

where the coefficient is based on lithology. This study first required the calculation of the 

initial porosity of each formation, and so rearranged the equation to  

 

(2)  porosity initial = porosity / exp ( -depth * coefficient ) 

 

To determine the porosity of the formations at the time of their deposition, the 

current porosity of the formation and depth of the formation are needed, as well as 

determining the coefficient. The coefficients were gathered from the literature (Kim and 

others, 2018) and are outlined in Table 4.2.  

The porosity of each formation was found via the average value of a neutron 

porosity log through each formation. The log was taken from California Time Petroleum, 



 

 

 

Figure 4.18 Survey location 

Location of the Altmeyer #1 well (red dot) relative the 3D seismic survey (gray square). 
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Inc.’s Altmeyer #1 well located in Section 9, Township 5 North Range 2 West, just south 

of the survey (Figure 4.18). The well is south of the fault zone, in sediments overlying 

salt. Average neutron porosity values for each formation are shown in Table X.  

While the model requires the thickness of each formation in meters, the above 

thickness measurements (used in the fault expansion indices and local loading) are in 

seconds. As such, for this formula, the thickness of each formation was averaged using 

formation top picks from eight wells as well as seismic picks compared to depth from 

two wells (Figure 4.19). Thicknesses were measured only in the undeformed sediments 

north of the fault zone to attempt an accurate reconstruction of how the sediments 

deposited without deformation variables. The thickness for the Norphlet Formation is the 

only exception, as only one well (Bolinger 19-16 #1) drilled below the Norphlet 

Formation, and the thickness for the Norphlet Formation was taken from this well. All 

measured thicknesses were in feet and were subsequently converted to meters. Average 

thickness values for each formation are shown in Table 4.2.  

By using the values in Table 5.2, the initial porosity value was calculated for each 

formation (Table 5.3). To determine the density of the formations at the time of their 

deposition, the following equation   

 

(3) thickness initial = thickness ( 1 + ( porosity initial - porosity)) 

 

was used to find first the thickness of the formation once it has deposited. Because 

formation density changes due to compaction with each successive formation depositing, 

both the thickness and porosity of each formation are recalculated with every subsequent



 

 

 

Figure 4.19 Well locations 

Locations of the nine wells whose formation top picks were used to determine formation thickness in feet. 1) Chappell Unit #1, 2) Bolinger 19-16 #1, 3) Newton 17-5 #1, 4) First National Bank of 

Laurel #1, 5) William Dansby #1, 6) Clanahan 23-10 #1, 7) Cowan-Scotch Lumber 34-14 #1 8) Elliott Unit 34-16 #1. 
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Table 4.2 Initial porosity calculation values 

Current average neutron porosity, thickness, and coefficient values used for each formation. Average neutron porosity values are 

based on the Altmeyer #1 neutron porosity log.  

Formation 
Neutron 

Porosity 

Thickness 

(ft) 
Coefficient 

Norphlet Formation 0.13 700 2966 

Smackover Formation 0.138 302 2599 

Buckner Anhydrite 0.16 278 1846 

Haynesville Formation 0.125 561 3299 

Cotton Valley Group 0.145 1366 2966 

Hosston & Sligo Formations 0.15 637 1909 

Rodessa Formation 0.135 613 3560 

Ferry Lake Anhydrite 0.16 425 1846 

Mooringsport Formation 0.16 365 3560 

Paluxy Formation 0.16 535 3299 

Washita & Fredericksburg 

Formations 
0.18 1025 2966 

Tuscaloosa Group 0.24 513 1909 

Eutaw Formation 0.32 1414 2966 

Selma Chalk 0.14 1258 2574 
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formation deposition. As the initial thickness and initial porosity for each formation is 

already determined, thickness through time is calculated by  

 

(4) thickness = thickness initial / (1 + ( porosity initial – [ porosity initial * exp ( -depth * 

coefficient])) 

 

and those thickness values are then summed to find depth, which is then used for finding 

the compacted porosity with formula (1). With the porosity and thickness values of each 

formation as each overlying formation deposits, the density per formation over time is 

calculated by  

 

(5) density = ( grain density * ( 1 – porosity )) + ( 1.04 * porosity ) 

 

where the grain density is the approximate density of the sediments primarily comprising 

the formation, and 1.04 is the density used for porewater (assuming a saturated 

formation). The values used are summarized in Table 4.3.  

