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ABSTRACT 
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Ordovician age hydrocarbons have been drilled in the Permian Basin of West Texas since the 

early 1940s and have produced over a billion barrels of oil with additional natural gas.  The 

source rock for these previously drilled Ellenburger Group reservoirs has been suggested to be 

the Simpson Group shales, but limited total organic carbon studies and no x-ray fluorescence 

analysis has been performed on the Permian Basin Ordovician rocks to determine the overall 

lithology and trace element enrichment relative to total organic carbon to substantiate this 

statement.  The majority of Ordovician hydrocarbon production has occurred in faulted and 

structural traps in the Ellenburger, but the hydrocarbons have a different hypothesized source due 

to generally low total organic carbon within this group.  Trace element enrichments can serve as 

indicators of the presence of organic material and paleoredox conditions.  This study utilizes x-

ray fluorescence elemental data and total organic carbon data from Permian Basin Ordovician 



 

 

sediments to analyze general rock lithology and to understand whether biologically- and 

paleoredox-sensitive trace elements coincide with total organic carbon, and if so, can these 

similarities give insight to the organic enrichment of these sediments and the paleoredox 

conditions present during their deposition.  The findings of this study suggest that the Simpson 

Group reflects a depositional environment with intermittent layers of sandstone, green shale, 

black shale, red shale, and a large percentage of carbonate suggesting a shallow water marine 

environment.  The majority of trace elements that serve as useful proxies for total organic carbon 

within these sediments are mostly associated with the detrital shale influx and are not associated 

with biological activity or paleoredox conditions.  The majority of the total organic carbon 

values for the Simpson Group and Ellenburger Group suggest a poor (<0.5 wt. % total organic 

carbon) source rock with limited potential to generate hydrocarbons though fair (.5-1 wt. % total 

organic carbon) to good (1-2 wt. % total organic carbon) values are present in a limited number 

of samples.  X-ray fluorescence data indicates the presence of trace element enrichments in some 

samples, but no clear correlation with total organic carbon is recognized.  
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CHAPTER 1 

INTRODUCTION AND PREVIOUS WORK 

Ordovician age hydrocarbons have been drilled in the Permian Basin of West Texas since the 

early 1940s and have produced over a billion barrels of oil with additional natural gas (Dutton et 

al., 2005; Katz et al., 1994).  The majority of historical drilling within the Permian Basin 

Ordovician-aged sediments has been into the Ellenburger dolomite where karsted, faulted, and 

fractured dolomite provides a reservoir for hydrocarbon accumulation.  There are no known 

hydrocarbon sources indigenous to the Ellenburger Group except for thin shale intervals present 

in the southeastern region of the Permian Basin (Galley, 1958).  The Simpson shales directly 

overlying the Ellenburger are suggested to be the source rock for these large Ellenburger fields 

(Galley, 1958; Gibson, 1965; Holmquest, 1965; Kvenvolden and Squires, 1967; Philippi, 1981; 

Katz et al., 1994; Bowman et al., 2014).  Limited total organic carbon (TOC) studies have been 

carried out on these rocks.   

The objective of this research is to better understand the source rock potential of 

Ordovician sediments in the Permian Basin.  We use x-ray fluorescence (XRF) elemental data 

and TOC data on Permian Basin Ordovician sediments to analyze rock lithology and to 

determine whether biologically and paleoredox-sensitive trace elements coincide with TOC, and 

if so, can these similarities give insight to the organic enrichment of these sediments and the 

paleoredox conditions present during deposition.  This approach has had some success for other 

units such as the Eagleford shale, the Barnett shale, and the Permian aged units in the Permian 
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Basin from work done by Wright et al. (2015), Roush (2015), Tinnin (2016), Hoelke (2011), and 

Darmaoen (2012) but has not been applied to the Ordovician units in the Permian Basin, nor has 

a relationship between trace element abundance and TOC been evaluated for the Ellenberger and 

Simpson groups.  Certain trace element enrichments can serve as indicators of organic material 

depositional changes and paleoredox conditions (Calvert and Pedersen, 2007).  Ni, Cu, Zn, and 

Cd are known to be delivered to sediments in association with organic matter; U, V, Mo, Cr, and 

Co can be indicative of paleoredox conditions (Fig. 1) (Tribovillard et al., 2006). 

