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Executive Summary 

This report documents the development of the structure, lithology, and depositional framework 

for the Gulf Coast Aquifer system from the Brazos River north to the Sabine River and into 

Louisiana.  The project is part of a long-term plan to update the Groundwater Availability 

Models (GAMs) for the Gulf Coast Aquifer. 

The structure of the Gulf Coast Aquifer system is comprised of, from shallowest to deepest, the 

Chicot Aquifer, the Evangeline Aquifer, the Burkeville confining unit, and the Jasper Aquifer, 

with parts of the Catahoula Formation acting as the Catahoula Confining System.  In this study, 

aquifer units have been subdivided on the basis of chronostratigraphic correlation to yield 

subaquifer layers.  The boundaries for the geologic units were traced from outcrop formation 

boundaries to identifiable flooding surfaces in the deeper subsurface, where paleontological 

control constrained geologic ages of surfaces at nearshore and offshore geophysical log 

locations. 

The Chicot Aquifer subaquifer layers include, from the shallowest to deepest, the Beaumont and 

Lissie Formations of Pleistocene age and the Pliocene-age Willis Formation.  The Evangeline 

Aquifer subaquifer layers include the upper Goliad Formation of earliest Pliocene and late 

Miocene age, the lower Goliad Formation of middle Miocene age, and the upper unit of the 

Lagarto Formation (a member of the Fleming Group) of middle Miocene age.  The Burkeville 

confining unit is defined as the middle unit of the Lagarto Formation of middle and early 

Miocene age, which is the chronostratigraphic layer with the most widespread clayey interval 

between the Evangeline and Jasper Aquifers.  For this study, the Jasper Aquifer includes the 

lower Lagarto unit of early Miocene age, the early Miocene Oakville sandstone member of the 

Fleming Group, and the sandy intervals of the Oligocene-age Catahoula Formation.  Elevations 

from the established base Jasper surface in the Source Water Assessment Program dataset were 

used close to the outcrop and were merged with the chronostratigraphic base of the Oakville 

Sandstone defined in this study.  

As part of this project, approximately 800 geophysical logs were used to map stratigraphy, 

lithologic profiles, and estimates of water quality in the northern Gulf Coast Aquifer system.  

The 800 geophysical logs include 666 wells that were analyzed as part of this study and 
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approximately 125 logs that were analyzed as part of a similar TWDB study of the southern 

portion of the Gulf Coast Aquifer (Young and others, 2010). 

The method used to develop geologic surfaces focuses on identifying clay-dominated flooding 

surfaces of the same age that form the boundaries of episodes that deposit the coarse sediment of 

an aquifer.  Depositional facies modeling, including an analysis of depositional cyclicity,was 

used  to better construct a regional framework for the flooding surfaces and the spatial variation 

of the aquifer-matrix properties.  In the northern Gulf Coast region, the existing data from Young 

and others (2010) was augmented to generate surfaces for nine geologic units along 12 dip 

sections.  In addition, the data from Young and others (2010) was augmented with lithologic 

picks to develop maps of sand percentages and total sand thickness maps for the Chicot, 

Evangeline, and Jasper Aquifers and their respective geologic formations. Like the study of 

Young and others, (2010), llithologic picks are based on a four-class system consisting of:  1) 

sand; 2) clay; 3) sand-with-clay; and 4) clay-with-sand.  Using the lithologic information, 

geologic layers were developed. 

To assist in the development of hydraulic conductivity distributions for each geologic unit, 

depositional facies maps were developed.  The deposition facies provide information on factors 

that affect groundwater flow such as the sorting, arrangement, and sizes of the particles in a 

deposit and how the deposit is or is not interconnected to similar and different deposits. 

For each of the geophysical logs used for the lithologic interpretation, an estimate of the water 

quality was made for each interval assigned a lithology classification.  For each of these 

intervals, the water quality was classified as fresh, slightly saline, or moderately saline.  These 

classifications are based on the concentration of Total Dissolved Solids (TDS).  Fresh water is 

defined as having a TDS concentration less than 1,000 ppm.  Slightly saline water has a TDS 

between 1,000 and 3,000 ppm, and moderately saline water has a TDS between 3,000 and 

10,000 ppm.  Using these results, maps of percent fresh water were generated for the Chicot, 

Evangeline, and Jasper Aquifer 
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1.0 Intro duction 

The current groundwater availability models (GAMs) for the northern region (Kasmarek and 

Robinson, 2004), the central region (Chowdhury and others, 2004), and the southern region 

(Chowdhury and Mace, 2007) of the Gulf Coast Aquifer are based on stratigraphy developed 

from the Source Water Assessment and Protection (SWAP) Program.  For these GAMs, the Gulf 

Coast Aquifer includes the Chicot Aquifer, the Evangeline Aquifer, the Burkeville Confining 

System, and the Jasper Aquifer.  One of the obstacles to improving the GAMs predictive 

accuracy is that the SWAP database contains limited stratigraphic and lithologic information at 

the scale of the geologic formations that comprise the aquifers.  In a continual effort to improve 

the GAMs, the Texas Water Development Board (TWDB) has determined that additional 

stratigraphic and lithologic information beyond what is available from the SWAP data would be 

beneficial for improving the predictive accuracy of future GAMs. 

The primary objective of this study is to provide the stratigraphic surfaces and sand thickness 

maps of the geological formations that compose the Gulf Coast Aquifer system from the Brazos 

River north to the Sabine River and the Texas State line and into Louisiana using an approach 

consistent with the approach used by Young and others (2010).  Young and others (2010) used 

sequence stratigraphy for defining geological units that comprise the Gulf Coast Aquifer System 

from the Brazos River south to the Rio Grande.  For this study, the Chicot Aquifer includes, from 

the shallowest to deepest, the Beaumont and Lissie Formations of Pleistocene age and the 

Pliocene-age Willis Formation.  The Evangeline Aquifer includes the upper Goliad Formation of 

earliest Pliocene and late Miocene age, the lower Goliad Formation of middle Miocene age, and 

the upper unit of the Lagarto Formation (a member of the Fleming Group) of middle Miocene 

age.  The Burkeville confining unit is associated with the middle unit of the Lagarto Formation 

of middle and early Miocene age.  As noted by Baker (1979) the Burkeville is not restricted to a 

single geological unit and represents the low permeability deposits that contribute to the 

hydraulically isolating the Jasper and the Evangeline Aquifers.  The Jasper Aquifer includes the 

lower Lagarto unit of early Miocene age, the early Miocene Oakville sandstone member of the 

Fleming Group, and the sandy intervals of the Oligocene-age Catahoula Formation. 
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1.1 Approach for Defining Stratigr aphy 

Investigations of the Gulf Coast Aquifer began in the late 1880's.  Since that time, numerous 

studies have contributed toward our understanding of the formations in that aquifer.  Central to 

our approach are the selected studies that provide an overarching stratigraphic framework.   

With regard to naming conventions, we rely on the founding work of Doering (1935), who was 

perhaps the first to use the nomenclature most commonly used today (from the surface 

downward), the Beaumont, Lissie, Willis, Goliad, Lagarto, and Oakville.  With regard to 

nomenclature, we also reference Baker (1979).  He was among the first to establish an accurate 

stratigraphic framework using a lithostratigraphic correlation of the Gulf Coast Aquifer that 

relied on good understanding of geologic processes. 

With regard to defining the stratigraphy surfaces, our analysis is based on chronostratigraphic 

rather than lithostratigraphic correlation techniques.  Lithostratigraphic correlations rely on the 

interpretation from well logs of formation lithologies and boundaries between different 

lithologies (e.g., mud on sand) and then correlating those boundaries between wells.  Prior to the 

1980s, lithofacies correlations were the most common technique to define stratigraphy.  Since 

the 1980's, an improved understanding of depositional processes has shown that 

lithostratigraphic correlations are more suspect for mischaracterizing the continuity and size of a 

formation than are chronostratigraphic correlations.  Chronostratigraphic correlations focus on 

identifying clay-dominated flooding surfaces of the same age that form the boundaries of 

episodes that deposit the coarse sediment of an aquifer.  As part of our approach, we used 

depositional facies modeling, including an analysis of depositional cyclicity, to better construct a 

regional framework for the flooding surfaces and the spatial variation of the aquifer-matrix 

properties. 

Where appropriate, our sequence stratigraphy and chronostratigraphic correlations are based on 

the concepts and methods used by the Gulf Basin Depositional Synthesis Project (GBDS), the 

LCRA-SAWS Water Project (LSWP), and the TWDB study for the southern portion of the Gulf 

Coast Aquifer.  The GBDS project conducted by the Texas Bureau of Economic Geology and  

funded by a consortium of petroleum companies to characterize the Cenozoic depositional 

history of the Gulf of Mexico Basin.  Among the key papers that explains some of these concepts 



Final Report ï Updating the Hydrogeologic Framework for the Northern Portion of the Gulf Coast Aquifer 

1-3 

and methods are Galloway (1989b), Galloway and others (2000), and Galloway (2005).  The 

LSWP project included a chronostratigraphic analysis of the Chicot and Evangeline Aquifers 

across a 10-county region intersected by the Colorado River.  Among the papers that describe the 

LSWP  study are Knox and others (2006),  Young and Kelley (2006), and Young and others 

(2009).  The TWDB study is described by Young and others (2010). 

Dr. Thomas Ewing is the geologist primarily responsible for making the stratigraphic picks on 

350 geophysical logs.  Dr. Ewing analyzed logs along twelve dip-oriented cross-sections.  These 

dip sections included three dip sections 10, 9, and 8 presented in Young and others (2010) and 

eight new dip sections, which are numbered from 7 to -1.  Figure 1-1 shows the location of the 

twelve dip sections.  For dip sections 10, 9, and  8  Dr. Ewing picks made his stratigraphic picks 

on the same geophysical logs used by  Mr. Paul Knox (Young and others,  2010).   

Within the area of overlapping picks on dip sections 10, 9, and 8, there are locations where Dr. 

Ewing and Mr. Knox made different picks for the same geologic unit.  One of the reasons for 

these differences is that the two geologist worked toward the dip sections from different 

directions.  Mr. Knox worked northward from the San Marco Arch and Dr. Ewing worked 

southward from the Houston Embayment.  Because of these differences, difference preferences 

were assigned to each geologist picks based on the log location.    

In developing, the stratigraphic surfaces, all of the picks associated with dip section 10 are those 

made by Mr. Knox.  For dip section 9,  Mr. Knoxôs. picks were given preference over Dr. 

Ewingôs picks.  For dip section 8, Mr. Ewingôs  picks were given preference over Mr. Knoxôs 

picks.  These preferences were given so that stratigraphic surfaces generated from this project 

would be consistent and match with the stratigraphic surfaces provided by Young and others 

(2010) at dip section 10.   

1.2 Approach for Defining L ithology and Generating Sand Maps 

Lithologic analyses were performed independently of the stratigraphic correlations.  As a result, 

there are logs that have stratigraphic picks but not lithologic picks and vice versa.  The lithology 

picks are based on using four textural classes instead of the traditional "binary" system of 

classifying lithology from geophysical logs.  The "binary" system classifies lithology into either 

sand beds or clays beds based on the "kicks" provided by the spontaneous potential log or the 
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resistivity log.  The four textual classes used are (1) sand, basically; (2) clay, basically; (3) sand 

and clay but basically sand; and, (4) clay and sand but basically clay.  This classification scheme 

is used to provide a more accurate representation of the lithology for vertical intervals where 

sands and clays are alternating and have individual bed thicknesses of less than 20 feet.   

The boundaries between the four textural classes are based on the "kicks" in the resistivity logs 

and are supplemented by "kicks" in the spontaneous potential logs.  Resistivity logs record an 

apparent electrical resistance in and within the vicinity of the borehole at different depths.  

Spontaneous potential (SP) logs record naturally occurring electrical potentials (voltages) that 

occur in the borehole at different depths.   

Our textural classes are the same as those used by Young and others (2010) to characterize the 

southern portion of the Gulf Coast Aquifer.  To ensure consistency among all of the lithologic 

analyses, Mr. Ernie Baker performed all of lithologic analyses for this study.  Also, Mr. Baker is 

the geologist who made all of the lithologic picks used by Young and others (2010).   

The sand maps produced for the study area are based on Mr. Bakerôs lithologic profiles for 

approximately 590 logs.  These maps were generated for selected lithostratigraphic units based 

on interpolation of the total sand thickness generated at each geophysical log.  Interpolation of 

the sand thickness values was performed using ordinary kriging.  Where appropriate, the 

generated contours were adjusted based on our interpretation of the depositional history and 

environments responsible for the sand distributions.   
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Figure 1-1 Map of the study area showing the locations of the dip-oriented and strike-oriented 

cross-sections used to develop the stratigraphic surfaces. 
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2.0 Gulf  Coast Aquifer  Geologic Setting 

2.1 Overview 

The Gulf of Mexico (GOM) is a small semi-enclosed ocean basin surrounded by continental 

shelves and coastal plains (Bryant and others, 1991).  The GOM is a circular structural basin, 

940 miles in diameter, and filled with 0 to 9.4 miles of sediments ranging from Triassic to 

Holocene in age (Salvador, 1991) (Figure 2-1).  The GOM basin probably originated in the 

Triassic time from rifting within the North American plate as it was drifting away from the 

African and South American plates (Salvador, 1991).  Intermittent marine flooding of the proto-

GOM rift valley formed extensive evaporite deposits (mainly salt) during the Jurassic period.  

Early Cretaceous carbonate platforms and shelf margins rimmed the GOM and provided a 

foundation for subsequent terrigenous clastic sedimentation during the Cenozoic period (Winker 

and Buffler, 1988).  In the north and west parts of the GOM, Cenozoic sediments form thick 

sequences of sandstones and mudstones that overlie Cretaceous carbonates and extend basinward 

to the base of the modern continental slope (Figure 2-2).  GOM stratigraphy is generalized in 

Table 2-1. 

Three major stratigraphic-structural margins surround the deep ocean basin that forms the center 

of the GOM:  1) northern and northwestern margin of terrigenous clastic sedimentation; 

2) western and southwestern structurally modified margin; and 3) eastern and southeastern 

carbonate-evaporite margin (Ewing, 1991; Galloway et al., 1991) (Figure 2-1).  The eastern 

carbonate margin includes the Florida and Yucatan platforms and is characterized by low 

subsidence and limited clastic sediment input.  The Floridian carbonate aquifer system is the 

main groundwater resource in the U.S. part of the eastern carbonate province (Miller, 1986).  

The western structurally modified margin of the Gulf Coast in Mexico includes a relatively 

narrow clastic coastal plain and continental shelf that have been affected by Laramide (early 

Cenozoic) compressional deformation.  Sandy coastal aquifer systems similar to those in Texas 

are not well developed in Mexico (Sharp and others, 1991).  The northern and northwestern 

clastic margin (northwest GOM) spans coastal Texas, coastal Louisiana, and adjacent offshore 

areas (Figure 2-1).  The northwest GOM includes the major sand and sandstone aquifer systems 
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of the Gulf Coast (Weiss, 1992; Chowdhury and Turco, 2006) of which one, the Gulf Coast 

Aquifer, is the focus of this report. 

The northwest GOM includes two broad zones that parallel the basin margins:  the interior zone 

and the coastal zone (Ewing, 1991).  The interior zone defines the updip margin of the basin and 

extends downdip to the relict Early Cretaceous shelf margin (Figure 2-1).  The interior zone is 

dominated by Cretaceous carbonates and Paleogene terrigenous clastics (Figure 2-2).  The 

Edwards (Balcones Fault Zone), Carrizo-Wilcox, Queen City-Sparta, and Yegua-Jackson 

Aquifers occur in the northwest GOM interior zone (Table 2-1).  The coastal zone extends from 

the Early Cretaceous shelf margin to the base of the modern continental slope (Figure 2-1).  