To achieve a density inversion, overlying formations would need to be greater 

than 2.2 g/cc, the average density of a near-pure halite formation such as the Louann Salt. 

The initial density of the overlying Norphlet Formation was ~ 2.07 g/cc. It isn’t until after 

deposition of the Cotton Valley Formation that the Norphlet Formation has a density of 

2.20 g/cc or higher, at which time it was ~ 2.22 g/cc. The Haynesville Formation 

deposited with a density of ~2.24 g/cc. However, the average overburden density 
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(corrected for thickness) is not greater than 2.20 g/cc until the deposition of the Rodessa 

Formation. 
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Table 4.3 Density calculation values 

Grain density used to approximate the density of each formation.  

Formation Initial Porosity Grain Density  

Norphlet Formation 
0.36 

2.65 g/cc 

Smackover Formation 
0.42 

2.71 g/cc 

Buckner Anhydrite 
0.74 

2.71 g/cc 

Haynesville Formation 
0.28 

2.72 g/cc 

Cotton Valley Group 
0.31 

2.65 g/cc 

Hosston & Sligo Formations 
0.44 

2.68 g/cc 

Rodessa Formation 
0.22 

2.72 g/cc 

Ferry Lake Anhydrite 
0.41 

2.71 g/cc 

Mooringsport Formation 
0.25 

2.72 g/cc 

Paluxy Formation 
0.25 

2.72 g/cc 

Washita & Fredericksburg Formations 
0.26 

2.65 g/cc 

Tuscaloosa Group 
0.40 

2.65 g/cc 

Eutaw Formation 
0.38 

2.65 g/cc 

Selma Chalk 
0.15 

2.71 g/cc 
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CHAPTER V – DISCUSSION 

To determine what may be the cause of salt movement, several things must be 

chronologically constrained: 1.) When does the density inversion likely occur? 2.) When 

is there evidence of fault activity? 3.) Does local loading occur, and if so, in what 

formations? Finally, it must be determined, is there an adequate influence on the salt to 

cause movement, or would another factor provide a more suitable influence?  

Additionally, if a coherent model is to be developed for the relationship between 

salt movement and fault movement, the following items must also be considered:   

1.) When the initial fault movement occurred, 2.) When there were peaks in fault 

movement, and 3.) Does this movement coincide with a) salt flow initiation, b) the 

density inversion, c) local loading, and d) current constraints on salt evacuation from 

other studies? 

 

5.1 Density Inversion 

To consider density to be a driving force in initiating salt movement, there must 

be a formation density of 2.20 g/cc or greater. Hudec and Jackson (2007) indicate that the 

cumulative overburden must average a density greater than that of salt to initiate salt flow 

through a density inversion, rather than just a singular formation. Formation density is 

modelled as the grain density of the formation, modified by the porosity of the formation. 

Modelling density as a function of porosity and depth shows a density of 2.20 

g/cc or greater is not observed until the deposition of the Haynesville Formation, with the 

density of the Haynesville Formation at deposition (i.e. no compaction) 2.24 g/cc. The 

Norphlet Formation, directly overlying the Louann Salt, increases from a depositional 
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density of 2.07 g/cc to a density of 2.22 g/cc due to decreasing porosity from compaction 

with the deposition of the Cotton Valley Group. The overburden does not average a 

density of 2.20 g/cc or greater until the deposition of the Rodessa Formation. 

