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ABSTRACT 

 

As demand for sustainable energy increases, earth scientists seek to meet this 

demand by economically producing hydrocarbons from petroleum systems. Petroleum 

systems are complex, therefore multidisciplinary basin modeling analyses are used to 

gain more information about their dynamic nature. In this study, a mass balance 

workflow is developed and implemented to identify the quality and quantity of 

hydrocarbons distributed throughout the Pegasus Field Simpson-Ellenburger petroleum 

system. Four hypotheses are tested in this analysis which include the variation of 

hydrocarbon migration direction, alteration of source rock richness, and modification of 

generation kinetics. Post-testing analyses will  also identify the geologic processes and 

parameters that have the largest impact on modeled results.  

Modeled results indicate approximately 400 million barrels of condensate oil are 

in place within the Pegasus Field Ellenburger reservoir. Variation of hydrocarbon 

expulsion and migration directions result in two possible methods for charging the 

Ellenburger trap. Downward vertical charge from the Simpson Group delivers enough 

hydrocarbon fluids to match oil in place estimates, but final oil API gravities are slightly 

higher than measured data. Similarly, horizontal intraformational charge from the 

Simpson Group also delivers enough hydrocarbon fluids to match oil in place estimates, 

but final oil densities are slightly higher than measured data. When more optimistic 

source rock richness values are applied, the volume of generated and expelled 

hydrocarbons compared to previous tests increase by a factor of 1.5 which provides 
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more than enough hydrocarbon volumes to match oil in place approximations. Final 

modeled API gravity are slightly lower compared to produced fluids. When hydrocarbon 

generation kinetics are altered, 1.5 times the amount of oil and significantly larger gas 

volumes are retained within the source rock. Expelled hydrocarbon values are reduced, 

yet the model suggests enough hydrocarbons are expelled to match oil in place 

approximations. Alteration of generation kinetics result in a final mixed oil API gravity 

that is lower compared measured data. 

Seal formation, migration and accumulation, burial history, and timing of 

geologic events are the most critical geologic processes impacting the petroleum system. 

Critical parameters include source rock richness, thermal history, source rock generation 

kinetics, and migration fetch area. 
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1. INTRODUCTION  

 

Over the past few decades, the demand for hydrocarbon energy has increased as 

discovered conventional resources steadily decline by production and consumption. To 

fill this gap, technological advances have led to the development of unconventional and 

hybrid hydrocarbon resources. In order to maximize the discovery of new hydrocarbon 

accumulations, the petroleum industry has invested heavily in basin modeling analyses 

and methodologies to gain more information regarding the complex nature of petroleum 

systems. Mass balance techniques have also been implemented in the past to better 

identify hydrocarbon resource potentials and the efficiency of petroleum systems (Baur, 

2010; Katz et al., 1994). Although these techniques are typically applied to the 

exploration of hydrocarbon fields, they can also be applied to producing fields to gain a 

better understanding of proven petroleum systems. With a better understanding of these 

systems, earth scientists will be able to apply their findings and workflows to similar 

fields and basins around the world where risk and uncertainty are inherently greater. By 

learning more about petroleum systems and the hydrocarbon fluids held within them, 

earth scientists will be able to discover and establish sustainable energy resources for 

years to come. 

The primary focus of this analysis is to develop and test a mass balance 

workflow that will identify the transfer of hydrocarbon masses through a petroleum 

system over the geologic evolution of a field. A mass balance analysis evaluates the 

quality and quantity of hydrocarbon fluids and their distribution throughout a petroleum 
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system (Hantschel and Kauerauf, 2009). Mass balance analyses also compare total 

generated hydrocarbons and the amount of hydrocarbons accumulated in a trap (Peters 

and Cassa, 1994). 

