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Abstract 

 

Large-scale Carbon Storage Effects on Up-dip Fresh Water: Simulating 

Plume, Pressure and Salinity Changes in the Wilcox Aquifer, DeWitt 

County, Texas, USA. 

 

Sean Andrew Avitt 

The University of Texas at Austin, 2025 

 

Co-Supervisor: Tip A. Meckel 

Co-Supervisor: Carlos A. Uroza 

 

Carbon capture and storage has been recognized as an important tool for reducing 

emissions of carbon dioxide that contribute to climate change and one of the few options 

for permanent CO2 storage. Deep clastic aquifers, like the Paleogene Wilcox Group in the 

Texas Gulf Coast area, have been recommended as targets for large-scale CO2 storage 

[e.g., 10 ï 250 Megatonnes per annum (Mtpa)] due to their thick sandstones, moderate to 

good porosity (e.g., 10 ï 35%) and permeability (e.g., 1 ï 1000 mD), and overlying 

confining systems. Federal regulations ensure protection of freshwater aquifers [Ò 10 g/L 

Total Dissolved Solids (TDS)], but delineation of the Area of Review (AoR) is 

commonly focused on the overlying aquifers and vertical conduits (e.g., faults and wells), 

which overlooks the potential effect on fresh water up-dip from the CO2 storage zone. 

 

The study area, a south-central part of the Wilcox aquifer, has been previously shown to 

have the greatest effect on up-dip fresh water from large-scale carbon storage. New 

geophysical and petrophysical data included in this thesis have not been used in previous 



 7 

CO2 storage studies. This study evaluates: (1) CO2 plume migration, pressure diffusion 

and salinity dispersion from large-scale carbon storage, (2) the simulation parameters that 

have the largest impact on those effects, and (3) whether common regulatory practices 

consider lateral (i.e., up-dip) effects on fresh water.  

 

These simulations did not show, unlike previous studies, that large-scale carbon storage 

in the lower Wilcox aquifers causes CO2 to migrate into fresh water. All simulation 

parameters had a small effect on CO2 plume migration at the 10s of kilometers scale after 

50 years of CO2 injection at 1 Mtpa and a 500-year post-injection period. The difference 

in results from prior studies may be from differences in relative permeability or intrinsic 

permeability models. After 50 years of injection, pore pressure increases varied over an 

order of magnitude about 20 km up-dip at the fresh-saltwater interface. For example, rock 

compressibility cases had the greatest simulated range of 127 kPa ï 1.09 MPa. After 550 

years, salinity increases of 1 ï 10 g/L TDS over 17 ï 70 km2 are simulated mostly within 

2.25 km of a sharp freshwater-saltwater interface. The salinity dispersion factor, which 

was tested over two orders of magnitude and is not well constrained, had the greatest 

influence on salinity changes.  

 

Finally, most simulation results generated in this study are unrealistic for CO2 storage 

projects due to pressures that would exceed the fracture pressure, which is prohibited by 

federal regulations. Any effect on up-dip fresh water simulated would be limited by 

federal CO2 storage regulations, injectivity and by a rigorously calculated AoR which 

would encompass any areas where an increase in pressure could cause significant up-dip 

salinity mixing. However, these freshwater effects are more likely if injection pressures 

are not limited by fracture pressure, the AoR is defined by a fixed distance or where 

injection project pressures overlap. 
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1 Introduction  

1.1 CLIMATE CHANGE &  CARBON STORAGE  

1.1.1 Climate Change 

Fossil fuels remain the dominant source of energy for the world, comprising 504 out of 

620 exajoules or over 80 % of all primary energy resources consumed (Energy Institute, 

2024). Fossil fuel combustion is also the primary cause of global climate change because 

of their unabated greenhouse gas emissions. Since the industrial revolution (circa 1850), 

atmospheric carbon dioxide has increased from less than 300 ppm to 415 ppm and the 

global average temperature has correspondingly increased 1.1 °C (IPCC, 2023) (Figure 

1). 
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Figure 1 a) Chart of global surface temperature from 1850 to 2020 referenced to 

pre-industrial baseline. b) Chart of atmospheric concentration of 

greenhouse gases: carbon dioxide, methane, and nitrous oxide from 1850 

to 2019 (modified from IPCC (2023)). 

The Intergovernmental Panel on Climate Change (IPCC) has stated that current 

greenhouse gas (GHG) emissions and national GHG emissions policies are likely to 

overshoot a 1.5° C increase in global temperature, resulting in more significant 
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consequences in global climate and human adaptation to climate change. To avoid 

overshooting this target or reduce the amount of temperature increase above 1.5°C, the 

world will have to switch to zero-GHG emitting fuels or low-GHG emitting fuels, like 

fossil fuels with carbon capture and storage (CCS) (IPCC, 2023).  

 

Carbon storage is an important part of the energy transition and tool for getting to net-

zero emissions, a state where CO2 is being emitted and stored in equal amounts for a 

given period. For the purposes of this research, CCS is the process of taking a source of 

CO2, for example the exhaust from a boiler of a coal-fired power plant, or exhaust from a 

combustion engine or from the atmosphere itself using Direct Air Capture (DAC) and 

injecting the CO2 deep underground for permanent storage. There are other forms of 

carbon storage being researched and in use, but the focus of this research is deep geologic 

carbon storage through injection wells.  

 

It is necessary for the world to achieve net-zero before 2050 to avoid the worst outcomes 

of climate change, especially outcomes which may not be reversible. Most energy 

consumption today is from fossil fuels, for example, over 50% of US energy 

consumption is through molecules sourced from fossil fuels (U.S. Energy Information 

Agency, 2024b, 2024a). Certain types of fossil fuel energy consumption may be difficult 

to replace with renewable energy sources via electrification (International Energy 

Agency, 2023). One example is commercial international air travel which currently has 

no electric alternative.  

 

Carbon capture and storage is a unique climate change solution because it can transition 

fossil fuel consumption to low-carbon emissions, leveraging existing infrastructure, and it 

is one of the few methods capable of generating carbon negative energy when combined 

with biomass fuel, BioEnergy with Carbon Capture and Storage (BECCS) (IPCC, 2023). 

Lastly, the United States is estimated to have 100 ï 300 years of CO2 storage supply to 

sequester GHGs during this energy transition (Szulczewski et al., 2012). 
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1.1.2 History of Carbon Storage 

The first commercial use of carbon dioxide (ñCO2ò) injection was in the oil and gas 

industry for Enhanced Oil Recovery (EOR). Oil field operators have been injecting 

carbon dioxide for EOR in West Texas since at least the 1970s and continue to do so 

today. One of the longest operating and most well-known CO2 EOR projects is the 

SACROC (Scurry Area Canyon Reef Operators Committee) unit which began in 1972. 