In support of the model indicating an average overburden density inversion was 

not until Rodessa Formation deposition is the average overburden thickness needed for 

siliciclastic rocks to have an average density above 2.20 g/cc. Depending on the sediment 

type in the overburden, typically 2,000 – 6,500ft of burial depth is required to increase 

siliciclastic sediments to 2.20 g/cc or greater depending on how fine grained the 

overburden is (Fossen, 2016; Hudec and Jackson, 2007; Rowan, 2019). With Rodessa 

Formation deposition, the salt has an overburden of 5,000ft, well within the accepted 

range. The minimum accepted thickness, 2,000ft, is not reached until the deposition of 

the Haynesville Formation, whereupon the overburden is just shy of 2,300ft.  

The earliest point density may have affected the salt is during the deposition of 

the Haynesville Formation. This is based solely off the minimum suggested overburden 

thickness to increase siliciclastic sediments to a formation density greater than 2.20 g/cc. 

More likely, salt was not affected by a density inversion until the deposition of the 

Rodessa Formation, when both the modelled formation density and the overburden 

thickness suggest an inversion could occur. 

 

5.2 Faults 

5.2.1 Fault Linkages 

The history of the fault system is constrained to better correlate the chronological 

relationship between movement in the Louann Salt and in the fault system. There are five 
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faults to constrain: F1, F2, F3, F4, and F5. This system is part of the Pickens-Gilbertown-

Pollard fault system and can be compared to previous maps of the area (Figure 6.1).  

Based on the comparison of regional faults to those mapped in the studies, it is 

suggested that F1 is the eastward terminus of the Melvin Fault System (MFS), while F2 

would be what was previously interpreted to be the eastern terminus of the Gilbertown 

Fault System (GFS). F3 and F4 can then be associated with the West Bend Fault System 

(WBFS). While F5 has no corresponding fault in these references, it is a younger fault 

than the others, not extending to the decollement surface, and is likely to accommodate 

some of the extensional strain on the footwall of F2.  

The Pashin and others (1998a) and Pashin and others (1998b) fault maps were 

created using wells logs, and so were well constrained only along actively drilled areas at 

that time. This results in poor constraint of the fault system in areas without high levels of 

drilled and logged wells, such as the links between the fault systems (i.e., the survey 

area). The same year, however, Qi and others (1998) mapped the same linkage observed 

in the 3D seismic (Figure 6.2) as well as linking F1 and F3, using well log data. They do 

not have the F3 or F4 equivalent faults labelled as part of the WBFS. While the GFS and 

MFS regionally strike mainly E-W, the WBFS accommodates a bend in the peripheral 

fault zone, with a strike of WNW-ESE. This transition in strike is captured by the 3D 

survey. The connection of the two fault systems, whether differentiated by name or strike, 

may have an influence on the basin through the orientation change affecting the direction 

of 2D extension perpendicular to the faults. The fault orientation is likely a function of 

the wedgeward terminus of the salt and not a function of extension direction.
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Figure 5.1 Regional fault system map 

a) Map of the regional fault systems, with the survey shaded grey. b) Survey area with faults mapped from this study (at the top of the 

Selma Chalk) overlaying previously mapped fault systems. Modified after Pashin and others (1998a), in brown, and Pashin and others 

(1998b), in blue.

a 

b 



 

 

 

 

Figure 5.2 Melvin and Gilbertown Fault Systems 

Comparing 3D mapped faults in this study, red lines, to those mapped by Qi and others (1998), black lines. North Choctaw Ridge Field is in blue. Modified after Qi and others (1998).
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The fault set from this study may not be representative of the entire basin; 

however, the connection of the GFS and WBFS suggests that the subdivision of the 

peripheral fault zone into various fault systems may be unnecessary aside from 

geographic blocking and local studies, as the systems all across the basin may be largely 

synchronous and/or interconnected.  

