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ABSTRACT 

Basic seismic survey design parameter calculations are generally useful to image flat 

layers and slightly dipping surfaces. However, parameter decisions for surveys over 

complex structures, such as folds, faults, domes, and reefs become more challenging due 

to complicated wave field behavior in these areas. In this study, another seismic survey 

design decision method, acquisition design via imaging, is presented using the Pierce 

Junction salt dome as an example. Pierce Junction is one of the most prolific fields in 

Texas. Depths of the top of the salt and its overlying cap rock are about 290 m and 210 

m, respectively. 

Previous studies, 2-D seismic, topography, and gravity data were gathered to build 2-D 

and 3-D velocity models of the Pierce Junction salt dome area in the south of Houston, 

Texas. Two-D seismic data acquired by Allied Geophysical Laboratories (AGL) were 

processed and velocities of the cap rock and near-surface sediments were extracted. Also, 

2-D gravity data were collected with 200 m intervals from an 8 km-long gravity profile in 

study area. The gravity data were processed and modeled in order to be used in 3-D 

velocity model. Then, a series of analyses were performed on synthetic seismic data to 

determine 2-D conventional seismic survey parameters that can be achieved with limited 

acquisition equipment of AGL. Shot gathers were modeled with a finite difference method 

using the full (two-way) acoustic wave equation. Next, to generate images, Reverse Time 

Migration (RTM) method was applied to the synthetic data. The optimum parameters of 

the 2-D seismic survey, such as maximum offset, group and shot interval, recording time, 
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and profile length, were obtained by reviewing the quality of the results. Finally, it was 

proposed that a 2-D seismic survey with 20 m group interval, 40 m shot interval, 3000 m 

maximum offset, 4 s recording time, and 8 km profile length parameters was able to 

image the salt dome and surrounding sediments adequately.  

The optimum parameters of the 2-D survey were modified for a 3-D seismic survey. 

Survey dimensions and patch definition were determined by the help of obtained 2-D 

survey parameters. Group and shot intervals were slightly increased to 25 m and 50 m, 

respectively. The receiver and shot line intervals were determined as 250 m. An 

orthogonal geometry was chosen due to its cost effectiveness and spatial continuity 

advantages over the other survey geometries. Eventually, 33 in-lines and 33 cross-lines 

were uniformly distributed to 8 km by 8 km survey area. Aspect ratio of the patch was 

kept as 1:1 with 13 in-lines and 13 cross-lines. After determining the final 3-D survey 

parameters, RTM images were obtained based on the 3-D velocity model. As a result, the 

final images including cross sections and depth slices showed that the salt dome and its 

surrounding sediments were adequately imaged with the 3-D survey using Reverse Time 

Migration analysis.  

 

 

 

 



viii 
 

 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ....................................................................................................... iii 

ABSTRACT ............................................................................................................................ vi 

CHAPTER ONE: INTRODUCTION .......................................................................................... 1 

1.1 Motivation and Scope ............................................................................................... 1 

1.2 Structural Framework of U.S. Gulf Coast .................................................................. 3 

1.3 Fundamentals of Salt Dome Geology ...................................................................... 11 

1.3.1 Salt Dome Formation ........................................................................................ 11 

1.3.2 Fault Systems around the Salt Domes .............................................................. 18 

1.3.3. The Cap Rock ................................................................................................... 19 

1.4 Thesis Organization ................................................................................................. 21 

CHAPTER TWO: DATA AND METHODS ............................................................................. 22 

2.1 Study Area ............................................................................................................... 22 

2.2 Total Station Survey ................................................................................................ 29 

2.3 2-D Seismic Data ...................................................................................................... 32 

2.3.1 Seismic Data Acquisition ................................................................................... 32 

2.3.2 Seismic Data Processing ................................................................................... 33 

2.3.3 Seismic Interpretation ...................................................................................... 36 

2.4 Gravity Modeling ..................................................................................................... 43 

2.4.1 Gravity Data Acquisition ................................................................................... 43 



ix 
 

2.4.2 Gravity Data Processing .................................................................................... 45 

2.4.3 Forward Modeling and Interpretation ............................................................. 47 

CHAPTER THREE: ACQUISITION MODELING FOR THE PIERCE JUNCTION SALT DOME .... 50 

3.1 Velocity Models ....................................................................................................... 50 

3.2 2-D Seismic Survey Design via Modeling and RTM Imaging ................................... 59 

3.2.1 Fundamentals of 2-D Seismic Survey Design .................................................... 59 

3.2.2 Analyses of the Actual 2-D Survey .................................................................... 69 

3.2.3 2-D Seismic Survey Design using RTM Cases .................................................... 73 

3.2.4 Analyses of the 2-D Survey with Optimum Parameters ................................. 107 

3.3.2 3-D Seismic Survey Design using RTM Cases .................................................. 119 

CHAPTER FOUR: DISCUSSION ......................................................................................... 139 

CHAPTER FIVE: LIMITATIONS OF THE STUDY .................................................................. 142 

CHAPTER SIX: SUMMARY AND CONCLUSION ................................................................. 143 

REFERENCES .................................................................................................................... 145 

 



1 
 

CHAPTER ONE: INTRODUCTION 

1.1 Motivation and Scope 

A seismic project is comprised mainly of data acquisition, processing, and interpretation. 

