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Determining Geothermal Resources in 
Three Texas Counties

Abstract: The Southern Methodist University Geothermal Laboratory updated their quantification of the geothermal resources 
within and beneath the Texas oil and gas fields in Crockett, Jackson, and Webb counties as part of the research for the University 
of Texas Geothermal Entrepreneurship Organization research project DE-EE0008791. Through additional well sites drilled since 
2000, the number of bottom-hole temperatures increased from 532 to 5,410. The research improved the methodology to calcu-
late formation temperatures from 3.5 to 10 kilometers (11,480 to 32,800 feet) by using thermal conductivity values more closely 
related to the county geological formations, incorporating radiogenic heat production of geological formations, and updating 
the depth to the basement rocks. The results show deep temperatures as hotter than previously calculated, with temperatures of 
150 °C (300 °F) possible for Webb, Jackson, and Crockett Counties on average at depths of 3.3, 3.7, and 4.0 kilometers (10,800, 
12,100, and 13,100 feet), respectively. A target temperature of 150 °C is considered the minimum for efficient power generation, 
although cooler temperatures can be useful in other low-temperature applications. Therefore, geothermal resources are a new way 
to diversify the local electric grid with a baseload renewable energy option. It has the potential of making a significant energy 
contribution in the future. 
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Terms used in paper

Acronym/Initialism Descriptive Name
B-CT Binary-Cycle Technologies
BHT Bottom-Hole Temperature
COSUNA Correlation of Stratigraphic Units of North America
DOE Department of Energy
°C/km Celsius degree per kilometer 
EBK Empirical Bayesian Kriging
°F/100 ft Fahrenheit degree per 100 feet 
ft feet
GBES Geothermal Battery Energy Storage
GHP Geothermal Heat Pumps
GLO Texas General Land Office
km kilometer
kW kilowatt 
MW megawatt
mW/m² milliwatt per meter squared
NGDS National Geothermal Data System
RHP Radiogenic Heat Production
RRC Texas Railroad Commission 
SMU Southern Methodist University
Texas GEO Texas Geothermal Entrepreneurship Organization
µW/m3 microwatts per meter cubed
Wm-1K-1 Watts per meter Kelvin 

counties, they are representative of the other counties within 
their respective regions: Permian Basin, South Texas, and the 
Gulf Coastal Plain. 

In Texas, the deeper a well is drilled, the hotter the tempera-
tures become because of the heat rising from the Earth’s inte-
rior and from the naturally occurring radiogenic heat produc-
tion (RHP) released by the rock minerals (Negraru et al. 2008; 
Robertson 1988). The thick layers of sediments below much 
of Texas act as a thermal blanket slowing the release of heat 
through them (Kresic 2010). In the Hill County, where the 
granitic rock formations are at or near the surface, the geother-
mal heat flowing from them is naturally high, but it dissipates 
into the atmosphere faster than it can be felt by humans and is 
possible to be collected.

The geothermal resource, measured as subsurface tempera-
tures (Figure 1) and the related amount of heat flowing through 
the Earth at any one location (heat flow), varies across Texas 
due to changes in geology (Negraru et al. 2008). Texas starts 

INTRODUCTION

A vast amount of geothermal resources (heat, fluids, related 
minerals and pressure) exists within the Texas geological for-
mations according to the calculations of John et al. (1998a, 
1998b). Blackwell et al. (2006) and Richards and Blackwell 
(2012) examined the extent of the geothermal heat resource, 
which was again updated as part of a Southern Methodist Uni-
versity (SMU) Geothermal Lab and University of Texas Geo-
thermal Entrepreneurship Organization (Texas GEO) research 
project (Batir and Richards 2020). This article focuses on pri-
marily the heat portion of the geothermal resources, and thus 
uses the nomenclature of “geothermal resource” to signify heat 
stored within the Earth. We re-examined the amount of stored 
heat in and below the oil and gas fields in Crockett, Webb, 
and Jackson counties using updated methods for calculation 
of the temperatures between 3.5 kilometers (km; 11,500 feet 
[ft]) and 10 km (32,800 ft). While we examine only these three 
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Figure 1. Temperature-depth graph of the corrected bottom-hole 
temperatures from oil and gas drilled wells for the three counties in 
this study. Each county represents a region: Crockett – Western Texas; 
Jackson – Gulf Coast Texas; and Webb – South Texas. Within each 
county and region, the geothermal resource varies, making detailed 
assessments necessary. 

with high heat flow along the Rio Grande Valley and then 
quickly changes in the Permian Basin and the Panhandle with 
temperature gradients among the lowest in the state (Negraru 
et al. 2008). North and East Texas contain moderate geother-
mal resources with development opportunities based on tem-
perature and flow rates in areas such as the Sabine Uplift and 
the deeper formations such as the Ellenburger (North Texas) 
and Travis Peak (within the Sabine Uplift; Richards and Black-
well 2012; Batir et al. 2018). The Gulf Coast and South Texas 
are known for hot geothermal-geopressured resources (John et 
al. 1998a, 1998b; Figure 1). As shown in Figure 1, there are 

sites with ~150 °C (300 °F) at 3 km (9800 ft) depth in all three 
counties, yet most consistently the high temperatures persist in 
Webb and Jackson counties.

