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Figure 1-25: Regional Map of the Mississippian noting facies changes (Ruppel et al., 2008) 
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Figure 1-30: Cave Collapse Schematic (Loucks, 2023) 

 
Figure 1-31: Meteoric karst breccias McElroy #1 Crane County, Texas. 
Meteoric karst breccias from Mcelroy #1 core in Crane County, Texas. (Loucks, 2023) 
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Figure 1-32: Ellenburger Formation Core Facies 
Identified facies from core in the Ellenburger Formation. After R. Loucks 2007, 2023 
 

 
Figure 1-33: Ellenburger Breccias in outcrops near El Paso, TX (Loucks, 2019) 
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1.5.8 Major Geologic Features and Description on Tectonic History 
The Permian Basin initially developed as the ancient Tobosa Basin, a 350-mile-wide sag from the 
Texas Arch to the Diablo arch that formed in the middle Ordovician. In the Mississippian and 
Pennsylvanian, the basin was deformed by the Central Basin Platform rising and the Ouchita-
Marathon (OM) thrust belt and the basin has mostly stayed the same ever since. The Tobosa Basin 
ceased to exist with the formation of the Central Basin Platform (CBP), Delaware and Midland Basin.  
 
The Permian Basin is composed of several sub-basins, each with its own unique characteristics. The 
Delaware Basin is located in the western part of the Permian Basin and is known for its fault systems 
that are oriented east-west and rotate towards major tectonic features. The Midland Basin is located 
in the eastern part of the Permian Basin and is characterized by its long periods of regional subsidence 
and north-south trending faults (Fig.1-36) (Ruppel, 2019). The Delaware Basin is nearly twice as deep 
as the Midland Basin. 
 
The Central Basin Platform is a heavily faulted relatively flat area that separates the Delaware and 
Midland Basins and contains many north-south trending faults. The Northwest Shelf is the 
northernmost portion of the Permian Basin and has relatively few faults, while the Ouchita thrust belt 
is located in the southern part of the Delaware basin and is heavily faulted by east west faults.   
 
Hills (1970) developed a system of crustal blocks that define the different tectonic regions of the 
Permian Basin. Hills’ primary objective was to determine the direction of tectonic forces responsible 
for regional deformation.  
 
Hills interpreted two tectonic systems. The first consists of folds and faults possessing orientations of 
N35W (folds) and N55-80E (right lateral faults), and N50-65 W (left lateral faults). The age of this 
deformation is thought to be early Late Mississippian to late Middle Pennsylvanian. There also are a 
series of NNW-trending faults that appear to be right lateral systems with larger displacement that 
formed synchronous with the other faults. It is this system of conjugate faults that has been interpreted 
to control the jagged geometry of the Central Basin Platform, especially along its eastern margin (Fig. 
1-35) (T. Hoak et al. 1998). The Andrews Shear zone correlates with the Abeline Gravity Minimum. 

 
Figure 1-35: Interpreted crustal blocks (T. Hoak et al. 1998) 
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Horne et al., (2022) reported the principal tectonic elements that define the modern greater Permian 
Basin formed as a result of the diachronous collision between the northwest-verging Ancestral Rocky 
Mountain (ARM) orogeny and northeast-verging Ouachita-Marathon orogeny.  
 
Subsequent Mesozoic and Cenozoic events are interpreted to have been influenced by the 
accumulated tectonic fabrics generated by these Paleozoic events; many of the structures exhibit 
characteristics of reactivation and transferred strain. These events include the Laramide orogeny, 
basin-range extension and the Rio Grande rifting. The post-Permian tectonic events control much of 
the western Delaware basin and rotations in stress orientation found there.  
 
A diagram of the age of different orogenies can be found in Figure 1-37. The type log shown in the 
diagram is from eastern Loving County and is a good representation of the stratigraphy at the Facility 
except shallower.  Take note of the large time gap between orogenies between the Ordovician and 
the Pennsylvanian, and then again in the Permian. 

 
Figure 1-37: Horne Delaware Basin Orogenic History with Type-log and Strat. (Horne et al., 2022)  
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Texas has several distinct structural regions, each with different fault orientations, ages and 
architecture (Fig. 1-68). The Central Loving Facility lies within the Delaware Basin, which can be 
considered part of the Basin and Range province of Texas, distinct from other regions such as the 
Gulf Coast.  
 
The Basin and Range province of West Texas, in the center of the North American Craton, has fault 
systems related to past orogenic events and is currently being stressed by several mountain ranges 
to the west including the Franklin Mountains, the Guadalupe Mountains, the Sacramento Mountains 
and smaller ranges and the Ouachita-Marathon Thrust belt to the south. The Ouachita-Marathon 
thrust belt forms the northern terminus of the Balcones Fault Zone and is noted in purple. Mountain 
ranges are noted in red, yellow and lavender to the west of the facility (Fig. 1-66). 
 
The current stress regime, based on earthquake moment tensor analysis,  

 
 

 
Figure 1-68: Tectonic Map of Texas, Major Structural Features of the Lone Star State 
Tectonic map of Texas, BEG 1997(Source: University of Texas Libraries Website) 
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1.10.4 Stress Orientation 
Maximum-principal-stress direction is observed to be nearly E-W in central Loving County. Most 
measurements put it at 75 from true north +/- 15 in a clockwise direction. World Stress Map data 
shown in Figure 1-95 illustrates the consistent mostly E-W pattern of stress direction. This has been 
proven repeatedly by horizontal well development in the basin as well. There is some rotation of the 
stress field to the south of Loving County in southern Reeves County proximal to the Ouachita Thrust 
Belt and to the west in Culberson County near the Guadalupe and Davis Mountains. These rotations 
are far from the facility, over 25 miles, and not expected to affect injection. There is high confidence 
based on repeated tests that the max stress orientation is oriented 75 +/- 15° from true north in the 
central part of Loving County. 
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1.10.6 Ductility 
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Figure 1-96: Dolomite Triaxial Test from Analogous Low Porosity Dolomite 
Dolomite triaxial test from analogous low porosity dolomite found in China. Exhibits brittle behavior at low confining stress 
and ductile behavior at high confining stress (σ3). blue line or 60  

 

 
Figure 1-97: Example of Brittle and Ductile behavior 
It is proposed that due to the extreme confining pressure, the Injection Interval may behave ductile, blue box/line 
(Source: https://dnicolasespinoza.github.io/node31.html) 
 
1.10.7 Additional Testing 
Extensive additional geomechanics testing will be performed once core material is obtained from a 
stratigraphic test well.  See permit Section 5 – Preoperational testing for more discussion. 
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