Basinward of the stable Cretaceous carbonate platform, subsidence increases greatly, and 

Cenozoic clastic sequences become much thicker.  In the onshore part of the coastal zone, 

Paleogene sediments are dominated by deltaic, shore-zone, and marine depositional systems 

below the base of fresh water.  Overlying Neogene sediments are dominantly nonmarine 

depositional systems.  The Gulf Coast Aquifer of Texas is located within these onshore Neogene 

sediments (Table 2-1, Figure 2-2). 

The northwest GOM encompasses several second-order structural elements inherited from the 

early formation of the basin.  The Rio Grande embayment is an area of enhanced subsidence and 

greater sediment thickness centered on the modern Rio Grande river in South Texas and 

northeastern Mexico.  The Burgos Basin in northeastern Mexico forms the south part of the Rio 

Grande embayment (Ewing, 1991; Hernandez-Mendoza and others, 2008).  The Houston 

embayment is a similar subsidence trough centered in southeast Texas (Figure 2-1).  The 

Mississippi embayment is a larger synclinal feature coinciding with the modern lower 

Mississippi River valley and delta.  Although these embayments began in the Mesozoic as active 

tectonic structures, they became passive loading-induced depocenters during the Cenozoic 

(Ewing, 1991).  In the coastal zone of the northwest GOM, these embayments are distinguished 

by enhanced subsidence and greater cumulative sediment thickness.  The San Marcos arch 

separates the Rio Grande and Houston embayments in coastal Texas, forming a broad area of 

relatively lower subsidence and thinner cumulative sediment thickness (Figure 2-1). 
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Table 2-1 Simplified stratigraphic and hydrogeologic chart of the northwestern Gulf of Mexico basin, Texas coastal zone (Galloway 

and others, 1991; Sharp and others, 1991). 

ERA Period Epoch 
Age 

(M.Y.)  
Stratigraphic Unit  

Dominant 

Lithology  
Hydrogeologic Unit 

Cenozoic 

Quaternary   

Holocene 
0.02 

Alluvium sand Alluvium/Beaumont 

Aquifer 

Gulf Coast 

Aquifer 

Pleistocene 
Beaumont sand 

1.8 

5.3 

Lissie/Alta Loma sand 
Chicot Aquifer 

Tertiary 

Neogene 

Pliocene Willis  sand 

Miocene 

Goliad sand Evangeline Aquifer 

  Fleming/Lagarto mud Burkeville Aquitard 

23.9 
Fleming/Oakville sand Jasper Aquifer 

Paleogene 

Oligocene 
Catahoula/Frio/Anahuac sand and mud aquitard 

33.9 
Vicksburg mud aquitard 

Eocene 

Jackson sand and mud 
Yegua-Jackson Aquifer 

  Yegua sand and mud 

  Sparta sand 
Queen City-Sparta Aquifer 

  Queen City sand and mud 

  Reklaw mud aquitard 

55.8 
Upper Wilcox/Carrizo sand 

Carrizo-Wilcox Aquifer 

Paleocene 

Middle Wilcox mud 

  Lower Wilcox/Simsboro sand and mud 

65.5 
Midway mud aquitard 

Mesozoic 

Cretaceous 
Upper   carbonate   

Lower 
145.5 

Edwards carbonate Edwards (BFZ) Aquifer 

Jurassic 
Upper   carbonate   

Middle 
201.6 

Louann salt evaporite salt domes 

Triassic         
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The northwest GOM coastal zone is composed of terrigenous clastic sediments and sedimentary 

rocks that dip gently and thicken toward the center of the GOM.  Older sediments are more 

indurated and dip more steeply than younger sediments (Figure 2-2).  These stratigraphic 

patterns reflect increasing subsidence toward the central GOM and progradational deposition 

(infilling incrementally from the margin).  Paleo-shoreline positions typically oscillated broadly 

in response to relative sea-level fluctuations, but continental margin outbuilding was progressive 

so that each successive major stratigraphic interval (e.g., Carrizo-Wilcox) extends basinward of 

the underlying interval.  Minor stratigraphic intervals (e.g., Queen City-Sparta) typically do not 

extend basinward but instead stack vertically (aggradational deposition) upon underlying 

intervals (Figure 2-2). 

2.2 Structural Features 

Geologic structures related mainly to sediment loading and gravity tectonics disrupt and deform 

Cenozoic sediments in the northwest GOM.  Growth faults are syndepositional normal faults that 

form mainly by gravitational failure during rapid sediment loading along an unstable shelf 

margin and upper slope (Winker and Edwards, 1983).  Coast-parallel growth fault zones mark 

shelf-margin positions of major Cenozoic depositional episodes, which get younger basinward 

(Figure 2-3).  Sediments deposited during active growth faulting typically thicken on the 

downthrown sides of the faults because downward and basinward displacement creates local 

subsidence troughs and increased accommodation space.  Greatest displacement and sediment 

thickening occur in shelf margin and upper-slope depositional settings.   

2.2.1 Faulting and Subsidence 

Faulting and subsidence not only affect aquifer properties and groundwater availability in the 

Gulf Coast Aquifer but also cause land loss and property damage.  In the Houston Embayment, 

active surface faults are commonly upward extensions of deep-seated growth faults. Surface 

faults also occur around salt domes, but dome-related faults are shorter (<3 miles) and more 

localized than are growth faults (>6 miles) (Veerbeek, 1979). Gulf Coast growth faults form by 

differential sediment loading and gravity slumping near the shelf margin.  The seaward side of a 

growth fault is typically displaced downward relative to the landward side (Figure 2-4).  Because 

the downthrown fault block is topographically lower than the upthrown block, greater 
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thicknesses of sediment are deposited on the downthrown block (Figure 2-4).  Antithetic faults, 

having opposing sense of movement (downward displacement on the landward side) locally 

accompany down-to-the-coast growth faults, forming complete fault-bounded blocks that are 

downthrown on all sides.  Maximum displacement (several thousand feet) on growth faults 

occurs in deep formations, such as the Wilcox and Frio, and decreases upward.  In the Gulf Coast 

aquifer, maximum fault displacements are a few hundred feet, and surface expressions of active 

faults are generally only a few feet (Verbeek, 1979) (Figure 2-5). 

Growth faults are not isolated surfaces but instead form zones of sediment deformation that 

commonly impede horizontal groundwater flow and enhance vertical flow.  Displacement 

(offset) of sand bodies across fault zones reduces horizontal transmissivity (Kreitler and others, 

1977) (Figure 2-4).  Fluid-pressure buildup at depth results in upward flow of water, gas, and oil 

through vertical permeability pathways within fault zones.  Linear distributions of saline-water 

plumes in shallow aquifer sands are associated with active faults in Louisiana (Kuecher and 

others, 2001).  Faults compartmentalize groundwater flow.  Pumpage within a fault block can 

result in water-level declines that are restricted to that block, while water levels in surrounding 

blocks are less affected (Kreitler, 1977).  Decreased fluid pressures in semi-isolated fault blocks 

may result in increased sediment compaction leading to surface subsidence over the downthrown 

block.  In the natural system through geologic time, sedimentation tends to infill topographically 

downthrown blocks, accentuating loading and reactivating fault movement.  On the modern 

coastal plain, however, sedimentation may be restricted by dams and channel diversions, and 

downthrown fault blocks tend to become wetlands or submerged areas (Gagliano, 1999, 2005) 

(Figure 2-5). 

Active faults in the Gulf Coast Aquifer typically display mappable surface expressions.  

Lineations are straight, lengthy surface features that, in part, represent the surface traces of faults 

and locally coincide with boundaries between zones of differential subsidence (Kreitler, 1976).  

Over 7,000 miles of lineations have been mapped on the Texas Coastal Plain (Fisher and others, 

1972, 1973; McGowen and others, 1976a,b) (Figure 2-6).  Lineations are identified by color 

variations on aerial photographs and are coincident with geomorphic features, such as rectilinear 

drainage patterns and vegetation changes (Kreitler, 1976).  Not all lineations are active surface 

faults.  The following criteria are used to identify surface faults:  (1) breaks in man-made 
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structures caused by displacement of the land surface, (2) presence of topographic scarps, 

(3) recognition of faults in the shallow subsurface using electric log correlations, coring, or 

trenching, and (4) lineations observed on aerial photographs (Kreitler, 1976).  Active surface 

faults commonly display surficial displacement and subtle scarps (Figures 2-4 and 2-5).  

Recently, Lidar (an acronym for light detection and ranging, analogous to radar but with laser 

light as a source) has been used to map fault-related scarps having only a few feet of relief (Shah 

and Lanning-Rush, 2005; Saribudak and Nieuwenhuise, 2006; Engelkemeir and Khan, 2007, 

2008).  Some active surface faults do not form discrete scarps but instead form zones of 

deformed ground tens to hundreds of feet wide.  Lineation mapping is the best tool for 

identifying deformed zones in undeveloped areas, but in urban areas, surface deformation is 

made obvious by cracked foundations, buckled roads, and damaged buildings (Verbeek, 1979). 

On the Texas Coastal Plain, the most detailed investigations of shallow faulting have been 

conducted in the Houston area (Harris County).  More than 300 active surface faults with a total 

length exceeding 300 miles have been mapped in the Houston metropolitan area (Holzer, 1984; 

Shah and Lanning-Rush, 2005) (Figure 2-6).  Houston area active faults typically have 1.0- to 

1.5-feet-high scarps and displacement rates of about 1 inch/year (Holzer and Gabrysch, 1987).  

Some data suggest that fault movement is related to groundwater fluid pressure.  Modern 

displacement rates are greater than estimated prehistoric rates (Holzer and Gabrysch, 1987), and 

declining pressures in the Gulf Coast Aquifer have accelerated movement on some surface faults 

(Kreitler, 1976).  Geophysical surveys suggest dewatering and compaction on the downthrown 

sides of active faults (Saribudak and Nieuwenhuise, 2006).  Fault displacement rates have 

decreased in some areas, for example southeast Houston, where groundwater pumpage was 

reduced and water levels were allowed to recover (Kreitler, 1977; Holzer and Gabrysch, 1987). 

Land-surface subsidence has been a particular problem in the Houston area for decades (Coplin 

and Galloway, 1999) but also occurs widely throughout the Texas and Louisiana coastal zones.  

In low-lying coastal areas, subsidence is 100 times greater than global sea-level rise and is the 

main cause of flooding and wetlands loss (Anderson and Milliken, 2005).  Subsidence is a 

natural process resulting from compaction of sediments during burial, but groundwater 

withdrawal increases compaction within the Gulf Coast Aquifer (Kasmarek and others, 2009).  

The weight of subsurface material (aquifer matrix plus stored groundwater) is supported by both 
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fluid pressure and grain-to-grain contacts in the matrix.  Lowering fluid pressures puts more of 

the overburden weight on the sedimentary matrix, causing compaction (rearrangement of clay 

particles to decrease total aquifer volume).  Compaction-related reduction of aquifer volume 

causes the land surface to subside.  A well-defined subsidence bowl is centered on southeast 

Houston, where land-surface elevations have decreased as much as 10 feet (Figure 2-7).  

Subsidence in Houston is closely related to groundwater withdrawal, but the influence of faulting 

is less well understood (Engelkemeir and Khan, 2007).  Clearly, subsidence and faulting have 

both natural and anthropogenic causes. Regional, long-term subsidence of the Gulf of Mexico 

basin, sediment loading and compaction around the basin margins, salt movement, and gravity 

slumping are all natural processes that result in subsidence and faulting (Kuecher and others, 

2001).  Subsurface fluid withdrawal (groundwater and petroleum) contributes to both regional 

and local subsidence (Paine, 1993; Sharp and Hill, 1995) and probably also to increased 

displacement on shallow faults (Kreitler, 1977; Holzer and Gabrysch, 1987). 

Groundwater availability and quality in the Gulf Coast Aquifer are affected by faulting and land-

surface subsidence.  Because compaction is largely irreversible, subsidence results in permanent 

reduction of aquifer volume and groundwater storage.  Groundwater availability may also be 

limited in a practical way owing to the negative impacts of subsidence.  In order to mitigate 

subsidence in the Houston-Galveston area, for example, a planned transition from groundwater 

to surface water as the primary source of water supply has been in progress since the 1970s.  

Along with salt domes, faults are the primary conduits for vertical groundwater flow and 

saltwater intrusion in the Gulf Coast Aquifer.  Whereas the effects of salt domes are relatively 

local, growth faults form regional vertical permeability conduits and horizontal transmissivity 

barriers that are perpendicular to the dominant groundwater flow direction (southeast).  

Abundant growth faults at depth and lineations on the land surface suggest that most if not all of 

the sand bodies in the Gulf Coast Aquifer are intersected by faults. 

2.2.2 Salt Domes in Southeast Texas and Southwest Louisiana 

Salt domes are common geologic features along the upper Texas Coast and in southwest 

Louisiana.  In the Texas part of the northern Gulf Coast Aquifer, there are 50 salt domes that are 

less than 15,000 feet deep (Figure 2-8).  An additional 17 salt domes at similar depths are located 

in southwest Louisiana within 60 miles of the Texas border (Figure 2-8).  Many more deep salt 
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structures exist below 15,000 feet but are not covered in this report. Shallow salt domes have the 

greatest potential to affect groundwater quality.  There are 35 shallow salt domes in the northern 

Gulf Coast Aquifer in Texas that range in depth from 0 (land surface) to 1,500 feet (Figure 2-8, 

Table 2-2). The average depth of these shallow Texas domes is 565 feet. 

Salt domes typically include three elements: salt stock, cap rock, and surrounding uplifted 

sediments.  The core of a salt dome forms a vertically elongate, cylindrical stock, consisting of 

90 to 99 percent crystalline rock salt (halite).  Cap rock composed of sulfate and carbonate 

minerals commonly overlies the crest of the salt stock and drapes down the uppermost flanks 

(Figure 2-9).  Salt stock and cap rock are enclosed in sediments and sedimentary rocks of the 

Gulf Coast Aquifer and deeper intervals.  Salt-dome crests are generally one to three miles in 

diameter. Gulf Coast salt domes extend downward many 1,000s of feet, but their true shapes at 

depth are largely unknown. 

Shallow salt domes have the potential to increase groundwater salinities in the Gulf Coast 

Aquifer in two ways:  first by direct dissolution and transport of soluble dome minerals and 

second by providing pathways for groundwater mixing between shallow freshwater and deep 

saline-water aquifers.  The salt domes of the Texas Gulf Coast have been thoroughly explored in 

the search for oil and gas, but the effects of shallow salt domes on groundwater quality have been 

less well studied.  The purpose of this chapter is to review the available literature on the salt 

domes of the upper Texas Gulf Coast and summarize our current understanding of salt dome 

hydrogeology. 

2.2.2.1 Salt Dome Geology 

Salt domes are geologic structures that grow and develop as sediments are being deposited 

around them (Seni and Jackson, 1984; Halbouty, 1979).  The salt originally formed bedded 

evaporite deposits in the ancestral Gulf of Mexico during the Jurassic period.  A thick (greater 

than 20,000 feet) sequence of sedimentary rocks now overlies the salt source layer (Figure 2-10).  

Salt, which is a low-density, ductile mineral, is gravitationally mobilized by sediment loading, 

forming a variety of upwelling structures, one of which is the cylindrical salt dome.  The growth 

of salt structures, in turn, influences the structure and stratigraphy of surrounding sediments and 

sedimentary rocks.  Uplift and upward drag occur against the salt stock and over its crest.  