In this study, a workflow is executed using a combination of basin modeling 

software, conceptual models, and public data sources. During execution of this 

workflow, we will gain a better understanding of the critical geologic processes (e.g., 

subsidence, exhumation, faulting, unconformity events, etc.) and parameters (e.g., 

temperature, pressure, source rock richness, etc.) that impact the generation, transport, 

and storage of hydrocarbons. At the same time, masses of produced hydrocarbons, 

remaining hydrocarbon fluids in the subsurface, hydrocarbons lost during migration, 

remaining source rock potential, residual hydrocarbon fluids that will never be extracted, 

and hydrocarbon masses lost by leaking or spilling from the reservoir are calculated 

throughout the complete geologic history of the Midland Basin. With the help of 

sensitivity analyses, a Monte Carlo simulation is then used to quantify hydrocarbon 

charge volume variability while simultaneously identifying geologic parameters that 

have the largest influence on modeled results for this analysis. To demonstrate the 

applicability of the workflow, we apply the methodology presented in this analysis to the 

Pegasus Field Simpson Ellenburger petroleum system in the Midland Basin located in 

west-Texas. Although hydrocarbon masses are the object of interest, hydrocarbon 

volumes are commonly discussed throughout this study for better visualization of 

hydrocarbon resources present in the system.  
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The Pegasus Field is a stacked hydrocarbon field discovered in 1942 by the 

Magnolia Petroleum Company. Production from the Pegasus Field began in 1949 and 

has continued to produce to present day (Harbison, 1955 and Cargile, 1969). Located 

 

 

in the center of the Midland Basin (Figure 1), this field contains a variety of stacked 

reservoirs found primarily in the San Andres, Spraberry, Wolfcamp, Pennsylvanian,  

  

 

Pegasus Field 
Outline of 

Delaware 

Basin 

Figure 1. Location of the Pegasus Field. 
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Figure 2.  Complete stratigraphic section of the Midland Basin and the formations 

investigated in this study (red rectangle). Modified after Dutton, 2005. Reprinted by 

permission of the AAPG whose permission is required for further use. AAPG Bulletin, 

v. 89, no. 5. AAPG © 2005. 
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Devonian, Fusselman, and Ellenburger intervals (Figure 2) (Harbison, 1955; Cargile, 

1969; Dutton, 2005). The Bureau of Economic Geology (BEG) estimated in 2005 that 32 

MMbbl of recoverable oil reserves still remained in the Pegasus Field Ellenburger 

reservoir and according to DrillingInfo (2016) and Wood Mackenzie (2016), 

approximately 84 MMbbl of 53 API (American Petroleum Institute) gravity oil have 

been cumulatively produced from the Ellenburger reservoir system in 2016 (Dutton et 

al., 2005). Produced gas volumes were not reported during the early producing years of 

the Pegasus Field, and it is assumed that excess gas was flared or recirculated down hole 

for pressure maintenance.  

In 1942, Robert Harbison with Stanolind Oil and Gas Co. conducted a detailed 

play assessment of the Pegasus Field for the West Texas Geological Society (WTGS). 

His assessment included a variety of data consisting of, but not limited to, structure 

maps, fluid property data, production data, and other reservoir parameters for the 

previously mentioned stacked reservoirs. Although Harbisonôs review was extensive, it 

focused more on reservoir characterization instead of the entire petroleum system. With 

a different perspective, almost 25 years later Katz et al. (1994) conducted a robust 

petroleum system analysis of the Simpson-Ellenburger Formations. This study was a 

regional analysis of major producing fields found in the Permian Basin. Their team 

conducted geochemical analyses that link Ellenburger produced oils to the Simpson 

source rock, as well as volumetric analyses to determine the overall efficiency of the 

petroleum system. According to their observations, we assume the Simpson source rock 

is the only source rock interval contributing hydrocarbons to the Ellenberger reservoir. 
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Katz et al. also provides a detailed analysis that contains crucial information prevalent to 

the study area of this analysis. Due to similar depositional environments of the 

Ordovician Simpson members, some data from their analysis is used as a proxy for 

values found in the deep basin petroleum system.  

 The area of interest for this analysis is considerably smaller than previous 

studies, averaging 90 square kilometers (km2) and is confined to the center of the 

Midland Basin. With almost 70 years of work conducted for each zone, an immense 

collection of geology, engineering, and production data is available for the area of 

interest. Most of this data is publically available and is incorporated into an integrated 1-

D basin model. By assimilating this data, a calibrated 3-D basin model is then created, 

and thus a comprehensive mass balance analysis can be conducted for the Pegasus Field. 

The Pegasus Field contains multiple formations that act as source rocks, migration 

pathways, reservoirs, and seals that are compiled into a stacked petroleum system. As 

mentioned previously, this analysis focuses solely on the deepest components that 

comprise the Ellenburger zone, more commonly referred to as the Simpson-Ellenburger 

petroleum system (Katz et al., 1994).  