The Texas GEO efforts build on and expand decades of 
research for geothermal energy in the Gulf Coast related to the 
geopressured-geothermal studies completed by Texas Bureau 
of Economic Geology in the 1970s–1990s (John et al. 1998a, 
1998b). Our portion of the project specifically expands on 
other more recent Texas resource studies (Richards and Black-
well 2012; Zafar and Cutright 2014; Batir et al. 2018) and 
the updated temperature-at-depth calculation methodology 
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of this energy is from the stored and continuously heated flu-
ids that occur naturally within the deep geologic formations. 
Many if not all of these formations have been explored and 
exploited because of their role as oil or gas reservoirs. 

The state of Texas stated that deep geothermal resources are 
to be treated and produced as mineral resources, separate from 
the oil and gas mineral right in the Texas Geothermal Resourc-
es Act of 1975 as part of the Texas Natural Resource Code 
141.003 (Texas Nat. Res. Code 141 § 003). The geothermal 
resources in Texas includes the heat, fluids (brines), and related 
byproducts. 

Within the fluids are minerals of economic value that vary 
in type and quantity. For example, in southern California, a 
large lithium extraction facility is being built to mine the geo-
thermal fluids for lithium using the heat as part of the process-
ing (Scheyder 2021 July 2). As the Texas deep formation flu-
ids are considered high in total dissolved solids, opportunities 
exist to mine minerals and then use the fluids as part of a heat 
extraction process. For example, the city of McAllen, Texas is 
currently working towards using the geothermal fluids pro-
duced from the oil wells in a desalination plant. It would use 
the heat and fluids from the deep resource in the desalination 
process, and the resulting clean water would be used to provide 
additional fresh water for the community and replenish the 
aquifer (Flake 2014 Nov 4). 

Although there are companies today openly discussing devel-
opment of geothermal resources in Texas (Cutright 2013; Malik 
2021 April 22), project economics are often stated as a prima-
ry reason for limiting the oil and gas industry involvement in 
geothermal development (Richter 2018 Sep 12). The geother-
mal power industry is based on a 20-year business model with 
high upfront capital expenses paid back with a known income 
(purchase power agreements) following the utility model. In 
contrast to the utility model, the oil and gas industry follows 
the commodity model with the return on investment generally 
in a few years.

Geothermal Power Development

The commercial interest in deep geothermal resources are 
heat, pressurized fluids, and mineral content, all varying on 
a community to regional scale. These resources can be used 
in numerous ways, including making super chilled water with 
absorption chilling, direct use of heat in industrial processes, 
district energy heating for multiple buildings, and generation 
of electrical power from small-scale (25 kilowatts [kW] to 1 
megawatt [MW] power plants) to large-scale (tens to hundreds 
of MW power plants). Discussions of converting existing oil 
and gas wells and/or depleted fields into geothermal electrical 
production (usually considered low temperature; Boak et al. 
2021 Jan) focused on using kW sized power plants. Now there 

(Blackwell et al. 2006; Blackwell et al. 2011a; Stutz et al. 2015; 
Smith 2016; Smith and Horowitz 2016; Batir et al. 2018; Batir 
and Richards 2020). This research highlights the importance of 
detailed geothermal resource mapping to provide the geother-
mal and oil and gas industries with the expected drilling depths 
to reach the desired temperature threshold based on the project 
requirements.

The value in reassessing the geothermal resources base is cur-
rently important because of the opportunity to use in Texas 
the new energy-conversion technologies and methodologies for 
both direct-use and electrical projects. In addition, extensive 
amounts of new drilling data from the shale gas revolution pro-
vide direct measurements of the Earth’s resources. Further out-
side influences include an increased demand for reliable power 
that is resilient against weather-related hazards and provides 
greater grid stability. Companies aiming to increase renew-
able energy installations and/or carbon reduction can use this 
research too.  

To accomplish this geothermal resource assessment update, 
we examined in-depth the temperature, formation thermal 
conductivity, and radiogenic heat within Crockett, Webb, and 
Jackson counties for each sedimentary formation targeted for 
oil or gas extraction. The detailed lithologies and bottom-hole 
temperatures (BHT) from oil and gas well logs provide mea-
sured temperatures for 0.6 km to 5 km (1,970 to 16,400 ft) 
depth. From these values the modeled temperatures from 5 km 
to 10 km (32,800 ft) below the ground surface were calculated.

BACKGROUND ON GEOTHERMAL 
RESOURCES

When people hear the word “geothermal,” they may conjure 
pictures of Yellowstone National Park and volcanoes or geysers; 
others think of the cooling and heating of homes or build-
ings with geothermal heat pumps (GHP). Although GHPs or 
ground source heat pumps are an efficient means of heating 
and cooling buildings, they are not intended for the generation 
of electricity. There are advantages to the shallow GHP instal-
lations (usually less than 200 meters [~600 ft]) as this resource 
is available everywhere in Texas. Using the shallow geothermal 
resource for cooling and heating a home or building is consid-
ered a first step in reducing our individual electrical load for the 
life of the building. Residential heating and cooling account 
for 40% of the consumer consumption of electricity in Texas 
(EIA 2009). Thus, installation of GHPs is one of the more 
efficient ways to reduce base load requirements for our existing 
power plants on extremely cold or hot days (Egg 2021). 

In the context of this article, we are focused on the geother-
mal resource deeper than GHPs and on the production of hot 
geothermal fluids, or geothermal brines for use in large district 
energy systems or driving electrical generations. The source 
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are companies researching how to drill very high temperature 
(>200°C [392 °F]) wells or deepening existing oil and gas wells 
within the Texas sedimentary basins for MW sized power 
plants. To learn more about companies involved in geother-
mal projects, contact organizations such as Texas Geothermal 
Alliance or the international organization Geothermal Rising. 