5.2.2 Fault Expansion Index: Timing of Slip 

Since all five fault segments are normal faults, there is potential for 

accommodation space to be generated on downthrown side of the fault. As the formations 

slip down the listric surface, they increase accommodation space resulting in thicker 

hanging wall formations as compared to the formation thicknesses in the footwall. These 

thickened formations in the hanging wall are known as growth strata (e.g., Xiao and 

Suppe, 1989), as they “grow” with slip, allowing the tracking of fault movement. The FEI 

(Figure 5.3) is one such way to track fault movement (Thorsen, 1963) and is used here to 

indicate when the fault first initiated, when peak slip was occurring, when it stopped 

slipping, and any other recognizable pattern or trend.  

The fault expansion indices all had a few formations whose ratios were less than 

one. In a normal fault system such as this, plotting the downthrown block divided by the 

upthrown block should result in ratios of 1 or greater. The ratios of less than one are 

likely predominately a result of potential thickness errors (mentioned previously), as 

erosive events only impacting the formations to the south of the fault system is unlikely. 

Additionally, N-S thinning trends in deposition unrelated to the fault system could also 

cause a ratio of less than 1. As the fault should both begin and end with ratios of 

approximately one (assuming faulting is no longer active), the values of the lowermost 



 

 

 

Figure 5.3 FEI locations in the survey
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and uppermost formations could be assumed to be near “one” and be treated as the 

baseline, with greater ratios indicating fault movement. However, this study will only 

look at values greater than one as fault movement. 

Several trends in fault movement are apparent when looking at the timing and 

magnitude of the fault slip. First, slip typically began to occur during the Buckner 

Anhydrite and Haynesville Formation, though F4 slipped early, during the Smackover 

Formation, and F2 in lines J, K, and L slipped late, during the Cotton Valley Group. 

Faults have the highest amount of slip during the Mooringsport Formation. They also 

have an initial, smaller magnitude peak near the Cotton Valley Group and a resurgence in 

slip during the Eutaw Formation after a quiet period that followed the main slip event.  

F1 and F3 accommodate the smallest, on average, amount of slip, though their 

initiation and initial peak in movement have greater magnitudes or occur earlier than the 

other faults, with the exception of the F4 initiation. F4 began slipping the earliest of all 

faults mapped, and also accommodates the highest amount of slip in both peaks of slip 

during the Mooringsport Formation and the Tuscaloosa Group. F2 in the J, K, and L lines 

accounts for little accommodation outside of the first two periods of slip, not even 

initiating slip until the first peak during the Cotton Valley Group. F2 in the E, F, and G 

lines has intermediate magnitudes of slip accommodation, and the timing is typical with 

that of the other faults with the exception of the primary slip event, during which its peak 

slip accommodation occurs during the Ferry Lake Anhydrite rather than the 

Mooringsport Formation.  

The higher levels of slip in F2 and F4 indicate they accommodated the majority of 

the extensional strain in this area, resulting in larger expansion ratios, drag folding, and a 
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better developed hanging wall anticline.  That the F4 fault accommodates the most 

amount of slip could possibly be attributed to its placement in the peripheral fault system. 

As it is approaching the crux of a change in fault strike, that orientation change may 

influence accommodation to increase.  

Additionally, F2 in lines J, K, and L initiates slip late as compared to in lines E, F, 

and G, and accommodates little slip outside of peak occurrences. This may indicate the 

growth of F2, as it initiates in lines E, F, and G in the Haynesville Formation, then 

propagates eastward to lines J, K, and L, where slip initiates with the first peak in the 

Cotton Valley Group. It could be during this time that F2 links to F3, as subsequently F3 

begins to accommodate very little strain. As slip continues along F2, it remains 

asynchronous from the E, F, and G lines as compared to the J, K, and L lines. The E, F, 

and G segment has an earlier peak with greater slip during the Rodessa Formation and 

Ferry Lake Anhydrite, while the J, K, and L segment has a later peak of lesser slip during 

the Mooringsport Formation, whereafter it appears to no longer slip. The E, F, and G 

segment has a tertiary peak during the Eutaw Formation. These differences in slip timing 

and magnitude suggest that strain was not equally accommodated across all faults, or 

even across single faults in this region.  