Carbon dioxide miscibility with oil swells the oil in the reservoir, reduces interfacial 

tension between the two phases, and reduces oil viscosity, increasing oil mobility and 

production (Verma, 2015). As a result, many studies have been performed on CO2 

applications in the oil field (Hosseininoosheri et al., 2018). Over 29 trillion  standard 

cubic feet of CO2 is estimated to have been injected underground in Texas, which is 

greater than 545 billion metric tonnes (Gt) (Figure 2). This estimate assumes that all gas 

injection reported by wells permitted to inject CO2 is only CO2 since reporting by the 

Railroad Commission of Texas (RRC) does not require reporting volume per fluid type. 
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Figure 2 Gas injected for wells permitted to inject CO2 from 1983 through 2023 

from the Railroad Commission of Texasô Annual Disposal/Injection 

Monitoring Report (Form H-10) records. 

 

The first commercial carbon storage operation was Sleipner (Norway) operated by 

Equinor (previously Statoil) which began in 1996, injecting CO2 separated from gas 

produced from the Sleipner Vest and Sleipner Øst gas fields into the Utsira formation. 

The project suffered injectivity issues from sand influx during its first year of operation. 

The well was reperforated and gravel packed to enhance injectivity. Over 16 million 

tonnes (Mt) of CO2 were stored at Sleipner by 2017, averaging 0.9 Mt per annum (Mtpa) 

during that time (Furre et al., 2017). However, the amount of CO2 injected each year has 

been declining since 2011 (Donnelly, 2025). The total CO2 mass injected at Sleipner by 
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2023 was approximately 19 Mt. Equinor is still operating the Sleipner project today, as a 

result, Sleipner is both the oldest and the largest carbon storage project in the world.  

1.2 PREVIOUS WORK ON LARGE-SCALE CARBON STORAGE &  GROUNDWATER 

EFFECTS 

Simulation studies have been performed to evaluate the feasibility and effects of large-

scale carbon storage, including sensitivity studies to determine sensitivity to certain 

simulation parameters (Birkholzer & Zhou, 2009; Chang et al., 2013; Gasda et al., 2008; 

Michael et al., 2014; Nicot, 2008; Nicot et al., 2009; Noy et al., 2012; Person et al., 2010; 

Yamamoto et al., 2009). These studies are unique in their scale and focus on distal 

effects. Although no definition of large-scale carbon storage has been proposed, these 

studies are commonly scaled to nearby industrial centers and their annual CO2 emissions, 

for example, Chicago area, 80 Mtpa (Birkholzer & Zhou, 2009; Person et al., 2010), or 

fields with over 10 wells injecting at rates of 1 ï 5 Mtpa for 20 years or more (Nicot, 

2008; Nicot et al., 2009; Noy et al., 2012; Yamamoto et al., 2009).  

1.2.1 Trapping Mechanisms 

Carbon dioxide is buoyant in aquifers and oil reservoirs because it is lighter than those 

fluids. As a result, a critical component of permanent storage of carbon dioxide at any 

scale is understanding how to immobilize or ñtrapò the fluid. Previous studies have 

described CO2 trapping mechanisms which can be put into three categories: 1) structural 

trapping, 2) residual trapping, and 3) dissolution trapping (Figure 3) (Nilsen, Lie, & 

Andersen, 2015).  
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Figure 3

 

Figure 3 Example of CO2 trapping mechanisms. Symbols have the following 

meanings: ◖, pore volume; Sn,r, residual CO2 saturation; Sw,r, irreducible 

water saturation; zt, structural trap depth; h, depth of plume not residually 

trapped; and hm is the deepest depth of CO2, residually trapped (from 

Nilsen et al., 2015).  

 

Structural trapping is the immobilization of fluid in a storage space under a geologic 

confining system in a relative structural high, so that CO2 can be stored down to the spill-

over points of the structure (A. P. Bump et al., 2023; A. P. Bump & Hovorka, 2023a; 

Nilsen, Lie, Møyner, et al., 2015). Residual trapping is the immobilization of a fluid (e.g., 

CO2 or water) due to the capillary pressure that arises from an affinity on the grain 

surfaces for one fluid (ñwetting fluidò) over another (ñnon-wetting fluidò) in a porous 

reservoir. A residual proportion of wetting fluid becomes trapped on the grain surface 

which cannot escape (e.g., irreducible water saturation). Similarly, non-wetting fluids can 

become effectively trapped from by capillary entry pressures or decreased relative 
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permeability from proportional pore fluid saturation. (This is also described in sections 

3.2.2.10  

Fluid Model: Capillary Pressure Model and 3.2.2.11  

Fluid Model: Relative Permeability Model.) Finally, CO2 will dissolve in water under 

certain pressure-temperature conditions, and a small percentage [e.g., 10 ï 25 % 

(Cavanagh, 2013)] of the CO2 will dissolve into aqueous solution at typical reservoir 

conditions over many years.  

1.2.2 Distal Effects 

Birkholzer and Zhou (2009) performed a regional numerical simulation of large-scale 

carbon storage in the Illinois basin into the Mt. Simon formation, 100 megatonnes (MT) 

per year over 50 years, which is about one third of the CO2 emissions from that region. 

They found that such a project would result in overpressure extending 200 km but would 

not likely impact fresh water. Nonetheless, they called for further research into the 

consequences of far-field pressurization on groundwater resources. 

 

Chang et al. (2013) studied the importance of mudrocks for pressure dissipation in carbon 

storage projects. They found that pressure dissipation has a power law relation to the 

reservoir-mudrock ratio of permeability and specific storage and the aspect ratio of the 

pressure plume, meaning that the characterization of mudrocks (or exclusion) in a static 

model has a strong effect on lateral pressure migration. Proper delineation of the pressure 

front is important to determine storage project feasibility [See 1.4.2 Area of Review 

(AoR)].  

1.2.3 Effects on Groundwater 

Noy et al. (2012) performed a numerical simulation of large-scale carbon storage in the 

Bunter Sandstone in the North Sea Basin. They found that up to 22 Mt per year for 50 

years could be stored in their study area with low likelihood of exceeding the formation 
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fracture pressure, assumed to be greater than or equal to 75% of the lithostatic gradient. 

However, increases in reservoir pressure would cause a formation fluid to flow up-dip 

and discharge where the formation outcrops at the seabed approximately 10ï30 km away 

from the injection wells at a rate of 100s to 10,000s of tonnes per day. They conclude that 

pore fluid pressure may be a more important limitation for large-scale carbon storage 

than containment of the CO2 since the injectate only occupies 1% or less of the pore 

space modeled. However, this relative risk is dependent on the specific characteristics of 

the storage project, especially aquifer dip and regional flow rate (Awag et al., 2024; 

Bachu, 2000; Harp et al., 2019). 

