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Geologic History of the Permian Basin
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• The development of the Permian Basin can 
be split into three stages:
• Cambrian to Mississippian: 

• Tobosa Basin
• Early Pennsylvanian to Early Permian:

• Tectonic events and climate 
fluctuations from glacial eustasy

• Middle to Late Permian:
• Infilling and decrease in 

subsidence

Map of Permian Basin during early-Permian time. Permian Basin denoted 
by red square. Modified by Lopez-Gamundi, 2019; Blakey, 2003. 



Geologic History of the Permian Basin
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• Permian Basin covers area of 65,000 mi2 or 168,000km2

across west Texas and southeastern New Mexico
• Major structural elements of basin:

• Midland and Delaware Sub-Basins
• Central Basin Platform
• Matador Arch

Major Permian Basin structural features. 
Modified from Silver & Todd, 1969.



Midland Basin – Wolfcamp Depositional History 
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Depositional model of Midland’s Wolfcamp Formation. Modified from Ward, 2013; 
Pioneer Natural Resources, 2013.

• The Wolfcamp, particularly the upper A and B 
sections, is dominated by hemipelagic to pelagic 
deposits and sediment gravity flows

• Sea levels rose and fell during Wolfcampian
deposition, leading to the interlayering of 
siliciclastics and carbonate seen in Midland’s 
Wolfcamp Formation



Sediment Gravity Flows
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Classification scheme for sediment gravity flow event beds. Image from 
Haughton et al., (2009)

• Sediment gravity flows are mixtures of water and 
sediment particles where gravity acting on the sediment 
particles moves the fluid

• Sediment gravity flows can be divided into two end 
members:
• Turbidity currents
• Debris flows

• Figure shows three end member behaviors which govern 
sediment gravity flows



Carbonate Gravity Flows in Midland Upper Wolfcamp
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Core from a Midland Wolfcamp A well showing carbonate 

sediment gravity flows and fine-grained siliciclastic deposits. 
Image from Zoeten & Goldstein, (2017).  

Carbonate gravity flow

Carbonate gravity flow

Fine-grained siliciclastic

Fine-grained siliciclastic

• Core photo from a Midland Wolfcamp A well 
demonstrates  how fine-grained siliciclastics and 
carbonate gravity flows interlayer in the upper sections 
of the Wolfcamp
• The upper carbonate gravity flow likely a 

packstone deposited by a high-density turbidite or 
hybrid event

• The lower carbonate gravity flow likely a 
wackestone deposited by low density turbidite 



Midland Basin Upper Wolfcamp Unconventional Play

8Map of USGS Wolfcamp A and B Continuous Oil Assessment. Image from 
USGS.

• Between 2010 and 2020, 875 vertical, 12 
directional, and 2,190 horizontal wells were drilled 
in Midland’s Wolfcamp Formations

• The Wolfcamp is a world class unconventional play 
because:
o Wolfcamp A:

▪ Thickness is more than 300ft
▪ Porosity ranges from 7% to 22%
▪ Estimated TOC ranges from 2.0% to 8.0%

o Wolfcamp B
▪ Thickness is more than 150ft
▪ NPHI ranges from 6.0% to 20.0%
▪ Estimated TOC ranges from 1.2% to 7.0%



Rock Characterization through ML – Data Acquisition
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Map of Permian Basin with a star marking the location of Andrews Unit 732 Well. 
Modified from Shale Experts.

• Argos 9 well log acquired from Texas Railroad 
Commission website

• Located in Andrews County in Midland Basin
• Vertical well with ~2000ft of data at 0.5ft step
• Data acquired by Halliburton for OK Arena 

Operating Company



Rock Characterization through ML – Preprocessing
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Argos 9 well log created using Python. Image by Selena Neale.



Rock Characterization through ML – Scaling Data
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Images created by Selena Neale.



Rock Characterization through ML – Principle Component Analysis
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Images created by Selena Neale.



Rock Characterization through ML – K Means with Four Clusters
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With four K Means clusters and scaled data, 
the average silhouette score is 0. 4503.

With four K Means clusters and scaled PCA 
data, the average silhouette score is 0.5012.