 

5.3 Local Loading 

 Another of the potential triggers for salt movement is local loading (or lack 

thereof). No base was mapped for the Norphlet Formation (i.e., top salt) due to 

evacuation of the Louann Salt from the survey bounds. Therefore, only the Smackover 

Formation and formations above it can be assessed for local loading. Thicknesses of the 
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Smackover Formation across the survey are shown in Figure 5.4. In the northwest 

quadrant of the survey, Smackover Formation thicknesses are notably greater than the 

rest of the survey. The formation also thins trending eastward, with measurements half 

the thickness of those observed to the west.  

While the discussed measurements are north of the fault system, and therefore 

should be just north of the salt paleo-boundary, they provide insight to the depositional 

patterns of the Smackover Formation with minimal to no deformation from the salt. Even 

south of fault in the southwest corner, the Smackover Formation is thickened, so it is 

assumed that the overall western thickening of the formation was pre-faulting, with only 

F4 likely active at this time.  

Lateral variation in the thickness of formations may have influenced salt flow or 

fault activity. Most formations show north/south thickness variation across the fault 

system, most of which is likely a consequence of increased accommodation space from 

hanging wall downdrop. East/west variation occurs in all formations aside from the 

Haynesville Formation, Cotton Valley Group, Rodessa Formation, and Selma Chalk. 

Roughly, thickening alternates between formations thickened to the west of the survey 

(i.e., the Smackover, Hosston/Sligo, Paluxy, Washita/Fredericksburg, and Eutaw 

Formations), to formations thickened to the east of the survey (i.e., the Buckner and Ferry 

Lake Anhydrites, the Mooringsport Formation, and the Tuscaloosa Group) (Table 6.1). 

Only F4 (which is in the east half of the survey) appeared to have a timing correlation 

between high FEI ratios and thickened deposits, with its three highest FEI ratios in three 



 

 

 

Figure 5.4 Smackover Formation thicknesses 

Thickness measurements of the Smackover Formation across the 3D seismic survey. Thicker measurements are shaded darker green, while thinner measurements are shaded lighter green. Measurements 

two standard deviations or greater away from average are bordered in red. 
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Table 5.1 Lateral thickening trends by formation 

 

Thickening to the... W None E 

Selma  X  

Eutaw X   

Tuscaloosa   X 

WashFred X   

Paluxy X   

Mooringsport   X 

Ferry Lake   X 

Rodessa  X  

Hosston/Sligo X   

Cotton Valley  X  

Haynesville  X  

Buckner   X 

Smackover X   



 

81 

of the four formations that thickened to the east: the Ferry Lake Anhydrite, the 

Mooringsport Formation, and the Tuscaloosa Group. There does not appear to be any 

direct correlation between thickening trends and the remaining faults. However, more 

localized variation may still have influence FEI ratios. 

In all formations, clusters of measurements two standard deviations or greater 

from the average tend to occur on the downthrown blocks. The largest cluster occurred in 

the Cotton Valley Group and primarily extends across lines B through H and in M2 fault 

block. The primary fault affected would be F2, but comparison to its eastern equivalent, 

F4, is not possible as the Cotton Valley Group has a missing section due to rollover in the 

F4 downthrown fault block. As such, unfortunately the effect of clustering cannot be 

accurately assessed regarding its influence on either salt or fault movement.  

 

5.4 Sediment Creep 

Lastly, the influence of basin-ward sediment creep should be considered. For 

sediment creep to influence faulting and/or salt movement, it would need to be 

observable prior to fault growth, which was determined to be during the Haynesville 

Formation. The sediments overlying the salt have the potential to creep, as the salt 

provides an unstable basement for the sediments to detach, whereas those up-dip of the 

salt (with the Paleozoic rocks acting as the basement) would remain stable from a higher 

coefficient of friction at the contact. If sediments crept basin-ward, accommodation space 

would increase at the transition from salt basement to Paleozoic basement as the salt-

based sediments mobilized and the Paleozoic based sediments remained in place. 
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Increased accommodation space during deposition would result in a thicker sediment 

column and may even result in drag folding along the margin. 