 

Yamamoto (2009) found that large-scale carbon storage under the Tokyo Bay, 1 Mtpa of 

CO2 injected into ten wells (10 Mtpa, total) completed into the Kazusa Group for 100 

years, would spread CO2 plumes over 4 ï 5 kilometers and increase pressure in inland 

aquifers, causing discharge to the shallow aquifers on the order of millimeters per year. 

They note that this small discharge should have a negligible effect on groundwater 

quality. From their sensitivity analysis, they find that pore compressibility strongly 

affects pressure buildup and recovery time. 

 

Karsten et al. (2014) modeled a variable density fresh-saltwater boundary in the Latrobe 

aquifer, which contains freshwater 20 km offshore and 2 km deep, and simulated 1 ï 5 

Mtpa of CO2 injection into one well for 20 years after 42 years of natural gas production 

to evaluate changes in freshwater salinity up-dip from the injection zone. Some may not 

consider this a large-scale carbon storage simulation, but it is the only field-scale carbon-

storage simulation that specifically evaluates aquifer salinity changes to the authorôs 

knowledge. Salinity changes of up to 500 mg/L were simulated at the injector. Over 5 km 

up-dip salinity increased primarily in response to natural gas production and CO2 

injection reduced that increase in salinity. The aquifer over 10 km up-dip had no 

simulated change in salinity. The greatest salinity changes were simulated along 

stratigraphic boundaries where the salinity contrast was greatest. They determined that 
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the most sensitive simulation parameters for salinity mixing and brine leakage were seal 

permeability and lateral boundary conditions and warned that salinity changes could be 

exaggerated if sharp salinity concentrations are modeled.  

 

Nicot (2008) performed large-scale carbon storage in the Simsboro Aquifer within the 

Wilcox Group in Texas in 50 injection wells spaced across approximately 200 kilometers 

from DeWitt County to Grimes County, including this study area (purple dotted box, 

Figure 3). One Mtpa of CO2 injection was simulated per well, resulting in 50 Mtpa, total. 

After 50 years of simulated injection (2,500 Mt, total) and 50 years of post-injection 

observation, CO2 is estimated to have migrated up-dip into fresh water [3,000 ppm Total 

Dissolved Solids (TDS), Figure 3b] in the Simsboro Aquifer within this study area. A 

broad and significant reversal of the potentiometric gradient occurred, simulating head in 

the Wilcox aquifer to rise near the outcrop and discharge in some lower elevations and 

streams. The initial simulation was performed using MODFLOW which is a single-phase 

simulator typically used for groundwater modeling. The inputs and results were modified 

to simulate the flow of CO2 and resultant pressures. A year later, Nicot et al. (2009) 

replicated those results using a multi-phase compositional simulator (Figure 3c) 

demonstrating both the potential for impacts on the freshwater aquifer and the feasibility 

of a simpler single-phase simulation for far-field pressure effects and an analytical 

method for CO2 plume estimation (Hesse et al., 2008; Nicot, 2008; Nordbotten et al., 

2005). 
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Figure 4 Modified maps from Nicot (2008) and Nicot et al. (2009) showing the 

location of the study area in the Texas Gulf Coast (See Figure 4) in purple 

and a) the simulated pore pressure increase after 50 years of 1 Mtpa per 

well injection, b) simulated particle displacement along the 250 ppm TDS 

and 3000 ppm TDS lines and analytical solution for CO2 plume migration 

after 50 years of injecting 5 Mtpa per well plus 50 years post-injection, 

and c) the numerical solution for CO2 plume migration after 100 years. 

a) 

b) 

c) 
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1.3 STUDY AREA &  WILCOX  GROUP 

1.3.1 Geologic History 

The Wilcox Group was deposited into the Gulf of Mexico (GoM) basin during the 

Paleocene through the Eocene. The Gulf of Mexico began rifting at the end of the 

Cretaceous Era, generating passive margins and the GoM basin (Galloway et al., 2000). 

 

The Wilcox Group is a siliciclastic sequence of alternating sands, silts and clays 

deposited by a fluvial delta on to the GoM passive continental shelf margin. The 

sediments are derived from the uplift and erosion of the Laramide orogeny or ñRocky 

Mountainsò, carried by rivers across the North American continent to the paleo-GoM 

coast. Locally, the ancestral Guadalupe River delta system transports sediment to the 

study area (Figure 5) (Galloway et al., 2000; Hargis, 1986; Olariu & Ambrose, 2016; 

Olariu & Zeng, 2018; Xue & Galloway, 1995). 
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Figure 5 Map of Texas Gulf Coast showing the Wilcox Group outcrop, the delta 

systems and individual deltas that make up the Wilcox Group Rockdale 

delta system and the first regressive (R) and transgressive (T) shoreline 

limits. Cretaceous carbonate shelf margins and salt domes are shown in 

light purple and dark purple, respectively. The study area (purple dotted 

box) and previous studies within the Guadalupe delta are shown: Nicot 

(2008) and Nicot et al. (2009) (green dotted box), and Olariu & Zeng 

(2018) (blue box) (modified from Olariu & Zeng, 2018).  

  



 36 

The Wilcox Group overlies the Midway shale which is comprised dominantly of marine 

mudstones with low porosity. Locally, the Midway shale is 200 m to over a kilometer 

thick. The Wilcox Group can be divided into lower, middle and upper lithostratigraphic 

divisions using maximum flooding surfaces (Hargis, 1986; Xue & Galloway, 1995). The 

top of the lower Wilcox is defined by the Big Shale. The top of the middle Wilcox is 

defined by the Yoakum Shale. The upper Wilcox or Carrizo formation is overlain by a 

maximum flooding surface (MFS) at the base of the Reklaw Fm. (Olariu & Zeng, 2018). 

The Reklaw Fm. is fine grained and 100 m thick, locally, and caps the Wilcox Group. 

The Guadalupe Delta continues to deposit siliciclastic sediments sourced from the Rocky 

Mountains today on to the current GoM continental shelf margin. 

 

The lithostratigraphic divisions also correlate to different deltas of the paleo-Guadalupe 

River delta system (Figure 6) (Olariu & Ambrose, 2016). Delta A is the earliest 

Guadalupe Delta deposit and may begin within the basal shale overlying the Midway 

shale until the Top A MFS. Delta A is muddy and punctuated by thin sandstones near the 

top. Delta B is sandier and capped by the Dull shale MFS. Delta B is the main storage 

target of this study, and its sandstones can be up to 60 m thick with packages of 

sandstones over 300 m thick, locally. The porosity of Delta B sandstones is 10 ï 20%.  