The geothermal power plant is considered “always on,” as 
it can produce power 24/7 as a baseload resource. Depend-
ing on the size, geothermal power can also assist the grid by 
being load-following to reduce energy imbalances, and the tur-
bine provides a spinning reserve for unexpected transmission 
failures. It also offers operational flexibility, which assists with 
integrating intermittent resources, such as wind and solar, to 
the grid.

Geothermal electrical projects fill a small footprint, com-
pared to other types of power plants, with kW machines that 

are either shipped in containers ready to be used, or MW power 
plants with machines built onsite. Binary-Cycle Technologies 
(B-CT) use the low-temperature fluids greater than or equal to 
85°C (185 °F), e.g., wastewater from oil and gas fields, to gen-
erate electricity in the kW range (Moya et al. 2018; Thibedeau 
2019 Nov 1). The B-CT generate power based on a secondary 
fluid that boils at a lower temperature than water, therefore 
machine efficiency increases with greater temperature differen-
tials between the produced hot fluid (well fluids) and a cooling 
fluid (air or water). The expected minimum well temperature 
for consistent power generation during the Texas summers is 
approximately 125 °C (250 °F). The currently available power 
systems require large amounts of hot fluid flow rates – typical-
ly in the 1000s of barrels/day (Figure 2). The B-CT cooling 
side can come from an air inlet system, similar to natural gas 
plants, or surface water. Projects that use water for the cooling 

Figure 2. Southern Methodist University Geothermal Laboratory 
comparison of fluid flow rates and temperatures versus the potential 
output from a generic geothermal power plant, based on Figure 7.3 in 
Tester et al. (2006). 1000 kilowatts (kW) is equal to producing 24,000 
kilowatt-hours in one day (kWh/day). The 2020 average daily rate for a 
Texas home is 37.3 kWh/day (EIA 2020). New methods for extracting 
geothermal resources are being developed that do not use produced 
fluids and/or include changes in surface technology that this graphic may 
not represent.
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cycle may use double the flow rates of the geothermal fluid flow 
yet have a smaller footprint. There are opportunities for water 
cooling with treated wastewater, ocean water, or rivers in Texas 
making the use of a cooling tower a design consideration.

An advantage of using geothermal fluids is the ability to 
combine them with other technologies to expand and add val-
ue to both resources, e.g., solar, wind, batteries, desalination, 
salt ponds, and other onsite waste heat. Green et al. (2021) 
modeled the combination of solar plus geothermal energy and 
existing oil and gas wells for geothermal battery energy storage 
(GBES) to create a consistent solar energy source regardless of 
time of day or weather. Using oil field wells, rather than aban-
doning them at the end of life, extends their value for decades 
to come. The GBES model combines the oil well with geother-
mal fluids, solar, and/or wind to build an energy storage system 
to equalize the production of electricity available for the grid 
and then be able to use the stored energy for either peak load 
or as a consistent baseload.

The Texas General Land Office (GLO) had a geothermal 
lease sale along the Gulf Coast in the last decade, although 
no geothermal power was developed. Both the Texas Rail-

road Commission (RRC) and GLO established forms and 
permits for commercializing its use. Unless the fluid is used 
for desalination or battery storage, the wells for reinjection of 
the fluids includes permits through the RRC and additional 
permits through the Texas Commission on Environmental 
Quality. Geothermal developers will follow a similar permit-
ting and reporting process to the oil and gas industry (OpenEI.
org 2016). Therefore, the state of Texas is ready for geothermal 
development using all aspects of the resource below the surface.

RESEARCH FOCUS 

The research area for this research includes Crockett, Webb, 
and Jackson counties (Figure 3). They were chosen based on 
four factors: 1) having higher than background heat flow 
(Blackwell et al. 2011a and 2011b); 2) having oil and gas wells 
drilled within the last 20 years that are fairly evenly distributed 
across the county; 3) being geologically representative of the 
surrounding region; and 4) including possible end-users (e.g., 
military base, University of Texas Lands ownership, or oil field 
equipment) if resource evolution led to electricity produced or 

Figure 3. Location of the researched counties shaded in grey along with the potential users 
of geothermal resources, which are University of Texas land holdings, military bases, and 
major cities.
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industry for direct-use applications. The additional oil and gas 
well data included BHTs in all three counties deeper than 1 
km (3,280 ft), and the total number of wells increased from 
532 to 5,410 sites. These sites are more evenly distributed both 
throughout the counties and vertically to depths of 5 km (Fig-
ure 1 and Figure 4).

The focus here is on specific counties, whereas the SMU node 
of the National Geothermal Data System (NGDS 2020) con-
tains temperature and heat flow data for approximately 16,000 
wells in Texas, plus other related well information for onshore 
and offshore sites for over one million wells.

Calculating Deep Temperatures

The temperature calculations assume the study area is at 
steady state and heat travels by pure conduction through the 
formations. The method used for this research project differs 
from using just the temperature gradient to calculate the deep 
temperatures. We are able to calculate temperatures below 
known values by incorporating detailed heat flow (thermal con-
ductivity model and temperature gradient) plus the amount of 
RHP of both the sedimentary section and the basement rocks 
based on the detailed lithology columns for each county (Batir 
and Richards 2020). 

