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Figure 1-28: Meteoric karst breccias McElroy #1 Crane County, Texas.  
Meteoric karst breccias from Mcelroy #1 core in Crane County, Texas. (Loucks, 2023) 

 
Figure 1-29: Ellenburger Formation Core Facies 
Identified facies from core in the Ellenburger formation. After R. Loucks 2007, 2023 
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1.5.6 Major Geologic Features and Description on Tectonic History 
The Permian Basin is composed of several sub-basins, each with its own unique characteristics 
(Figure 1-23). The Delaware Basin is located in the western part of the Permian Basin and is known 
for its thick organic-rich source rocks and stacked reservoirs, making it a significant oil and gas 
producing region. The Midland Basin is located in the eastern part of the Permian Basin and is 
characterized by relatively few faults and fractures.  
 
The Central Basin Platform is a relatively flat area that separates the Delaware and Midland Basins 
and contains several oil and gas fields, including the famous Yates Feld (among the most prolific 
oilfields in the world3). The Northwest Shelf is the northernmost portion of the Permian Basin and is 
primarily a gas-producing area, while the Eastern Shelf is located in the southeastern part of the basin 
and contains a mix of oil and gas fields. Overall, the Permian Basin is a complex and diverse petroleum 
province with a long history of hydrocarbon production and several crustal blocks with different tectonic 
histories. 
 
Hills (1970) used subsurface data to suggest the possibility of extensive lateral displacement along 
pre-Permian faults in 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 (Figure 1-30) (T. Hoak et al. 1998).  
 

 
Figure 1-30: Interpreted Crustal Blocks  
Interpreted crustal blocks from Gardiner (1990). After (T. Hoak et al. 1998). Midland CCS #2 Well location off 
eastern edge of map, hence no red star. 

 
3 Texas State Historical Association (TSHA), an independent nonprofit since 1897 



 
UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 

Milestone Carbon Midland CCS Hub 
South Midland Facility | Upton County, Texas 

 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, Texas 

 Section 1: Site Characterization & Narrative | page 48 of  149 

A second, later deformation phase as interpreted by Hills (1970), is marked by the relaxation of stress 
and normal fault motion reactivation of older fault systems. The timing of this deformation is interpreted 
to be middle-to-late Permian in age and fault displacements relatively minor.  
 
Finally, during the Tertiary, the western margin of the Permian Basin was uplifted, and Basin-and-
Range tectonism commenced in this area. This deformation has apparently been restricted to the 
western Delaware Basin and the basin margin (T. Hoak et al. 1998). 
 
Hills (1985) describes the eastern boundary of the Midland Basin as possessing little evidence of 
tectonism. Instead, the Eastern Shelf is largely a stratigraphically controlled boundary with rocks of 
the Pennsylvanian-Permian-age carbonate shelf dipping gently westward into the basin.  
 
The Midland Basin area is a large area (>-6,000 square miles) that is dominated by small NE and NW-
trending faults and related folds. All structures are similar in style but smaller in size to those seen in 
the Mid-CBP Transition Zone. The majority of uplift occurred prior to the Mississippian with isolated 
fault block movement during Barnett-Strawn time. Since that time, the region has experienced regional 
subsidence. Gardiner (1990) outlined the boundaries of six "crustal" blocks that are roughly 40 mi on 
their longest dimension (Figure 1-30). The boundaries of these blocks represent major discontinuities 
that separate zones of distinct or different structural orientations and /or structural styles.  
 
The Mid-CBP Transition Block is an area of ~ 600 square mi dominated by NW-trending reverse faults 
in the northern area (including Gandu Unit) and NW-trending reverse faults in the southern area. Both 
areas contain less dominant NE-trending normal faults. There is a NE-trending sag corresponding to 
the center of the area. A map of Ellenburger structure (Figure 1-31) demonstrates that the majority of 
deformation occurs along faults that form the boundaries of Gardiner's crustal blocks. The centers of 
the blocks are relatively undeformed. Erosional limits are markedly affected by the block boundaries 
and are used to delineate the chronology of block development and interaction.   
 