Steeply dipping strata terminate against the salt stock, and shallower layers arch over the dome 
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crest (Figure 2-10).  The zone of uplift near the dome is surrounded by areas of subsidence and 

downwarping caused by salt withdrawal at depth (Figure 2-10).  Faults and fractures are also 

common features of salt dome growth. 

Salt dome growth also influences the topography of the overlying land surface. Positive 

topographic relief is linked to dome growth and uplift, whereas subsidence of the topographic 

surface is linked to dissolution of the dome crest (Seni and Mullican, 1986; Mullican, 1988).  Of 

the shallow domes along the upper Texas Gulf Coast, sixty-three percent have positive 

topographic relief over their crests (Seni and others, 1984d; Beckman and Williamson, 1990) 

(Table 2-2).  Warping of the depositional surface, either on the coastal plain or in the shallow 

marine environment, influences sedimentation patterns.  On the coastal plain, muddy sediments 

tend to be deposited over dome crests, and sandy sediments tend to be deposited in surrounding 

low-lying areas (Figures 2-11, 2-12, 2-13).  Elevation of the sea floor over dome crests can 

decrease water depths sufficiently to allow reefs to grow (Rezak, 1984).  The Oligocene 

Heterostegina Limestone, which is composed of carbonate reef facies, occurs within the 

Anahuac Formation marine shale around Barbers Hill, Boling, Nash, Stratton Ridge, and West 

Columbia salt domes and is exposed in a quarry at the crest of Damon Mound salt dome (Collins, 

1986). 

Salt dome cap rock is composed mainly of anhydrite, gypsum, and calcite arranged in 

heterogeneous layers (Figure 2-9).  Cap rock formation results from salt dissolution. Anhydrite 

(calcium sulfate), the main impurity in the salt stock, forms a residual accumulation at the dome 

crest.  Commonly, a thin layer of loose, sand-size anhydrite crystals directly overlies top of salt.  

As salt continues to dissolve and more anhydrite accumulates, it compacts and recrystallizes, 

forming the lower part of the cap rock (Figure 2-9).  Circulating groundwater converts anhydrite 

into gypsum (hydrous calcium sulfate), and sulfate-reducing bacteria convert anhydrite into 

calcite (calcium carbonate), and to a lesser extent, native sulfur and metallic sulfides (Bodenlos, 

1970;  Kyle and Price, 1986).  Thus, the upper part of the cap rock is typically composed of 

gypsum and calcite (Figure 2-9).  Cap rock layering, however, is irregular and varies greatly 

from dome to dome.  Structural deformation and fracturing are common, as are cavernous voids.  

Gulf Coast cap rocks range in thickness from 0 to 2,000 feet (Table 2-2).  Cap rocks are direct 

evidence for dissolution of salt by groundwater. 
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Table 2-2 Simplified stratigraphic and hydrogeologic chart of the northwestern Gulf of Mexico basin, Texas coastal zone (Galloway 

and others, 1991; Sharp and others, 1991). 

Map 

Number 

(See  

Figure 2-8) 

Salt Dome Name 

County  

or  

Parish 

Depth 

(ft) to 

Cap 

Rock 

Depth(ft) 

to Salt 

Land 

Surface 

Elevation 

(ft msl) 

Cap-

Rock 

Thickness 

(ft)  

Aquifer at 

Dome Top 

Production 

Storage 

Caverns 

Cap-

Rock 

Brine 

Disposal 

Topo-

graphic 

Relief 

(ft)  

Sulfur  

Salt 

or 

Brine 

1 ALLEN BRAZORIA 760 1,380 5 620 Chicot No No No No 0 

2 ARRIOLA HARDIN 3,930 3,930 40 0 Deep No No No No 5 

3 BARBERS HILL CHAMBERS 350 1,000 75 650 Chicot No Yes Yes Yes 55 

4 BATSON HARDIN 1,080 1,400 80 320 Evangeline No No No No -4 

5 BIG CREEK FORT BEND 450 600 80 150 Chicot Yes No No No 5 

6 BIG HILL  JEFFERSON 200 1,300 30 1100 Chicot No No Yes Yes 30 

7 BLUE RIDGE FORT BEND 143 230 85 87 Chicot No Yes Yes Yes 20 

8 BOLING WHARTON 380 975 75 595 Chicot Yes No Yes Yes -44 

9 BRENHAM AUSTIN 700 1,834 300 1134 Jasper No No Yes No -30 

10 BRYAN MOUND BRAZORIA 680 1,067 10 387 Chicot Yes Yes Yes No 12 

11 CEDAR POINT CHAMBERS 10,300 10300 0 0 Deep No No No No 0 

12 CLAM LAKE  JEFFERSON 8,200 8,200 0 0 Deep No No No No 0 

13 CLEMENS BRAZORIA 600 1,400 13 800 Chicot Yes No Yes No -4 

14 DAMON MOUND BRAZORIA 0 530 110 530 Chicot Yes No No No 86 

15 DANBURY BRAZORIA 5,000 5,000 20 0 Jasper No No No No 0 

16 DAVIS HILL  LIBERTY 800 1,200 100 400 Evangeline No No No No 165 

17 ESPERSON LIBERTY 6,000 6,000 55 0 Deep No No No No 0 

18 FANNETT JEFFERSON 740 2,000 15 1260 Chicot Yes No Yes Yes 5 

19 GULF MATAGORDA 825 1,100 20 275 Chicot Yes No No No 20 

20 HANKAMER LIBERTY 7,535 7,580 35 45 Deep No No No No 0 

21 HAWKINSVILLE  MATAGORDA 95 600 10 505 Chicot No No No No 0 

22 HIGH ISLAND GALVESTON 150 1,100 20 950 Chicot Yes No No No 20 

23 HOCKLEY HARRIS 76 1,000 170 924 Chicot No Yes No No -20 

24 HOSKINS MOUND BRAZORIA 574 1,070 20 496 Chicot Yes No No No 25 

25 HULL LIBERTY 260 600 75 340 Chicot No No Yes Yes 14 

26 HUMBLE HARRIS 700 1,200 75 500 Chicot No No No No -9 

27 LONG POINT FORT BEND 550 930 75 380 Chicot Yes No No No 8 

28 LOST LAKE CHAMBERS 3,275 5,430 5 2155 Evangeline No No No No 0 

29 MANVEL  BRAZORIA 11,400 11,400 55 0 Deep No No No No 0 

30 MARKHAM  MATAGORDA 1,350 1,420 55 70 Chicot No Yes Yes Yes 0 

31 MOSS BLUFF LIBERTY 625 1,100 35 475 Chicot Yes No Yes Yes 22 

32 MYKAWA  HARRIS 7,100 7,100 50 0 Deep No No No No 0 

33 NASH FORT BEND 620 950 55 330 Chicot Yes No No Yes 5 

34 NORTH DAYTON LIBERTY 580 800 85 220 Chicot No No Yes Yes -2 

35 ORANGE ORANGE 7,120 7,120 10 0 Deep No No No No 0 

36 ORCHARD FORT BEND 285 369 110 84 Chicot Yes No No Yes -5 
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Table 2-2, continued 

Map 

Number 

(See  

Figure 2-8) 

Salt Dome Name 

County  

or  

Parish 

Depth 

(ft) to 

Cap 

Rock 

Depth(ft) 

to Salt 

Land 

Surface 

Elevation 

(ft msl) 

Cap-

Rock 

Thickness 

(ft)  

Aquifer at 

Dome Top 

Production 

Storage 

Caverns 

Cap-

Rock 

Brine 

Disposal 

Topo-

graphic 

Relief 

(ft)  

Sulfur  

Salt 

or 

Brine 

37 PIERCE JUNCTION HARRIS 730 950 60 220 Chicot No Yes Yes Yes 8 

38 PORT NECHES ORANGE 6,950 6,950 5 0 Deep No No No No 0 

39 RACCOON BEND AUSTIN 11,000 11,000 150 0 Deep No No No No 0 

40 SAN FELIPE WALLER 3,160 4,200 120 1040 Deep No No No No 0 

41 SARATOGA HARDIN 1,500 1,900 90 400 Evangeline No No No No 8 

42 SOUR LAKE HARDIN 500 720 50 220 Chicot No No Yes No 10 

43 SOUTH HOUSTON HARRIS 4,406 4,406 35 0 Jasper No No No No 0 

44 SOUTH LIBERTY LIBERTY 320 480 20 160 Chicot No No No No -16 

45 SPINDLETOP JEFFERSON 700 1,200 20 500 Chicot Yes Yes No No 12 

46 STRATTON RIDGE BRAZORIA 850 1,308 10 458 Chicot No Yes Yes No 13 

47 SUGARLAND FORT BEND 3,450 4280 65 830 Jasper No No No No -10 

48 THOMPSON FORT BEND 9,315 9,315 55 0 Deep No No No No 0 

49 WEBSTER HARRIS 10,500 10,500 30 0 Deep No No No No 0 

50 WEST COLUMBIA BRAZORIA 740 790 30 50 Chicot No No No No -15 

51 BIG LAKE CAMERON 12,910 12,910 3 0 Deep No No No ? ? 

52 BLACK BAYOU  CAMERON 881 1,035 3 154 Chicot No No Yes ? ? 

53 CALCASIEU LAKE CAMERON 1,490 2,369 3 879 Chicot No No No ? ? 

54 

CAMERON 

MEADOWS CAMERON 4,770 4,770 3 0 Evangeline No No No ? ? 

55 EAST HACKBERRY CAMERON 3,000 3,330 3 330 Evangeline No No Yes ? ? 

56 EDGERLY CALCASIEU 3,800 3,898 10 98 Jasper No No No ? ? 

57 IOWA CALCASIEU 7,902 7,902 20 0 Deep No No No ? ? 

58 LOCKPORT CALCASIEU 8,160 8,160 3 0 Deep No No No ? ? 

59 NORTH STARKS CALCASIEU 9,031 9,031 40 0 Deep No No No ? ? 

60 ROANOKE 

JEFFERSON 

DAVIS 11,585 11,585 25 0 Deep No No No ? ? 

61 STARKS CALCASIEU 1,157 1,538 30 381 Chicot Yes Yes No ? ? 

62 SULPHUR MINES CALCASIEU 390 1,460 5 1070 Chicot Yes Yes Yes ? ? 

63 SWEET LAKE CAMERON 8,560 8,560 3 0 Deep No No No ? ? 

64 VINTON CALCASIEU 384 700 3 316 Chicot No No No ? ? 

65 WELSH 

JEFFERSON 

DAVIS 6,315 6,315 20 0 Deep No No No ? ? 

66 WEST HACKBERRY CAMERON 1,200 1,790 3 590 Chicot No Yes Yes ? ? 

67 WOODLAWN 

JEFFERSON 

DAVIS 10,726 10,726 30 0 Deep No No No ? ? 
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2.2.2.2 Natural Resources 

Salt domes provide a variety of natural resources.  Structural deformation and cap rock formation 

have created prolific petroleum reservoirs.  Oil and gas are trapped in uplifted strata surrounding 

or overlying salt domes and in the cap rock itself.  In addition to petroleum, salt from the salt 

stock and sulfur from the cap rock are the main commodities derived from Gulf Coast salt domes 

in Texas (Table 2-2).  Salt is recovered from domes by room and pillar mining and also by 

dissolution and production through brine wells.  Sulfur is also produced through wells.  The cap 

rock is injected with hot water to melt the sulfur, which has a low melting point (245ºF), and 

then molten sulfur and water are produced to the surface. 

Salt domes also provide space for storage and disposal (Seni and others, 1985).  Solution-mined 

caverns in the salt stock have been created both for brine production and for storage of various 

petroleum products, most commonly liquefied petroleum gas (LPG).  The volume of some 

storage caverns exceeds ten million barrels.  Storage cavern use has expanded greatly since the 

1960ôs.  Crude oil for the U.S. Strategic Petroleum Reserve is stored in caverns at Bryan Mound 

and Big Hill salt domes.  Cavern construction creates large volumes of concentrated brine, and 

permeable zones in cap rocks are commonly used for brine disposal (Seni and others, 1984c).  

The potential for disposal and isolation of chemical and radioactive wastes in salt dome caverns 

in Texas has been evaluated but not put into practice (Seni and others, 1984a). 

Resource development and production can create geologic and hydrologic instabilities around 

salt domes (Seni and others, 1985).  Land-surface subsidence, sometimes involving catastrophic 

collapse and sinkhole formation, is common where large amounts of sulfur, salt, and/or 

petroleum have been extracted from the salt dome (Mullican, 1988) (Table 2-2).  Spectacular 

examples of surficial collapse and sinkhole formation related to sulfur production have occurred 

at Boling and Orchard salt domes (Mullican, 1988).  More recently (2008), a large sinkhole 

abruptly formed over Hull salt dome in the town of Daisetta in Liberty County (Figure 2-14).  

Although sulfur has not been extracted there, Hull salt dome has a long-term history of drilling 

for oil and gas.  The exact cause of the Daisetta sinkhole, however, has not yet been determined 

(Horswell, 2009). 



Final Report ï Updating the Hydrogeologic Framework for the Northern Portion of the Gulf Coast Aquifer 

2-13 

Anthropogenic sources of aquifer contamination at salt domes include cap-rock brine disposal 

and storage facility failure.  High-volume brine disposal elevates cap rock fluid pressures in 

shallow intervals laterally adjacent to freshwater sands, reversing pre-development hydraulic 

gradients and creating the potential for aquifer contamination (Hamlin and others, 1988).  

Petroleum storage cavern facilities have failed and leaked product into surrounding freshwater 

sands (Seni and others, 1984b, 1985).  Barbers Hill salt dome has the greatest concentration of 

underground storage caverns in the world and historically has been the site of high-volume cap-

rock brine disposal (Figures 2-15, 2-16).  Gas storage and transportation facilities are 

concentrated at Barbers Hill, which is located 20 miles east of Houston, and numerous accidents 

have occurred, the most recent being in early 2011 (Fowler, 2011).  Accidents at salt dome 

cavern storage operations usually involve failures of well casing strings or surface facilities; the 

caverns themselves have been remarkably stable (Miyazaki, 2009).  The hydrogeology of 

Barbers Hill salt dome is described in more detail in subsequent sections of this chapter. 

Hydrogeologic Units 

A salt dome in the Gulf Coast Aquifer forms a complex system of hydrogeologic units.  The salt 

stock is a cylindrical vertical aquiclude.  The cap rock rests on the salt stock like an inverted cup. 

Cap rocks are essentially karstic aquifers whose hydrodynamic properties are controlled by 

fracturing and dissolution. Irregularly distributed networks of vuggy to cavernous porosity are 

common in cap rock.  Drillers call these networks ñlost-circulation zonesò because of the 

difficulty of establishing drilling-fluid circulation in wells penetrating cavernous intervals.  

These are also the intervals favored for brine disposal because they readily accept high injection 

rates.  However, cap rock also includes areas composed of dense calcite and anhydrite, which 

have low hydraulic conductivity. 

The salt stock and cap rock are encased in interbedded sandy aquifers and muddy aquitards.  

Even though fine-grained, muddy layers become more abundant with proximity to a salt dome, 

owing to topographic effects previously discussed, sandy layers commonly overlie domes and 

locally contact the cap rock surface (Figures 2-11, 2-17).  In these interbedded sand and mud 

layers, hydraulic conductivity in the horizontal direction is typically many times greater than it is 

in the vertical direction.  However, the potential for high vertical hydraulic conductivity exists 

within the zone of structural deformation around the salt dome. Gulf Coast salt domes contact 
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freshwater sands in the Chicot, Evangeline, and Jasper aquifers, as well as saline-water sands in 

more deeply buried intervals (Figures 2-11, 2-17, Table 2-2). 