The survey design and acquisition somehow determine the quality of processing and 

interpretation. Even the best processing techniques cannot reveal good results from the 

data that have some insufficiencies in acquisition. Therefore, processing and 

interpretation should be considered in survey design and acquisition part of a seismic 

study.  

The goal of designing seismic surveys is to balance the cost of the survey and imaging 

needs of the interpreter. Expenses, equipment demands, and time limitations of the 

surveys force geophysicists considering the survey parameters by taking both economical, 

logistical, and technical parameters into account. A good survey design can be possible by 

gathering as much information as possible from the survey area.  

Stone (1994) summarized two important survey objectives that should be kept in mind 

while planning a seismic survey as: (1) Primary objective to obtain geophysical data that 

provide a representation of the subsurface geology that is adequate to meet the 

interpretational goals, and (2) Secondary objective to acquire the maximum amount of 

data within budgeted funds and time available.  
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Acquisition parameters calculated by general survey design formulas are usually 

adequate to image flat layers and slightly dipping surfaces. However, determining these 

parameters for complex structures, such as folds, faults, domes, and reefs is more difficult 

due to complicated wave field behavior in these areas. Seismic data acquisition 

simulations over a model of the study area can provide crucial information for 

determining the survey parameters. If the model is constructed close enough to the real 

structure, it is possible to obtain very realistic synthetic seismic data using seismic 

modeling. Therefore, seismic modeling is one of the most economical ways to establish 

and test the optimum acquisition parameters so as to get the best image over the 

complex geological structures. 

The Pierce Junction salt dome is one of the hundreds of salt domes in U.S. Gulf Coast. 

Besides oil and gas production, brine production and underground hydrocarbon storage 

facilities are established in the field. The brine producing caverns are operated by drilling 

the edge of the salt dome. Adequately imaging the salt dome flanks can reduce the risk 

of natural disasters such as sinkholes and hydrocarbon seepage. A 2-D seismic study was 

carried out in the Texas Brine Company facility by Allied Geophysical Laboratories (AGL). 

New 2-D and 3-D seismic surveys were also proposed since the original 2-D seismic data 

can only image a portion of the top of the salt. The motivation of this study is to 

investigate the feasibility of additional 2-D and 3-D seismic surveys for imaging the salt 

ŘƻƳŜ Ŧƭŀƴƪǎ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ǎŜŘƛƳŜƴǘǎ ōȅ !D[Ωǎ ƭƛƳƛǘŜŘ ŜǉǳƛǇƳŜƴǘ. 
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The scope of this study is to provide a seismic survey design decision method by an 

acquisition modeling study using the Pierce Junction salt dome area as an example. Two-

D and 3-D velocity models of the area were built as close to the real environment as 

possible and survey design parameters were determined by updating the initial survey 

parameters with finite difference modeling and Reverse Time Migration (RTM) images.  

1.2 Structural Framework of U.S. Gulf Coast 

The Gulf of Mexico Basin is an elongated structural basin with a length of about 1,500 km. 

As shown in Figure 1.1, the offshore part of the basin comprises the Gulf of Mexico which 

covers an area of more than 1,500,000 km2 (Salvador, 1991). The abyssal plain (> 3000 m 

deep) constitutes 20% of the Gulf while, the continental shelf (< 180 m deep), continental 

slope (180-3000m deep), and shallow and intertidal areas (< 20m deep) comprise 20%, 

22%, and 38% of the Gulf, respectively (Gore, 1992).  

The offshore area of the basin is bounded by a low coastal plain to the north and west. 

The low coastal plain is less than 50 km wide in east-central Mexico and more than 550 

km wide in the central part of the United States Gulf Coastal Plain, including the states of 

Louisiana, Mississippi, and Arkansas. Gulfward limits of the shallow parts of the Florida 

and Yucatan platforms were formed along the Florida and Campeche escarpments where 

the floor of the Gulf of Mexico rises steeply to the east and south. 

The limits of the Gulf of Mexico Basin are defined by existence of the structural features 

(Figure 1.2). The southern and eastern limits of the basin are estimated to be the Yucatan 
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and Florida carbonate platforms, respectively. The foot of the Chiapas massif, the Sierra 

Madre Oriental of Mexico, and the eastern edge of the Coahuila platform, forms the 

western limit of the basin. The northern limit of the basin corresponds to a series of 

structural features. These features, from west to east, are the basinward flanks of the 

Marathon uplift, the Ouachita orogenic belt, the Ouachita Mountains, the Central 

Mississippi deformed belt, and the southern reaches of the Appalachian Mountains. The 

limit between Appalachian Mountains and the eastern limit of the basin is arbitrary, since 

no apparent structural feature separating the shores of the Atlantic Ocean and Atlantic 

Coastal Plain is observed (Salvador, 1991).  