 
Figure 1-31: Interpreted Crustal Blocks  
(Left) Interpreted crustal blocks from Gardiner (1990). With Ellenburger faults superimposed on top of different 
wrench faulting regimes. (Right) Ellenburger Structure Map with Faults. Red Star - Midland CCS #2 Well. 
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Building on earlier work, Horne et al., 2024 reported that the Midland Basin contains several new 
previously unknown fault systems. The main system in the Midland Basin is a N-NW/S-SE trending 
system that is primarily reverse and forms fault bounded uplifts with propagation folds in Crane, Ector 
and Andrews Counties. This fault system bounds the eastern edge of the Central Basin Platform. The 
dips of these faults are 65 degrees ± 5 degrees.  Crosscutting this main system is an E-NE basement 
rooted fault system aligned with the leading edge of the Metaproterozic-age (1200-1000 MA) Grenville 
front that extends from Loving County, Texas to Abilene, Texas.  This regional fault pattern extends 
from the eastern margin of the Central Basin platform into the Midland Basin with the scale of 
deformation observed gradually diminishing eastward. The E-NE faults are primarily strike-slip with 
additional minor reverse movement. The faults are high angle with dips of 80 degrees, ± 10 degrees. 
Horne et al. 2024 interpreted the data from 3D seismic surveys, horizontal log steering data, and 
sparse 2D/3D seismic surveys. (Figures 1-32, Fig. 1-33) (Horne et al., 2024). 

 
Figure 1-32: Permian Basin Structural Blocks and Major Fault Systems, Horne et al., 2024  
Generalized paleogeographic map of the Permian Basin, highlighting the different tectonic provinces labeled in 
blue. Earthquake dots are supplied from TexNet Earthquake Catalog. Notable fault zones are labeled in Red. 
Red Star - Midland CCS #2 Well. Sourced from Horne et al., 2024 



 
UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 

Milestone Carbon Midland CCS Hub 
South Midland Facility | Upton County, Texas 

 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, Texas 

 Section 1: Site Characterization & Narrative | page 50 of  149 

N-NW/S-SE reverse faults (black and red) are generally ~10 KM (6.2 mi) in length while E-NE (gold 
and green) strike slip faults can extend up to 50 KM (31 mi) to the eastern edge of the basin (Figure 
1-33). In all cases, the faults interpreted are likely several smaller faults in aggregate forming a fault 
system. 3D seismic reflection datasets also show that NNW-SSE and NNE-SSW striking reverse faults 
became activated in the Pennsylvanian and deformation continued through to the early Wolfcampian 
(early Permian), but dip-slip motion dissipated after middle Pennsylvanian Strawn deposition (Horne 
et al., 2024). 

 
Figure 1-33: Midland Basin Faults, Horne et al., 2024  
Interpreted regional faults in the Midland Basin, these are basement rooted faults at the Top Ellenburger 
surface. Note the different generalized fault orientation groups. Red Star - Midland CCS #2 Well. Sourced from 
Horne et al., 2024 
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Figure 1-63: Intra-Ellenburger Horizon Amplitude Map 
From McDonnell et al. 2007, amplitude map extracted from an intra-Ellenburger horizon. The horizon was 
mapped only where the reflection was distinct and continuous (assumed unkarsted host rock). (Left) Intervening 
low-amplitude, chaotic reflections are assumed to be paleocave collapse-brecciated zones. (Right) Overlay of 
circular sag structure locations shows that they correspond to chaotic Ellenburger zones (i.e., paleocave zones). 
This suggests a good correlation between collapse feature locations and their causal mechanism 
 
1.8.3 Seismic History [146.82 (a) (3) (v)] 
An important consideration in the design and development of all new injection well projects is the 
determination for the potential of injection activities to induce a seismic event. As shown in more detail 
below, there is a low probability  

. 
 
Studies completed by the United States Geological Survey (USGS) indicate there is a low probability 
of earthquake events occurring in the Midland Basin of west Texas that would cause damage to 
infrastructure (Figure 1-64) (Geological Survey, 2024).  According to the recent updates from the 
USGS, the proposed Well location is located in a region with the lowest probability of a damaging 
earthquake in the country. 
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