The Ordovician formations in the Delaware sub-basin of the Permian Basin are separated 

into the Late Ordovician Montoya Formation, the Middle Ordovician Simpson Group, and the 

Early Ordovician Ellenburger Group (Fig. 3).  This study focuses on the Simpson Group which 

comprises eight smaller formations with a mixed lithology of limestone, shale, and sandstone, 

(Wright, 1965) and the middle to upper Ellenburger which is composed primarily of thinly 

laminated mudstone and mottled mudstone (Kerans, 1988).   The Simpson-Ellenberger 

petroleum system covers approximately 3,700 square miles over the Permian Basin with 

hydrocarbons characterized by mainly dry gas within the deeper Delaware Basin and light, high 

API gravity (a measure of the petroleum’s density relative to water, the higher the API the less 

dense the petroleum is compared to water) oil on the Central Basin Platform (Katz et al., 1994).   

This study builds on previous work, utilizing general well information including well 

logs, the geologic history of the Permian Basin, analyses of lithology and TOC of Ordovician 

sediments within the Permian Basin, TOC from other Ordovician sediments, and hydrocarbon 

production in the study area.  The study focuses on trace element correlations to TOC derived 

from XRF and TOC analyses of core and cuttings from four wells sampled in the West Texas 
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Permian Basin Ordovician sediments to gain a better understanding of their source rock 

potential. 

 

1.1 TRACE ELEMENTS AND ORGANIC MATTER 

Preservation of organic matter needed to produce hydrocarbons requires high biological 

productivity or anoxic conditions, preferably both.  The best indicator of organic content of 

sediments and thus hydrocarbon potential is TOC, which is distinguished from inorganic carbon 

such as that in calcium carbonate.  Carbon makes up between 75-95 wt. % of hydrocarbons with 

an average around 83 wt. % (Jarvie, 1991).  TOC is made up of three components: extractable 

organic matter (EOM) carbon, convertible carbon, and residual carbon.  In a given sample, EOM 

carbon is found in hydrocarbons whereas convertible and residual carbon is present in kerogen 

(Jarvie, 1991).  Convertible carbon represents the remaining potential of a rock to generate 

hydrocarbons in contrast to residual carbon which cannot generate hydrocarbons; in a very 

mature source rock the TOC is composed primarily of residual carbon (Jarvie, 1991).  As gas and 

liquid hydrocarbons migrate out of a source, the overall TOC decreases (Jarvie, 1991).  There are 

multiple methods for determining TOC but this study utilizes the LECO (Lab Equipment 

Corporation) TOC method.  Samples in the early oil window with TOC = 0-0.5 wt. % have poor 

generation potential, values of 0.5-1 wt. % have fair potential, TOC = 1-2 wt. % have good 

generation potential, values of 2-5 wt. % have very good potential, and TOC values greater than 

5 wt. % have excellent potential to generate hydrocarbons (Jarvie, 1991).  Clearly, if TOC 

covaries with one or more trace elements that are easily analyzed with a handheld XRF, it would 

be useful to know this as a way to quickly identify promising sediment horizons while drilling.  
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Elevated abundances of certain trace metals (e.g., U, Mo, Cd, Cu, and Zn) in sediments 

can give insights into organic material depositional changes and paleoredox conditions (Calvert 

and Pedersen, 2007).  Other trace elements (e.g., Cd, Ni, Cu, Zn, U, and P) are removed from 

seawater as micronutrients by plankton and through chemical modification processes in reducing 

environments (Tribovillard et al., 2006).  Most trace elements present in ocean waters are 

sourced from terrestrial runoff or groundwater discharge or hydrothermal activity or are recycled 

from biological activity.  In addition to trace elements introduced by detrital mineral deposition, 

some trace element enrichments accompany diagenesis; thus, it is important to be able to 

distinguish between the different sources (Calvert and Pedersen, 1993).   