 

Figure 1.1 Location and structural limits of Gulf of Mexico Basin (modified after Salvador, 1991) 
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Figure 1.2. Second-order structural features within Gulf of Mexico Basin: 1, Macuspana basin; 2, 

Villahermosa uplift; 3, Comalcalco basin; 4, Isthmus Saline basin; 5, Veracruz basin; 6, Cordoba 

platform; 7, Santa Ana massif; 8, Tuxpan platform; 9, Tapica-Misantla basin; 10, Valles-San Luis 

Potosi platform; 11, Magiscatzin basin; 12, Tamaulipas arch; 13, Burgos basin; 14, Sabinas basin; 

15, Coahuila platform; 16, El Burro uplift; 17, Peyotes-Picachos arches; 18, Rio Grande 

embayment; 19, San Marcos arch; 20, East Texas basin; 21, Sabine uplift; 22, North Louisiana salt 

basin; 23, Monroe uplift; 24, Desha basin; 25, La Salle arch; 26, Mississippi salt basin; 27, Jackson 

dome; 28, Central Mississippi deformed belt; 29, Black Warrior basin; 30, Wiggins uplift; 31, 

Apalachicola embayment; 32, Ocala uplift; 33, Southeast Georgia embayment; 34, Middle Ground 

arch; 35, Southern platform; 36, Tampa embayment; 37, Sarasota arch; 38, South Florida basin 

(modified after Salvador, 1991). 



6 
 

The Cenozoic tectonic history of the basin is dominated by salt-related deformation in the 

Gulf of Mexico. Basinward and landward dipping normal faults, contractional folds and 

different types of salt structures are the major elements of the salt-related deformation 

(Figure 1.3). Eight river systems draining into the northern Gulf of Mexico basin, the 

Norma, Rio Grande, Carriso, Corsar, Houston, Red River, and Central and Eastern 

branches of the Mississippi River, loaded the sediment in the coastal zone, along with 

continental shelf and slope (Konyukhov, 2008). Salt flow activity began with the 

differential loading and gliding the major elements of the driving force of salt flow. A 

variety of complex structures were formed by deformation caused by the salt flow. A 

block diagram illustrating schematic shapes of salt structures is shown in Figure 1.4. 

 

Figure 1.3. Structural elements and salt structures that cause salt-related deformation in the Gulf 

of Mexico (modified after Konyukhov, 2008). 
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Figure 1.4. Salt structures displaying the evolution of salt tectonics (modified after Jackson and 

Talbot, 1986) 

The Gulf of Mexico can be structurally divided into three major provinces; the northern 

progradational margin, the eastern carbonate margin, and the western compressional 

margin (Figure 1.5). The northern progradational margin is the best known part of Gulf of 

Mexico, since there are extensive oil and gas exploration well data and publications about 

the area. The northern progradational margin extends from northeastern Mexico to 

Alabama, and can be subdivided into the interior zone (Mesozoic structures) and the 

coastal zone (Cenozoic structures). In the interior zone, depositional and active tectonic 

basins and uplifts, and salt diapirism affected the early mixed clastic-carbonate shelf 

margin of Late Jurassic and Early Cretaceous age. This zone is also called the interior salt 

diapir province. In the coastal zone, a thick wedge of Upper Cretaceous and Cenozoic 

coarse clastic sediments, overlying the Mesozoic strata, have prograded the shelf margin 
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hundreds kilometers seaward, generating άƎǊƻǿǘƘ Ŧŀǳƭǘέ ǎȅǎǘŜƳǎ ŀƴŘ forming the coastal 

and offshore salt diapir provinces. The Florida and Yucatan carbonate platforms cover the 

large-scale and poorly known basins and uplifts in the eastern coastal carbonate margins. 

The western compressional margin covers the area from the Isthmus of Tehuantepec to 

northeastern Mexico. Laramide (Late Cretaceous-Eocene) folding and thrusting 

dominated the carbonate margin in the area (Ewing, 1991). Additional discussion will be 

limited to the northern progradational margin, as it is the main focus of this study. 

The interior zone of the northern progradational margin covers a broad complex of 

embayments, which extends from the San Marcos arch eastward to Alabama. The zone is 

divided into basin and embayment provinces by the Sabine and Monroe uplifts. The 

Sabine uplift, located in the center of the embayment, splits the embayment into the East 

Texas to the west, and North Louisiana and Mississippi salt basins to the east. Also, the 

Mississippi embayment is separated from the southern basins by the Monroe uplift 

(Ewing, 1991). Important structural features in the interior zone are, from east to west, 

the Rio Grande embayment, San Marcos arch, East Texas basin, Sabin uplift, North 

Louisiana salt basin, Monroe uplift, Desha basin, and Mississippi salt basin. 



9 
 

 

Figure 1.5. Index map showing major structural elements and provinces explained in this chapter. 

Blue line is the boundary between interior and coastal zone of northern progradational margin. 