The foundation of the proposed workflow is rooted in the testing of multiple 

working hypotheses. Proposed working hypotheses do not follow any general theme, but 

are related to one another by the parameters or processes varied in each experiment. 

Each working hypothesis represents a possible scenario or modeling parameter that can 

be changed to best emulate the petroleum system. These scenarios are tested to 

determine which hypotheses are probable, possible, improbable, or impossible. The 
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learnings that result from the mass balance, coupled with match or mismatch of present 

day parameters, are anticipated to be the most compelling outcomes that indicate the 

validity of a proposed hypothesis. The goal of this analysis is not to determine if a 

hypothesis is possible and probable, but rather to learn more about the petroleum system 

through successes and failures of hypothesis testing. A large variety of hypotheses can 

be tested using the model, but four ideas or concepts are chosen that are previously 

expected to have the largest impact on the petroleum system. These include the variation 

of hydrocarbon expulsion and migration direction, source rock richness, and generation 

kinetics. 

In many analyses involving basin modeling, accuracy of the project and results 

are limited by the input data, modeling techniques, and validity of assumptions 

incorporated into the model. Speculative ill -defined assumptions can be misleading, 

therefore, in this study we seek to bridge this gap by explicitly defining the assumptions, 

variable correlations, and modeling parameters used during the mass balance workflow. 

A transparent analysis will provide better support to conclusions deduced from the mass 

balance and allow for consistent repeatability of the proposed workflow. 
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2. GEOLOGIC SETTING 

 

The evolution of the Permian Basin has been extensively studied by researchers 

for more than 40 years (e.g. Galley, 1958; Adams, 1965; Wright, 1979; Frenzel et al., 

1988; Hills, 1984; Horak, 1985; Hoak, 1988; Hills and Galley, 1988; Kerans, 1988; 

Sloss, 1988; Kerans, 1990). The Midland and Delaware Basins are subdivisions of the 

greater Permian Basin which are characterized as foredeep basins that developed during 

the late Mississippian and early Pennsylvanian at the south margin of the North 

American plate, north of the present-day Marathon-Ouachita thrust belt (Dutton et al., 

2005; Hills, 1984; Frenzel et al., 1988) (Figure 3). 

Prior to the structural evolution of the Midland and Delaware Basins, a shallow, 

intracratonic, down warped area deemed the Tobosa Basin was present in west-Texas 

and southeast New Mexico (Galley, 1958; Dutton, 2005). The Tobosa Basin existed 

during a relatively quiet tectonic period where the deposition of shelf carbonates and thin 

shales dominated the succession throughout much of the Ordovician. At this time, 

regional deposition of the Lower Ordovician Ellenburger Formation occurred consisting 

of thick (up to 1,700 ft.) sequences of mud-dominated carbonates, with localized 

grainstones deposited on a restricted shallow water carbonate ramp (Kerans, 1990). 

Middle Ordovician transgression later resulted in the deposition of shales, carbonates, 

and sandstones of the Simpson Group (Dutton, 2005). Platform carbonate  
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deposition was dominant during the Silurian and Devonian until widespread black shales 

of the Mississippian were deposited regionally throughout Texas and Oklahoma (Hills, 

1984).  

 

 

Figure 3.  Map of the present day Permian Basin. The Pre-Pennsylvanian Tabosa Basin 

is outlined in red. Modified after Ward et al., 1986. 

 

During the Late Pennsylvanian to Early Permian, compression driven by the 

Marathon-Ouachita thrust belt led to the creation of two basin-scale depressions, the 

Midland and Delaware Basins, separated by an exhumed carbonate platform, the Central 

Basin Platform (Hills, 1984). Rapid basin subsidence and continuous sediment influx 

persisted throughout multiple compression and relaxation events during the Triassic. 
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During the Jurassic to Early Cretaceous, a shallow intracratonic seaway flooded the 

North American continent and deposited thick accumulations of sediment across the 

Permian Basin (Sinclair, 2007). The basin was later uplifted during the Late Cretaceous 

Laramide orogeny, which eroded thousands of feet of sediment across the Permian Basin 

(Sinclair, 2007; Horak, 1985). During this process the Midland Basin was tilted creating 

angular unconformities between the Triassic and Cretaceous intervals. Basin and range 

extension across the Permian Basin occurred during the Late Oligocene which was then 

followed by minor sedimentation throughout the Late Cenozoic. 