Temperature-at-depth values start from the surface tempera-
ture, BHT, and heat flow value at each well site as inputs into 
the second derivative of the heat diffusion equation (Blackwell 
et al. 2006; Stutz et al. 2015; Smith 2016; Smith and Horowitz 
2016; Batir et al. 2018; Batir and Richards 2020). Next, the 
combined heat flow, thermal conductivity model, detailed sed-
imentary section, and basement properties are used to calculate 
formation temperatures to depths of 10 km (32,800 ft; Smith 
2016; Smith and Horowitz 2016; Batir and Richards 2020). 
The well-site temperature values are gridded using the Empir-
ical Bayesian Kriging (EBK) interpolation algorithm, which is 
built to predict values at unmeasured grid cell locations using 
a spacing of 10 km x 10 km (6 x 6 miles), with the majority 
of the grid cells having at least one well site. If there are many 
sites within a grid cell, the values are averaged. Each of the 
parameters used in the calculation are described in detail in 
the following subsections. The resulting temperature-at-depth 
maps are shown in the Results and Discussion section.

Temperature Data

The borehole temperature observation and heat flow datasets 
from the SMU node of the NGDS (2020) are the source of the 
temperature data (Figure 4). Both datasets include parameters 
from oil and gas wells in addition to geothermal wells that are 
described in the respective NGDS (2014) content model. 

Figure 4. Temperature site data density maps for Crockett, 
Webb, and Jackson counties. The black circles represent 
Southern Methodist University heat flow data from Blackwell 
et al. (2011a, b, c), and the blue circles represent the updated 
temperatures from the National Geothermal Data System 
(NGDS 2020) borehole observation file (NGDS 2014), for a 
combined total of 5,410 well sites.
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Temperature data from wells are impacted by the drilling 
fluids, in addition to possible recording errors (Richards et al. 
2012). Typically, the fluid used for drilling a well is hotter for 
at least the first 600 meters (1,970 ft) from frictional heating 
and surface air temperature. At deeper depths, this same fluid 
is now cooler than the deep-earth temperatures being drilled 
into, so it cools the formation fluid. The heating and cooling 
of the wellbore and local formation fluids requires a correc-
tion of the well temperature measurements (BHT) taken just 
after drilling. Wells less than 0.6 km (1,970 ft) were not used 
because of the irregularities from the impact of drilling. BHT 
values deeper than 0.6 km were corrected using the SMU-Har-
rison Correction (Blackwell et al. 2011a; Richards and Black-
well 2012) to change the temperatures gradually from 0 °C (32 
°F) at 0.6 km to 19.1 °C (66 °F) below 3.8 km (12,500 ft). This 
correction increased the average BHT value by 17% for Crock-
ett County, 14.6% for Jackson County, and 13.3 % for Webb 
County, highlighting a greater number of deep wells in all three 
counties than previously used (Blackwell et al. 2011a; Table 1).

The additional well data impacted each county. Jackson 
County contained the fewest well sites in this project with 215, 
yet the wells are spaced fairly evenly across the entire county 
(Figure 4). In Webb County, data coverage follows the general 
trends of the previous 387 wells increasing to 1708 sites for this 
project, with the increase in well numbers because of expanded 
oil and gas plays. The Crockett County dataset increased the 
most, with total numbers of well sites changing from 65 to 
3,487 for this project. The additional data impact the south-
ern portion of the county more than the northern half. The 
new data include many wells drilled since 2005 that generally 

include hotter BHTs than the older wells (pre-2000; Figure 
1, following the right [hotter] temperature-depth trend). The 
reason for these hotter wells is currently not investigated but is 
hypothesized to relate to the more recent drilling technology 
and more rapid well completion. The wells may be equilibrat-
ing faster than the older wells, causing the BHT to be hotter 
(closer to original in-situ value) in the deep wells.

Thermal Gradient

In order to calculate a well gradient value (Celsius per kilo-
meter [°C/km]) the average ground surface temperature (Gass 
1982) is the top temperature for each corrected BHT. Gradient 
values are generally similar to each other within a local area 
unless there are faults or lithology changes (Blackwell 1971). 
Therefore, the gradients were reviewed to find outlier values 
(beyond two standard deviations of a data cluster (10 x 10 km 
[6 x 6 miles]), removing a total of 416 well gradients to remove 
potential erroneous data. 

Thermal Conductivity Determination

The parameter of thermal conductivity varies based on the 
rock minerals, formation age, pressure, pore space, and fluid 
chemistry (Robertson 1988). In Texas there are limited mea-
sured thermal conductivity values for the sediments below 1 
km and none in the three studied counties. McKenna and 
Sharp (1998a) measured thermal conductivity of the Wilcox 
and Frio formations at three localities in the South Texas por-
tion of the Gulf Coast Basin. Their results show how thermal 

Table 1. The amount of change in county averaged parameters compared to the Blackwell et al. (2011a, 2011b, and 2011c) published 
results in top chart. Bottom chart are the 2020 average values to show general trends in this research project.