The following is a summary from Bitar Nehme (2015) of elemental associations with 

minerals in sediments and their importance.  Ca is associated with carbonates and implies 

limestone deposition or diagenesis to form dolomite.  Ca is also introduced by detrital minerals 

such as plagioclase, pyroxene, and apatite.  Al is detrital; K can be detrital or authigenic; Si is 

associated with detrital quartz, clay, and feldspars but can also be biogenic, reflecting sponges, 

radiolaria, or diatoms; Fe can be provided by detrital input, biological activity, or diagenesis in 

both anoxic and oxic environments; Mn can be associated with carbonates and implies oxic 

conditions; Ti, Ga, Th, Nb, and Zr indicate detrital input;  P can be contributed by organic or 

inorganic inputs; S is associated with sulfides and organic matter and suggests anoxia.  Cd, Ni, 

Cu, and Zn are associated with organic matter and are removed from surface waters by plankton; 

Cd, Cu, and Zn can also be removed from anoxic ocean waters by precipitation out of aqueous 

solution due to dissolved sulphide in anoxic waters while Ni is not redox-sensitive (Calvert and 

Pedersen, 1993).  Mo is associated with organics, sulphides, and clays and suggests anoxia; U is 
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associated with organics and phosphates, suggesting paleoproductivity and reducing conditions; 

Th is input by detritus; Cr and V are nutrients (Calvert and Pedersen, 1993).   

Anoxic waters contain high hydrogen sulfide and sulphate is the primary oxidant; Cd, Cu, 

and Zn can form insoluble sulphides in anoxic waters and thus fall out of suspension (Calvert 

and Pedersen, 1993).  Certain trace metals are enriched in reducing environments and are thus 

also enriched in organic-rich sediments (Algeo and Maynard, 2004).  Certain redox-sensitive 

trace metals are more soluble in oxygen-rich waters and less soluble in anoxic and euxinic (free 

hydrogen sulfide is present) waters (Tribovillard et al., 2006).  Mo, Ni, Cu, V, and U tend to 

have a higher rate of accumulation in sediments deposited in anoxic and euxinic environments 

compared to oxic to suboxic environments and can potentially be useful indicators of paleoredox 

conditions (Fig. 1) (Tribovillard et al., 2006).  

Certain trace elements correlate with TOC.  Ni and Cu enrichments can correlate with 

increasing TOC except for instances of low TOC values (Tribovillard et al., 2006).  U and V 

covaries with TOC whenever TOC is below a certain maximum value but not when TOC is 

above a certain maximum value; this value is highly variable by location, 1-1.5 wt. % TOC in the 

Cariaco Basin off the coast of Venezuela, 2.5-3.5 wt. % TOC in the Sannich Inlet of British 

Columbia, and approximately 10 wt. % TOC in Pennsylvanian cores in Kansas (Algeo and 

Maynard, 2004; Tribovillard et al., 2006).  Mo, Zn, and U show a weak covariation with TOC 

when TOC is >10 wt. % but show a stronger covariation when TOC is < 10 wt. % (Algeo and 

Maynard, 2004).  Mo, U, V, Zn, and Pb are mildly enriched with a good correlation to TOC in 

samples with TOC <10 wt. %; however, these trace elements have more enrichment but less 

correlation with TOC > 10 wt. % in Pennsylvanian age black shales in Kansas.  Cu, Ni, Cr, and 
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Co show low enrichment with a moderate to strong correlation with TOC for all TOC values 

with a small increase in enrichment among the higher TOC samples (Algeo and Maynard, 2004).  

Mo, V, and Zn are usually associated with euxinic conditions compared to Cu, Ni, Cr, and Co 

(Algeo and Maynard, 2004).  These relationships between certain trace elements and TOC have 

been previously explored by Saboda et al. (2015), Wright et al. (2015), Roush (2015), Tinnin 

(2016), Hoelke (2011) and Darmaoen (2012).   