Description of the structural features has given in Figure 1.2 (modified after Ewing, 1991). 

The Rio Grande, East Texas, Northern Louisiana, Mississippi, East Central, De Soto Canyon, 

Texas-Louisiana Slope, Perdido, South Louisiana Shelf, and West Florida salt dome basins 

are the ten major salt-controlled provinces of the interior and coastal zones of the 

northern progradational margin (Halbouty, 1967). The difference between styles of  
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occurrence of salt and/or spatial clustering characterizes these salt diapir provinces. 

Ewing (1991) states that the salt in diapir provinces may have been deposited in the 

Jurassic.  

The study area, Pierce Junction salt dome, is located in the Houston embayment which is 

situated in the South Louisiana Shelf diapir province (Figure 1.6). Houston embayment 

includes about 60 salt diapirs and a few salt pillows. The southern and western boundaries 

of the province do not contain distinct salt structures. On the other hand, the province 

merges with the South Louisiana province to the east. The East Texas basin is also 

connected to the province with a small line of diapirs on the northwest (Ewing, 1991). 

 

Figure 1.6. Salt diapir provinces of the northern progradational margin. Red square indicates the 

study area (modified after Ewing, 1991). 
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1.3 Fundamentals of Salt Dome Geology 

1.3.1 Salt Dome Formation 

Sedimentary loading after tectonic stability of the Gulf of Mexico caused the development 

of the salt basins and salt dome basins predominantly in the Gulf Coast region of North 

America (Halbouty, 1967). Deformation caused by gravity acting on the weak base of 

abnormally pressured shales and/or salt resulted in two main forms: salt-flow structures 

and listric-normal faults. Sediments that overlie or load the salt create pressure gradient 

that provides salt flow. Many types of salt structures were developed by movement of 

the salt from areas of higher pressure toward areas of lower pressure because of 

differential loading of the overlaying or loading sediments (Nelson, 1991). 

A group of minerals, including both nonradioactive evaporites (halite, anhydrite, gypsum, 

and trona) and radioactive evaporites (sylvite, carnallite, langbeinite, polyhalite, and 

kainite), is grouped under the term salt. However, this term is used for halite since the 

salt contains 90%-98% of this mineral (Kupfer, 1989; Halbouty, 1979). The specific gravity 

of rock salt is usually greater than the specific gravity of halite (2.164) because of 

impurities dispersed through the salt. Anhydrite is the most common mineral, which 

affects the purity of the salt. Hence, average density of the rock salt is often assumed 2.2 

g/cc calculated by a salt structure composed of 95% halite and %5 anhydrite. Composition 

and specific gravity of evaporate minerals are shown in Table 1.1.  
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Table 1.1. Composition and specific gravity of evaporate minerals (from Carmichael, 1984). 

Mineral Composition Specific Gravity 

Nonradioactive Evaporites 

Halite NaCl 2.164 

Anhydrite CaSO4 2.960 

Gypsum CaSO4·2H2O 2.320 

Trona Na3(CO3)(HCO3)·2H2O 2.120 

Radioactive Evaporites 

Sylvite KCL 1.984 

Carnallite KMgCl3·6H2O 1.610 

Langbeinite K2Mg2(SO4)3 2.830 

Polyhalite K2MgCa2(SO4)4·2H2O 2.780 

Kalinite MgSO4·KCl·3H2O 2.130 

 

Salt flow is possible where the driving forces overwhelm the resisting forces. Major driving 

force of salt flow is differential loading. On the other hand, overburden strength and 

boundary friction within the salt layer are considered being the principle resisting forces 

(Hudec and Jackson, 2007). The depth of salt burial, geometry of the salt body, geologic 

setting, and thermal conditions of the salt determine the type of loading which can be in 

three ways: gravitational loading, displacement loading, and thermal loading. 

Combination of the weight of the rocks overlying the salt and gravitational body force 

within the salt yields the gravitational loading. If the flanks of a salt body are shifted from 

their original position during a regional shortening or extension, it causes the 

displacement loading. Thermal loading is a result of deformation in volume of the salt due 

to changes in temperature (Hudec and Jackson, 2007). 
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Even though differential loading can be simulated using variety of densities and 

geometries, it will be beneficial to be illustrated by the condition in which a simple 

structure is presented on the top of the salt beneath a flat-lying surface. The salt flow 

direction and the point at which equilibrium is reached is related to the density of the salt 

and the overlying sediments. Nelson (1991) explained the salt flow mechanism for this 

model with three cases: sediments in this interval are (1) of the same density as the salt, 

(2) less dense than the salt, or (3) denser than the salt (Figure 1.7)  

In the first case, there is no pressure difference within the salt if the salt and sediment 

densities are equal; therefore, salt flow cannot be observed in this case. (Figure 1.7a).  

In the second case, the density of sediments surrounding local salt high is less than the 

salt density and the pressure beneath the salt is higher than the pressure beneath 

adjacent sediments at the same depth. This pressure difference forces the salt to move 

from local high to salt bed environment (Figure 1.7b). Consequently, the salt high will be 

suppressed in amplitude and some collisions are observed in the overlying sediment. This 

case is generally observed where shallow salt sheets are developed. 