County Temperature
% increase

Heat flow
% increase

Temperature gradient 
% increase

Well site thermal 
conductivity % 

increase

Well site locations Rock type  
percentages  

SS/SH/LS/SED*2011 2020
Crockett 17 35 30 4   65 3487 5/22/31/42
Jackson 14.6 37 13 20 80 215 30/22/0/48
Webb 13.3 39 14 20 387 1708 21/11/18/50

County Heat flow
mW/m2

Heat flow  
standard deviation

mW/m²

Temperature
gradient °C/km

Gradient standard 
deviation °C/km

Depth-weighted  
site thermal  
conductivity  

variation Wm-1K-1

Sedimentary
radiogenic

heat production
µW/m3

Crockett 77 ± 11 32.5 ± 4.6 2.11–3.40 0.8
Jackson 81 ± 11 34.1 ± 4.9 2.27–2.55 1.4
Webb 93 ± 9 38.2 ± 3.5 2.22–2.49 1.0

* SS: sandstone; SH: shale; LS: limestone; SED: sedimentary rocks in general; mW/m² = milliwatt per meter squared; °C/km = Celsius 
degree per kilometer; Wm-1K-1 = Watts per meter Kelvin; µW/m3 = microwatts per meter cubed; °C/km divided by 18.2 to calculate 
°Fahrenheit per 100 feet (°F/100 ft)
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conductivities of Wilcox and Frio sandstones range from 2.06 
to 5.03 watts per meter Kelvin (Wm-1K-1) based on changes in 
the porosity, which ranges from 2.4% to 29.6%, with lower 
porosity trending with higher thermal conductivity. Although 
formations are named after their rock type, e.g., Eagle Ford 
Shale, Wilcox Sandstone, these include mixed layers of sand-
stone, shale, and silts. McKenna and Sharp (1998a) highlight 
the importance of location-specific measurements for site-spe-
cific analysis.

This project incorporates the thermal conductivity values 
used in the past with additional refinement. We started with 
the Blackwell et al. (2011a) use of the Anadarko Basin forma-
tion values from core and cuttings measured on the divided 
bar (Gallardo and Blackwell 1999; Carter et al. 1998). These 
values were used primarily for Crockett County along with 
updates for evaporites by Frone et al. (2015). For more details, 
see Appendix A in Final Report, Batir and Richards (2020). 
For East Texas, we incorporated the methods used in the deep 
direct-use report (Batir et al. 2018; Turchi et al. 2020), which 
used thermal conductivity values based on the values of Pit-
man and Rowan (2012). They assigned thermal conductivity 
values for each formation based on the mineralogy, specifically 
percent sandstone, shale, silt, and limestone for Louisiana for-
mations that extend into Texas. These values were assigned an 
estimate of ~10% error based on the typical range of values for 
multiple samples from the same formation run on the divided 
bar at SMU Geothermal Laboratory. 

The thermal conductivity values are then assigned to for-
mation depths based on detailed stratigraphic columns from 
the sections of the Correlation of Stratigraphic Units of North 
America (COSUNA) data compilation (AAPG 1994), in 
addition to publications with county-level stratigraphy details 
(Baker 1995; Galloway 2008; Hackley 2012; Hamlin 2009; 
Kincade 2018; Lambert 2004; McDonnell et al. 2008) and use 
of formation Tops data from WellDatabase (2020). Using this 
level of detail allows the incorporation of the full geological 
column for each well and every formation is given a thickness 
weighted thermal conductivity value for the specific well. 

Heat Flow Calculations

Heat flow measurements are assumed to be one dimensional 
with heat traveling upward out of the surface of the Earth, in a 
purely conductive thermal regime, and constant over the mea-
surement distance. The weighted thermal conductivity values 
are used to calculate heat flow for each well by multiplying 
gradient times thermal conductivity (Blackwell et al. 2011a; 
Horowitz et al. 2015; Smith 2016; Smith and Horowitz 2016; 
Batir and Richards 2020).

Previous work in these counties by the SMU Geothermal 
Laboratory included heat flow sites (Blackwell and Richards 
2004; Blackwell et al. 2011a) and other data used by Bureau of 

Economic Geology at the University of Texas at Austin (Zafar 
and Cutright 2014). 

Radiogenic Heat Production Model

RHP is produced by the decay of naturally occurring radio-
active minerals within rocks and varies based on rock type (e.g., 
limestones are low, and shales are high RHP) and age (younger 
rocks contain more RHP [Hasterok and Webb 2017]). This is 
one of the primary sources of the heat stored within the deep 
formations within the Texas basins; the other is from the Earth’s 
core and mantle releasing heat. McKenna and Sharp (1998b) 
measured RHP values for limestone, mudstone, and sandstone 
in Webb County that we incorporated into our model. Once 
the lithologic sections were completed for the thermal conduc-
tivity models, the RHP (0.8–1.4 microwatts per meter cubed 
[µW/m3]) was added to allow a site-by-site lithology and thick-
ness-weighted value rather than a constant 1 µW/m3 as used 
in previous SMU studies (Blackwell et al. 2006; Blackwell et 
al. 2011a). Along with the expansion of the amount of heat 
production, this project also updated the depth to the base-
ment rock mapped from seismic reflection cross-sections and 
seismic velocity data (Agrawal et al. 2015; Čermák et al. 1991). 
Previous studies allowed for a maximum of 13 km of sedi-
ments at the surface. This project increases sedimentary depth 
up to 15 km in Webb County and 20 km in Jackson County 
because of the Gulf Coast sediments being both younger and 
more unconsolidated than other U.S. basins previously studied 
(Gallardo and Blackwell 1999). These increased sedimentary 
thickness estimates agree with recent drilling activity and the 
estimated depth to basement contours (Blackwell et al. 2006).