Groundwater Flow 

In the salt-dome environment, groundwater flow is driven not only by hydraulic-head gradients 

but also by density gradients.  The density gradients arise from the high thermal conductivity of 

salt and from groundwater salinity variations due to dissolution of the salt itself (Evans and 

others, 1991).  Few studies have reported head and density distributions in the vicinity of Texas 

coastal salt domes.  Work done in East Texas, where salt domes penetrate the Carrizo-Wilcox 

aquifer, suggests that dome-related uplift creates local recharge areas over some salt-dome crests, 

but in general regional flow patterns are not affected by the presence of salt domes (Fogg and 

others, 1983). Studies in Louisiana, where salt domes penetrate the Gulf Coast Aquifer, 

document upward groundwater flow around deeper dome flanks but downward flow at shallower 

levels (Evans and others, 1991), although the focus of the Louisiana studies was the interval 

below the base of freshwater. 

At Barbers Hill salt dome, which penetrates Evangeline and Chicot freshwater sands in 

Chambers County, head measurements and pumping tests were conducted in the cap rock 

aquifer, which is saturated with dense brine (Hamlin and others, 1988).  Barbers Hill salt dome 

has a history of intense development, including oil production, salt-cavern storage, and cap rock 

brine disposal.  Water-level data are available from cap rock disposal wells.  When the effects of 

density variations were normalized, a hydraulic gradient directed radially outward and upward 

from the cap rock was revealed.  The present magnitude and direction of this hydraulic gradient 

is attributable both to lowering of fluid pressures in the Chicot and the Evangeline aquifers by 

long-term pumping in the Houston area and to elevation of fluid pressures in the cap rock by 

high-volume brine disposal. 

Controlled brine injection tests at Barbers Hill salt dome indicated that the cap rock is a single 

integrated aquifer with leaky vertical and lateral boundaries.  Because of the arched shape of the 

cap rock, the vertical boundary corresponds to vertical and lateral contacts with freshwater sands, 

and the lateral boundary is the lower edge down the dome flanks that is in contact with deeper 

saline-water sands (Figures 2-9, 2-17).  Within the cap rock, water levels stabilized in 
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observation wells during a long-term brine injection test, showing that groundwater must be 

exiting the cap rock (Figure 2-18).  During the brine injection test, however, water levels were 

not monitored in nearby Chicot and Evangeline water wells, so the exact destination of leaking 

cap rock brines was not documented. 

Development of both fresh groundwater and salt-dome resources has increased the potential for 

contamination of shallow aquifers.  In pre-development steady-state groundwater flow systems, 

salt-dome related contamination remained localized by high freshwater heads in surrounding 

sands and the tendency for high-density brines to flow downward.  The combination of lowered 

heads in the Gulf Coast Aquifer and increased heads in cap rocks has created hydraulic gradients 

directed outward from the salt dome toward adjacent freshwater sands. Resource extraction and 

leakage of stored petroleum product have further perturbed the natural system.  Most of the 

available evidence for salt-dome-related contamination of the Gulf Coast Aquifer is at least 

20 years old.  More recent hydraulic and hydrochemical data, including data collected 

periodically through time, are needed for proper risk analysis and for a more comprehensive 

understanding of shallow groundwater flow near salt domes. 

Numerical modeling of groundwater flow systems around salt domes has proved challenging 

owing to the complications of extreme salinity and density variations and complex boundary 

conditions (Konikow and others, 1997).  Fogg and others (1983) modeled groundwater flow in 

the Carrizo-Wilcox aquifer around a salt dome but without explicitly including the dome itself or 

salinity variations.  Their model helped identify recharge and discharge areas and flow paths in 

freshwater aquifer sands relative to the position of the salt dome, so that the movement of 

potential dome-related contaminants might be predicted.  Their model also showed the 

importance of sand-body distribution and interconnection as controls on flow near salt domes.  

Hamlin and others (1988) modeled the cap rock aquifer at Barbers Hill salt dome, using the 

results of controlled brine injections tests, but did not include the surrounding Chicot and 

Evangeline sands or salinity/density variations.  Nevertheless, their model accurately reproduced 

water-level measurements and demonstrated that the cap rock boundaries are leaking.  Models of 

groundwater flow around Gulf Coast salt domes in Louisiana, which explicitly include both the 

salt dome and salinity/density variations, emphasize the importance of density-driven flow 
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(Evans and others, 1991).  The Louisiana models show that salt dissolved at the dome crest is 

carried down the dome flanks below the zone of freshwater. 

2.2.2.3 Groundwater Chemistry 

Hydrochemical patterns in groundwater near salt domes provide information about flow of 

dome-related fluids into surrounding freshwater aquifers.  The most commonly available data for 

measuring groundwater salinities in the near-dome environment are geophysical logs from oil 

and gas wells, because an empirical relationship can be established between groundwater salinity 

and electrical conductivity (Jones and Buford, 1951) and because most salt domes have been 

densely drilled in the quest for petroleum.  Using geophysical logs, anomalously high salinities 

in shallow sands were documented near salt domes in Chambers, Fort Bend, and Jefferson 

counties (Wesselman, 1971, 1972). 

At Barbers Hill salt dome, Hamlin and others (1988) used closely spaced well logs to map 

individual sand bodies and groundwater salinities near the dome, revealing a complicated pattern 

of vertical and lateral salinity variation (Figure 2-17).  In one lower Chicot aquifer sand, a plume 

of high-salinity groundwater extends away from the salt dome in the direction of regional 

groundwater flow (Figure 2-19).  Similar saline plumes extending away from salt domes in the 

direction of groundwater flow have been documented in the Carrizo-Wilcox aquifer in East 

Texas (Fogg and others, 1983) and in Germany (Klinge and others, 2002). 

Chemical and isotopic analyses of groundwater are less abundantly available than are 

geophysical logs but can be used to reveal both fluid sources and flow patterns.  Banga and 

others (2002) used multi-element chemistry and isotopic tracers to document vertical flow 

patterns in deep sandstones (below freshwater) around South Liberty salt dome in Liberty 

County, showing that oil field brines near the salt dome are a mixture of shallow meteoric waters 

and deep formation waters.  The presence of a meteoric component in deep brines indicates 

downward flow along the flanks of the salt dome.  The implication of the South Liberty salt 

dome study is that shallow fresh groundwater flows across the top of the salt dome, dissolves 

salt, becomes increasingly dense, and then flows downward along the dome flanks driven by a 

density gradient. 
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The evidence for dissolution of salt dome minerals in shallow groundwater is conclusive.  

Shallow salt domes extend well into the zone of freshwater and are surrounded laterally and 

vertically by Gulf Coast Aquifer sands.  As salt dissolves at the dome crest, an insoluble residue 

accumulates, forming the cap rock.  Within the cap rock itself, chemical reactions occur that 

require the presence of low-temperature, low-salinity groundwaters (Kyle and Price, 1986).  

Geophysical logs have been used to identify high-salinity plumes within otherwise freshwater 

sands near several Gulf Coast salt domes and to map actual sand/dome contacts (Wesselman 

1971, 1972; Hamlin and others, 1988).  Indeed, dissolution of salt domes by groundwater has 

been documented, and the amount of salt removed has been quantified (Seni and Jackson, 1984; 

Bruno and Hanor, 2003). 

Although salt actively goes into solution at the crests of shallow salt domes, most of the high-

salinity groundwater thus formed flows downward driven by density gradients.  Recent studies 

document downward flow along salt-dome flanks and the control of faults and sand distribution 

on flow paths (Banga and others, 2002; Bruno and Hanor, 2003).  Although upward flow occurs 

in deep zones below the base of freshwater (Evans and others, 1991), upward movement and 

mixing of dense saline groundwater from deep zones into the low-density freshwater zones 

appear unlikely. 

2.3 Depositional Systems 

A depositional system is a three-dimensional body of sediment deposited in a contiguous suite of 

process-related sedimentary environments (Fisher and McGowen, 1967).  Each sedimentary 

environment produces specific genetic facies (Figure 2- 20).  Neogene Formations of the onshore 

northwest GOM coastal zone, which includes the Gulf Coast Aquifer, are mainly composed of 

nonmarine alluvial (fluvial) depositional systems.  Because Miocene through Quaternary coastal 

plains had similar shoreline trends, climate gradients, physiography, and sediment source areas, 

Quaternary depositional systems that are exposed at the surface provide a good analog for 

underlying Neogene coastal plain depositional systems (Galloway, 1981). 

The Quaternary coastal plain of Texas encompasses a mosaic of fluvial systems of various types, 

sizes, and sediment composition (Morton and McGowen, 1980; Galloway, 1981; Blum and 

Price, 1998; Anderson and Fillon, 2004) (Figure 2-21).  Extrabasinal rivers have large drainage 
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basins that extend well beyond the coastal plain, whereas basin-fringe and intrabasinal rivers 

have drainage basins marginal to and within the coastal plain.  Extrabasinal rivers have 

persistently occupied the major embayments and still do so today; the Rio Grande, Houston, and 

Mississippi embayments are occupied by the Rio Grande, Colorado/Brazos, and Mississippi 

rivers, respectively.  The point of entry of an extrabasinal river onto the coastal plain is stable 

owing to valley entrenchment across the slightly uplifted margin of the coastal zone (Winker, 

1979).  Basinward from the entry point, fluvial systems are free to migrate laterally, constructing 

alluvial aprons composed of sand-rich channel-fill facies and mud-rich floodplain facies (3- 21).  

In a fluvial channel, the proportion of bed load (sand and gravel) to suspended load (silt and 

clay) influences channel morphology and resulting sand-body geometry (Schumm, 1977).  Bed-

load channel systems form broad belts of sandstone with good lateral connectivity, whereas 

mixed- and suspended-load channel systems are more lenticular and isolated in mud-rich 

floodplain facies (Galloway, 1981).  Superposition of channel systems in extrabasinal rivers 

results in sand bodies that are thicker than original channel depths. 

Quaternary alluvial aprons grade basinward into deltaic and shore-zone depositional systems.  

On the modern Texas Coastal Plain, sand-rich deltaic headlands are constructed by major 

extrabasinal rivers in the Rio Grande and Houston embayments, while basin-fringe and 

intrabasinal rivers feed bay-head deltas on the San Marcos arch (Figure 2-21).  This pattern 

persisted throughout the Neogene with some important exceptions (see Section 2.4, Depositional 

History).  Bay, lagoon, barrier island, and shelf depositional systems fringe the onshore and near-

offshore parts of the northwest GOM coastal zone.  Most transported sediment bypasses these 

coastal plain systems to be stored permanently in shelf-margin and continental slope depositional 

systems (Galloway and others, 2000).  Neogene shelf-margin and slope systems, however, are 

located offshore under the modern continental shelf and thus are not part of the Gulf Coast 

Aquifer. 

2.4 Depositional History 

Cenozoic sediments of the northwest GOM are monotonous sequences of interbedded sandstones 

and shales that lack distinctive lithostratigraphic units of regional extent (Galloway and others, 

1991).  Stratigraphic subdivision relies on a combination of:  1) biostratigraphic zonation; 

2) depositional models based on Quaternary examples; and 3) regionally cyclic depositional 
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episodes (Galloway and others, 2000).  Biostratigraphic zonation is based primarily on extinction 

points of foraminifera (fossil protozoa) and other marine microfossils (Galloway and others, 

1991; Lawless and others, 1997; Fillon and Lawless, 2000).  Because marine fossils are not 

available in alluvial sediments, stratigraphic subdivision typically is extended updip to outcrop 

using lithologic boundaries, well log correlation techniques, and limited nonmarine (vertebrate 

faunas) biostratigraphy (Tedford and Hunter, 1984; Baskin and Hulbert, 2008; Lundelius, 1972). 

A depositional episode is a period of focused deposition and progradation of the shoreline 

followed by nondeposition and transgression (marine flooding) of the coastal plain (Galloway 

and others, 1991, 2000).  The physical product of a depositional episode is a genetic stratigraphic 

sequence (Galloway, 1989a).  At any one time, active deposition is localized, while adjacent 

areas receive little or no sediment.  Thus, a genetic stratigraphic sequence forms a 

stratigraphically and geographically distinct body of sediment bounded by surfaces of 

transgression or nondeposition (Frazier, 1974; Galloway, 1989a).  The location of deposition 

(depocenter) shifts through time owing to geographic variations in sediment supply, which are 

controlled by tectonic events in the sediment source area (Winker, 1982).  The timing and 

cyclicity of progradational and transgressive events depends upon the interplay of sediment 

supply, subsidence, and sea-level change (Galloway, 1989b).  In the northwest GOM, genetic 

stratigraphic sequences typically consist of one or more major extrabasinal fluvial systems that 

supply progradational deltaic systems.  Smaller intrabasinal fluvial systems and interdeltaic 

shore-zone systems separate deltaic headlands (Galloway and others, 1991) (Figure 2-21). 

Early Cenozoic (Paleogene, Table 2-1) depositional episodes in the northwest GOM were 

responses first to mountain building in the southern Rocky Mountains and later to explosive 

volcanism in West Texas and Mexico (Winker, 1982; Morton and Galloway, 1991; Galloway, 

2005).  Large volumes of sand, silt, and clay were delivered to the northwest GOM.  In response, 

extrabasinal fluvial-deltaic systems developed first in the Houston embayment and then in the 

Rio Grande embayment (Figure 2-22).  Abundant sediment supply in the Paleogene 

overwhelmed sea-level fluctuations and controlled sequence development (Morton and 

Galloway, 1991).  In the Neogene (Miocene-Pliocene), however, continental glaciers began 

forming in Antarctica (Fillon and Lawless, 2000), and the resulting high-amplitude sea-level 

fluctuations began exerting greater influence on sequence formation (Galloway and others, 1986; 



Final Report ï Updating the Hydrogeologic Framework for the Northern Portion of the Gulf Coast Aquifer 

2-20 

Morton and others, 1988) (Figure 2-23).  Miocene genetic stratigraphic sequences are bounded 

by transgressive surfaces that can usually be related to glacio-eustatic highstands (global sea-

level rises attributable to melting glaciers), but tectonic activity in the source areas was still 

controlling locations of sediment input into the northwest GOM.  Tectonic development of the 

Rio Grande Rift in New Mexico disrupted drainage systems feeding the Rio Grande and Houston 

embayments so that large extrabasinal fluvial systems began shifting northeast into the 

Mississippi embayment (Winker, 1982) (Figure 2-22).  Uplift of the Edwards Plateau along the 

Balcones Fault Zone in Central Texas supplied abundant Cretaceous calcareous detritus to 

smaller Miocene fluvial systems on the Texas Coastal Plain (Galloway and others, 1986; Morton 

and others, 1988).  The principal middle-late Miocene fluvial-deltaic system in Texas was 

located on the San Marcos Arch (Figure 2-22).  During the Plio-Pleistocene (Table 2-1), tectonic 

quiescence and high-frequency glacio-eustatic fluctuations (this time from northern hemisphere 

glaciation) resulted in multiple cross-cutting and superimposed alluvial valley fills and 

preservation of thin sequences on the Texas Coastal Plain (Blum and Price, 1998). 
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Figure 2-1 Map of the Gulf of Mexico basin showing major structural elements and 

stratigraphic provinces.  Modified from Ewing (1991). 