In the third case, the density of local salt high is smaller than that of adjacent sediments 

which produces a pressure difference causing the salt flow from the salt bed into the local 

salt high. As a result of the upward movement of the salt through the local salt high, high-

amplitude salt diapirs dominantly seen in Gulf of Mexico basin region are developed 

(Figure 1.7c)  
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άCƭǳƛŘ ƳŜŎƘŀƴƛŎŀƭ ǘƘŜƻǊȅέ ƻŦ bŜǘǘƭŜǘƻƴ όмфопύ ōŀǎƛŎŀƭƭȅ ŘŜǎŎǊƛōŜǎ ǎŀƭǘ-flow principles 

ό.ŀǊǘƻƴΣ мфооΤ IŀƭōƻǳǘȅΣ мфстύΦ !ŎŎƻǊŘƛƴƎ ǘƻ bŜǘǘƭŜǘƻƴΩǎ ǘƘŜƻǊȅΣ ƛƴƛǘƛŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 

which localize the dome, the thickness of mother salt layer, the strength or viscosity of 

overlying rocks, and the strength or viscosity of the salt are the significant factors that 

determine the final form of a salt dome. Formation of a piercement salt dome can be 

illustrated in six stages (Figure 1.8). (мύ Lƴƛǘƛŀƭ ǎǘŀƎŜ ƻŦ ŦƻǊƳŀǘƛƻƴ ŘƻŜǎƴΩǘ ōŜƎƛƴ ǳƴǘƛƭ ǘƘŜ 

deposition of adequate sediments over the salt to produce a pressure difference on the 

salt bed. (2) While initial upward movement of the salt begins when the sufficient 

pressure difference is occurred, sediment accumulation still continues. (3) In stage 3, salt 

piercement through the overburden begins and overlying rocks are carried upward by the 

salt. Also, drop in the peripheral sink cuts off the salt supply flowing towards the dome. 

Hence, after this stage formation of the dome will be completed with the amount of the 

material within the peripheral sink and salt core. (4) At stage four the original material 

over the dome is almost eroded. (5) After complete erosion of overlying rocks, the cap 

rock is produced by the action between the salt and circulating ground water. (6) Collision 

of the upturned beds into the peripheral sink in form of block fault segments shows the 

final stage of dome growth (Nettleton, 1934; Halbouty and Hardin, 1956; Halbouty, 1967).  

Categorizing the salt domes by their forms, sizes, and relationships to host sediments is 

required to describe the structure better. Salt domes are classified in two ways: 

descriptively and structurally.  
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Descriptive classifications refer to: (1) depth of burial of the salt mass below the surface, 

(2) form or shape of the salt structure, and (3) genetic relationship of salt structure or 

group of structures. On the other hand, structural classification include the relationship 

of: (1) the upper portion of the salt to adjacent sediments, (2) the lower portion of the 

salt mass to the source bed, (3) the salt stock to structural features in adjacent strata, and 

(4) the salt core to numerous typical fault pattern (Halbouty, 1967). 
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Figure 1.7. Model of differential loading related to structure on the top of the salt; a) Stable 

ŎƻƴŘƛǘƛƻƴΣ ōύ ŘŀƳǇƛƴƎ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ǊŜƭƛŜŦ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ǎŀƭǘΣ Ŏύ ƳƻŘŜƭ ƻŦ ŘƛǇƛǊƛǎƳΦ άƘέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ 

interval of the overlying sediment (modified after Nelson, 1991).  
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Figure 1.8. Development stages of a shallow piercement salt dome (modified after Nettleton, 

1934). 



18 
 

1.3.2 Fault Systems around the Salt Domes 

Relative uplift of the sediments flanking the diapir yields to faulting activity around 

passive piercement salt domes. The reasons of diapir uplift can be accounted to a 

combination of salt withdrawal from the source layer, continued rise of the salt plug 

relative to the source layer, and compaction and subsidence of the sediments 

surrounding the salt plug (Nelson, 1991). 

The usual fault patterns around passive piercement salt domes are radial and commonly 

developed from the salt/sediment interface outward. These faults are larger near the salt 

plug and become weaker down the flanks of the structure. Relative uplift produces an 

extensional stress around the circular salt plug. Since the salt plug is biased to move 

parallel to the salt/sediment interface, the faults are developed perpendicular to that 

interface in response to the stress (Figure 1.9; Nelson, 1991).  
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Figure 1.9. Schematic structure map of a sedimentary horizon around a typical piercement salt 

dome (modified after Nelson, 1991). 