Images created by Selena Neale.



Rock Characterization through ML – K Means with Three Clusters
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With three K Means clusters and scaled data, 
the average silhouette score is 0.4865.

With three K Means clusters and scaled PCA  
data, the average silhouette score is 0.5677.

Images created by Selena Neale.



Rock Characterization through ML – Future Work
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• Using other well data from Midland Basin wells and the Argos 9, 
work with more complex machine learning algorithms, 
particularly neural nets, that are capable of more in-depth, 
accurate lithology characterization than K means clustering

• Definitively characterize lithology in well logs using a more 
accurate, more complex algorithm, like neural networks

• Extract sections of well logs the more advanced algorithm 
correctly picks as carbonate in close proximity wells

• Using this carbonate data, model possible carbonate gravity flow 
geometries that could connect or isolate the wells



Supporting Companies

Sponsoring Member Companies

Mike Johnson & Associates

MUDTOC Consortium Sponsors 
Spring 2021



• Becker, Samuel John. “Laboratory-Scale Petrophysical Evaluation of Lithofacies Effect on Reservoir & Source Quality and Core-Calibrated Well Log Analysis in Pennsylvanian-Permian Wolfcamp-Spraberry Intervals, Midland Basin, Texas, 
USA.” ResearchCommons Home, 1 Dec. 2019, rc.library.uta.edu/uta-ir/handle/10106/28823. 

• Blomquist, Peter K. “WOLFCAMP HORIZONTAL PLAY MIDLAND BASIN, WEST TEXAS.” AAPG Pacific Section and Rocky Mountain Section Joint Meeting, Oct. 2016, cdn.ihs.com/www/pdf/Wolfcamp-Horizontal-Play-of-Midland-Basin.pdf. 

• Donald C. Adams, G. Randy Keller (2. “Precambrian Basement Geology of the Permian Basin Region of West Texas and Eastern New Mexico: A Geophysical Perspective.” AAPG Bulletin, vol. 80, 1996, doi:10.1306/64ed87fa-1724-11d7-
8645000102c1865d. 

• Donald C. Adams, G. Randy Keller (2. “Precambrian Basement Geology of the Permian Basin Region of West Texas and Eastern New Mexico: A Geophysical Perspective.” AAPG Bulletin, vol. 80, 1996, doi:10.1306/64ed87fa-1724-11d7-
8645000102c1865d. 

• Echegu, Simon, et al. “Geochemical Characterization and Classification of Crude Oils of the Permian Basin, West Texas and Southeastern New Mexico.” AAPG Bulletin, vol. 105, no. 1, 2021, pp. 223–246., doi:10.1306/07072018176. 

• Gaswirth, Stephanie B. “Assessment of Continuous Oil Resources in the Wolfcamp Shale of the Midland Basin, Permian Basin Province, Texas, 2016.” Open-File Report, 6 Mar. 2017, pubs.er.usgs.gov/publication/ofr20171013. 

• Hackley, Paul C., et al. “Organic Petrography of Leonardian (Wolfcamp A) Mudrocks and Carbonates, Midland Basin, Texas: The Fate of Oil-Prone Sedimentary Organic Matter in the Oil Window.” Marine and Petroleum Geology, vol. 
112, 2020, p. 104086., doi:10.1016/j.marpetgeo.2019.104086. 

• Haughton, Peter, et al. “Hybrid Sediment Gravity Flow Deposits – Classification, Origin and Significance.” Marine and Petroleum Geology, vol. 26, no. 10, 2009, pp. 1900–1918., doi:10.1016/j.marpetgeo.2009.02.012. 

• Hoak, T., et al. “Naturally Fractured Reservoirs: Optimized E and P Strategies Using a Reaction-Transport-Mechanical Simulator in an Integrated Approach. Annual Report, 1996--1997.” Department of Energy, 1998, doi:10.2172/661405. 