 

Delta C is muddy and punctuated with thin sandstones throughout. It is capped by the Big 

Shale MFS. The Big Shale, Webb, Yoakum and Clayton shales of Delta C, Delta I and 

Delta II (see Figure 6) form a lithostratigraphic confining zone, between the Delta B and 

the upper Wilcox (Carrizo Formation), including Delta III (Figure 6) (Xue & Galloway, 

1995). The Carrizo Fm. has clean sandstones up to 50 m thick with packages of 

sandstones over 200 m thick, locally, and relatively high porosity (e.g., 20 %).  
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Figure 6 Lithostratigraphic correlation chart for the Wilcox Group in Texas. 

Subdivision is based on maximum flooding surfaces corresponding to 

shales (e.g. Big Shale). The lower Wilcox Delta B, the main target of this 

study, below the Dull Shale and above the Top A is shaded. (Olariu & 

Ambrose, 2016; modified from Crabaugh, 2001). 
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1.3.2 Aquifer  

The Wilcox Group hosts freshwater aquifers (Wilcox Aquifer), including the Carrizo 

Aquifer (upper Wilcox-equivalent) and Simsboro Aquifer, which is equivalent to the 

Guadalupe Delta B. The Wilcox Aquifer is one of the largest of nine major aquifers in 

Texas, underlying 66 counties, and is commonly used for municipal public supply. The 

aquifer is estimated to have 1.3 ï 3.9 billion acre-feet of drinking-quality and brackish 

water (Texas Water Development Board, 2016). 

 

The Wilcox Aquifer outcrops at the surface and is recharged, locally, in Gonzales 

Guadalupe and Wilson Counties. Waters containing less than 10,000 ppm TDS in the 

aquifer are estimated to extend 30 km to the south of the outcrop and to approximately 

1500 m (approx. 5000 ft.) depth as a confined aquifer within the study area. The aquifer 

extends even farther, > 100 km, from Zavala to LaSalle counties, and deeper, > 1800 m 

in Karnes County, to the southwest of the study area (A. R. Dutton et al., 2003). 

1.3.3 Hydrology 

The Wilcox Group reservoir is expected to be hydrostatically pressured from the outcrop 

to the carbonate shelf margin where the Wilcox growth fault zone begins. In and beyond 

the growth fault zone, reservoirs are geopressured or overpressured because sediments 

are rapidly deposited and compacted. Bound water is released by the smectite-to-illite 

mineral phase change, and low permeability seals impede diffusion of pore pressure. A 

transition zone is found between the normally pressured hydrostatic zone and the 

geopressured zone (Figure 7) (A. R. Dutton et al., 2006; Harrison & Summa, 1991). 
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Figure 7 Plot showing depth (km) versus fluid pressure from water wells and gas 

wells (converted to equivalent water pressure) in the Wilcox Group. 

Freshwater, Saltwater (hydrostatic) and Lithostatic gradient are indicated. 

The fluid pressure gradient in the Wilcox Group follows the hydrostatic 

gradient until about 3 km depth where the gradient increases to a 

transitional gradient intersecting the Lithostatic gradient at about 4 km 

(Dutton et al., 2006). 

 

Recharge and hydraulic head at the ground surface causes groundwater to flow down-dip 

into the aquifer, some of which travels very deep, as evidenced by the depth of fresh 

water discussed above. Theoretically, there is a hydraulic head minimum at a 

convergence zone where down-dip recharge meets with a counteracting up-dip flow like 

that from the geopressured zone, arresting freshwater recharge (Figure 8). Therefore, the 
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convergence zone is expected to be coincident with an increase in salinity. The 

convergence zone may also be coincident with faults and oil fields up-dip of the Wilcox 

growth fault zone. The presence of up-dip oil fields suggests oil traveled up-dip from the 

geopressured zone. Although, it is also possible that the oil traveled along transmissive 

faults (A. R. Dutton et al., 2006; Harrison & Summa, 1991). 

 

 

Figure 8 Hydrologic cross-section of the Cenozoic Gulf of Mexico basin. The base 

of potable water, the top of geopressured zone, and flow lines are shown. 

The convergence zone, and target CO2 storage zone, is where the meteoric 

and compactional flow lines meet (Dutton et al., 2006). 

 

The Karnes-Mexia-Talco (KMT) fault system is also coincident with the down-dip limit 

of freshwater in the study area. Clay smearing across the aquifer within the fault zone 

would reduce permeability and reduce or cease flow across the fault zone and down-dip 
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recharge. Throw across the KMT fault zone can be up to 330 m and completely separate 

formations. However, the throw along the KMT fault zone decreases to the southwest and 

into this study area (Figure 9). 

 

 

Figure 9 Map of the Carrizo-Wilcox Aquifer showing the outcrop and down-dip 

limit of fresh water with faults from the Wilcox Growth Fault Zone and 

Karnes-Mexia-Talco Fault Zone. Faults are coincident with outcrop and 

freshwater (3,000 ppm TDS) sub-crop limits in some places (Dutton et al., 

2006). 

 

The pore space above the base of potable water and below the top of geopressure are not 

suitable for carbon storage (Figure 8). Storage in freshwater aquifers is prohibited by US 

federal regulations (See section 1.4.1 USDW and Fresh Water) and storage in over-

pressured zones is more costly and risky than hydrostatically pressured (normal pressure) 

or under-pressured zones. Reservoirs that are normally pressured have a hydrostatic head 

equal to the reservoir depth for a water column of the same density. Whereas 

overpressured reservoirs have a pressure greater than normally pressured reservoirs and 

are capable of pushing their potentially salty fluids upward through a fault, fracture or 

artificial penetration, and into overlying freshwater aquifers. Natural carbon dioxide 
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reservoirs have been found to be naturally under-pressured as a result of dissolution of 

CO2 into formation water (Akhbari & Hesse, 2017) .   

1.3.4 Hydrocarbons 

Several oil fields in the Wilcox Group in Texas have produced over 10 million barrels 

(MMbbl) of oil (> 1.6 × 106 m3) and even more Wilcox fields have produced over 100 

billion standard cubic feet of natural gas (> 2.8 × 109 m3) (A. R. Dutton et al., 2006; 

Galloway et al., 1983; Kosters et al., 1989). Most of the Wilcox fields within the study 

area can be found along the growth fault zone (Figure 10) (A. R. Dutton et al., 2006; 

Fisher & McGowen, 1967). Significant accumulations of oil and gas occur in the Wilcox 

Group near the study area and have been produced since at least 1943 in DeWitt County 

(Railroad Commission of Texas, 1943).  

   

However, oil and gas production from the Wilcox Group has been declining from fields 

in DeWitt County since at least 1993 (as far back as the Railroad Commission of Texasô 

online production query). For example, the ñHelen Gohlke ( Wilcox)ò [sic] field 

produced a cumulative 834,020 barrels of oil between 1993 and 2025 in DeWitt County. 