 

Figure 2-2 Regional dip-oriented cross section of Cenozoic strata on the northwestern 

margin of the Gulf of Mexico basin.  Modified from Galloway and others (1991) 

and Sharp and others (1991). 
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Figure 2-3 Map showing major growth fault zones and shallow salt domes in the onshore part 

of the Texas coastal zone.  Modified from Ewing (1990) and Hamlin (2006). 

 

 

 

Figure 2-4 Schematic cross section showing active surface fault.  The fault zone is composed of 

deformed sediment having high vertical hydraulic conductivity locally.  Aquifer 

sands are offset across the fault and commonly are thicker on the downthrown side 

owing to greater subsidence and sedimentation there.  Modified from Verbeek and 

Clanton (1979). 
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Figure 2-5 Cross section showing typical surface expression of an active fault.  The fault scarp 

is generally modified by erosion into a subtle topographic step.  Vegetation changes 

near the fault line mark the boundary between dryland on the upthrown block and 

wetland on the downthrown block.  Modified from Verbeek and Clanton (1979). 
 

 

Figure 2-6 Lineation map of the Texas coastal zone in the Houston Embayment area.  

Lineations are the surface expressions of faults or fractures (Kreitler, 1976).  The 

entire Texas coastal plain is covered by lineations, although only the more 

coastward lineations are mapped here.  Modified from Fisher and others (1972, 

1973) and McGowen and others (1976). 
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Figure 2-7 Map of subsidence and active surface faults in the Houston metropolitan area. 

Modified from Holzer (1984) and Shah and Lanning-Rush (2005). 
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Figure 2-8 Map showing locations of salt domes in southeast Texas and southwest Louisiana. Approximate dome sizes, shapes, and 

depths are shown. Individual salt domes identified by number (Table 1). 
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Figure 2-9 Cross section of Barbers Hill salt dome in Chambers County showing the salt stock, 

cap rock mineralogical zones, and enclosing hydrostratigraphic intervals (modified 

from Hamlin and others, 1988).  This cross section has no vertical exaggeration 

(vertical and horizontal scales are equal).  Cap-rock layering is generally more 

complicated than shown here and varies widely among domes. 
 

 

 

Figure 2-10 Regional dip-oriented cross section of the upper Texas Gulf Coast showing salt 

domes and enclosing strata (modified from Hamlin, 1986).  Line of section located in 

Figure 2-8. 
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Figure 2-11 Cross section of Boling salt dome in Wharton County showing salt stock, cap rock, 

and surrounding sediments (modified from Seni and others, 1985). Freshwater 

sands surround the dome, but muds and thin saline-water sands overlie the dome.  

Groundwater salinities are interpreted from resistivity logs (freshwater sands have 

>20 ohm-m resistivity). 
 

 

 

Figure 2-12 Map of lower Chicot sand thickness around Barbers Hill salt dome (modified from 

Hamlin and others, 1988).  The lower Chicot sand is widespread in the Houston area 

(Wesselman, 1971, 1972; Baker, 1979). 
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Figure 2-13 Map of surficial sediments and depositional facies around Barbers Hill salt dome 

(from Fi sher and others, 1972).  Pleistocene channel sand follows peripheral low 

area east of the dome, whereas fine-grained interchannel facies cover the dome 

crest. 
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Figure 2-14 Photograph showing catastrophic collapse and sinkhole that formed over Hull salt 

dome in 2008 in the town of Daisetta, Liberty County, Texas (from Horswell, 2009). 
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Figure 2-15 Map of Barbers Hill salt dome showing locations of storage caverns in the salt stock 

and brine disposal wells in the cap rock as they existed in 1984 (modified from Seni 

and others, 1984c). 
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Figure 2-16 Cross section showing storage caverns and brine disposal wells at Barbers Hill salt 

dome (modified from Seni and others, 1984c).  Line of section located in Figure 8.  

Storage cavern locations, depths, and dimensions are accurate, but geometric details 

are generalized.  Storage cavern geometries are commonly delineated using sonar, 

and a sonar survey was available for one cavern on this section (third cavern from 

the right). 
 

 

 

Figure 2-17 Cross section of Barbers Hill salt dome showing salt stock, cap rock, and 

surrounding sediments (modified from Hamlin and others, 1988).  Groundwater 

salinities are interpreted from resistivity logs.  Sands become thinner and more 

saline with proximity to the dome.  Sand thickness of the lower Chicot sand is shown 

in Figure 2-12. 
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Figure 2-18 Hydrograph of a long-term cap rock injection test at Barbers Hill salt dome 

showing brine-level changes in a cap rock observation well during controlled brine 

disposal in two other cap rock wells (from Hamlin and others, 1988).  Water levels 

in nearby Chicot aquifer and Evangeline aquifer water wells are around 100 feet 

below sea level or similar to cap rock brine levels when no disposal is occurring.  

However, water levels in nearby water wells were not monitored during the 

injection test. 
 

 

 

Figure 2-19 Resistivity map of the lower Chicot aquifer at Barbers Hill salt dome (modified 

from Hamlin and others, 1988).  Water wells completed in this lower Chicot sand 

are also shown along with total dissolved solids measurements.  Low resistivities 

around the southern and southwestern dome flanks delineate a high-salinity plume 

extending away from the salt dome in the down-flow direction.  
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Figure 2-20 Schematic diagram showing a fluvial depositional system with its component 

depositional environments and resulting genetic facies.  Modified from 

Galloway and others (1979). 

 

 

 

Figure 2-21 Schematic drawing of Quaternary depositional systems of the Texas Coastal Plain.  

Modified from Winker (197 9) and Galloway and others (1986).   
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Figure 2-22 Positions of principal fluvial-deltaic depocenters and interdeltaic shorelines 

for  selected depositional episodes, northwest GOM.  Modified from Galloway 

(1989b) and Galloway and others (2000). 
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Figure 2-23 Chronostratigraphic chart of Miocene to Holocene depositional episodes, northwest 

GOM.  Lithostratigraphic and hydrostratigraphic boundaries are approximate.  

Depositional episodes from Galloway and others (2000) and sea-level curve from Haq 

and others (1987).  Geologic ages in millions of years ago (Ma) from Berggren and others 

(1995). 
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3.0 Stratigraphic and Hydrogeologic Framework 

The Gulf Coast Aquifer in Texas encompasses all stratigraphic units above the Vicksburg 

Formation (Ashworth and Hopkins, 1995; George and others, 2011) (Table 2-1).  The lowermost 

stratigraphic unit is the Catahoula Formation (including the Frio and Anahuac in the deep 

subsurface), which is an aquitard everywhere except near the outcrop (Wood and others, 1963).  

In the overlying Fleming Group, the Oakville Sandstone is approximately equivalent to the 

Jasper Aquifer and the Lagarto Clay to the Burkeville Aquitard (Wesselman, 1967; Baker, 1979) 

(Figure 2-23).  The Goliad, Willis, and Lissie Formations, which contain most of the fresh-water 

resources in the Gulf Coast Aquifer (Wood and others, 1963), are the focus of this description.  

The Goliad Formation is approximately equivalent to the Evangeline Aquifer, although the 

Evangeline includes some underlying Fleming sands locally (Baker, 1979).  The Chicot Aquifer 

comprises all sands between the top of the Evangeline and the land surface (Baker, 1979) 

(Figure 2-23).  Although Pliocene-Pleistocene stratigraphy in the shallow subsurface of the 

Texas Coastal Plain is complex, the primary components of the Chicot Aquifer are the Willis, 

Lissie, and Beaumont Formations (Ashworth and Hopkins, 1995; George and others, 2011).  In 

southeast Texas, the Montgomery and Bentley Formations are approximately equivalent to the 

Lissie Formation (Baker, 1979; Dutton and Richter, 1990). 

3.1 Previous Studies 

The earliest geologic studies focused on outcrop description and correlation (Deussen, 1914, 

1924; Barton, 1930; Trowbridge, 1932; Plummer, 1932; Price, 1933, 1934; Weeks, 1933, 1945; 

Doering, 1935, 1956; Bernard and LeBlanc, 1965).  Outcrop mapping culminated in the 

publication by the Bureau of Economic Geology (BEG) of the Geologic Atlas of Texas (GAT) 

(Aronow and Barnes, 1968; Shelby and others, 1968; Proctor and others, 1974; Aronow and 

Barnes, 1975; Aronow and others, 1975; Brewton and others, 1976a; Brewton and others, 1976b) 

(Figure 3-1) and the Environmental Geologic Atlas of the Texas Coastal Zone (Brown and 

others, 1976, 1977, 1980; McGowen and others, 1976a,b).  These studies demonstrated that 

outcropping Miocene to Holocene Formations are composed of unconformity-bounded, seaward 

dipping, nonmarine clastic wedges.  In updip areas, each formation erosionally truncates and 

onlaps the underlying formation (Figure 3-2).  Thin erosional remnants, isolated terraces, 
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onlapping veneers, and Holocene alluvial cover make it difficult to establish regional 

correlations between outcropping and subsurface stratigraphic intervals (Winker, 1979; DuBar 

and others, 1991). 

Subsurface stratigraphic analysis of the Texas Gulf Coast was originally developed for petroleum 

exploration but became an essential tool for characterization of aquifer composition, correlation, 

and structure.  Subsurface mapping was initially based on analysis of rock cuttings and fossils 

produced during the well drilling process.  However, by the 1930s, geophysical (electrical) well 

logs provided a major source of data for formation identification and correlation.  Early 

subsurface studies focused on the stratigraphic and structural framework of Gulf Coast 

Formations (e.g., Applin and others, 1925; Barton and others, 1933; Bornhauser, 1947, 1958; 

Williamson, 1959; Murray, 1961).  Subsequent studies developed the concepts of depositional 

systems and facies (e.g., Boyd and Dyer, 1964; Rainwater, 1964; Fisher and McGowen, 1967).  

More recently, the concepts and techniques of sequence stratigraphy and chronostratigraphic 

correlation have been used to refine the stratigraphic framework and depositional history of the 

GOM (Galloway, 1989b; Lawless and others, 1997; Fillon and Lawless, 2000; Galloway and 

others, 2000; Hernandez-Mendoza and others, 2008).  Gulf Coast subsurface stratigraphy, 

depositional systems, and structure are summarized in a series of well log cross sections 

published by BEG (Dodge and Posey, 1981; Morton and others, 1985; Galloway and others, 

1994). 

Subsurface analysis in Texas groundwater studies began early and has been an equal partner with 

petroleum studies in the development of our understanding of Gulf Coast stratigraphy.  Early 

publications by the Texas Board of Water Engineers and the U.S. Geological Survey (USGS) 

used well logs to delineate aquifer boundaries and sand distribution in the subsurface (e.g., Rose, 

1943; Lang and others, 1950; Jones, 1956).  Numerous countywide and regional studies of 

geology and groundwater resources by the Texas Water Commission (later the Texas Water 

Development Board) refined aquifer stratigraphy (e.g., Baker, 1964; Wesselman, 1967).  

Building on stratigraphic interpretations from both petroleum and groundwater resources, Baker 

(1979) published a series of well log cross sections covering the entire Texas Gulf Coast, which 

became the standard reference for aquifer stratigraphy in the region. 
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The USGS conducts regional studies of major aquifer systems for resource evaluation and 

management.  As part of their Regional Aquifer-System Analysis (RASA) Program, the USGS 

published a series of reports on major aquifer systems across the Gulf Coastal Plain from Texas 

to Florida (Grubb, 1984, 1987; Ryder, 1988; Weiss, 1992; Hosman, 1996; Williamson and 

Grubb, 2001; Ryder and Ardis, 2002).  These reports assemble hydrogeologic data and 

interpretations and present the results of numerical simulations.  The hydrostratigraphic units 

developed for the RASA Program, however, have generally not been adopted in recent Texas-

based studies.  Instead, the Chicot and Evangeline Aquifer designations that were established 

regionally by Baker (1979) have been retained (e.g., Chowdhury and Turco, 2006; Knox and 

others., 2006; Young and others, 2010). 

A second USGS program, the Source Water Assessment and Protection (SWAP) Program, 

developed a computer-based data set of surfaces (stratigraphic boundaries) for the Chicot and 

Evangeline Aquifers.  The primary source data set to generate the SWAP surfaces consist of 

digitized points taken from the surface contours for the Chicot and Evangeline Aquifers found in 

Carr and others (1985).  Carr and others (1985) do not provide control points for these contours, 

nor do they explain the method used to develop the contours.  Thus, the uncertainty associated 

with the original contours is largely unknown.  In developing its SWAP data set, the USGS 

blended the information from Carr and others (1985) with information from Jorgensen (1975), 

Baker (1979, 1986), and geologic outcrops mapped on BEG's GAT sheets.  The outcrop 

information provided by the GAT sheets was used to estimate the updip region of the aquifers.  

The information from Baker (1979, 1986) was used to smoothly transition between the more 

detailed works of Jorgensen (1975) in the Houston area with the general framework established 

by Carr and others (1985).  The SWAP aquifer surfaces were used in developing conceptual 

models for TWDB groundwater availability models (GAMs) of the Gulf Coast Aquifer 

(Chowdhury and Mace, 2003; Chowdhury and others, 2004; Kasmarek and Robinson, 2004).  

The SWAP data, however, are based on stratigraphic studies conducted in the 1970s and 1980s, 

which are being superseded by more recent studies using sequence stratigraphic techniques and 

ties to offshore chronostratigraphy (Knox and others., 2006; Young and others., 2010). 
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3.2 Fleming Group:  Oakville and Lagarto Formations 

The Fleming Group of the Texas Coastal Plain is early Miocene in age and comprises the 

Oakville and Lagarto Formations (Galloway and others, 1986) (Figure 2-23, Table 2-1).  The 

Fleming Group is bounded by regional marine shales in downdip areas and by the bases of 

massive fluvial sandstones updip.  Fleming boundaries were traced updip through the nonmarine 

interval to outcrop using correlation, projection, lithology, and minor datum changes (Galloway 

and others, 1986) (Figure 3-3).  The lower boundary was delineated by correlating between the 

Anahuac Shale downdip and the base of massive Oakville sandstone updip and in outcrop, and 

the upper boundary was delineated by similarly connecting the Amphistegina B Shale downdip 

with the base of massive Goliad sandstone updip.  The Oakville and Lagarto Formations together 

compose a major fluvial-deltaic depositional episode in which the Oakville forms the lower 

progradational part, and the Lagarto forms the upper retrogradational part.  In the onshore area, 

the Oakville is generally sand-rich, whereas the Lagarto is relatively more mud-rich.  The 

Oakville and Lagarto Formations are separated by a marine transgressive shale downdip and a 

lithologic boundary updip (Figure 3-3). 

The Fleming Group crops out across the entire Texas coastal plain except in South Texas where 

it is overlapped by a thin interval of Goliad gravel and caliche (Galloway and others, 1986) 

(Figure 3-3).  The Oakville Formation ranges from 300 to 700 feet thick at outcrop to 1,000 to 

2,000 feet thick near the modern shoreline, whereas the Lagarto Formation ranges from 700 to 

1,400 feet thick at outcrop to 2,000 to 3,000 feet thick near the coast (Baker, 1979; Galloway and 

others, 1982, 1986).  The Fleming Group dips coastward 50 to 60 feet per mile (Wood and 

others, 1963). Oakville sandstone is thickest (>900 feet) across a broad area in South Texas 

(Figure 3-4).  The Lagarto Formation also contains thick sandstone in South Texas but in a more 

restricted area (Figure 3-5).  Both formations contain thick sandstone in the far northeast part of 

the Texas coast, and both contain thick sandstone in the near offshore area (Figures 3-4 and 3-5).  