The Pegasus Field is approximately 10 km wide by 18 km long and is oriented 

roughly North-South (Figure 4 and 5). Structurally, the Pegasus Field Ellenburger 

Formation is a 20,000 acre four-domed anticline that straddles Midland and Upton 

Counties (Cargile, 1969). The anticline is bounded on the east and west flank by two late 

Mississippian normal faults that are also roughly oriented north-south. Overlying a 

granitic basement, the Ellenburger Formation is primarily a dark gray to light brown, 

finely crystalline, massive bedded dolomitic reservoir (Katz et al. 1994). Due to a 

relatively calm depositional environment, this reservoir is laterally continuous 

throughout most of the Permian Basin. Approximately 1,000 ft. thick in some areas, a 

large variety of lithofacies can be found within the formation including algal 

boundstone, intraclasitc packstone, laminate mudstones, burrowed mudstone, peloidal 

packstone, and ooid packstone-grainstones (Katz et al. 1994). Potential hydrocarbon 
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reservoirs within the upper Ellenburger Group were produced by prolonged subaerial 

exposure and karstification of the carbonate platform prior to deposition of the Simpson 

 

 

Figure 4. Structure map of the Pegasus Field Ellenburger Formation (Harbison, 

1955). Reprinted by permission of the WTGS whose permission is required for further 

use. 
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Figure 5. Regional Ellenburger Formation structure map with the mass balance pseudo 

well penetrating the top of the Pegasus Field. 

 

Group during the Middle Ordovician (Ross, 1976; Kerans, 1988). Brecciated zones are 

distributed throughout the formation and vary in thickness (Cargile, 1969). 

Directly above the Ellenburger Formation lies the Simpson Group which is 

generally described as a clay-rich carbonate and sandstone shale unit deposited during a 

marine transgression (Jones, 2009). Based on log analysis from WTGS, the Simpson 

Group measures 400 ft. thick in the Pegasus Field (Harbison, 1955). The Simpson Group 
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can be divided into five formations including the Joins, Oil Creek, McLish, Tulip Creek, 

and Bromide (Decker and Merritt, 1931). The Joins Formation is comprised of gray to 

brown shaley limestones and dolomites and is slightly glauconitic at its base. The Oil 

Creek, McLish, and Tulip Creek Formations are mostly shale units with thin layers of 

fossiliferous limestones and calcareous sandstones. Lastly, light gray to brown Bromide 

massive limestone with minor shale interbeds are found near the top of the Simpson 

Group (Katz et al. 1994). 
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3. BASIN AND PETROLEUM SYSTEMS MODELING  

 

Basin modeling is used to model dynamic geologic processes in sedimentary 

basins over geologic time spans (Hantschel and Kauerauf, 2009). Basin models forward 

simulate rock burial through geologic time to calculate and identify geologic processes 

such as heat flow, petroleum generation, migration, accumulation, etc. Similarly, 

petroleum systems models are digital data models used to understand and predict the 

dynamic nature of petroleum systems. These models also provide a complete and unique 

record of the generation, migration, accumulation and loss of hydrocarbons for a unique 

petroleum system through geologic time (Hantschel and Kauerauf, 2009; Tissot and 

Welte, 1984). Integration of both basin and petroleum systems models is used in this 

analysis to create a basin and petroleum system model of the Pegasus Field Simpson-

Ellenburger system. 

Trinity® (Version 5.65, 2015) basin modeling software by ZetaWare© is used in 

this study to model the Simpson-Ellenburger petroleum system. The Trinity T3® 

package is made up of three software packages, Trinity®, Genesis®, and KinEx 4.8® that 

are integrated together for basin and petroleum systems modeling. Trinity is used in this 

study to calculate hydrocarbon masses within the system using hydrocarbon generation, 

migration, and entrapment simulations. Genesis modeling software, which is primarily 

used for 1-D lithological and thermal modeling, can easily be incorporated into Trinity 

for 1-D model calibration. Lastly, KinEx 4.8 is a source rock maturity model that can be 

used to predict expelled hydrocarbon volumes, remaining source rock potentials, and 
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other maturation parameters from source rocks. One of the key advantages of using this 

software is the large variety of ideas and hypotheses that can be quickly tested producing 

immediate results which can then be used to better understand petroleum systems. 