The Eagleville (Eagleford-1) field produced 15.5 MMbbl from 1993 through 2025 in 

DeWitt County and produced over 2.5 MMbbl in 2014 alone. The Cretaceous Eagleford 

Formation has become the dominant source of hydrocarbons for DeWitt County as 

conventional hydrocarbon resources, like the Wilcox Group fields, continue to wane. 
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Figure 10 Map of Wilcox Group oil and gas fields near the study area (purple box). 

Most of the fields are located along available faults (dark grey), especially 

the Growth Fault Zone in the southern part of the study area. Oil and gas 

fields locally indicate fault traps. 
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1.3.5 Saltwater Disposal 

Two hundred twenty-nine oil and gas injection well permits have been issued in DeWitt 

and Gonzales Counties (Figure 10, Table 1). Of those, 199 were issued for saltwater 

disposal and 53 of those were issued for secondary or enhanced oil recovery injection 

into the Wilcox Group. Saltwater disposal permits can be authorized in Texas for 

formations not productive (Type 1) or productive (Type 2) of oil or gas. Whether the 

permit included the Wilcox Group for injection was based on permitted formation and 

field name. SWD permits issued in Texas after 2012 will typically be permitted for 

specific geologic formations, as well as an injection interval top and bottom in feet below 

ground surface. For Type 1 SWD permits, the field name is not required to match the 

injection interval formations so only those with permitted formations were considered. 

For Type 2 SWD permits without a permitted formation, it was assumed that the field 

matched the permitted injection interval, e.g., ñHELEN GOHLKE ( WILCOX A-1)ò [sic] 

field. A geologic model could be compared with permitted injection intervals to confirm 

if the permitted injection intervals are within the Wilcox Group but this was not 

undertaken. 

Table 1  Injection well permits in DeWitt & Gonzales County, Texas. 

Injection Permit Type DeWitt  Gonzales DeWitt & Gonzales County 

Injection Permits 140 89 229 

SWD Type 1 ï O&G Non-productive 92 71 163 

SWD Type 2 ï O&G Productive 23 13 36 

Wilcox SWD 27 26 53 

1.3.6 Seismicity 

The Karnes-Mexia-Talco fault system (locally referred to as the Karnes Trough) is 

seismically active today. Recent seismicity, which has been increasing since 

approximately 2010, has been attributed to unconventional oil and gas activity, including 



 45 

hydrocarbon production, hydraulic fracturing, and saltwater disposal (McKeighan et al., 

2022; Schultz et al., 2020). Most earthquake activity in the Karnes Trough and Eagleford 

Trend has been attributed to hydraulic fracturing (Fasola et al., 2019; Zebker & Chen, 

2023). Earthquakes have occurred recently along the KMT fault zone and the Southern 

Karnes County (SKC) fault zone while the Growth Fault Zone has recorded fewer 

earthquakes with lower magnitudes. The SKC fault zone falls between the KMT fault 

zone and the Growth Fault Zone, which all generally trend northeast-southwest, 

following the paleo-coastline and carbonate platform margins (McKeighan et al., 2022). 

The largest earthquake within the study area was a 4.0 ML on October 10, 2023, at 

13:59:24 (UTC) in DeWitt County along the Southern Karnes fault zone, (TexNet 

Seismic Monitoring Program, 2023) (Figure 11).  



 46 

 

Figure 11 Map of earthquakes Ó 2.5 M from the TexNet Earthquake Catalog from 

2017 to May 2025, modified from (TexNet Seismic Monitoring Program, 

2025). The study area is indicated by the dotted purple rectangle. The 

Karnes Trough is the source of the longest lineation of earthquakes, 

following just north of the Gonzales-DeWitt County line and into Karnes 

County to the southeast. The largest earthquake within the study area is 

indicated in red.   
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1.4 US FEDERAL  REGULATIONS  

Subsurface injection, including geologic storage of carbon dioxide, poses a risk to 

underground fresh water (U.S Environmental Protection Agency, 2018). In the United 

States, underground fresh water is primarily protected by the Safe Drinking Water Act 

(SDWA) (1974), including the Underground Injection Control (UIC) section which 

prohibits underground injection without authorization by a UIC Program and requires 

designation and protection of Underground Sources of Drinking Water (USDW), Title 

42, U.S. Code § 300h (b) and Title 40, Code of Federal Regulations (CFR) § 144.7 & § 

146.1. Injection into a USDW is generally prohibited by UIC rule and injection must be 

sufficiently isolated from USDWs. This is primarily confirmed by geologic, 

geomechanical and natural and artificial penetration reviews which are performed to 

confirm that confining zones above and below are sufficiently impermeable, have 

sufficient strength and confining stresses, and are not penetrated by natural faults or 

fractures or artificial penetrations, for example, abandoned oil and gas wells.  

1.4.1 USDW and Fresh Water 

Underground Sources of Drinking Water are aquifers which are used for drinking water, 

or contain moderately saline or fresher waters, are capable of producing useful quantities 

and are not exempted, 40 CFR § 146.3: 

 

Underground source of drinking water (USDW) means an aquifer or its portion: 

(1)  

(i) Which supplies any public water system; or 

(ii) Which contains a sufficient quantity of ground water to supply a public 

water system; and 

(A) Currently supplies drinking water for human consumption; or 

(B) Contains fewer than 10,000 mg/l total dissolved solids; and 

(2) Which is not an exempted aquifer. 
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The state of Texas requires protection of fresh water from injection operations and 

defines fresh water as ñhaving bacteriological, physical, and chemical properties which 

make it suitable and feasible for beneficial use for any lawful purposeò, Texas Water 

Code § 27.002-003. These federal and state definitions of waters protected by UIC 

regulation and by Texas law, USDW and fresh water, are often used interchangeably, 

though, they are not the same. The state definition is more qualitative, does not include 

aquifer exemption in its definition, and is generally considered broader.  

 

For simplicity and to avoid the appearance of any policy or opinion by a UIC program 

(e.g., the Railroad Commission of Texas), I will use the more general term fresh water 

here as opposed to USDW. The term fresh water used in this thesis refers to waters that 

are estimated to be moderately saline and less than 10,000 parts per million (ppm) total 

dissolved solids (TDS) unless the context clearly indicates otherwise. Any estimation of 

water quality herein is not intended to designate waters for protection by any regulation 

and any discussion of regulation is purely for academic purposes. 

 

Injection into fresh water is prohibited by federal regulations in most cases, which means 

that injection commonly occurs below freshwater aquifers. Lithologies like shales, clays 

and other impermeable strata are identified, reviewed and relied upon to form confining 

zones which isolate injection storage intervals from freshwater aquifers.  

