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Abstract 

This study presents an integrated inorganic/organic geochemistry and geomechanical stratigraphic methods to characterize 

Permian organic rich mudstones in the Midland Basin, to understand controls on organic carbon richness, such as primary 

productivity, depositional environments, sediment supply, and bottom water preservation conditions, and its implications on 

petroleum generation/charge and on shale oil development. A high frequency sampling of core samples from a thick sequence 

(~1000 ft) of argillaceous mudstones, organic‐rich mudstones, siliceous mudstones, and carbonate mudstones in the Midland 

basin were characterized for elemental concentrations and source rock geochemistry, and for high resolution gas 

chromatography and biomarkers on extracts. The small maturity differences from the top to the bottom of this 1000 ft section 

and limited migration of hydrocarbons into the rock pore space due to low permeability and high capillary entry pressure allows 

us to interpret the extract geochemistry fingerprints to compositions of the source rock kerogen and its in‐situ generated 

bitumen. Geologic, petrophysical, and elemental analysis have divided the section into many depositional packages 

(chemozones) with distinct signatures. This has suggested cycles of para‐sequences with varied sediment (clastic vs carbonate) 

supply, a likely shift in detrital sediment source and organic matter input, and also changes in bottom water oxygen conditions 

during the deposition of these organic rich mudstone units. Source rock characters respond to these depositional environmental 

variations with changes in total organic carbon contents and HI/OI values. Depositional environment dependent biomarker 

parameters (Pr/Ph, DBT/Phen, etc.) from core extracts also show systematic changes reflecting variations in source rock facies 
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and preservation conditions. Geomechanical properties of these shale formations, such as unconfined compressive strength 

(UCS) from rebound hammer analysis, also correspond to para‐sequence changes in depositional environments and associated 

lithological variations. Forward geocellular modeling based on XRF‐defined mineral compositions and burial history, when 

calibrated with petrophysical properties, allows us to extend well‐ based geomechanical stratigraphy to include all rock volumes 

from heel to toe. This integrated approach greatly enhances our description of Permian age resource play stratigraphy and 

petroleum systems, which in turn helps with sweet spot mapping and lateral landing zone definition. 
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• Geologic background and approach

• XRF elements and chemo-stratigraphy

• Integration with geomechanic properties

• Source rock potentials and relationship to chemozones

• Depositional environments from elemental data and core plug extract 
geochemical fingerprinting

• Summary and acknowledgement

PRESENTATION OUTLINES
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GEOLOGIC BACKGROUND AND APPROACH
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LATE PALEOZOIC GLACIAL EVENTS
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APACHE XRF AND UCS DATA COLLECTION
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COMMONLY USED ELEMENTS
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CHEMOZONES AND GEOMECHANIC
STRATIGRAPHY
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SOURCE ROCK CHARACTERS AND MATURITY
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CORRELATION BETWEEN INORGANIC AND 
ORGANIC GEOCHEMISTRY DATA
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RESULTS FROM OTHER STUDIES
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CORE PLUG EXTRACT AND GEOCHEMICAL 
FINGERPRINTING
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INTRODUCTION TO BIOMARKER DATA
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PR/PH RATIOS REFLECTING 
DEPOSITIONAL/PRESERVATION CONDITIONS
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SEDIMENT SUPPLY AND PRESERVATION 
CONDITIONS
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DEPOSITIONAL ENVIRONMENTS/FACIES FROM 
BIOMARKERS
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DEPOSITIONAL ENVIRONMENTS FROM 
BIOMARKERS
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SEDIMENT PROVENANCE IMPACTING ORGANIC 
MATTER PRODUCTIVITY
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UTILITIES OF LIGHT HYDROCARBON COMPOUNDS
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FLUID MATURITY FROM MOLECULAR AND 
ISOTOPE DATA
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• Organic rich black shale sequences in this Midland basin mid-Leonardian and Wolfcampian
formations can be divided into multiple depositional chemozones/facies/parasequences/ 
geomechanic units, reflecting changes in sediment supply, primary productivity, and 
preservation conditions.

• The inorganic and organic geochemistry data, combined with detailed sediment fabric 
description, have indicated a likely shift in detrital sediment source and organic matter 
input, and also changes in bottom water redox conditions.

• It appears that water column productivity played a dominant role in accumulation of high 
TOC rocks, together with possibly enhanced preservation conditions.

• Depositional environments may also impact light hydrocarbon parameters that were 
“commonly” used for temperature and maturity interpretations.

• Many geochemistry parameters show consistent maturity depth trends on both liquid and 
gas fractions, suggesting limited vertical migration in tight shale systems.

• Apache Corporation is acknowledged for permission to publish and to present this study.
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