Input Data Error Values

For this research project, the updates include 10 times more 
well sites, a consistent method for correcting the BHT, revised 
thermal conductivity values, and updated methods for calcu-
lating heat flow and temperature-at-depth. The input parame-
ter errors are primarily related to the oil and gas recorded well 
log header BHT, the thermal conductivity assignments, and 
the resolution of the county based stratigraphic sections. 

Most large errors in temperature and depth were initial-
ly removed while cleaning the data. Next data errors were 
removed by comparing the site gradients using two standard 
deviations from other nearby wells. This entailed using ESRI 
ArcGIS software to highlight wells within a 10 x 10 km (6 x 6 
miles) surface area and ± 1 km (3,280 ft) of depth for each well. 
If the well temperature value is higher or lower than the neigh-
boring wells by two standard deviations, the reviewed well site 
is removed from the data set. The resulting temperature error is 
still considered up to ± 10% because of many unknowns. 
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The assigned thermal conductivity values were given an error 
of up to ± 10% because of the lack of local formation mea-
surements. There is an additional ± 5% error for the thermal 
conductivity associated with errors in the recorded depth of 
the BHT measurement, i.e., conductivity assigned to wrong 
formation. This is a cumulative error to capture the drilling rig 
height above ground level and temperature logging gear preci-
sion. The SMU Geothermal Lab also added error as part of the 
methodology used to scale the thickness of the formations at 
each well site as part of the assignment of the thermal conduc-
tivity value. 

The temperature, gradient, and thermal conductivity errors 
all combine to a potential site heat flow error of ± 25%, similar 
to other related work (Richards et al. 2012).

RESULTS AND DISCUSSION

Using the measured values of temperature at a specific depth, 
determined thermal conductivity, stratigraphy, calculated heat 
flow, and assigned in situ RHP, we calculated temperature val-
ues for the studied Texas counties to 10 km (32,800 ft) depths 
and used these results to produce temperature-at-depth maps 
for geospatial interpretation. 

The process of calculating these temperatures includes mod-
els, which use the site-specific temperature and depth to accu-
rately depict the temperatures to that depth, and then incor-
porates surrounding well information and other parameters 
(lithology, RHP) to calculate temperatures for intermediate 
depths and depths to 10 km (32,800 ft). The deepest BHT is 
259 °C (498 °F) at 6.3 km (20,700 ft) depth in Webb Coun-
ty; in Jackson County the BHT is 214 °C (417 °F) at 5.5 km 
(18,000 ft) depth; and in Crockett County the deepest BHTs 
are on average 160 °C (320 °F) at 4.5 km (14,800 ft) depth 
(Figure 1). There is no direct temperature measurement, ther-
mal conductivity, or RHP beyond these deepest BHT values. 
Although there are many well sites between 3.5 km (11,500 ft) 
and the deepest site in each county, in general, the majority of 
the well data are less than 3.5 km, and therefore the tempera-
ture maps deeper than 3.5 km include an additional uncertain-
ty in the values calculated for resource estimation. 

The new county heat flow and temperature maps are more 
detailed in their geological understanding than previous maps 
(see the maps in the next section). Terrestrial heat flow values 
increased by 35%, 37%, and 39% for Crockett, Jackson, and 
Webb counties, respectively, in comparison to past results by 
Blackwell et al. (2011a and 2011b) and Blackwell and Richards 
(2004; Table 1). The increases in heat flow are reflective of the 
heat flow parameters: geothermal gradient and thermal con-
ductivity. The average county-wide geothermal gradient (sur-
face to BHT) increased by 30%, 13%, and 14% for Crockett, 
Jackson, and Webb counties, respectively, because of the higher 
resolution from additional well BHT data. Crockett County’s 

30% increase is related to a large dataset of BHT data from 
well log headers more recent than 2005. These include values 
hotter than the well logs from pre-2000. As the BHT values 
are reflective of drilling, a future study of the new drilling tech-
niques and related impact on BHT is suggested to determine 
the necessary amount and type of BHT correction. Therefore, 
the highest temperatures used in this study for Crockett Coun-
ty may be even higher than actual in situ temperatures.

We used the thermal conductivity values that Pitman and 
Rowan (2012) assigned to individual formations in Louisiana 
for their related formation in Texas. This change from Black-
well and Richards’ (2004) thermal conductivity model to the 
Pitman and Rowan (2012) values increased the overall thermal 
conductivity by approximately 20% for wells in Jackson and 
Webb counties. Although the values for Jackson and Webb 
counties increased significantly, these thermal conductivity 
values are more geologically correlated than the previous gen-
eral model of Blackwell and Richards (2004) and Blackwell 
et al. (2011a). In Crockett County, the thermal conductivity 
values increased by only 4% because we used the same Anadar-
ko Basin values (Gallardo and Blackwell 1999; Carter et al. 
1998) as the previous mapping (Blackwell and Richards 2004; 
Blackwell et al. 2011a and 2011b). This project increased the 
detail of the formations to account for improved calculations 
and correlation methods for depth to formation and formation 
thickness. 

The additional well data density shows significant heat flow 
heterogeneity, which is considered a real geological variation as 
opposed to increased data error. The cleaning of the data using 
data clusters of 10 x 10 km (6 x 6 miles) may have removed 
resource anomalies, but at this assessment level, elimination of 
outliers caused by drilling or human entry error was the goal. 
Additionally, all the heat flow values were calculated using the 
same numerical model, regardless of previous heat flow deter-
minations. Thus, the heterogeneity is considered the result of 
variation within the input data (corrected BHT and thermal 
conductivity) instead of variations in the heat flow calculation 
methodology. 