 

Carbon storage is commonly sited below 800 m depth (2,600 feet) where pressures are 

high enough to keep carbon dioxide in a supercritical dense phase (Meer et al., 2009). In 

many parts of Texas and the US, fresh water does not occur this deep. However, the 

Wilcox Aquifer contains fresh water at depths of approximately 1800 m (6,000 feet) in 

Karnes County (Hamlin & Rocha, 2015) and 1500 m (5,000 ft.) in DeWitt County. 
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1.4.2 Area of Review (AoR) 

A critical part of injection regulations is the Area of Review (AoR), which requires 

identification of natural and artificial penetrations of any confining zone which isolates 

the injection zone from protected aquifers. If any are identified, those penetrations could 

require remedial action for the project to proceed, for example, plugging of an abandoned 

well. Proper identification of the location of wells and construction, cementing, 

completion and plugging of the well bore is an important focus of the AoR.  

 

For UIC Class VI permits, the AoR is defined by a computer simulation of the proposed 

carbon storage operation which shows the maximum extent of the CO2 plume and the 

maximum extent of pore pressure added from storage. Any well that penetrates the CO2 

plume could be a conduit for buoyant CO2 migration unless it was designed for that 

corrosive environment. Typically, the AoR boundary beyond the CO2 plume is based on 

an increased reservoir pressure caused by injection. Areas with increased reservoir 

pressure capable of bringing fluids from the injection zone up to the base of USDW 

define the AoR, 40 CFR Ä 146.84 (A. P. Bump & Hovorka, 2023b; U.S Environmental 

Protection Agency, 2018). This means that the AoR is based on the UIC Class VI permit 

applicantôs (and regulatorôs) understanding of the depth of the USDW and the results of 

the pressure modeling. Generally, this is done by evaluating fresh water near the injection 

wells, identifying the deepest USDW immediately overlying the storage zone. This is 

because the greatest risk will commonly be from an improperly plugged, abandoned well 

which could be close to the injection well. 

 

However, if the USDW is shallow relative to the depth of the storage zone, the carbon 

storage operator is given greater pressure accommodation for a smaller AoR. For 

example, Nicot et al. (2009) estimated an AoR radius using a radial-flow Theis 

approximation (Theis, 1935) and found a difference of 20 km in the estimate of the 

boundary of the AoR, demonstrating the effect of brine density differences on the AoR 
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between a California case (21 km) and a Texas case (1 ï 2 km). Note that this is not a 

difference in the pore pressure generated from injection, but a difference in the regulatory 

allowable pressure (ñcritical pressureò) which defines the AoR. The pressure at 21 km is 

the same in both cases. More importantly, because pressure reduces approximately 

logarithmically with distance from the source, the pressure is also the same at 2 km, but 

the pressure at 2 km is not considered for its potential effect on fresh water in the Texas 

case, because the brine density difference would not allow brine from the storage zone to 

rise to the elevation of the fresh water.  

 

However, if the storage zone itself contains freshwater, for example, up-dip of the 

injection well, and is not considered as part of the definition of the AoR because it is 

some distance away, the pressure beyond the AoR boundary could have some lateral 

effect on fresh water in the storage zone itself (Figure 12).  

 

 

Figure 12 Cartoon of an injection well, injecting a CO2 plume, near an abandoned 

well which could be a conduit to overlying fresh water. Up-dip fresh water 

is shown within the same reservoir, indicating potential effects on fresh 

groundwater from CO2 plume lateral migration or injection pressure. 
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The results of this study are intended to evaluate the hazard posed to fresh water in the 

storage zone, but at some distance from the storage area, such that the in-zone fresh water 

could be ignored during a typical AoR and could be endangered. This study will also 

consider the likelihood of a single carbon storage operator, multiple operators and 

operators of other injection wells (e.g., saltwater disposal wells) affecting in-zone fresh 

water. It may be unlikely that a single operator using a computer-simulated AoR would 

exclude fresh water in the storage zone itself due to an assumption that only fresh water 

overlying the storage zone needs identification and protection. But, multiple operators are 

not necessarily required to account for use of the same reservoir pressure space (A. Bump 

& Hovorka, 2024) when developing a permit application unless that operation has 

already begun. Further, only UIC Class VI and Class I wells for disposal of hazardous 

wastes are required to perform reservoir simulations for their AoRs. For example, 

saltwater disposal wells in Texas have a fixed ¼-mile AoR, Title 16, Texas Admin. Code 

(TAC) § 3.9 & § 3.46. 

 

A recent review of AoRs for Class VI projects in Texas showed a range of critical 

pressures from approximately -200 (over-pressured) to 500 psi (-1.4 ï 3.43 MPa) with 

most critical pressures, especially those along the Texas Gulf Coast, between 40 and 160 

psi (0.27 ï 1.1 MPa) (Staff of the Railroad Commission of Texas, Personal 

Communication, March 27, 2025). 

1.5 THIS STUDY 

1.5.1 Objectives 

This study is undertaken to evaluate in-zone and up-dip effects from large-scale carbon 

storage. The Wilcox Group, Delta B (Simsboro Aquifer) was selected as the stratigraphy 

of interest since it is a prime example of a basal clastic saline aquifer, which has good 

porosity and permeability capable of large-scale carbon storage, but is also connected to 

an important up-dip freshwater aquifer (Figure 12). The Wilcox Group has been 
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estimated to have 220 Gt of CO2 storage capacity (Warwick et al., 2013). However, this 

study area was previously identified as having a higher risk for CO2 plume migration 

(Nicot, 2008; Nicot et al., 2009). New geophysical data, a 2D seismic line, and 

petrophysical data from Delta B core within the study area are available and introduced 

here. Previous studies have shown that pressures from large-scale carbon storage can 

affect nearby aquifers. However, quantification of the effect on fresh water is limited.  

 

Therefore, this study is designed to:  

1) Quantify CO2 plume migration, pressure diffusion and salinity dispersion from 

large-scale carbon storage in the Wilcox Group, Delta B; 

2) Assess which simulation parameters have the largest impact on those effects, and 

to what degree; and 

3) Evaluate whether current regulatory practices consider such effects on fresh 

water.  