All 3-D basin models begin initially as 1-D models where observed fluid and 

rock data can be incorporated for calibration purposes. A 1-D model is created in 

Genesis where all formations are assigned lithological values such as grain densities, 

mineralogy, average porosity, and permeability values to best emulate rocks within the 

system. This 1-D model is in the form of a ñwell-logò and will help define how heat 

moves through the system through time. Bottom Hole Temperature (BHT) data is 

collected for selected evenly distributed wells within the Pegasus Field. During the 

drilling process, circulation of drilling fluids cool the reservoir, therefore BHT values are 

corrected using an average temperature factor, and a temperature curve is created by best 

fitting data points to a linear geothermal gradient (Figure 6). Also, a transient fixed 

temperature basal heat flow of 45 mW/m^2 from the base of the lithosphere is used in 

the model (Blackwell et. al, 2011). After the 1-D Genesis modeling is completed, the 

well is incorporated into Trinity software indicated by the ñMass Balance Pseudo Wellò 

location in the center of the structure to calibrate the model (Figure 5). Discussed in 

more detail later, a ñlayer cakeò model was then built using regional surfaces. 

 With any petroleum system, we acknowledge that timing of petroleum system 

events is one of the most important factors that impact the generation, migration and 



 

16 

 

, 

Basement 
+ 

+ 

+ + 

+ 

+ + + + 

Mississippian 

Wolfcampian 

Lower 
Leonardian 

Upper 
Leonardian 

Upper 
Guadalupian 

Mid/lower 
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entrapment of hydrocarbons throughout a system. Although a large amount of 

uncertainty is associated with the timing of petroleum system events, we initially use an  

 

 

events chart produced by Katz et al. in 1994 (Figure 7) as a proxy to define the timing of 

each event for the Pegasus Field. After testing of hypotheses is completed, a revised 

timing of events chart is produced for the study area. 

Figure 8 represents the burial history model for the Midland Basin. This model 

emulates the previously described complete structural evolution of the basin through 

time. Figure 9 is a burial history produced from the study conducted by Katz et al. in 

Figure 7. Petroleum system events chart showing temporal relationships of essential 

geologic elements and processes (Katz et al. 1994). Reprinted by permission of the 

AAPG whose permission is required for further use. AAPG Memoir 60. AAPG © 1994. 
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_______2  

Figure 9. Burial history model for the Central Basin Platform (Katz et al. 1994). 

Reprinted by permission of the AAPG whose permission is required for further 

use. AAPG Memoir 60. AAPG © 1994. 

Figure 8. Midland Basin burial history model with proposed 10 million-year time 

step subdivisions highlighting punctual expulsion events. 
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1994. While this burial history diagram is used for the Central Basin Platform, 

similarities are apparent between both models. One primary difference between the 

burial history model proposed in this study compared to others is the deposition of a 

consistently thick and uniformly distributed sediment sequence at approximately 250 

Ma. In this analysis, approximately 4,000 ft. of sediment is deposited and later eroded 

during exhumation of the basin (75 Ma) (Sinclair, 2007). Although this amount of 

missing section was measured in the Delaware Basin, due to a lack of data regarding the 

thickness of missing section in the Midland Basin the 4,000 feet of missing section is 

used as a proxy for this study area. Although the precise amount and distribution of 

missing section is highly uncertain, 4,000 ft. of sediment is needed to bury the petroleum 

system deep enough to expose source rock intervals to temperatures and pressures 

required to generate condensate type hydrocarbon fluids.  

To calculate hydrocarbon masses present in the petroleum system and identify 

their distribution through time, simulations are run to generate and expel hydrocarbons. 

These simulations, referred to as ñpaleo-maturity mapsò, can be generated during the 

geologic history of the Pegasus Field, and represent the punctual expulsion of 

hydrocarbons from the Simpson Group. Distinct hydrocarbon expulsion events, source 

rock richness distributions, and other maps can be generated using this method. Before 

hypothesis testing can be executed, time steps used for each paleo-maturity map 

simulation must be defined. Paleo-maturity maps are calculated at a distinct time, 

therefore time step subdivisions begin with the critical moment (initial hydrocarbon 

expulsion) and end when catagenesis or metagenesis of hydrocarbon fluids cease. For 
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simulation purposes, subdivisions of ten million years are used to best represent each 

expulsion event as depicted in Figure 8. Subdivisions and the durations between 

proposed subdivisions can be altered during testing to best display expulsion, 

accumulation, and increased thermal maturity events. 