Temperature Maps 3 km to 10 km

Temperature was calculated from surface to 10 km (32,800 
ft). Temperature-at-depth maps are presented for depth slices 
3.5 km (11,500 ft), 5.0 km (16,400 ft), and 10 km (32,800 ft). 
The 3.5 km depth slice contains the most direct measurement 
correlation (see Figures 1 and 4 for the temperature-depth scat-
ter plot and well locations within each county, respectively). 
The 5.0 km depth slice is the limit of temperature measure-
ment, and the 10 km depth slice is calculated temperature 
models based on the input data. The deepest temperature mea-
surement is 6.3 km (20,700 ft) deep, and as such there are no 
direct temperature measurements below 6.3 km. The 10 km 
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depth slice is presented as a future depth goal for geothermal 
energy production with increased technology development and 
innovation. Companies drilling geothermal wells require spe-
cific temperatures for their project and use the estimated tem-
peratures at 10 km (32,800 ft) as a framework for their depth-
to-drill calculations. Temperature maps at 5 km and beyond 
have an uncertainty of ±25%, equivalent to the estimated error 
associated with BHT derived heat flow (Richards et al. 2012). 
Deeper equilibrium temperature logs and local thermal con-
ductivity measurements are necessary to reduce the uncertainty 
in the deeper modeled temperature values.

Crockett County

Crockett County temperature-at-depth maps are presented 
for the 3.5 km (11,500 ft), 5.0 km (16,400 ft), and 10 km 
(32,800 ft) depth slices (Figures 5, 6, and 7, respectively). The 
highest temperatures at the respective depths are in the south-
ern and eastern portions of the county. Temperatures are not 
above 150 °C (300 °F) within the University Lands boundaries 
(square grids) until 5 km depth, although there are areas at 
125–150 °C at 3.5 km depth, which may be prospective for 
geothermal electricity generation using new low-temperature 
technologies. The southern region of the county, as part of the 

Figure 5. Crockett County temperature at 3.5 kilometers (km; 11,500 feet) depth. The temperature shows 
a general increase from north and west to south and east. The University Lands are highlighted as boxes 
on the maps. The dashed lines represent the North and South lithology cross-section areas (Batir and 
Richards 2020).

Figure 6. Crockett County temperature at 5.0 kilometers (km; 16,400 feet) depth. A similar trend of 
warmer temperatures going from the northwest to south and east is visible. Surface well locations are 
displayed as small black dots for reference but are not this deep (Figure 1). The majority of Crockett County 
is over 150 °C (300 °F) at this depth.
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Val Verde Basin, may be prospective for geothermal electricity 
production, which could be immediately used in ongoing oil 
and gas exploration and production.

Jackson County

Jackson County temperatures at 3.5 km (11,500 ft), 5.0 km 
(16,400 ft), and 10 km (32,800 ft) are presented in Figures 8, 9, 
and 10, respectively. Modeled temperatures are warmer along 

the western and northern boundary of the county and gener-
ally lower to the east. This trend becomes more pronounced 
with increasing depth, although temperatures at 10 km are 
modeled temperatures and therefore include more uncertainty. 
The higher temperatures along the western mapped boundary 
suggests there is geothermal electricity potential that could be 
generated for the grid or used for industrial purposes in the 
county.

Figure 7. Crockett County temperature at 10 kilometers (km; 32,800 feet), with surface well locations 
displayed as small black dots. While data sites are displayed on this map, there are no direct temperature 
measurements at this depth. The modeled temperatures reach greater than 300 °C in the south.

Figure 8. Temperature at 3.5 kilometers (km; 11,500 feet) depth in Jackson County. Higher temperatures 
are mapped along the western boundary and near the northern corner of the county. One county lithology 
cross-section was used.
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Webb County

Temperature at depths of 3.5 km (11,500 ft), 5.0 km 
(16,400 ft), and 10 km (32,800 ft) are presented for Webb 
County in Figures 11, 12, and 13, respectively. Webb County 
shows a general trend of warmer temperatures moving from 
the northwest to the southeast. The city of Laredo has esti-
mated temperatures at 150–174 °C (300–345 °F) at 3.5 km 

(11,500 ft), which is prospective for geothermal electricity pro-
duction using the newer geothermal systems being developed 
today, e.g., Sage Geosystems. There are large numbers of data 
in the 3 to 4 km (9,800 to 13,100 ft) depth range that support 
these temperature estimates (see Figure 1). These temperature 
trends are modeled to continue in a similar pattern to 10 km 
depth, although there is only one data point deeper than 5 km 
(16,400 ft), which is 258 °C (496 °F) at 6.28 km (20,600 ft). 

Figure 9. Temperature at 5.0 kilometers (km; 16,400 feet) depth in Jackson County, with data locations 
shown as small black dots, although most wells are this deep (Figure 1). This is the deepest temperature 
map with near direct temperature measurements to support the temperature gridding. At this depth, the 
whole county is above 150 °C (300 °F).