 

More specifically, this study quantifies the reservoir volume affected and distance 

traveled by the CO2 plume; concentration changes in freshwater salinity and the volume 

of freshwater aquifer affected; and the relationship of the increase in pressure on salinity 

changes. The effects of large-scale carbon storage in the Wilcox Group in the study area 

are estimated by generating a static geologic model with stratigraphic, structural, 

lithofacies, porosity, and permeability models with newly applied geophysical and 

geologic data; running black-oil reservoir simulations to simulate injection of CO2, 

including capillary pressure and relative permeability fluid models based on newly 

acquired core data; and running advection-dispersion modeling of salinity changes along 

a sharp fresh-saltwater interface. Lastly, the likelihood of these freshwater effects being 

realized with physical and regulatory constraints is discussed with implications for CCS 

projects and UIC regulatory programs.  
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2 Methods: Static Geologic Model 

2.1 MODEL OVERVIEW  

The study area geologic model is composed of (1) stratigraphic, (2) structural and (3) 

lithofacies and petrophysical property components. Those components were generally 

modeled in that order, although the modeling process was iterative and not strictly 

sequential. Once the stratigraphic and structural model was created, boundaries were 

selected based on structure, the model was cut to a smaller size, corner-point gridded, and 

populated with lithofacies and petrophysical properties. After the high-resolution model 

was created, the model was upscaled to a medium and coarse scale with multiple 

realizations for simulation (Figure 13). Well data, including location, and well logs were 

extracted from an existing S&P Global (formerly IHS) Petra database and moved to 

Petrel software. Static model development was performed in Schlumberger Petrel 

software using the Geoscience package, except where noted, for example, custom Python 

scripts used for linear fitting of seismic check shots and porosity modeling or Excel for 

porosity-permeability linear regression. 
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Figure 13 Static geologic model workflow and data sources. 

2.2 STRATIGRAPHIC MODEL  

2.2.1 Data 

Approximately 145 geophysical well logs (Figure 14) within the study area, 

approximately 65 km by 82 km, were used to pick tops (e.g., 144 Wilcox Tops, 56 Austin 

Chalk) to generate stratigraphic surfaces for certain formation or zone tops, typically 

corresponding to maximum flooding surfaces (MFSs) (Olariu & Zeng, 2018; Xue & 

Galloway, 1995). The study area is approximately 5300 km2, yielding approximately 1 

well log for each 36 km2 or a well log located about every 6 km on average (Figure 14). 

Well logs were selected for stratigraphic and lithologic use (e.g., gamma ray (GR) and 

spontaneous potential (SP) logs) or petrophysical use (e.g., porosity and sonic logs). 

 

Stratigraphic 
Model  
*  Ϟ §2D §3D  

Properties 
Model * °  

Structural 
Model 

Fault Model 
Ϟ ϟ §2D §3D  

Property 
Realizations 
& Upscaling 

Full Static 
Model 

Upscaled 
Static Model 

Symbol - Model Input Key 

* - Well Logs 
° - Core Samples 
Ϟ - Olariu & Zeng (2018) Figures 
ϟ - Available Faults 
§2D - 2D Seismic Line  
§3D - 3D Seismic Interpreted Surfaces 



 55 

 

Figure 14 Map of the study area (purple box) with approximately 147 well locations 

within the study area. 
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2.2.2 Model Generation 

The Bureau of Economic Geologyôs (BEGôs) State of Texas Advanced Resources 

Research (STARR) group, Li & Uroza of the BEGôs Gulf Coast Carbon Center (BEG-

GCCC) and S&P Global provided stratigraphic top picks for reference. Top picks were 

informed by those datasets and Olariu & Zeng (2018). The top picks and surfaces that 

were created are (from oldest to youngest): Austin chalk (marker, not true top of Austin 

chalk), Midway Group, top of Delta A MFS (ñTop Aò), Dull Shale (top of Delta B), Big 

Shale, Yoakum Shale, Top of Wilcox Group MFS, and Reklaw Shale (Figure 15).  

 

Multiple strike-oriented and dip-oriented cross-section lines (Figure 16) were interpreted 

across the study area to generate surfaces. Cross-sections (Figure 17 ï Figure 22) were 

inspected and revised for uniformity. Surfaces were generated using Petrelôs standard 

settings from formation tops and inspected for dip angle and azimuth. It was assumed that 

all surfaces are conformable and extend throughout the study area. However, the 

Cretaceous shelf margin ends near the Growth Fault Zone. Nonetheless, this 

simplification is reasonable because CO2 is not expected to migrate downward into the 

Cretaceous or substantially down dip. 

 

The stratigraphic zones modeled were informed by their lithologies. The Reklaw 

formation and Midway Group are expected to confine and impede flow from the 

reservoirs in between. The low permeability Yoakum shale and Big Shale separate the 

permeable reservoirs of the Carrizo Formation (Delta III) and Delta B (A. P. Bump et al., 

2023; Olariu & Zeng, 2018; Tóth, 1978). Facies interpretation was performed by Carlos 

A. Uroza and myself to better understand, and illustrate, likely flow paths along storage 

reservoirs and impermeable barriers to flow (Figure 23, Figure 24). 
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Figure 15 Lithostratigraphic correlation chart for the Wilcox Group in Texas 

annotated with colored boxes corresponding to the surface colors used 

throughout this study: Midway Group (dark purple), Top A (pink), Dull 

Shale (brown), Big Shale (blue), Yoakum Shale (cyan), Top of Wilcox 

(yellow), and Reklaw Shale (light purple) (Olariu, 2023; modified from 

Crabaugh, 2001). 
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2.2.3 Model Description 

Strata within the study area gently dip to the southeast in the direction of the GoMôs 

clastic wedges progradation. Dip azimuth mean is 145° with about 70% of dip azimuths 

between 120 ï 160° (Figure 26). Dip angle mean is 2.6° and generally less than 3° 

especially north of the Growth Fault Zone (Figure 27). Dip angles may exceed 3° near 

faults. Faults are not commonly apparent in well log cross-section up-dip of the Growth 

Fault Zone due to their limited slip compared to the well log spacing and are difficult to 

interpret using only well logs within the Growth Fault Zone due to the complexity of the 

structure and stratigraphy. 
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Figure 16 Cross-section strike (pink) and dip (yellow) lines, three of each, across the 

Study Area (purple polygon). 

Dip Section 1 

Dip Section 2 

Dip Section 3 

Strike Section 3 

Strike Section 2 

Strike Section 1 
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Figure 17 Stratigraphic cross-section (datum: Big Shale), Strike Section 1 (furthest down-dip) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway Sh. shown. 

Depth in meters. 
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Figure 18 Stratigraphic cross-section (datum: Big Shale), Strike Section 2 (middle of the storage zone) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway Sh. 

shown. Depth in meters. 
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Figure 19 Stratigraphic cross-section (datum: Big Shale), Strike Section 3 (up-dip, including freshwater zone) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway 

Sh. shown. Depth in meters. 



 63 

 

Figure 20 Structural cross-section (datum: Big Shale), Dip Section 1 (western side of study area) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway Sh. shown. 