1.3.3. The Cap Rock  

Cap rocks can be described as layers of anhydrite, gypsum, and calcite that cover the salt 

plugs of passive piercement domes (Halbouty, 1979). The cross section of a typical cap 

rock is shown in Figure 1.10. Dissolution of the top of the salt generally by meteoric water 

yields the formation of the cap rock (Murray, 1961; Posey and Kyle, 1988). Easily soluble 

minerals, such as halite, are removed under these conditions. Less soluble minerals than 

halite accumulate more along the salt/cap rock interface through a process called 
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underplating (Kyle et al., 1987). Biogenic calcite and hydrogen sulfide are originated by 

bacteria associated chemical reactions of anhydrite and hydrocarbons present in the 

environment (Feely and Kulp, 1957). In a few situations, elemental sulfur can be formed 

by conversion of hydrogen sulfide. Hence, elemental sulfur can be preserved and 

deposited in the cap rock in commercial quantities (Halbouty, 1979). 

 

 

Figure 1.10. Cross section of Jefferson Island dome, Iberia Parish, Louisiana showing three 

mineralogical zones typical of cap rock on many domes. Accessory minerals such as gypsum and 

sulfur, if present, are usually associated with the transition and calcite zones overlying the lower 

anhydrite zone. (modified after Halbouty, 1967). 
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1.4 Thesis Organization 

This thesis consists of six chapters. Chapter one introduces the motivation and scope of 

this study, reviews the structural framework of the Gulf Coast dominated by salt 

structures, and addresses the fundamentals of the salt dome geology.  

Chapter two describes the data and methods used in 2-D and 3-D velocity model building. 

A detailed information about the Pierce Junction salt dome is presented as a review of 

previous studies. Next, a series of geophysical data acquired from the area processed and 

interpreted to gather more information for accurate velocity models.  

Chapter three describes the acquisition modeling steps applied in this study. Velocity 

model building procedures are defined. Then, seismic survey design parameters decision 

by acquisition modeling is presented. The results and analyzes of the survey designs are 

also discussed with RTM image examples.  

Chapter four discusses the products of this study in terms of feasibility, equipment 

requirements, and cost of the survey. The problems that can be encountered while 

acquiring the data in the real environment and their solutions are also discussed in this 

chapter.  

Chapter five addresses the limitations of this study 

Chapter six contains a summary and conclusions of this research. 
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CHAPTER TWO: DATA AND METHODS 

2.1 Study Area 

The Pierce Junction salt dome is located seven miles southwest of Downtown Houston, in 

southern Harris County. It is named for its location at the intersection of what was then 

the Buffalo Bayou, Brazos and Colorado Rivers, and the Houston Tap railroad (Figure 2.1).  

 

Figure 2.1 Location of Pierce Junction salt dome. Blue polygons represent Gulf Coast salt domes 

(Huffman, 2004) in the Houston Metropolitan area within Harris County. 
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The dome is classified as a shallow piercement salt dome. As a typical Gulf Coast salt 

dome, it is overlain by a cap rock and the salt spine is steep to overhanging. According to 

Beckman and Williamson (1990), the salt and overlying cap rock are encountered at a 

depth of approximately 290 m and 207 m, respectively. The dome is almost circular and 

the area of the top of the salt is about 10 km2, although it is about 35.25 km2 at the 

deepest part (Beckman and Williamson, 1990). Elevation from sea-level differs between 

17 and 21 m in the area. 

The stratigraphic sequence of formations at the Pierce Junction area is illustrated in Figure 

2.2 based on type electric log. Each stratigraphic unit from lower Miocene trough the 

Jackson contains oil that is mostly accumulated on the flanks of the structure (Glass, 

1953). The schematic west-east cross section of the field indicates the stratigraphic 

convergence and arching of sediment bordering the salt. On the eastern flanks of the 

dome, in the presence of steeply dipping and overturned beds, the evidence of the 

increased structural effects of drag between the salt plug and sediment next to it exists 

beneath the salt overhang (Glass, 1953) (Figure 2.3). 
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Figure 2.2. Type stratigraphic section of Pierce Junction field (modified after Glass, 1953). 
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Figure 2.3.  West ς East Cross section of Pierce Junction salt dome. Line of section and location of 

the wells are shown on Figure 2.4 (Modified after Glass, 1953) 
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The radial fault pattern formed by normal faults around the dome can be observed on the 

contouǊ ƳŀǇ ƻŦ ǘƘŜ άheterostegina zƻƴŜέ όCƛƎǳǊŜ нΦпύΦ ¢ƘǊƻǿǎ ƻŦ ǘƘƻǎŜ ƴƻǊƳŀƭ Ŧŀǳƭǘǎ ǾŀǊȅ 

from 15 m to 90 m. Combination of structural effects of faulting and sedimentary 

movements ends up with a very complex structural pattern at the areas adjacent to the 

dome. Hence, this complex structure does not provide a reliable structural interpretation 

at the boundaries of the salt (Glass, 1953).  