Thickening next to the fault scarps on the downthrown blocks is not observed in 

the Ferry Lake Anhydrite or older formations, and neither is drag folding. Drag folding is 

observed in formations above the Mooringsport Formation and is likely related to 

faulting.  

 

5.5 Salt Movement Initiation 

The initiation of movement within the Louann Salt has a variety of potential 

causal factors, with some presented above. Evidence suggests salt movement occurred as 

early as the Smackover Formation, with local thinning (Hughes, 1968; Mancini and 

others, 1990) as well as shoaling observed on salt highs within the Smackover Formation 

(Llinás, 2003). As shoaling is not a formation-wide occurrence, it is thought to have 

occurred due to uplift of the Smackover Formation along local paleo-highs as the 

upward-moving salt displaced the Smackover Formation to shallower depths below sea 

level. Hughes (1968) even suggested salt evacuation initiated with small amounts of 

Norphlet Formation deposition, while Jackson and Seni (1983) suggest initiation from 

Jurassic through Early Cretaceous (Cotton Valley Group). Based on evidence of thinning 

and potential shoaling within the Smackover Formation, it seems salt was evacuating 

during the deposition of the Smackover Formation. 

Overburden density does reach above 2.20 g/cc until, at the earliest, the 

deposition of the Haynesville Formation, but more likely during the deposition of the 

Rodessa Formation. As overburden density is less than 2.20 g/cc as an average 
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overburden until the deposition of the Rodessa Formation, a density inversion could not 

have been likely to influence the salt to initiate movement. This is not to say that a 

density inversion did not influence or further exacerbate salt flow once initiated (see 

below); however, it is supported that a density inversion is not the main cause for 

initiating salt movement. 

The fault system does not see high amounts of accommodation space created 

during or before the Smackover Formation. While F4 does record initial slip in the 

Smackover Formation, this would not likely be a significant factor in mobilizing the salt 

and is more likely passively recording the initiation of salt evacuation, lending more 

support to salt movement at this time. While most of the faults were not slipping until the 

Haynesville Formation and the first peak in accommodation space did not occur until the 

deposition of the Cotton Valley Group, salt movement had already been occurring prior.  

Of the potential triggers investigated, local loading is the sole factor that occurs 

early enough to affect the salt. In recent years, differential loading has been suggested to 

be a dominant influence in salt movement (Rowan, 2019; Vendeville, 2005; Warren, 

2006; Warsitzka and others, 2013). With salt acting as a fluid, a lateral difference in 

overburden thickness (i.e. differential loading) causes areas of high pressure (under 

thicker locales) and low pressure (under thinner locales). Differential loading leads to 

differential pressure, so the salt will be influenced to flow from high pressure areas to low 

pressure areas. This suggests that the differential loading due to E-W variations in the 

Smackover Formation thickness could have locally influenced the Louann Salt to initiate 

salt movement. To induce basin-wide salt flow there must be repeated occurrences of 
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differential loading across the entire salt periphery, but testing this is beyond the extent of 

this study, therefore a definitive conclusion cannot be made by this study.  

 

5.6 Model 

Models reconstructing the MFS and GFS in North Choctaw Field (Qi and others, 

1998) also indicate the northmost faults formed first and faults get younger basin-ward. 

The imbricate listric faults of the MFS have a northernmost fault with little rotation in the 

hanging wall, indicating little slip, with basin-ward secondary listric faults exhibiting 

expansion and folding. While Qi and others (1998) listed the pre-growth strata as 

extending to the top of the Cotton Valley Group, the first fault in their model was 

attributed to the initial evacuation of the Louann Salt. 

