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Figure 1: Texas County map highlighting Wheeler County study area with a regional 

Granite Wash map (LoCricchio, 2012) inset.  
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2.  GEOLOGIC SETTING 

2.1 Tectonic Development 

Gallardo and Blackwell (1999), Nielsen and Stern (1985), and Perry (1988) have divided 

the structural history of the Anadarko Basin region into four stages with similarly cited 

references and subtle differences: (1) Lower to Middle Cambrian rifting, (2) Late Cambrian 

transgression and subsidence, (3) Mississippian orogenic events related to the Ouachita-Wichita 

uplift and, (4) the diminution of tectonic activity in the Permian. 

2.1.1 Stage I 

The first tectonic stage is a failed third arm of a triple junction (South Oklahoma 

Aulacogen). This arm extended from northwest Louisiana through southwest Oklahoma to 

northwest Texas (Perry, 1989).  The rifting event is associated with the opening of the proto-

Atlantic ocean, and the bimodal intrusion of gabbros and granites and extrusion of basalts and 

rhyolites (Perry 1989). The igneous extrusives include the Carlton Rhyolite Group/Timbered 

Hills Group. 

2.1.2 Stage II 

The second tectonic stage is the transgression of Late Cambrian seas (Gallardo and 

Blackwell, 1999) as widespread subsidence of the Aulacogen accrued from the elastic 

lithospheric flexure caused by cooling of the lithosphere (Nielsen and Stern, 1985). Increased 

subsidence rates in the area of the aulacogen (Gallardo and Blackwell, 1999) as differential 

subsidence along reactivated faults of the Southern Oklahoma Aulacogen (Nielsen and Stern 



 

7 

 

1985). As a result, the subsiding aulacogen received twice the sediment thickness compared to 

the surrounding craton (Gallardo and Blackwell, 1999). Nearly three kilometers of shallow-water 

carbonates, quartz arenties, and shales were deposited during this stage (Nielsen and Stern, 1985; 

Gallardo and Blackwell, 1999). Subsidence rates began to decline during the Silurian (Gallardo 

and Blackwell, 1999) but lasted until the Devonian epoch (Nielsen and Stern, 1985).   

2.1.3 Stage III 

The third stage of tectonism started during the Mississippian, further developing the 

asymmetric Anadarko Basin along the northern edge of the southern Oklahoma Aulacogen 

(Perry, 1989). The tectonic development in this stage is likely a result of the collision between 

North America and Gondwanaland, or an intermediary micro-plate (Perry, 1989).  The collision 

correlates to the development of the Ancestral Rock Mountains (Perry, 1989) and to the 

Ouachita-Marathon orogeny. The southern region of the Anadarko Basin was characterized by 

the propagation of southward-dipping reverse faults with a total structural relief in excess of 10 

kilometers (Nielsen and Stern, 1985). The main tectonic activity occurred during several 

intervals of the early to late Pennsylvanian period (Gallardo and Blackwell, 1999). The 

Amarillo-Wichita uplift began in the Morrowan (Early Pennsylvanian) and was accompanied by 

the deposition of carbonate and chert fan-deltas derived from the previously deposited Paleozoic 

rocks of the uplift, blanketed by the fan-delta deposits known as the “Granite Wash” because the 

granitic Cambrian crystalline rocks were the source of the fan deltas (Gallardo and Blackwell, 

1999). 
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2.1.4 Stage IV 

The fourth tectonic stage began during the Permian, marked by a decreased subsidence 

rates (Gallardo and Blackwell, 1999) and post-orogenic sediment deposition (Nielsen and Stern, 

1985). Permian sediments include red beds, evaporates (Gallardo and Blackwell, 1999), shale 

and minor conglomerates (Nielsen and Stern, 1985). 

2.2 Paleogeography of the Late Pennsylvanian 

Paleogeographic reconstruction of the Late Pennsylvanian depicts the mid-continent of 

North America covered by a shallow seas during the Amarillo-Wichita uplift. The basin extends 

across parts of what are now western Oklahoma, southwestern Kansas and the Texas Panhandle. 