• Kohn, Jennifer Leigh. “LATE PENNSYLVANIAN (VIRGILIAN) TO EARLY PERMIAN (LEONARDIAN) CONODONT BIOSTRATIGRAPHYOF THE ''WOLFCAMP SHALE,'' NORTHERN MIDLAND BASIN, TEXAS: Request PDF.” ResearchGate, 2016, 
www.researchgate.net/publication/332819703_LATE_PENNSYLVANIAN_VIRGILIAN_TO_EARLY_PERMIAN_LEONARDIAN_CONODONT_BIOSTRATIGRAPHYOF_THE_''WOLFCAMP_SHALE''_NORTHERN_MIDLAND_BASIN_TEXAS. 

• Lopez-Gamundi, Cecilia. INTEGRATED GEOCHEMISTRY AND SEDIMENTOLOGY OF THE WOLFCAMP ...2019, 
www.researchgate.net/publication/333516360_INTEGRATED_GEOCHEMISTRY_AND_SEDIMENTOLOGY_OF_THE_WOLFCAMP_B3_AND_B2_INTERVALS_MIDLAND_BASIN_TX. 

• Montgomery, Scott L. “Permian Wolfcamp‘Limestone Reservoirs: Powell Ranch Field, Eastern Midland Basin: Reply.’” AAPG Bulletin, V. 81, 1997, doi:10.1306/3b05c442-172a-11d7-8645000102c1865d. 

• Murphy, Robert J. “DEPOSITIONAL SYSTEMS INTERPRETATION OF EARLY PERMIAN MIXED SILICICLASTICS AND CARBONATES, MIDLAND BASIN, TEXAS: Semantic Scholar.” Undefined, Feb. 2015, 
www.semanticscholar.org/paper/DEPOSITIONAL-SYSTEMS-INTERPRETATION-OF-EARLY-MIXED-Murphy/0b55a5b61e48725a8d45143adfcf1251a2c9435d. 

• Popova, Olga. “Permian Basin - Energy Information Administration.” US Energy Information Administration, Aug. 2020, www.eia.gov/maps/pdf/Permian_Wolfcamp_Midland_EIA_reportII.pdf. 

• Robinson, Keith. “Petroleum Geology and Hydrocarbon Plays of the Permian Basin Petroleum Province West Texas and Southeast New Mexico.” Open-File Report, 1988, doi:10.3133/ofr88450z. 

• Scott L. Montgomery. “Permian Wolfcamp‘Limestone Reservoirs: Powell Ranch Field, Eastern Midland Basin: Reply.’” AAPG Bulletin, V. 81, 1997, doi:10.1306/3b05c442-172a-11d7-8645000102c1865d. 

• “Sediment Gravity Flow.” Encyclopedia of Snow, Ice and Glaciers, by V. P. Singh et al., Springer, 2011, pp. 19–24. 

• The Sedimentary Basins of the United States and Canada, by Andrew Dervent Miall, Elsevier, 2008, pp. 369–399. 

• Sumner, Esther J., et al. “Deposits of Flows Transitional between Turbidity Current and Debris Flow.” Geology, vol. 37, no. 11, 2009, pp. 991–994., doi:10.1130/g30059a.1. 

• Turner, Wesley L. Characterization of Lower Permian Carbonate Subaqueous ... Stephen F. Austin State University, 14 May 2016, scholarworks.sfasu.edu/cgi/viewcontent.cgi?article=1038&context=etds. 

• Ward, Zakory. “Depositional Processes and Environments in Wolfcampian-Leonardian Strata, Southern Midland Basin, Texas: Semantic Scholar.” Undefined, Jan. 2017, www.semanticscholar.org/paper/Depositional-Processes-and-
Environments-in-Strata%2C-Ward/594d987184e3d653cb90b2fc045ee07f5dc7f473. 

• Wolfcamp Shale Overview - Maps - Geology - Counties, www.shaleexperts.com/plays/wolfcamp-shale/Overview. 

• YANG, KENN-MING, and STEVEN L. DOROBEK. “THE PERMIAN BASIN OF WEST TEXAS AND NEW MEXICO: TECTONIC HISTORY OF A ‘COMPOSITE’ FORELAND BASIN AND ITS EFFECTS ON STRATIGRAPHIC DEVELOPMENT.” Stratigraphic 
Evolution of Foreland Basins, 1995, pp. 149–174., doi:10.2110/pec.95.52.0149. 

Sources

17