Salt movement was likely occurring before the faults were moving, or the density 

inversion formed. As salt likely moved soon after sediments were deposited on top of it, 

fault movement is a passive reaction to salt evacuation and not a main cause.  As the 

faulting is passive and reacting to salt movement, it makes an ideal potential candidate at 

recording continued salt movement.  

The first peak in slip occurred with deposition of the Cotton Valley Group. The 

largest cluster of anomalously thickened units occurred in the Cotton Valley Group. 

While this may be a local phenomenon, it is possible that this high increase in load may 

have locally caused increased lithostatic load and increased slip along the faults. The 

increased fault slip may also have been influenced by the deposition of the Haynesville 

Formation due to its higher density. Despite the full overburden not averaging greater 

than 2.20 g/cc by this time, the Haynesville Formation was deposited with a density 
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greater than 2.20 g/cc, and the Norphlet Formation compacted to a density greater than 

2.20 g/cc with Cotton Valley Group deposition. This may have influenced the salt flow to 

increase in magnitude, though the overburden had not yet averaged a density inversion. 

The slip on the faults at this time is increased, but by no means the highest, so this likely 

created cause for slip but of lower magnitude. 

The increase in slip to the primary peak during the Mooringsport Formation 

begins with the deposition of the Rodessa Formation. The deposition of the Rodessa 

Formation is when the average overburden density inverts with the salt density. Though 

density was not a trigger in initiating salt flow, its influence in salt tectonics remains. 

This density inversion likely exacerbated any movement in the salt. This exacerbation in 

salt movement was recorded by the faults with the highest peak in slip occurring at this 

time. The increased accommodation in the faults ends with the Paluxy Formation.  

A final pulse of salt movement occurs with the Tuscaloosa Group and Eutaw 

Formation. This does not have a clear contributing factor, but with the amount of 

overburden on the salt, there is likely a cumulation of triggers that reactivate the salt to 

move. 

Figure 5.5 shows the chronologic development of the fault system as the salt 

evacuates from the deposition of the Norphlet Formation through the Cotton Valley 

Group. Initial basin-ward flow created F4 fault, shortly followed by F1 and F3 which 

accommodated most of the initial strain. As salt flow continued, F2 formed, whereafter 

F2 and F4 accommodated the majority of the extensional strain from then on.
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Figure 5.5 Fault model 

Chronological restoration of the fault systems observed in the seismic survey. 
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 It is likely that these findings can be applied outside of the GFS/MFS/WBFS 

throughout the rest of the peripheral fault zone. This is most applicable through the 

Pickens-Gilbertown-Pollard section, as the formations will be most similar to the study 

area. Further east, such as the Mexia-Talco Fault Zone, the applicability of this study 

remains, but should be verified with local data due to changes in formations across the 

Gulf of Mexico.  
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CHAPTER VI – CONCLUSION 

In this study, the focus was to ascertain the relationship between Louann Salt 

evacuation, deposition, and the peripheral fault zone. The formations and faults within a 

3D seismic block were mapped to determine the subsurface geometry in the survey area 

and well logs were used for formation tops and density. Once mapped in the 3D block, 

formation thicknesses were measured across the area and both laterally compared and 

compared across faults. These were then used to determine trends in formation density, 

local loading, sediment creep, and fault expansion.  

Some key generalizations from this study can be made:  

1. Density had an average regional inversion with deposition of the Rodessa 

Formation. This timing coincides with increased expansion indices in F2, F3, and 

F4. 

2. Local loading/differential loading is most likely a key influence in the early stages 

of salt flow. 

3. Extensional strain was accommodated by all faults—however not at the same 

time or same magnitude— with the majority of strain being accommodated by F4. 

4. The peripheral fault zone formed as a passive response to the basin-ward flow of 

the Louann Salt and provides a record of salt migration which indicates that salt 

movement was episodic and not one progressive evacuation. 