The development of the Anadarko Basin is concomitant with the development of the Amarillo-

Wichita uplift, which began during the Early Pennsylvanian and continued throughout the Lower 

Permian. Subsidence during the Pennsylvanian (Missourian) allowed approximately 40,000 feet 

of sedimentary rocks, accumulating primarily in marine environments. The basin fill is 

characterized by frequent to infrequent flooding and intermittent emergence. The uplift will be 

referred to as the “Mountain Front”.  
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Figure 2: Paleogeography of Ancestral Rocky Region. Outlined section shows the 

geographic extent of the Amarillo-Wichita Uplift (modified from U.S. Geological Survey 

Bulletin 1808-O, 1993) 
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Figure 3: Late Pennsylvanian paleogeographic reconstruction shows the Amarillo-Wichita 

Uplift covering the most northeastern region of Texas (Blakey, 1980) 

Amarillo-Wichita Uplift 
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Figure 4: Middle Pennsylvanian Paleogeography (modified from Mitchell, 2014) 
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2.3 Basin Structure and Composition 

The Anadarko Basin deepens structurally to the south-southeast of the study area, which 

correspond to the hydrocarbon rich areas of the basin. The Missourian Granite Wash intervals 

examined in this study, in ascending order, include the Cleveland Wash, Checkerboard Wash, 

Hogshooter Wash and Cottage Grove Wash. The named intervals fall within a larger marine 

shale interval and are characterized by regionally radioactive black-shale beds as well as less 

radioactive grey and black shales. The Missourian Series intervals are focus of this study 

discussed in greater detail in subsequent sections of this paper. Reservoir rocks are almost 

exclusively sandstone, reaching thickness of approximately 3,000 feet in the southeastern part of 

the basin. In the northwestern part of the play, where alternating limestone and shale units 

comprise a large part of the strata, hydrocarbon production is historically poor. The source of 

Granite Wash sediment originates from the Amarillo-Wichita Uplift, which bounds the southern 

margins of the play. Sediment variety includes a series of heterogeneous arkosic sandstones and 

conglomeratic sediments with detritus originating from the granite, rhyolite, gabbro, and 

sandstone. These sediments were deposited as stacked channel deposits that formed alluvial fans, 

fan deltas, proximal deltas, debris flows, distal fans, and deep-water submarine fans. The 

depositional trend of the Granite Wash primarily extends from southwest to northeast beginning 

at the “Mountain Front” or the northeastern margin of the Amarillo-Wichita uplift.  

2.4 Granite Wash Lithology 

The Anadarko basin is an asymmetric foreland basin of the deepest hydrocarbon-bearing 

basins within the North American craton. Granite Wash reservoirs have developed from varying 

depositional environments ranging from course grained sand rich alluvial fan deltas to deep 
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water turbidite and debris flows (Mitchell, 2014). Reservoir sequences range in thicknesses from 

50 to 400 feet, which are disconnected by radioactive shale marine flooding surfaces. Reservoir 

sequences are further divided by massive correlative highstand shales which range in thickness 

from 30 to 600 feet thick. These shales were deposited during sea level highstands and can be 

correlated across the study area.  

2.4.2 Submarine Fan Development 

The prominent conceptualization of the depositional environment of Granite Wash 

reservoirs within the Anadarko Basin is that the deposits accumulated during the progradation 

and deposition of fan delta sediments.  The varying depositional character of each individual fan 

delta is influenced by a broad spectrum factors which influence the deposition and transport of 

sediments, which often requires generalized representations and analyses of turbidite complexes 

(Bouma, 2000).  Although many classes of classifications exist, the two end members referenced 

by Bouma are sufficient to characterize Granite Wash sediments.  The end members are fine-

grained mud-rich and coarse-grained sand-rich grain size systems (Bouma, 2000). Given the 

overall mineralogical composition of sampled Granite Wash core data, a course-grained sand-

rich model should be expected. Coarse-grained sand-rich systems exhibit high net to gross ratios. 

Due to a lack of very fine grained sediment the sediment transport distances are limited, causing 

a progradational depositional profile (Bouma, 2000).  
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2.4.3 Parasequences 

Reservoir intervals within the Granite Wash are parasequences separated by intervening 

massive shale intervals. The sequence boundary bounds the beginning of the sequence which 

represents the relative fall in sea level, and the parasequence boundary bounds the top of the 

sequence representing the relative rise in sea level (Mulholland, 1998). The parasequence 

boundary is more commonly referred to as a marine flooding surface.  

2.4.4 Oragnic-rich Shale 

The organic-matter-rich “hot shale” intervals contain from 2 to more than 15 weight 

percent total organic carbon (TOC) and are easily identified from their high gamma-ray values 

on logs. For this reason these stratigraphic intervals are commonly called “Hot Shales” (Gautier, 

2005).   

 

 

 

 

 

 

 

 

 

 

 