 

 

Figure 2.4. Contour map of Top Heterostegina zone around Pierce Junction salt dome (modified 

after Glass, 1953). 
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The Pierce Junction salt dome has an important place in oil and gas production history as 

it is of the earliest oil fields. The salt dome area was evaluated as barely productive in the 

early 1900s, since the poor drilling technology had not been successful on first fifty four 

holes. With the developing technology, first production made in 1921 by the South Texas 

Petroleum Company owned by Hugh Roy Cullen. First, "Taylor" No. 2 gas well completed 

with a total depth of 1,072 m. Finally, initial flow of 3,000 barrels of oil per day was 

achieved in the same well at around 1225 m depth. Until the 1930s, 19,637,240 barrels 

were produced from 86 wells in the area (Darton, 1933; Glass, 1953). Oil production 

reached its final limits in late 1940s with development of the Vicksburg on the south flank 

of the dome. In 1950s, the field had produced 40 million barrels of oil with 107 wells 

producing 4,300 barrels per day in advance stage of depletion. The total oil production 

until 1979 was recorded as 80 million barrels (Holzer and Bluntzer, 1984). According to 

Railroad Commission of Texas annual reports, the Pierce Junction salt dome produced 

111,232 barrels of oil in 1997. However, the annual production decreased dramatically to 

44,375 barrels in 2012.  Annual production of the Pierce Junction oil field is depicted in 

Figure 2.5. Moreover, gas production had continued until 2000 and approximately 15 

million cubic feet (Mcf) gas had been produced from the field (Figure 2.6). 
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Figure 2.5. Oil Production in Pierce Junction oil field (Railroad Commission of Texas, 2013). 

 

Figure 2.6. Gas Production in Pierce Junction oil field (Railroad Commission of Texas, 2013). 
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Besides oil production, the Pierce Junction salt dome has been used for brine production 

and hydrocarbon storage over the last three decades. This field is the first facility where 

simultaneous brine production and storage is provided in Texas (Querio, 1974; Seni et al., 

1984) Materials that do not dissolve salt can be stored in salt caverns securely. Brine 

production using controlled solution mining provides potential storage caverns in the salt 

dome (Thomas and Gehle, 2000). Texas Brine Company operates brine production, cavern 

construction and engineering, and management of storage facilities in the Pierce Junction 

salt dome.  

2.2 Total Station Survey 

In 2011, total station survey data were collected at the boundaries of the salt dome for 

static correction of seismic data.   

Total station is a modern electronic/optical surveying instrument that allows reading 

slope distances from the instrument to a particular point. A total station simply consists 

of a tripod, a distance measuring device, and a reflector prism (Figure 2.7).  
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Figure 2.7. Element of the total station survey instrument. 

A solid-state emitter within the total station generates an infrared laser signal. This laser 

signal is then reflected by reflector prism back to the measuring device. The distance 

between the total station and the reflector prism is calculated by an integrated computer 

that interprets the modulation pattern of the reflected signal. Most of the total station 

systems can determine the coordinates and elevation of the point using simple 

trigonometry and triangulation equations. The data collected from total station survey 

are used to generate the topographic map of the surveyed area. Total station survey is 

preferred for detailed studies due to its very high accuracy (~1.5mm).   

The survey was carried out at every 5 m where the seismic receivers are deployed in the 

area (Figure 2.8). Average elevation in the area is about 19 m. Elevation difference 
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between beginning and end of the line is very small (about 2 meters). The elevation trend 

decreases slightly from North to South with a slope of about 2° (Figure 2.9).    

 

Figure 2.8. Map view of total station survey area. Yellow line represents the total station 

measurement line and blue line represents the estimated salt boundary (Huang, 2012). 

 

Figure 2.9. Elevation of N-S line in the center of the salt. 
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2.3 2-D Seismic Data  

2.3.1 Seismic Data Acquisition  

A 2-D seismic survey was conducted in the central part of the Pierce Junction salt dome 

in 2011, for the purpose of imaging the top of the salt on the same line of total station 

survey (Figure 2.8). 120 vertical receivers were deployed with 5-meter interval with the 

total length of 595 m. After shooting along the line, the receiver line has moved 360 m to 

the end so as to get t ǘƻǘŀƭ ƭŜƴƎǘƘ ƻŦ фрр ƳΦ !D[Ωǎ aƛƴƛ±ƛōŜ ǎŜƛǎƳƛŎ ǾƛōǊŀǘƻǊ ǘǊǳŎƪ ǿŀǎ 

used as the source. Sweep type was selected as linear sweep from 10 to 120 MHz. Shots 

were fired between two receiver stations with 5 m interval. Distance between source and 

receiver lines was remained at 5 m as much as possible. Figure 2.10 represents the 

receiver line and shot station configuration of seismic survey at the Pierce Junction area.  

 

Figure 2.10. Shot and receiver configuration of 2-D seismic survey. Red and green triangles 

represents the stations of the first pattern, and the stations of the second pattern, respectively. 

Red stars show shot locations.  
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2.3.2 Seismic Data Processing 

Two-D seismic data from the Pierce Junction salt dome area were processed using 

tŀǊŀŘƛƎƳΩǎ 9ŎƘƻǎ ǎŜƛǎƳƛŎ ǇǊƻŎŜǎǎƛƴƎ ǎƻŦǘǿŀǊŜΦ tǊƻŎŜǎǎƛƴƎ Ŧƭƻǿ ƻŦ ǎŜƛǎƳƛŎ Řŀǘŀ ƛǎ ǎƘƻǿƴ 

in Figure 2.11. 