  Two structural surfaces were digitized and incorporated in the model from the 

WTGS report, one of which is the top structure map of the Ellenburger Formation with 

depths ranging 9600 ft. to 10700 ft. True Vertical Depth (TVD) (Harbison, 1955). The 

other surface is the Pennsylvanian Bend Formation approximately 3,000 ft. above 

(Harbison, 1955). Both formations have structures that are relatively similar to each 

other, therefore we assume conformable ñlayer cake geologyò for most of the formations 

in this study (Figure 10). Despite this studyôs focus in the Simpson-Ellenburger 

petroleum system, overlying formations are included to build a complete burial history 

model. All source rock intervals above the Simpson Group are assumed to be 

independent from the Simpson-Ellenburger system, and contribute little to no 

hydrocarbons into the Ellenburger reservoir. 

Regional structural variability of the Ellenburger Formation is apparent 

throughout the Midland Basin. Although there are many ways of mapping the top of this 

reservoir unit, data surfaces were provided by Dolan Integration Group (2016). These 

surfaces represent a generalized structure across the entire Permian Basin for a 6 to 10-

mile sampling radius from well-logs. Presented earlier, this regional surface was merged 

to the Pegasus Field digitized structural surface creating a new Ellenburger surface 

representing measured data from the two datasets. Depending on how each surface was 
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independently mapped, the amount of detail and data points used between the two 

surfaces is most likely different. Simply stated, merging two surfaces that have variable 

degrees of sampling detail may have adverse effects on molded results, because the 

surfaces are directly used in hydrocarbon generation simulations. In an effort to best 

honor the provided data while making the surfaces geologically reasonable, the merged 

surfaces were slightly altered and smoothed in the areas where the maps are directly 

merged. To verify the smoothing operations would have little effect on the amount and 

type of generated hydrocarbons, the workflow used in this analysis (discussed in more 
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Figure 10. Conformable or ñLayer cakeò structural trapping surfaces above the 

Ellenburger Formation and below the San Andreas Formation. Vertical line penetrating 

anticline apex represents the incorporated 1-D model. 
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detail later) was executed independently using the original and smoothed structure maps. 

When the output of the two models were compared, it was determined that the 

smoothing operations had little effect on the quality and quantity of modeled 

hydrocarbon generation maps.  

Decades of work has been conducted to better understand hydrocarbon 

generation. The complexity of these processes is apparent, therefore simplified 

generative models and correlations are used in this analysis. In 1995, Andrew Pepper 

and Peter Corvi outlined some of the fundamental components used when modeling 

hydrocarbon generation. Their models related first order reaction kinetics and the 

Arrhenius law: kerogen degradation rate through time (i.e. hydrocarbon generation) is 

proportional to kerogen concentration at any time (Pepper, 1991; Pepper and Corvi, 

1995a; Tissot and Ungerer, 1987). Significantly more complex correlations are used 

within the model, but in the most basic context, Trinity software used in this analysis 

relates experimentally derived average activation energies, reaction rates, and frequency 

factors to kerogen types, temperatures, and pressures to calculate generative 

hydrocarbon volumes.  

Before hydrocarbon generation can be simulated, a kinetic model must be 

defined for the Simpson source rock. Kinetic models are a customization parameter that 

are chosen to emulate source rock intervals. The hydrocarbon kinetic model used in each 

analysis will largely impact the volumes of hydrocarbons retained and expelled from the 

Simpson source rock. Initially, a model referred to as ñACH4ò is used which relates 

temperatures and pressures to the sorbative capacity of organic matter (Pepper and 
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Corvi, 1995c). This kinetic model is typically implemented in conventional petroleum 

systems and provides an efficient delivery of hydrocarbons from source rock intervals 

into secondary migration pathways. After choosing this model, source rock input values 

such as kerogen type, initial kerogen density, organic and inorganic porosities, can be 

customized within the source rock to create the most realistic expulsion model for the 

Simpson-Ellenburger petroleum system. During this study, the default values listed by 

Trinity were determined to be geologically reasonable, and thus were not altered. With 

these parameters defined, the source rock units within the model can now simulate the 

expulsion of hydrocarbons into the system. 