Salt movement is a critical component for many sedimentary basins. Through its 

ability to quickly generate accommodation space, its capacity to form a variety of diapiric 

structures, and its tendency to flow, the investigation of salt and its processes are crucial 

and not to be overlooked. This study suggests salt flow occurs in pulses of movement, 
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which could influence the degree of accommodation space created in the basin as well as 

how salt structures form.  

Additionally, the greater GOM region and other salt basins such as the North Sea, 

Persian Gulf, and Campos Basin (Brazil) rely on salt to play a role in most aspects of the 

hydrocarbon system.  With timing being an essential part of the hydrocarbon system, 

defining and understanding the flow history of salt is vital. Salt basin peripheral fault 

zones worldwide may have a record of both the timing and magnitude of salt flow, which 

can be used as a baseline throughout the basin. Further investigation of peripheral fault 

zones is strongly recommended.  
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APPENDIX A – Cross Sections 

 

 

Figure A.1 Arb line A 



 

 

 

Figure A.2 Arb line B 



 

 

 

Figure A.3 Arb line C 



 

 

 

Figure A.4 Arb line D 



 

 

 

Figure A.5 Arb line E 



 

 

 

Figure A.6 Arb line F 



 

 

 

Figure A.7 Arb line G 



 

 

 

Figure A.8 Arb line H 



 

 

 

Figure A.9 Arb line I 



 

 

 

Figure A.10 Arb line J 



 

 

 

Figure A.11 Arb line K 



 

 

 

Figure A.12 Arb line L 



 

 

 

Figure A.13 Arb line M 



 

 

 

Figure A.14 Arb line N 



 

 

 

Figure A.15 Arb line O 



 

 

 

Figure A.16 Arb line P 



 

 

 

Figure A.17 Arb line Q 



 

 

 

Figure A.18 Arb line R 



 

 

 

Figure A.19 Arb line S 



 

 

 

Figure A.20 Arb line T 



 

 

 

Figure A.21 Arb line U 



 

 

 

Figure A.22 Arb line V 
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APPENDIX B – Thickness Measurement Charts 

Thickness charts for each formation, measured in seconds. Red outlined 

measurements represent thicknesses two or more standard deviations from the average 

thickness. Thicker measurements are darker green, thinner measurements are lighter 

green. Tan represents no measurement take.



 

 

 

 

Figure B.1 Smackover Formation thickness measurements (s) 



 

 

 

Figure B.2 Buckner Anhydrite thickness measurements (s) 



 

 

 

Figure B.3 Haynesville Formation thickness measurements (s) 



 

 

 

Figure B.4 Cotton Valley Group thickness measurements (s) 



 

 

 

Figure B.5 Hosston and Sligo Formations thickness measurements (s) 



 

 

 

Figure B.6 Rodessa Formation thickness measurements (s) 



 

 

 

Figure B.7 Ferry Lake Anhydrite thickness measurements (s) 



 

 

 

Figure B.8 Mooringsport Formation thickness measurements (s) 



 

 

 

Figure B.9 Paluxy Formation thickness measurements (s) 



 

 

 

Figure B.10 Washita and Fredericksburg Formations thickness measurements (s) 



 

 

 

Figure B.11 Tuscaloosa Group thickness measurements (s) 



 

 

 

Figure B.12 Eutaw Formation thickness measurements (s) 



 

 

 

Figure B.13 Selma Chalk thickness measurements (s)



 

126 

APPENDIX C – Density Calculations 

 

Step-through of the density calculation process. 



 

 

Figure C.1 Modern Formation depths and thicknesses 

 

 

 



 

 

Table C.2 Porosity at deposition 

 

 

 

 

 

 

 



 

 

Table C.3 Thickness at deposition 

 

 

 

 

 

 

 

 

 

 



 

 

Table C.4 Formation thickness and porosity through time 

 



 

 

Table C.4 (Continued) 

 

 

 

 

 



 

 

Table C.5 Formation density through time 

 

 

 

 



 

 

Table C.6 Average overburden density through time 

 

 

 



 

 

Table C.6 (Continued) 
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