Across the broad middle coast from Nueces County in the southwest to Chambers County in the 

northeast, both formations contain relatively less sandstone, and several large regions in and near 

outcrop are marked by low sandstone (<200 feet) in both formations (Figures 3-4 and 3-5).  

Although net sandstone is low locally near outcrop in the Oakville Formation, sandstone percent 

is high because the gross Oakville interval is thin (Galloway and others, 1986).  Across much of 
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the outcrop and near outcrop area, the Oakville forms a thinner high-sand interval, and the 

overlying Lagarto forms a thicker low-sand interval. 

The Fleming Group comprises several large fluvial systems that grade downdip into equally 

large delta and shore-zone systems (Rainwater, 1964; Doyle, 1979; Spradlin, 1980; DuBar, 1983; 

Galloway and others, 1982, 1986).  The fluvial systems include conglomeratic bed-load channel-

fill sandstones and finer-grained mixed-load channel-fill sandstones (Table 3-1).  Channel-fill 

sandstones range from 500 feet to 5 miles wide and 3 to 30 feet thick.  Broad, dip-oriented, sand-

rich belts near outcrop and in middip areas are composed of superposed and laterally 

amalgamated channel-fill and channel-margin splay facies (Figures 3-4 and 3-5).  Channel belts 

are encased in mud-dominated floodplain facies.  Downdip near the modern shoreline, coastal-

barrier and beach-ridge facies form thick sequences of strike-aligned, massive sandstone in both 

formations. 

Table 3-1 Fleming Group depositional facies (Galloway and others, 1982, 1986). 

Facies 
Composition 

grain size 

Sedimentary 

structures 
Thickness Width  

Vertical 

trend (log 

pattern) 

Depositional 

systems 

Conglomeratic 

bed-load 

channel 

Medium to 

coarse sand, 

gravel up to 

pebble size, 

mud clasts 

Planar bedding, 

low-angle 

tabular cross-

bedding, trough 

cross-bedding 

3ï15 ft 
 1,000ï

5,000 ft 

Blocky, 

irregular 

Santa Cruz fluvial 

system, southwest 

part of Moulton/ 

Point Blank 

streamplain 

system 

Sandy bed-

load channel 

Fine to coarse 

sand, local 

gravel, mud 

clasts 

Planar bedding, 

trough and 

tabular cross-

bedding 

10ï20 ft 1ï5 mi 
Blocky, 

irregular 

Santa Cruz fluvial 

system 

Mixed-load 

channel 

Fine to coarse 

sand, silt, mud, 

mud clasts 

Trough cross-

bedding, planar 

bedding, ripple 

and wavy 

lamination 

15ï30 ft 
500ï

2,500 ft 

Fining 

upward 

Moulton/Point 

Blank streamplain 

system 

Amalgamated 

small channel 

and splay 

Very fine to 

coarse sand, silt 

Trough cross-

bedding, planar 

bedding, ripple 

and wavy 

lamination 

10-25 ft 1ï3 mi 

Irregular to 

fining 

upward 

Moulton/Point 

Blank streamplain 

system 

Crevasse 

splay and 

sheet splay 

Fine to coarse 

sand, silt, sandy 

mud, mud clasts 

Planar 

lamination, 

ripples, small-

scale cross 

bedding 

3ï15 ft 
1,000ï

5,000 ft 

Interbedded 

fine and 

coarse 

All fluvial 

systems 
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Table 3-1, continued 

Facies 
Composition 

grain size 

Sedimentary 

structures 
Thickness Width  

Vertical 

trend (log 

pattern) 

Depositional 

systems 

Floodplain, 

coastal bays 

and lagoons 

Silt, clay, sandy 

mud, caliche 

Massive, 

horizontal 

lamination, 

roots, burrows 

Variable 

Fill 

inter-

channel 

areas 

(miles) 

No trend 

(shale 

baseline) 

All fluvial 

systems 

Coastal barrier 

and beach 

ridge 

Fine to coarse 

sand 
Not reported 

Individual 

units not 

reported 

Several 

miles 

wide, 

tens of 

miles 

long 

Blocky, 

massive 

North Padre delta 

system, 

Matagorda 

barrier/strandplain 

system, Calcasieu 

delta system 

 

Major extrabasinal fluvial channel belts in the Fleming Group are located in South Texas and in 

the northeast near the Louisiana border (Figures 3-4 and 3-5).  In South Texas, the Santa Cruz 

fluvial system (Table 3-2) is composed of coarse sand and gravel and is partly covered at outcrop 

by similarly coarse facies in the Goliad Formation (Galloway and others, 1982, 1986).  Most 

Santa Cruz fluvial sandstones occur in the Oakville Formation; except for a few areas, the 

Lagarto Formation is dominated by mud-rich interchannel (floodplain) facies.  In the northeast 

corner of the Texas coastal plain, the Newton fluvial system (Table 3-2) is just a small part of a 

large, lower Miocene fluvial-deltaic depocenter in Louisiana (Figure 2-22).  Across the broad 

middle coast, the Moulton/Point Blank streamplain system (Table 3-2) comprises numerous 

small fluvial channel and splay sandstones encased in floodplain mudstones (Spradlin, 1980; 

Galloway and others, 1986). 

Table 3-2 Fleming Group depositional systems (Spradlin, 1980; Galloway, and others, 1982, 

1986). 

Depositional 

system 

Location (Gulf 

Coast GAMs) 
Principal facies 

Sandstone 

geometry 

Oakville sand 

content 

Lagarto sand 

content 

Santa Cruz fluvial 

southern GC 

GAM, southwest 

part of central GC 

GAM 

bed-load 

channel fill, 

sheet splay, 

floodplain 

multiple dip-

oriented low-

sinuosity 

channel belts 

200ï900 ft, 40ï

80 % 

mostly <500 ft, 

20ï40 % 

Moulton/Point 

Blank streamplain 

central GC GAM, 

southwest part 

northern GC GAM 

amalgamated 

small channel 

and splay, 

floodplain, bed-

load channel 

(Oakville) 

thin sinuous 

channel and 

splay belts 

encased in 

floodplain 

mudstone 

mostly <300 ft, 

local pockets of 

>500 ft, 20ï60 

%, increasing 

southwest 

<300 ft, <40 %, 

increasing 

northeast 
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Table 3-2, continued 

Depositional 

system 

Location (Gulf 

Coast GAMs) 
Principal facies 

Sandstone 

geometry 

Oakville sand 

content 

Lagarto sand 

content 

Newton fluvial 
northeast part 

northern GC GAM 

mixed-load 

channel, 

crevasse splay, 

floodplain 

coalesced 

channel and 

splay belts, 

minor 

floodplain 

300ï900 ft, 40ï

80 % 

300ï900 ft, 40ï

80 % 

North Padre delta 

(onshore part) 

southern GC 

GAM, southwest 

part of central GC 

GAM 

coastal barrier 

and beach ridge, 

coastal bays and 

lagoons 

strike-aligned, 

vertically 

stacked 

500ï1000 ft, 

20ï50 % 

200ï900 ft, 10ï

40 % 

Matagorda 

barrier/strandplain 

(onshore part) 

central GC GAM, 

southwest part 

northern GC GAM 

coastal barrier 

and beach ridge, 

coastal bays and 

lagoons 

strike-aligned, 

vertically 

stacked 

300ï900 ft, 20ï

40 % 

300ï500 ft (10ï

40 %) updip, 

>900 ft (40ï60 

%) along 

present 

shoreline 

Calcasieu delta 
northeast part 

northern GC GAM 

coastal barrier 

and beach ridge, 

coastal bays and 

lagoons 

strike-aligned, 

vertically 

stacked 

300ï700 ft, 20ï

40 % 

900ï1100 ft, 

40ï60 % 

 

Delta systems in the Fleming Group display strongly strike-aligned sandstone orientations 

(Figures 3-4 and 3-5).  Redistribution of sand along strike away from deltaic headlands by shore-

zone waves and currents resulted in strike-elongate stacks of massive sandstone in downdip areas 

(Galloway and others, 1986) (Figure 2-21).  The North Padre delta system (Table 3-2) is the 

seaward extension of the Santa Cruz fluvial system in South Texas.  Much of the sand delivered 

to the North Padre delta system was redistributed to the northeast into the Matagorda barrier/ 

strandplain system (Table 3-2), especially in near offshore areas (Figures 3-4 and 3-5).  The 

Calcasieu delta system (Table 3-2) is the seaward extension of the Newton fluvial system in the 

northeast.  Calcasieu deltaic sandstones are thickest in the Lagarto Formation. 

Fleming Group depositional systems constructed a framework of dip-oriented fluvial sandstone 

belts updip to middip and strike-oriented shore-zone sandstone belts downdip.  Fluvial and 

shore-zone sandstones are well interconnected only in South Texas and far northeast coastal 

Texas.  Across the broad middle coast, shore-zone sandstones are more isolated, grading updip 

into mud-dominated lagoonal and floodplain facies (Figures 3-4 and 3-5).  Furthermore, much of 

Fleming shore-zone sandstone lies seaward of the modern shoreline.  In South Texas, Lagarto 

sandstones generally thin downdip, whereas Oakville sandstones thicken downdip.  The Oakville 

is distinctly sandier than the Lagarto in South Texas.  Along the middle coast, thick Lagarto 
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sandstones form a strike-aligned belt in coastal areas of Matagorda and Brazoria Counties, but 

this sandstone belt grades landward into low-sandstone areas (Figure 3-5).  The Oakville is 

relatively sand-poor along the coast in Matagorda and Brazoria Counties but is somewhat sandier 

than the Lagarto in adjacent middip areas (Figure 3-4).  The Lagarto is generally sandier than the 

Oakville along the upper coast. 

3.3 Goliad Formation 

The Goliad Formation of the Texas Coastal Plain is primarily middle-to-late Miocene in age 

(Morton and others, 1988) (Figure 2-23, Table 2-1).  The Goliad includes vertebrate fossils 

ranging in age from middle Miocene to earliest Pliocene (Baskin and Hulbert, 2008).  At outcrop 

and in the shallow subsurface, the Goliad Formation is bounded by regional unconformities at 

the base of massive fluvial sandstones, but downdip, the Goliad is bounded by marine 

transgressive shales (Figure 3-6).  A minor datum change is required to tie downdip marine 

paleontologic markers to updip lithologic markers (Morton and others, 1988).  The 

lithostratigraphic Goliad Formation occurs only in the onshore part of the Texas Coastal Plain, 

where it is defined by nonmarine depositional systems and facies (Solis, 1981; Hoel, 1982).  In 

extreme South Texas and northeastern Mexico (Burgos basin), however, the Goliad-equivalent 

interval is composed of shore-zone and marine depositional systems (Morton and others, 1988).  

In the modern offshore area, middle-upper Miocene sequences include fluvial, deltaic, and 

marine depositional systems (Doyle, 1979; Morton and others, 1988; Galloway and others, 

2000). 

The Goliad Formation ranges in thickness from 200 feet at outcrop to about 1,400 feet near the 

modern shoreline.  The Goliad does not display significant thickness changes attributable to 

differential subsidence across the San Marcos arch and into adjacent embayments but does 

thicken (15ï20%) locally across the major growth fault zones shown in Figure 3-3 (Hoel, 1982).  

Goliad strata dip coastward about 10 to 20 feet per mile.  Net sandstone thicknesses range from 

100 to 800 feet, and sandstone content decreases regionally to the southwest (Morton and others, 

1988).  Sandstones in the upper Goliad typically are less conglomeratic and thinner bedded than 

are those in the lower Goliad (Hoel, 1982; Morton and others, 1988). 
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Goliad fluvial depositional systems comprise channel-fill and interchannel facies (Hoel, 1982) 

(Table 4-1).  Fluvial channel-fill facies are composed mainly of medium- to coarse-grained sand 

and gravel, displaying large-scale cross-bedding.  Hoel (1982) recognized both bed-load and 

mixed-load channel-fill facies in Goliad outcrops (Table 4-1).  Gravelly coarse sand, sandy 

gravel, and pebble-to-cobble-sized gravel dominate bed-load channel-fill facies.  Vertical 

stratigraphic successions in bed-load channel-fill facies are irregular, and grain size and sorting 

vary greatly.  Mixed-load channel-fill facies, however, commonly display fining-upwards 

vertical grain-size trends.  Coarse sand and sandy gravel are overlain by medium-to-fine sand, 

and very fine sand and silt cap the mixed-load channel-fill succession.  Electric log responses 

reflect vertical grain-size trends:  bed-load channel-fill facies cause blocky log patterns whereas 

mixed-load channel-fill facies cause fining-upwards log patterns. 

Interchannel facies include sandy crevasse splays, and muddy floodplain and playa lake facies.  

Crevasse-splay facies formed where flood waters breached channel levees and deposited broad 

aprons of sandy sediment on the floodplain (Table 3-1).  Crevasse splays associated with mixed-

load channels are finer grained than those associated with bed-load channels (Hoel, 1982).  

Floodplain facies surround channel-fill and crevasse-splay facies and were deposited across 

interchannel areas during floods.  Mottled red clays dominate floodplain successions, and 

secondary calichification and pedogenesis are pervasive (Hoel, 1982).  Playa facies have been 

identified only in Brooks and San Patricio Counties (Hoel, 1982).  In playa facies, gypsum 

occurs as interbeds and interstitial precipitates.  The environment of deposition of playa facies 

was probably an arid-region evaporitic lake (inland sabkha facies of Hoel [1982]).   

Table 3-3 Goliad Formation depositional facies (Hoel, 1982). 

Facies 
Composition grain 

size 

Sedimentary 

structures 
Thickness Width  

Vertical 

trend (log 

pattern) 

Fluvial 

systems 

Bed-load 

channel 

Coarse sand, gravel 

up to cobble size, 

mud clastics 

Large planar and trough 

cross-bedding 
25ï60 ft ~103 ft 

Blocky, 

irregular 

Realitos, 

Tomball 

Mixed-

load 

channel 

Medium-coarse sand, 

gravelly sand, mud 

clasts 

Large and small trough 

cross-bedding, low-

angle planar bedding 

30ï60 ft 
~103ï

104 ft 

Fining 

upward 

Eagle 

Lake 
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Table 3-3, continued 

Facies 
Composition 

grain size 

Sedimentary 

structures 
Thickness Width  

Vertical 

trend (log 

pattern) 

Fluvial 

systems 

Crevasse 

splay 

Medium-fine 

sand, silt, gravel 

lags 

Ripple, wavy and 

parallel lamination 
10ï30 ft ~103ï104 ft 

Fining 

upward 
All  

Floodplain Silt, clay, caliche 

Massive, horizontal 

lamination, roots, 

burrows 

Variable 

Fill  

interchannel 

areas (miles) 

No trend 

(shale 

baseline) 

All  

Playa lake 
Gypsum, sand, 

silt, clay 

Horizontal 

lamination, ripples, 

chaotic 

30ï60 ft Miles 

Thin fining 

upward 

cycles 

Realitos 

The Goliad Formation includes three large extrabasinal fluvial systems listed in Table 3-4. (Hoel, 

1982; Morton and others, 1988).  Each Goliad fluvial system contained multiple channel axes 

that formed an integrated drainage network.  Channels preferentially reoccupied the same 

locations on the coastal plain, resulting in vertical stacking of sand bodies (Morton and others, 

1988).  Owing to an arid paleoclimate and lack of bank-stabilizing vegetation, Goliad fluvial 

channels had poorly developed levees, channel migration was relatively unconstrained, and 

channel-fill deposits tended to coalesce laterally (Hoel, 1982).  Thus, Goliad channel-fill sand 

bodies form broad belts that are much thicker and wider than the river channels in which they 

were deposited. 