Hydrocarbon migration is one of the most poorly understood processes in a 

petroleum system. Due to uncertainty and complexity surrounding migration, we use 

simplified conceptual models to define where and how hydrocarbons move through the 

model. Conceptually, hydrocarbons preferentially migrate due to buoyancy in the path of 

least resistance. These hydrocarbons flow through migration pathways that connect the 

source to the reservoir for a given volume defined by a fetch area and migration pathway 

thickness. During continuous generation and secondary expulsion of hydrocarbons into 

migration pathways, buoyancy pressures will increase resulting in hydrocarbons 

overcoming capillary forces and migrating towards a trap (Hubbert, 1953). As 

hydrocarbons fill the reservoir they will either generate enough buoyancy pressure to 

leak through the seal or hydrocarbons will fill the reservoir completely and spill (Berg, 

1975).  
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 The area in which expelled hydrocarbon fluids preferentially migrate and 

accumulate for a given reservoir is defined as a fetch area. Fetch areas are defined for 

each time step and are directly influenced by the structure of the Midland Basin through 

time. The structural evolution of the Midland Basin is complex which makes 

determining the orientation and shape of the fetch area through time challenging. Trinity 

contains a back-stripping operation that uses the proposed burial history model to 

determine paleo-fetch areas, but uncertainty is high due to variable surface depth control 

located outside of the incorporated 3-D imaged Pegasus Field structure. We attempted to 

execute this operation anyways, but were unsuccessful. The paleo-structure maps made 

little to no geologic sense, and approximated paleo-fetch areas were unreasonably high. 

For this reason, we define a constant and unique 262 km2 fetch area that is determined at 

the location of the Pegasus Field and its proximity to the paleo-depocenter during the 

Early Permian (Figure 11). We also assume for modeling purposes that continued large 

scale structural alteration of the system is relatively low aside from faulting occurring 

during the late Mississippian. Simply stated, after the structure of the Midland Basin and 

Pegasus Field are formed, the system is buried, hydrocarbons are generated, and the 

preserved system is exhumed to present day depths with little to no major structural 

deformations. Thermal maturity of a source rock is also considered when defining a 

fetch area. For this analysis, the study area within the Midland Basin is a mature system, 

therefore immaturity is not considered when determining fetch areas. Although we seek 

to match present day parameters within the model, some input parameters are dynamic, 

do not match present day values, and are not constant through time. This is typically  



 

25 

 

 

 

associated with source rock richness values such as Total Organic Content (TOC) and 

Hydrogen Index (HI). Due to this variation, original richness parameters prior to 

hydrocarbon generation, referred to as ñpaleo-parametersò, are inferred input parameters. 

Although these values can be estimated using calculations (Jarvie et al., 2003,2012; 

Montgomery et al., 2005), original richness values are initially approximated for the 
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Figure 11. Fetch area for the Pegasus Field Ellenburger trap. Any hydrocarbons 

generated and expelled from the Simpson Group within the red polygon will charge 

the Ellenburger trap. 
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Simpson Group in this study using the following logic: Present day TOC measurements 

average .5 to 3 wt. % within the Simpson Group (Katz et al., 1994). Discussed in more 

detail later, most earth scientists agree a minimum of 2 wt. % TOC is needed to generate 

significant accumulations of producible hydrocarbons (Jarvie, 1991; Peters and Cassa, 

1994). With this in mind, reasonable paleo-TOC values must vary from 2 to 4 wt. % 

assuming 25 to 75 percent of generative carbon is transformed into fluid hydrocarbons to 

match present day measured TOC data. Although kerogen within the Simpson Group is 

broadly classified as Type II, the kerogen type found in the Simpson Group is defined 

using organofacies developed by Andrew Pepper and Peter Corvi in 1995. The Simpson 

Group is most broadly associated with transgressive maximum flooding systems on 

depositional margins with kerogens that are dominated by aquatic, algal-derived 

precursor lipids (Pepper and Corvi, 1995a). This depositional environment and organic 

input is characteristic of a Type B ï Aquatic Marine Clay Rich kerogen. Per these 

observations, Type B kerogen is used in this study and default parameters such as Gas-