Figure 10. Modeled temperature at 10 kilometers (km; 32,800 feet) depth in Jackson County. While the 
entire county contains high temperatures, there are no direct temperature measurements at this depth 
and uncertainty is ±25%, which could be as high as ±100 °C (212 °F). The temperatures for 10 km 
range from 300 to 375+ °C (572 – 700 °F).
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NEXT STEPS

The United States is considered a geothermal industry lead-
er for project development in hard rock (volcanic and meta-
morphic) conditions, as the largest geothermal power produc-
er in the world (NS Energy 2020). The ability to extract the 
heat from sedimentary formations, such as the Texas oil and 
gas fields, was first accomplished in Brazoria County (John 
et al. 1998a, 1998b) as part of the geopressured-geothermal 
demonstration project, known as the Pleasant Bayou Project. 
More recently, there were short-term B-CT demonstrations in 

Mississippi, North Dakota, and Wyoming for the equipment 
rather than the basins. To achieve the level of an oil and gas 
play fairway evaluation, additional geological parameters not 
covered in this paper need to be reviewed, e.g., fluid flow and 
chemistry within reservoirs, detailed fault mapping, and pres-
sure regimes. The sharing of knowledge from the oil and gas 
industry on the nuances of the productive sedimentary forma-
tions, i.e., changes in the minerals, porosity, pressure, and so 
on, will be useful for those exploring and planning geothermal 
projects in sedimentary basins. 

Figure 11. Temperature at 3.5 kilometers (km; 11,500 feet) depth in Webb County. The majority of the 
county is within the 150–174 °C (300–345 °F) temperature range. The only areas outside this temperature 
range are the northwestern and eastern corners of the county. Dashed lines represent each area of the 
four lithology cross-sections (Batir and Richards 2020).

Figure 12. Temperature at 5.0 kilometers (km; 16,400 feet) depth in Webb County. Data point locations 
displayed as black dots. While all the data locations are shown, only two sites are below 5 km and both 
are above 200 °C (392°F).
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CONCLUSIONS

Work performed on this project calculated new heat flow 
values for 5,824 points (5,410 surface locations) in Crockett, 
Jackson, and Webb counties. This effort for heat flow is an 
increase of 10 times the previously used data (532 points) for 
these three counties. In addition, we built detailed lithology 
sections from the county geology and new thermal conductivity 
models based on related published models, core measurements, 
and mineral-matrix derived thermal conductivity values. These 
combine to expand the density and heterogeneity of the county 
temperature-at-depth maps from the surface downwards. 

The new results show heat flow is higher than previously 
published, generally by 30–40% with the trends of data being 
consistently higher for all three counties. This result is reflective 
of the large dataset containing a 13–30% higher geothermal 
gradient and a 4–20% increase in thermal conductivity assign-
ments. A ± 10% error is assigned to both the gradient and ther-
mal conductivity value, even after removal of well sites consid-
ered beyond two standard deviations. The heat flow error of ± 
25% includes the temperature and thermal conductivity errors.

The county level temperature-at-depth maps are shown for 
3.5 km (11,500 ft), 5.0 km (16,400 ft), and 10 km (32,800 
ft). Temperature-at-depth modeling incorporated the detailed 
lithology models along with improved inclusion of sedimen-
tary RHP from measured values and updated basement RHP 
models to account for the thick sedimentary package of the 
Texas Gulf Coast. Temperatures are on average 25–50 °C (77 – 

122 °F) warmer at 3.5 km (11,500 ft), on the order of a 50% 
increase in temperature from previous results. Well sites greater 
than 3.0 km (9,800 ft) depth are plentiful, e.g., 139 in Crock-
ett County, 72 in Jackson County, and 786 in Webb County, 
with the deepest well at 6.28 km (20,600 ft) in Webb Coun-
ty. The 3.5 km (11,500 ft) temperature-at-depth calculation 
is directly supported by measured BHT. Beyond this depth, 
the temperature maps are limited in direct measured values. 
Temperature maps presented for 10 km (32,800 ft) are based 
on current geological knowledge but not definitive of actual 
values since they are calculated and not measured. These deeper 
temperature maps are to be used as a tool for future research 
and not used for site-specific evaluations. There are measured 
temperatures of 150 °C (300 °F) in all three counties between 
3.0 and 3.5 km (9,800 and 11,500 ft) depth, therefore already 
reaching the level of potential use for geothermal electrical pro-
duction. The next step is to examine formations in these areas 
for reservoir production potential. 

Basic research, such as core thermal conductivity measure-
ments and collection of the well header BHTs in Texas wells, 
are two items that can improve future geothermal resource 
understanding. The temperature-at-depth model also includes 
calculations focused on a new basement RHP model. This is a 
key development for future heat flow and temperature-at-depth 
calculations, as it is necessary to understand the basement RHP 
distribution for accurate temperature modeling when drilling 
into the basement, beyond the sedimentary package. Each year 
new research techniques and data acquisition in geophysical 

Figure 13. Modeled temperature at 10 kilometers (km; 32,800 feet) in Webb County. Surface well locations 
are displayed as black dots. At this depth, the temperature uncertainty is ±25%, which could be as high 
as ±100 °C (212 °F). The highest modeled temperatures (greater than 375 °C [700 °F]) continue to be 
in the southeastern portion of the county, which suggests there may be additional geothermal resources 
continuing to the south and east of Webb County.
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fields improve our understanding of the sediments along the 
Gulf Coastal Plain and thereby increase our ability to map 
temperatures and expand formation details. With further study 
and collaboration, this will result in successful development of 
geothermal resources in Texas.
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