Goliad fluvial systems vary in overall composition and sandstone development, and generally 

become sandier to the northeast (Table 3-3, Figure 3-7).  The Realitos fluvial system occupies 

the Rio Grande embayment.  This fluvial system includes spectacular pebble- and cobble-sized 

gravels in outcrop (Plummer, 1932; Hoel, 1982), but in middip positions, Realitos channel belts 

are narrow and include relatively less aggregate net sand than the other Goliad fluvial systems 

(Figure 3-7, Table 3-4).  Realitos gravels include volcanic rock fragments, Permian limestone, 

and other compositions reflecting extrabasinal source areas in West Texas and beyond (Hoel, 

1982).  The Realitos fluvial system feeds small deltaic and barrier-lagoon depositional systems 

that are located under the modern South Texas shoreline and adjacent offshore area. 

The Eagle Lake fluvial system is located (atypically) on the San Marcos arch and the adjacent 

southwestern part of the Houston embayment.  Fluvial axes of the Eagle Lake system are broader 

and sandier than those of the Realitos system (Figure 3-7, Table 3-4).  Individual channel-fill 
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sand bodies in the Eagle Lake system are slightly thicker than those in the other Goliad fluvial 

systems.  Eagle Lake sand bodies are most developed in the upper part of the Goliad Formation 

(Hoel, 1982; Knox and others, 2006).  The Eagle Lake fluvial system was the primary middle-

late Miocene drainage conduit for the Texas part of the northwest GOM and supplied sediment 

to the South Brazos delta system located well offshore (Morton and others, 1988).  The largest 

northwest GOM fluvial-deltaic drainage system in the middle-late Miocene was located in the 

Mississippi embayment (Figure 2-22). 

Table 3-4 The Goliad Formation fluvial depositional systems (Hoel, 1982; Morton and 

others, 1988). 

Depositional 

system 
Location 

Channel-belt 

composition 

Channel-

belt width 

Stratigraphic 

position of 

maximum 

sand 

Interchannel 

composition 

Source 

area 

Overall 

sand 

content 

(rank)  

Realitos bed-

load fluvial 

Rio Grande 

embayment 

Ò400 ft sand, 

40ï50% sand 

5ï15 

miles 

lower and 

upper Goliad 

calcareous 

mudstone, 

<20% sand 

West 

Texas, 

northern 

Mexico 

third 

(lowest 

sand 

content) 

Eagle Lake 

mixed-load 

fluvial 

North flank 

San 

Marcos 

arch 

Ò500 ft sand, 

40ï60% sand 

10ï20 

miles 
upper Goliad 

calcareous 

mudstone, 

<20% sand 

Central 

Texas 
second 

Tomball bed-

load fluvial 

Houston 

embayment 

Ò600 ft sand, 

40ï60% sand 

10ï30 

miles 

lower and 

upper Goliad 

mudstone and 

sandstone, 

>25% sand 

East 

Texas 

first 

(highest 

sand 

content) 

 

The Tomball fluvial system is located in the Houston embayment.  Even though it was not the 

primary extrabasinal drainage conduit in Texas, the Tomball system is the sandiest of the three 

Goliad fluvial systems (Figure 3-7, Table 3-4).  Tomball channel belts are broad and sand-rich, 

but interchannel areas are unusually sandy as well because of the abundance of crevasse-splay 

facies (Morton and others, 1988).  During the middle Miocene, tectonic activity in the source 

areas disrupted drainage networks and shifted the axis of sedimentation northward from the Rio 

Grande embayment to the Houston and Mississippi embayments (Morton and others, 1988).  For 

this reason, Tomball rivers transported larger volumes of sediment than more southerly rivers, 

and this large sediment influx was sustained though both middle and late Miocene depositional 

episodes.  Tomball rivers supplied sediment to form the thick sand-rich, shore-zone facies of the 

Galveston Strandplain system in the southeast Texas offshore area (Morton and others, 1988). 
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3.4 Willis Formation  

The Willis Formation is approximately Pliocene in age (Galloway, 1989b).  At outcrop, the 

Willis erosionally downcuts and locally truncates the underlying Goliad Formation and is in turn 

eroded and locally onlapped by the overlying Lissie Formation (Doering, 1935) (Figure 3-2).  

The Willis outcrop consists of cuesta-forming erosional remnants in the Houston Embayment 

and on the San Marcos Arch (Figure 3-1).  The Willis does not outcrop in the Rio Grande 

Embayment, although Pliocene-age deposits are present there in the subsurface.  Along the south 

and central Texas coast, Willis-equivalent strata have been mapped with the Lissie (Doering, 

1956) or with the Goliad (Solis, 1981).  Similar to the Goliad, the Willis is dominated by 

nonmarine, fluvial depositional systems in the onshore part of the Texas Coastal Plain (Guevara-

Sanchez, 1974; Solis, 1981; Galloway and others, 2000).  At outcrop, the Willis is composed of 

gravelly coarse sand in several upward-fining successions that are interpreted as incised valley 

fills overlain by transgressive deposits (Morton and Galloway, 1991).  Near the modern shoreline 

and offshore, Willis deltaic and marine systems record four cyclic depositional episodes bounded 

by transgressive shales (Galloway and others, 2000) (Figure 2-23).  The paleo Red River 

extended across the upper Texas Coastal Plain.  This major Pliocene extrabasinal river for deltaic 

and continental margin progradation extends offshore from Houston.  The ancestral Mississippi 

River in Louisiana was the second main source of sediment input during the Pliocene.  Although 

the ancestral Mississippi River in Louisiana was the main source of sediment input during the 

Pliocene, the onshore part of the Willis is more sand-dominated in the Houston Embayment than 

it is in southwest Louisiana (Figure 3-8). 

The Willis Formation ranges in thickness from about 100 feet at outcrop to 500 feet near the 

coast and also thickens northeastward (Knox and others, 2006).  The Willis dips coastward about 

15 to 20 feet per mile and is 1,000 to 2,000 feet deep at the modern shoreline (Doering 1935; 

Knox and others, 2006).  Willis fluvial systems include dip-oriented sand-rich channel-fill facies 

and sand-poor interchannel areas, which grade toward the coast into shore-parallel deltaic and 

shore-zone sands and interdeltaic muddy bay deposits.  Individual Willis sands vary widely in 

thickness from about 20 to 200 feet and are separated by muds of similar thickness (Knox and 

others, 2006).  The abundance of sand in the Willis Formation is greater than 60% across most of 

the Houston Embayment but decreases downdip to around 40% along the coast (Figure 3-8). 



Final Report ï Updating the Hydrogeologic Framework for the Northern Portion of the Gulf Coast Aquifer 

3-13 

3.5 Lissie Formation 

The Lissie Formation is approximately early Pleistocene in age (DuBar and others, 1991).  

Pleistocene fossils have been found in the Lissie at several locations on the Texas coastal plain 

(Plummer, 1933).  In Texas and southwest Louisiana, the Lissie outcrop is continuous except 

where cut by modern river valleys or where covered by Holocene windblown deposits in South 

Texas (Figure 3-1).  North of the Brazos River, the Lissie Formation has been mapped at the 

surface as the Montgomery and Bentley formations (Barnes, 1992).  At outcrop the Lissie is 

composed of fine-grained sand and sandy clay and unconformably overlies and onlaps the Willis 

(Morton and others, 1991). In the subsurface the Lissie is defined as the interval between the 

Willis and the Beaumont (Figure 3-2).  The Lissie is dominated by nonmarine depositional 

systems in the onshore part of the Texas and Louisiana coastal plains, although shore-zone facies 

are prominent in some coastal counties (Guevara-Sanchez, 1974; Solis, 1981).  Lissie deposition 

was strongly influenced by glacial-interglacial cycles on the North American continent.  High-

frequency glacio-eustatic sea-level fluctuations resulted in shorter depositional episodes, thinner 

genetic sequences, and greater erosional downcutting (Figures 2-23, 3-2).  

The Lissie Formation ranges in thickness from about 100 feet at outcrop to greater than 700 feet 

at the coast (Knox and others, 2006).  The Lissie dips coastward about 5 to 20 feet per mile and 

is 500 to 1000 feet deep at the modern shoreline (Doering, 1935; Knox and others, 2006).  Lissie 

depositional facies patterns are similar to those of the Willis:  dip-oriented fluvial channel sands 

separated by interchannel muds and grading downdip into shore-parallel sands and muds. In 

Lissie fluvial systems, individual sand bodies are 20 to 100 feet thick, whereas interbedded muds 

are generally less than 20 feet thick (Knox and others, 2006).  Shore-zone and marine systems 

downdip, however, include much thicker muddy intervals.  The Lissie Formation is >60% sand 

in updip fluvial systems and 20 to 60% sand in downdip shore-zone systems (Figure 3-9).  Along 

the northeastern Texas coast, the Lissie is less sandy than is the Willis (Figures 3-8, 3-9).  The 

sandiest part of the Lissie is located in southern Louisiana (Figure 3-9). 

3.6 Beaumont Formation 

The Beaumont Formation is late Pleistocene in age (DuBar and others, 1991).  Pleistocene-age 

fossils have been found in the Beaumont at numerous locations on the Texas Coastal Plain 
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(Maury, 1920, 1922; Plummer, 1933; Price, 1934).  The Beaumont outcrop covers a large part of 

the lower coastal plain except where cut by modern river valleys or covered by Holocene wind-

blown sand in south Texas (Figure 3-1).  The Beaumont is composed of clay-rich sediments 

transected by sandy fluvial and deltaic-distributary channels.  The Beaumont also includes 

isolated segments of coast-parallel, sandy beach ridges known as the Ingleside barrier/strandplain 

system (Price, 1958) (Figure 3-10).  The Beaumont depositional episode records a continuation 

of patterns that developed during deposition of the Lissie:  high-frequency, glacio-eustatic, sea-

level fluctuations (Figure 2-23) and dominant fluvial sediment input located in Louisiana 

(Galloway and others, 2000).  Much of the original depositional morphology of Beaumont 

fluvial, deltaic, and marginal-marine systems, such as abandoned channels and relict beach 

ridges, can be seen at the surface in aerial photographs.  At sea-level highstand, the position of 

the Beaumont shoreline approximately coincided with that of the modern shoreline (Solis, 1981; 

Knox and others, 2006).  During sea-level lowstand, Beaumont-incised valleys extended many 

miles seaward of the present shoreline (Morton and others, 1991). 

North of the Brazos River, the Beaumont Formation ranges in thickness from a thin veneer in 

updip areas to about 500 feet near the modern coast and thickens to the northeast (Guevara-

Sanchez, 1974).  The Beaumont dips coastward from 1 to 10 feet per mile (Guevara-Sanchez, 

1974). Individual sands range from 20 to 50 feet thick, stacking locally to reach 150 feet in 

thickness (Knox and others, 2006).  Interbedded muddy intervals are generally of similar 

thickness to the sands. Thicknesses of individual sands increase updip, whereas thicknesses of 

individual shales increase downdip.  Fluvial channels display dip-oriented, meandering and 

distributary patterns at the surface.  Within the channel belts, the Beaumont is 50 to 65% sand 

(Guevara-Sanchez, 1974).  Channel belts are separated by sand-poor floodplain, delta-plain, and 

bay-lagoon systems. 

3.7 Holocene Deposits 

Holocene sediments were deposited within the last 18,000 years.  In Texas Holocene sediments 

consist mainly of isolated river valley fills that merge coastward with bays, lagoons, and barrier 

islands (Fisher and others, 1972, 1973; McGowen and others, 1976a,b; DuBar and others, 1991) 

(Figure 3-10), whereas in south Louisiana, Holocene fluvial-deltaic sediments are widespread 

(Autin and others, 1991).  Holocene depositional systems record the final period of sea-level rise 
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following the last North American glaciation, a rise that was punctuated by numerous stillstands 

and small reversals (McGowen and others, 1976).  The base of the Holocene is an erosional 

surface that formed during sea-level lowstand at the end of the Pleistocene.  River valleys were 

deeply incised into the preexisting Beaumont coastal plain and filled slowly with bay-estuary 

muds as sea-level rose.  Subsequently, fluvial-deltaic systems prograded seaward filling the 

updip parts of the valleys with sandy alluvial deposits, but only the Colorado River, Brazos 

River, Mississippi River, and the Rio Grande have completely filled their valleys to the coast.  

The other Texas coastal river valleys are still partly occupied by bays and lagoons.  In 

southeastern Texas, the sandiest parts of the Holocene are located in the Colorado and Brazos 

river valleys (Figure 3-10). In Louisiana, broad areas along the coast and in the wide Mississippi 

River valley are covered by Holocene sediments up to 400 ft thick (Autin and others, 1991) 

(Figure 3-1). 
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Figure 3-1 Geologic map of the Texas Coastal Plain.  Source:  Barnes (1992). 
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Figure 3-2 Schematic dip cross section showing relationships between outcropping formations 

and subsurface stratigraphy, central coastal plain, Texas.  Modified from Doering 

(1956). 

 

 

Figure 3-3 Schematic cross section of lower Miocene stratigraphy showing depositional 

sequences and lithostratigraphic and biostratigraphic boundaries.  Source:  

Galloway and others. (1986). 
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Figure 3-4 Net-sandstone isopach map of the Oakville Formation also showing 

depositional systems.  Red dotted line separates updip fluvial systems from downdip 

delta and shore-zone systems.  Modified from Galloway and others. (1986). 

 

 

Figure 3-5 Net-sandstone isopach map of the Lagarto Formation also showing 

depositional systems.  Red dotted line separates updip fluvial systems from downdip 

delta and shore-zone systems.  Modified from Galloway and others. (1986). 
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Figure 3-6 Schematic cross section of middle-upper Miocene stratigraphy showing depositional 

sequences and lithostratigraphic and biostratigraphic boundaries.  From Morton 

and others. (1988). 
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Figure 3-7 Percent sandstone maps of Goliad and equivalent middle-upper Miocene sequences.  From Hoel (1982) and Morton and 

others,  (1988). 
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Figure 3-8 Sand percent map of the Willis Formation, southeast Texas and south Louisiana. 

Modified from Weiss (1992). 

 

 

 

Figure 3-9 Sand percent map of the Lissie Formation, southeast Texas and south Louisiana. 

Modified from Weiss (1992). 
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Figure 3-10 Simplified map of surface sediment types covering Matagorda County to the 

Louisiana border showing Pleistocene (Beaumont Formation) and Holocene 

deposits.  Modified from Fisher and others (1972, 1973) and McGowen and others 

(1976a,b). 
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4.0 Information  sources 

The information used to develop the hydrostratigraphy of the Gulf Coast Aquifer can be divided 

into two data groups.  One group consists of geophysical logs, and the other consists of the 

information used to help guide the analysis of the geophysical logs.  This section describes the 

type of information associated with each data group used to characterize the chronostratigraphy 

and lithology of the Gulf Coast Aquifer. 

4.1 Geophysical Logs 

Extensive investigation of the subsurface conducted by the petroleum industry in the state of 

Texas has yielded a considerable number of geophysical logs that can be used to characterize the 

subsurface deposits.  At the time of this writing, the Texas Railroad Commission was monitoring 

approximately 400,000 oil and gas wells in the state of Texas.  The Texas Gulf Coast, 

particularly within the upper Cenozoic stratigraphy that includes the Gulf Coast Aquifer system, 

contains one of the largest concentrations of petroleum in the world (Nehring, 1991). 