Oil Generation Index (GOGI), and Transformation Index (TI), are used to emulate the 

Simpson Group prior to hydrocarbon generation. Paleo-Hydrogen Index values on the 

other hand, were derived from modified Van Krevelen diagrams (Tissot and Welte, 

1984). Typical immature marine source rocks (Type B) have HI values averaging 500 to 

650 mg/gTOC. Trinity defines a HI default input value of 592 mg/gTOC for Type B 

source rocks within the model, and we determined this value to be a fair approximation 

for the Simpson source rock. Therefore, an initial TOC input parameter of 2 wt. % and a 
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hydrogen index of 592 mg/g TOC are used in this analysis which both represent 

reasonable initial source rock richness values (Pepper and Corvi, 1995a). 

It is apparent in WTGSôs 1949 reservoir characterization that the Ellenburger 

Formation is a complex reservoir. Facies within the Ellenburger Formation are generally 

known, but the lateral extent and variation of these facies are difficult to constrain 

(Kerans, 1988). Because of this observation, we assume in the model a pseudo-effective 

Ellenburger reservoir interval defined as homogeneous and isotropic throughout the 

study area. Similar assumptions are applied to Simpson group due to similar spatial 

variation of rock facies and source rock richness. Under these assumptions, parameters 

such as lithology, porosity, permeability, etc. are constant and evenly distributed. The 

Ellenburger reservoir volume is also difficult to quantify due to its oblique shape. With 

the reservoir boundaries defined in the model, Trinity contains a flash calculator that 

measures this shape, and can define the overall volume of the Pegasus Field Ellenburger 

reservoir. We utilize this function to calculate reservoir volumes, but also verify the 

accuracy by estimating volumes through hand calculations. According to both 

approaches, maximum resource volumes are approximately 400 MMbbl of 

undersaturated condensate oil. 

Since hydrocarbons in this model are generated during multiple time steps, the 

distribution of source rock richness values will change through time as the source rock 

matures. As discussed previously, paleo-maturity maps are generated at each time step 

using the initial previously defined source rock parameters. As the system matures, solid 

organics are converted to fluid hydrocarbons. During this process, source rock richness 
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values will correspondingly decrease as hydrocarbons are continuously generated. At the 

end of each time step (hydrocarbon generation and expulsion event) a set of paleo-

maturity maps will  estimate the remaining distribution of source rock richness values. 

These maps now represent the ñnewò source rock that will be considered for 

hydrocarbon generation during the following time step. This process is repeated until 

expulsion ceases.  

Little to no maturity data has been documented for the Pegasus Field, therefore 

indirect measurements were used to best identify thermal maturity in the system. 

Hydrocarbon fluids produced from the Simpson Group are primarily single phase 

condensate oils with API Gravities varying from 53 degree API to a max-recorded value 

found of 59 degree API in a directly adjacent Ellenburger Field at similar depths (Figure 

12) (Harbison, 1955). This serves as an indirect thermal maturity indicator, and we  

 

  

Figure 12. API gravity of stacked plays within the Pegasus Field (Harbison, 1955). 

Reprinted by permission of the WTGS whose permission is required for further use. 
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assume source rock intervals must have at least been exposed to temperatures and 

pressures great enough to generate condensate fluids. Therefore, an effective vitrinite 

reflectance value (%RoEff) of 1.1 to 1.9 is used to characterize the thermal maturity of the 

system. As paleo-maturity maps are generated, instantaneous hydrocarbon API gravity 

distribution maps are also created displaying the variation of oil compositions expelling 

from the Simpson Group within the fetch area. Long chain hydrocarbons such as heavy 

oil (~28 API or 887 kg/m3) are typically generated first and later transition to volatile 

oils (~40 API or 825 kg/m3), condensates (~53 API or 743 kg/m3), and end with wet and 

dry gas (API gravity N/A) (Figure 13). Gas densities range from wet gas (2.5 kg/m3) to 

dry gas (0.71 kg/m3) at standard temperature and pressure (STP). From these maps, oil 

API gravities can be associated to the volumes of oil accumulating in the Ellenburger 

Figure 13. Variation in fluid type with increasing maturity. Modified after Tissot, 1974. 