Depth in meters. 
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Figure 21 Structural cross-section, Dip Section 2 (middle of the study area) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway Sh. shown. Depth in meters. 
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Figure 22 Structural cross-section, Dip Section 3 (eastern side of study area) with Reklaw Fm., Top Wilcox Gp., Yoakum Sh., Big Shale, Dull Sh. (Delta B), Top A and Midway Sh. shown. Depth in meters. 
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Figure 23 Stratigraphic cross-section (datum: Top Wilcox) with facies interpretation (Strike Section 1 in Figure 16, Figure 17, excluding Costlow Gas Unit 1), upper to middle Wilcox Group, showing channel 

sandstones and other sandstones, predominantly shoreface sands, and shales. Interpretation by Carlos A. Uroza and author. Depths in meters.   
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Figure 24 Stratigraphic cross-section (datum: Big Shale) with facies interpretation (Strike Section 1 in Figure 16, Figure 17, excluding Costlow Gas Unit 1), middle to lower Wilcox Group, showing channel sands 

and other sands, predominantly, shoreface sandstones, and shales. Interpretation by Carlos A. Uroza and author. Depths in meters.
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Figure 25 Stratigraphic model, interpolated surfaces Midway Group (dark purple), Top A (pink), Dull Shale (brown), Big 

Shale (blue), Yoakum Shale (cyan), Top of Wilcox (yellow), and Reklaw Shale (light purple).

V.E. 7.5x 
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Figure 26 Dull Shale surface, top of the main storage target, colored by dip azimuth. 

Dip azimuth is predominantly southeast between 120-160°.  
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Figure 27 Dull Shale surface, top of the main storage target, colored by dip angle. 

Dip angles are predominantly Ò 3Á.  
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2.3 STRUCTURAL MODEL  

2.3.1 Data 

Surfaces discussed in section 2.2 Stratigraphic Model were inputs into the structural 

model in addition to published seismic datasets. Interpreted cross-sections and seismic 

lines from Olariu & Zeng (2018) were referenced to help guide structural interpretation 

and, in some cases, loaded into Petrel by georeferencing and vertically scaling based on 

visual inspection and comparison to nearby log profiles. A Gulf Coast dip-oriented 2D 

seismic line (ñION seismic lineò) was trimmed to the study area and interpreted (Figure 

28, Figure 29). The seismic line was provided courtesy of ION Geophysical Corporation 

(data now owned and licensed by Fairfield Geotechnologies). Surfaces interpreted from 

3D seismic data were provided by BEG STARR group. The 3D interpretation data was in 

two-way time and was converted to depth. Depth conversion was approximated by 

performing a linear regression through check shot data using Python and NumPy. Several 

linear regressions were attempted, varying polynomial degrees from one to six, to 

compare errors. A simple parabola was chosen due to diminishing reduction in error with 

higher degrees of polynomial regression (Figure 30). The linear regression equation, 

rounded to two decimal places, is: 

Equation 1 ᾀ  ρȢρχρπ ὸ  ρȢπςὸ  υτȢσυ 

where z is depth in meters and t is the seismic reflection two-way time. 
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Figure 28 Map of Study Area (purple polygon), Model Area (cyan polygon), ION 

seismic line (red), STARR interpreted surfaces from 3D seismic (yellow 

area), and faults considered (brown). 
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Figure 29 Interpreted seismic section, including KMT Fault Zone, Southern Karnes County Fault Zone and Growth Fault Zone from left to right, northwest to southeast.

Growth Fault Zone Southern Karnes County Fault Zone Karnes-Mexia-Talco Fault Zone 
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Figure 30 Plot comparing seismic check shot data (orange) and the linear regression 

fit selected (blue) in two-way time (ms) versus depth (m).  

2.3.2 Fault Model 

Faults were modeled across the study area based on the available data in that part of the 

study area. Fault interpretation near seismic data, along the 2D line that bisects the length 

of the study area and within the 3D data, the growth fault zone in the southern quarter of 

the study area, are more detailed with higher confidence. Faults to the north and on the 

eastern or western edges of the study area are more generalized with less confidence. 

Where data sources appeared to conflict, the seismic data or interpretation of seismic data 

was generally honored.  
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Initial faults with approximately 90° dip were generated using available fault traces. After 

the 2D seismic line was interpreted with faults and 3D surfaces and published seismic 

lines (Olariu & Zeng, 2018) were loaded and spatially referenced, the initial faults were 

resolved with those new data. Initial faults were joined where those interpretations 

appeared to be the same fault; deleted or revised where better seismic-based 

interpretation differed; and initial faults were modified to adopt dip and morphology from 

seismic-based interpretation. Fault dips in the KMT and SKC fault zones, which are north 

of the Growth Fault Zone, were modeled as near vertical as indicated by the 2D seismic 

line (Figure 29). Faults were modeled assuming that they intersect all horizons from the 

Reklaw Fm. through the top of the Midway Group. 

2.3.2.1 Fault Model Description 

Forty-four faults were modeled (Figure 31): 15 faults as part of the KMT Fault Zone 

which segments the study area (11 faults comprise the main fault zone and 4 shorter 

faults to the north); two within the SKC Fault Zone that extend about 30 km or less and 

halve the study area, discontinuously; and 27 faults as part of the Growth Fault Zone 

which segments the study area to the south. Statistics for the modeled faults are in the 

following table: 

Table 2 Fault model statistics. 

Fault Property Mean Min . Max. Std. Dev. 

Dip (°) 58 29 90 19 

Dip Direction (°) 157 0 355 41 

Fault Throw 23 0 411 35 

 

Faults within the study area follow the trends of the larger fault systems that they belong 

to. Generally, these faults trend northeast-southwest, have normal slip displacement and 
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dip between 30° to 90°. The fault dip is nearly vertical in the north, (KMT fault zone) and 

middle (SKC fault zone) of the study area, whereas the faults along the southern Growth 

Fault Zone are more shallowly dipping (Figure 31). This may represent a difference in 

the type of faults. Growth faults are arcuate and have lower dip angles with depth (Olariu 

& Ambrose, 2016; Olariu & Zeng, 2018). However, this is also a function of available 

data. North of the STARR 3D seismic interpretation, the only reliable source of fault dip 

is the ION 2D seismic line. Most of the variability in faults modeled in the north is a 

function of the fault modeling algorithm and the available fault maps that they are based 

on. 

 

The KMT fault zone and the Growth Fault Zone (GFZ) also differ in their strike. The 

GFZ faults have very uniform dip approximating the mean dip direction of 157° (67° 

strike), whereas the KMT fault zone bows pointing south-southeast, and the eastern and 

western portions of the KMT faults point more easterly and southerly, respectively. 

Lastly, fault throw in the KMT fault zone is generally modeled as less than 100 m, 

whereas several GFZ faults are modeled with throws greater than 100 m. 

  
a) 

 

 

 

 

b) 
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Figure 31 Forty-four 3D modeled faults colored by dip in a) map view and b) 

looking northeast.

V.E. 7.5x 
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