Geophysical logs are generated by lowering a measuring device into a borehole and taking a 

series of continuous measurements of the physical properties of the wellbore environment.  A 

geophysical log typically contains a number of different curves acquired prior to completion of 

the well.  Common geophysical logs include caliper, gamma, single-point resistance, normal 

resistivity, spontaneous potential, electromagnetic induction, fluid resistivity, temperature, 

flowmeter, television, and acoustic televiewer.  The combination of a resistivity log and a 

spontaneous potential log are often referred to as an electrical log. 

For this study, electrical logs were used extensively in the study because of  their widespread use 

on the Gulf Coast for over 70 years and because they are  particular well suited for developing 

sequences of clastic sediments.  One of the limitation with using electrical logs for developing 

stratigraphy that most of the wells drilled after the 1970s do not record readings from the first 

several hundred feet of borehole.  However, for developing groundwater availability models, 

data from as shallow as 100 ft below the ground surface can be important.   
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4.1.1 Resistivity Logs 

Resistivity logs record an apparent electrical resistance in and within the vicinity of the borehole 

at different depths.  The unit of resistivity measurement is the ohm-meter
2
 per meter.  The 

reciprocal of resistivity is conductivity, which is measured in mhos per meter.   

To generate a resistivity log, one or more electrodes are suspended on a cable and lowered into a 

borehole.  An electric current is then forced to flow between an electrode at the surface and one 

or more electrodes that are downhole.  The changes in the current losses are then recorded as the 

locations of the electrodes are moved up and down the borehole.  The variations in the resistivity 

with depth are caused primarily by differences in the porosity and composition of the subsurface 

deposits and by the mineral content of the water contained in the strata and in the borehole.   

The resistivity logs that were most commonly analyzed for this study consist of two electrodes 

downhole.  When the separation of the electrodes is 16 inches or less, the configuration is called 

a short normal.  If the two electrodes are separated by 64 inches, the configuration is called a 

long normal.  The larger the spacing between the two downhole electrodes, the deeper the 

penetration of the measurement into the formation.   

Dry formations will have very high resistivities because they are poor conductors of electricity.  

Saturation of a deposit reduces its resistivity because water is an electrical conductor.  In general, 

saturated subsurface materials with low resistivity include silts, clays, and shales.  Fresh water 

deposits composed of sands and gravel tend to have high resistivities.  The resistivity of a 

formation will vary inversely with the total dissolved solids concentrations in its pore water.  

One of the reasons that clays tend to have low apparent resistivities is because their interstitial 

waters are often highly mineralized.  On the other hand, sands and gravels saturated with fresh 

water tend to have high apparent resistivities because their surfaces are relatively inert and tend 

to release few minerals into solution. 

Figure 4-1 illustrates how apparent resistivity can vary with differences in subsurface material 

and total dissolved solid concentrations in groundwater.  In fresh water, the difference in the 

apparent resistivity between sandy and clayey deposits is considerably greater than in very 

brackish water.  In fact, in salt water, the difference in apparent resistivity between a clay and a 

sand is subtle.  In situations that involve heterogeneous deposit types and vertical variations in 
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water quality, analysis of the resistivity logs should be performed in concert with the analysis of 

other logs that provide independent information on either the characteristics of the deposits or the 

water quality. 

Because the borehole fluids affect the resistivity measurement, the borehole diameters should be 

kept as small as possible.  In a large-diameter hole or with short spacings between the electrodes, 

the resistivity will be heavily influenced by the drilling fluid.  This is because the "zone of 

influence" of the electrodes may not extend very far into the formation (Driscoll, 1986).  If the 

drilling fluid is quite clayey or salty (highly conductive), the formation resistivity may serve to 

partially mask the resistance of relatively thin sandy aquifers. 

4.1.2 Spontaneous Potential Logs 

Spontaneous potential (SP) logs record naturally occurring electrical potentials (voltages) that 

occur in the borehole at different depths.  The SP log primarily measures the electrochemical 

potential between a stationary reference at the surface and a moving electrode in the borehole.   

The circuitry between the surface and the downhole electrode does not include an external source 

for an electric current.  The electrochemical potential is generated by ions moving between the 

borehole fluid and the formation water.  If there is no contrast in the ionic concentrations of the 

borehole fluid and the formation water, there is no electrochemical potential, and the SP potential 

is zero.  The downhole electrode usually has a lower (more negative) potential than the surface 

electrode.  SP logs only record relative values rather than the absolute values of resistivity tools. 

The examples in Figure 4-1 illustrate the type of SP responses that can be expected in formations 

containing fresh water, brackish water, and salt water when the drilling fluid is composed of 

fresh water.  As shown in Figure 4-1, at shallow depths where there may be little difference in 

the concentration of ions between the drilling fluids and the aquifer, the analysis of the SP log 

may be difficult because of the lack of deflections.  However, at deeper depths where the 

formation waters are more mineralized than the drilling fluids, the leftward deflections (more 

negative values) in the SP logs are useful for identifying permeable strata.  Despite the fact that 

the SP logs can provide potentially useful information on the location of permeable zones, there 

is no direct relationship between the magnitude of the SP deflection and either permeability or 

porosity because just a fraction of a millidarcy of permeability is sufficient to support the ionic 
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movement required to generate a SP deflection.  The deflections associated with sands and 

gravels are more associated with their mineralogical differences than their permeability 

difference with clays and shales. 

The analysis of an SP log begins with developing a "baseline" by connecting the potentials 

associated with the impermeable beds such as clays and shales.  Deflections to the left of this 

baseline are usually associated with beds of coarse-grained deposits such as sands and gravels.  If 

no clay layers are present in the lithologic profile, the SP log may not provide much useful 

information. 

4.1.3 American Petroleum Institute Format 

The standard format for geophysical logs used by the petroleum industry is set by the American 

Petroleum Institute (API).  The API format includes a header file and a set of log curves.  

Table 4-1 summarizes categories of data contained in the API headers.   

Table 4-1 Types of log header data. 

Data Categories Description Use 

Measurement Datum 

/ Log Datum 

Elevation from which logged depths are 

measured 

Allows referencing of curve measurements 

to a selected datum such as sea level 

Kelly Bushing (KB) 

An oil rig design component, specifically the 

device that transfers the torque of the rotary 

table to the drill stem 

Elevation of KB is commonly used as the 

measurement datum by the logging 

engineer  Often given as height above GL 

Ground Level (GL) 
Elevation of surface of ground at the well 

head 

Allows measured depths to be converted to 

absolute depths 

Top of Logged 

Interval (TLI) 
Shallowest measured depth 

Determines whether the log covers the 

relevant stratigraphic interval 

Bottom of Logged 

Interval (BLI) 
Deepest measured depth 

Determines whether the log covers the 

relevant stratigraphic interval 

Operator / Company 
The person or company, either proprietor 

lessee, actually operating an oil well or lease 

A searchable term used to identify and 

locate wells 

Lease 

A parcel of land on which mineral 

exploration rights have been granted by the 

landowner to a lessee 

A searchable term used to identify and 

locate wells 

Well Number 
A numbering system within a lease or other 

unit 

A searchable term used to identify and 

locate wells 

Well Field 
A region encompassing several leases in 

which proven reserves exist 

A searchable term used to identify and 

locate wells 

Permit Date or 

Completion Date 

Date after which well installation is 

permitted, date of complete of well 

construction for production 

A searchable term used to identify and 

locate wells 
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The Kelly Bushing is an adapter that connects the drilling rig rotary table to the drill string.  As 

shown in Figure 4-2, the Kelly Bushing exists near the elevation of the drill rig floor.  The 

elevation of the Kelly Bushing is important because it is used as the measurement datum 

referenced by the log curves.  Accurate datums for well log records are important because they 

establish the relationship between depths of stratigraphic events in the well and a universal 

datum ï sea level.  The well log header usually contains both the elevation of the Kelly Bushing 

and the ground level at the wellbore.  Often, the height of the datum above ground level is 

provided. 

For some of the log headers, no elevation information is available for either the ground level or 

the Kelly Bushing.  To estimate the elevation of the Kelly Bushing in those instances, a computer 

script was written to estimate the ground elevation at the well bore location from the USGS 

Digital Elevation Model (DEM) of the Gulf Coast and then to add an additional 16 ft, which is 

the average height of the Kelly Bushing above ground level based on the headers of logs used in 

this study having completed elevation data. 

Beneath the header, the main body of the geophysical log contains the log curves.  Figure 4-3 

shows an example header and set of log curves for a geophysical log used for this study.  The 

logs are plotted on three tracks with a depth column dividing tracks 1 and 2.  The vertical-scale 

plotting depth is always linear and is usually scaled as 1, 2, or 5 inches per 100 feet of depth.  

The three tracks for the logs can have different scales and are reserved for specific types of logs.  

Among the logs that are plotted on track 1 are SP, gamma ray, and caliper.  Track 1 always uses 

a linear scale, whereas the other two tracks can use either a linear or logarithmic scale.  Porosity 

and resistivity logs are always shown in track 2 or 3.  At the top of each track, the scale and log 

types are shown. 

4.2 Approach for Obtaining Geophysical Logs 

The approach for obtaining geophysical logs focused on gathering information along a series of 

dip- and strike-oriented lines to develop stratigraphic cross-sections.  Where appropriate, we 

used the same logs as previous stratigraphic studies.  Key information gathered from previous 

studies included analysis of paleontology data, estimates of age of deposition, mapping of 

depositional systems, identification of flooding surfaces (explained in Section 6), and delineation 
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of geologic formations.  As the logs were being collected along the dip-oriented and strike-

oriented lines, additional logs were collected between the lines to fill in areas to benefit the 

generation of sand and facies maps and the correlation of stratigraphic surfaces across the study 

area. 

A primary consideration in our log selection was a starting depth above 300 feet below ground 

surface.  This consideration significantly reduced the number of candidate well logs because 

many drilling operations are not interested in characterizing the zone of fresh water that is cased 

off during the construction of an oil well. 

4.2.1 Geophysical logs' Sources 

At the beginning of the project, the initial search for suitable logs focused on the logs that had 

been used as part of four previous aquifer studies.  Two of these studies are considered to be 

among the landmark studies of the Texas Gulf Coast Cenozoic.  These studies were performed 

by Dodge and Posey (1981), whose study focused on the Tertiary-age deposits, and by Morton 

and others (1985), whose study focused on Miocene-age deposits.  A third study provided a 

detailed chronostratigraphic analysis of the Yegua and Jackson Aquifers (Knox and others, 

2006). A fourth study was a detailed chronostratigraphic analysis of the southern Gulf Coast 

Aquifer by Young and others (2010).   

All of the logs selected from the four previous studies were combined with additional logs from 

our generalized search through the professional literature.  Our search for logs included a review 

of maps and databases from the BEG, TWDB, the Texas Commission on Environmental Quality 

(TCEQ), the Texas Railroad Commission, and the Bureau of Ocean Energy Management, 

Regulation and Enforcement (BOEMRE), which was formerly known as the U.S. Mineral 

Management Service (MMS).  Additional logs were also assembled from the USGS offices in 

Austin and several private companies including The Subsurface Library.   

4.2.2 Geophysical Logs Selected for the Study 

Figure 4-4 shows the locations for approximately 800 logs that were used for our study.  Out of 

the 800 logs, approximately 125 logs were analyzed as part of the TWDB study of the southern 

Gulf Coast (Young and others, 2010).  Appendix A provides the information listed in Table 4-2 
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for the 666 logs for which lithologic or stratigraphic picks were made as part of this study.  

Appendix B provides the stratigraphic contacts made by Dr. Ewing  for this study.   

Table 4-2 Selected tables and fields from the Microsoft Access database used to 

manage information  on the 665 well logs analyzed for the study. 

Field Name Description 

API number American Petroleum Institute (API) identification number. 

NAD27 latitude Latitude based on  North American Datum 1927. 

NAD27 longitude Longitude based on  North American Datum 1927. 

Dip section/position 
If blank, the log is not associated with a dip cross-section.  Otherwise, the dip number is 

listed, and the position of the log is counted from a northwest-to-southeast sequence. 

Strike section/position 

If blank, the log is not associated with a strike cross-section.  Otherwise, the strike  

number is listed, and the position of the log is counted from a southwest-to-northeast 

sequence. 

Company Company operating the oil or gas lease. 

Lease Land parcel being leased for use of the oil or gas well. 

County County (Texas) or Parish (Louisiana) in which the lease is located. 

State  Texas or Louisiana 

Lithology and water 

quality data 

Indicates whether lithology picks and water quality interpretations were performed on the 

well log. 

Paleo data Indicates whether paleo data are associated with the log. 

 

4.3 Literature Review  

A review of existing literature uncovered some key studies important to this investigation.  The 

GAT maps, compiled as the Geologic Map of Texas (Barnes, 1992) provided surface outcrop 

data.  Stratigraphic unit geometries and approximate depths were obtained from the cross-section 

sets of Dodge and Posey (1981) and Morton and others (1985).  General structural features for 

the Gulf coast were obtained from the Tectonic Map of Texas (Ewing, 1991) and from papers 

within Jones and Freed (1996).  More specific structural information was obtained from 

Galloway and others (1982; 1986).  Numerous stratigraphic studies were valuable in assessing 

depositional setting, facies, and systems, including Galloway and others (1986), Morton and 

others (1988), Hoel (1982), Coleman (1990), Solis (1981), Knox and others (2006), Hernández-

Mendoza (2008), and Galloway and others (2000).  Aquifer studies that were reviewed included 

Baker (1979) and county water resource studies by USGS and TWDB, including Rogers (1967), 

Shafer (1960, 1965, 1968, 1970, 1974), Loshkot and others (1982), Hammond (1969), Marvin 

and others  (1962), Harris (1965), Thompson (1966), Peckham (1965), Anders and Baker (1961), 
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Anders (1957), Dale (1952), Mason (1963), Myers and Dale (1961, 1966), Shafer and Baker 

(1973), Reeves (1967), Myers and Dale (1967), Baker, R.C., and Dale (1961), McCoy (1990), 

and Chowdhury and Mace (2007).  Paleontological and chronological data from Paleo-Data, Inc. 

(2009) and from Galloway and others (2000) were referenced to establish the chronostratigraphic 

framework for this study. 

4.4 Paleontology Data 

Paleontologic data are critical for defining geologic ages of stratigraphic intervals and surfaces.  

These data are collected during the drilling of oil and gas wells, and are more commonly 

associated with exploration drilling.  Because the stratigraphic interval of the Gulf Coast Aquifer 

only produces hydrocarbons in the area beyond the current shoreline, the most useful data come 

from wells near the Texas shore and beyond.  A collection of paleontologic data in digital form 

was obtained from the BEG, The University of Texas at Austin.  The data are from wells drilled 

before 1980 either on land or within Texas submerged lands, which includes bays and the 

offshore area within 3 miles of the shoreline.  For wells drilled beyond this area, data were 

collected from the MMS.  These data are available digitally from the Bureau of Ocean Energy 

Management, Regulation and Enforcement website (http://boemre.gov). 
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Figure 4-1 Idealized SP and resistivity curve showing the responses corresponding to 

alternating sand and clay strata that are saturated with groundwater that has 

significant increases in total dissolved concentrations with depth.  Modified 

from Driscoll (1986). 
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Ground Level (GL)

Kelly Bushing (KB)

Height of KB 
above GL

 

Figure 4-2 Schematic showing the location of the Kelly Bushing relative to the ground level and 

the oil rig. 

 

 

Figure 4-3 Example of a geophysical well log that uses the American Petroleum 

Institute  format. 
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Figure 4-4 Location of the approximately 800 logs used to characterize the stratigraphy and 

lithology of the northern portion of the Gulf Coast Aquifer System.  























































































































































































































http://www.tamuk.edu/biology/faculty/BASKIN/Baskin%20Hulbert%202008%20GCAGS.pdf
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