 

Figure 2.11. Processing work flow of Pierce Junction 2-D seismic data. 

The collected data first preprocessed using geometry loading, trace editing, and static 

correction. A series of noise suppression and filtering methods were also applied in order 

to eliminate low frequency noise originated from producing wells and random sources.  

First, time-variant band-limited noise suppression (SUPPRES module) with 3-20 Hz 

frequency band is applied to suppress organized type of noise such as ground roll and air 

blast. In this method, noise and signal components in seismic trace are decomposed using 

3-20 Hz Butterworth filter. The noise component of the trace is scaled down through 
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comparison between noise and signal components to have its envelope to match the 

specified signal envelope level. The final result was obtained by summation of original 

signal and scaled noise components (Oppenheim and Schafer, 1989; Robinson and Treitel, 

1980; Taner et al., 1979) 

Next, time-variant spectral balancing via Time-Frequency decomposition (TUNEUP 

module) was applied to the data. This method provides replacement of each input trace 

with the trace that has broader frequency band where the envelopes of the input and 

output traces are matched. Wavelet transforms using Gabor-Morlet wavelets yield the 

spectral extension of the trace (Goupillaud et al., 1984; Morlet et al., 1982; Partyka et al., 

1999). The power spectrum of a shot gather before and after time-variant spectral 

balancing is shown in Figure 2.12. 

Finally, time-frequency domain noise suppression (TFCLEAN module) was used to 

eliminate the noise bursts in gathers. This application uses Fast Fourier Transforms to 

transform the input gather into time-frequency domain, split input gather into its 

amplitude and phase component, and decompose it to different sub-bands. A noise 

threshold, calculated automatically by median of frequency sub-bands, was used to scale 

the noises whose spectral amplitude value exceeds the threshold within the sub-band. 

Subsequently, unaltered phase information was combined with both scaled and unscaled 

amplitude information and transformed to filtered time-space domain by inverse Fourier 

Transform. As a result of sample by sample noise suppression on various frequency 
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components, nicely balanced spectra was obtained (Goupillaud et al., 1983; Morlet et al., 

1982; Partyka et al., 1999; Taner et al., 1979).  

 

Figure 2.12. Average power spectrum of shot gather No.51 before and after time-variant spectral 

balancing. Above, before time-variant spectral balancing, the amplitude decreases with increasing 

frequencies. Below, after time-variant spectral balancing, the amplitude stays same high 

amplitude value with increasing frequencies. Blue dash-line represents the amplitude trend with 

increasing frequencies.  
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In addition to those noise suppression methods mentioned earlier, surface-consistent 

amplitude balancing, predictive deconvolution, ensemble equalization, F-K filtering, low 

frequency array filtering, and surface-consistent deconvolution techniques were also 

applied. However, as reasonable results could not be observed on shot gathers these 

techniques were not used in the final processing flow.  

Comparison of raw and noise suppressed shot gathers of the 1st and 55th shots are shown 

in Figure 2.13 and Figure 2.14, respectively. Strong ground roll, air blast, and low 

frequency surface consistent noise in raw shot gather were suppressed by the methods 

mentioned above. These noise suppression methods increased the resolution and 

enhanced the possible reflections. 

Root-mean-square (RMS) velocity function was determined through a detailed velocity 

analysis and used in Kirchhoff pre-stack time migration (Figure 2.15). Final Kirchhoff pre-

stack time migrated and stacked sections are shown in Figure 2.16.  

2.3.3 Seismic Interpretation 

Final stack of the data shows a reflector having stacking velocities about 2000 m/s, which 

ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ōŜ ŀ άǎŀƭǘ ǊŜŦƭŜŎǘƻǊέΦ ¢Ƙƛǎ Ǌeflection was observed at 290 ms that 

corresponds to about 290 m depth with 2000 m/s stacking velocity. Another reflector 

ŎƻƳǇŀǊŀǘƛǾŜƭȅ ǿŜŀƪŜǊ ǘƘŀƴ άǎŀƭǘ ǊŜŦƭŜŎǘƻǊέΣ ƘŀǾƛƴƎ ŀround 1950 m/s velocity was 

observed at 210 ms that corresponds 205 m depth. That reflector waǎ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ άŎŀǇ 
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ǊƻŎƪ ǊŜŦƭŜŎǘƻǊέ όCƛƎǳǊŜ нΦмтύΦ wŜŦƭŜŎǘƻǊ ŘŜǇǘƘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǎŜƛǎƳƛŎ Řŀǘŀ ƳŀǘŎƘ ǘƘŜ ŎŀǇ 

rock and salt depth information from previous studies in the area. 
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Figure 2.13. Comparison of raw (A) and processed (B) shot gathers of the 1st shot.  
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Figure 2.14. Comparison of raw (A) and processed (B) shot gathers of the 55st shot. 






















































































































































































