 

The Ordovician age Point Pleasant Formation of the Lower Utica Shale (Saboda et al., 

2015).  Trace element enrichment in this sediment is lower than expected for an organic-rich 

Figure 1. Trace Element Enrichment in Different Redox Environments. (From Tribovillard et 
al., 2006). 
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black shale even though deposition is inferred to have occurred in an anoxic to euxinic 

environment (Saboda et al., 2015).  TOC values range from 2-13 wt. % which is much higher 

than in the overlying Utica Shale with 1-2 wt. % (Saboda et al., 2015).  The Utica Shale typically 

shows values of gamma ray (GR)=150, TOC=1-2 wt. %, Ca=5 wt. %, V=500 ppm (parts per 

million), Mo=2 ppm, U=12 ppm, and Ni=60 ppm while the Point Pleasant Formation is distinct, 

with GR=30, TOC=2-13 wt. %, Ca=27 wt. %, V=200 ppm, Mo=3.5 ppm, U=1 ppm, and Ni=50 

ppm (Saboda et al., 2015).  The Point Pleasant Formation has low gamma counts even though 

TOC is high due to low uranium contents (~1 ppm; Saboda et al., 2015).  It is possible that 

Ordovician sediments may show lower trace element concentrations than younger geologic 

formations due to the lack of land plants contributing trace elements to the ocean during 

Ordovician time or possibly due to the Middle to Late Ordovician Oceanic Anoxic Event 

lowering the available supply of trace elements (Saboda et al., 2015). 

One example of the relationship of certain trace elements and TOC was conducted on the 

Lower Permian shale in the Delaware Basin of West Texas, where samples from two wells were 

studied for possible correlations of TOC with trace element enrichments (Wright et al., 2015).  

The samples studied were mudstone/calcareous mudstone with up to 55% CaO (Wright et al., 

2015).  Of the 50 elements analyzed, Ni had the strongest correlation to TOC with a R2 (a 

measure of how similar data is to the regression line) value of 0.94 regardless of lithology 

(Wright et al., 2015) (Table 1).  TOC and Ni from the first well were used to predict the TOC 

values based on the second well’s Ni concentrations; the resulting predicted TOC from the first 

well showed a strong positive correlation to the actual TOC values for the second well with a R2 

value of 0.94 (Wright et al., 2015).  Trace element correlations with TOC were compared in two 
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different intervals (>2 wt. % TOC, < 2 wt. % TOC) due to the different correlations above and 

below these values.  The TOC to trace element slope declined in the samples with TOC > 2 wt. 

% for Cu, V, and Cr but Ni was not affected by the different TOC thresholds (Wright, et al., 

2015).  Ni, Cr, Cu, and V had the strongest correlations with TOC in these sediments (Wright, et 

al., 2015).   

 

Another example is the Late Pennsylvanian Cline shale in the Lower Wolfcamp Group of 

the Midland Basin of West Texas.  This study involved 3 basin-centered cores in the northern 

central Midland Basin and one core approximately 60 miles east near the Eastern Shelf (Table 1).  

In the basin-centered wells TOC correlated with Ni, Cr, and Zn, with R2 values of 0.63, 0.56, and 

0.43, respectively (Table 1).  In the well near the Eastern Shelf, TOC showed stronger 

correlations with Ni, Cr, and Zn, with R2 values of 0.69, 0.74, and 0.64, respectively (Table 1) 

(Roush, 2015). 

The Late Cretaceous Eagleford Shale in south Texas is another useful example, studied 

by Darmaoen (2012).  This study focused on the Upper, Middle, and Lower Eagleford Group 

shales which are typically composed of ~60 wt. % calcite, 15 wt. % quartz, 5 wt. % pyrite, and 

20% clay as well as 4 wt. % TOC.  This study found low R2 correlations of TOC to Cu (0.48), to 

Table 1. Trace Element Correlations to TOC Values in U.S. Shales.  Values in red show 
R2>0.70 suggesting a good correlation. 
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Ni (0.46), to Cr (0.42), to Zn (0.24), and to Mo (0.45) (Table 1).  Another Eagleford study 

yielded better correlations, with R2 values for Ni (0.74), Cr (0.81), Mo (0.80), and U (0.51) 

(Tinnin, 2016).  In this study, Cr had the highest correlation with TOC though correlation on Ni, 

Mo, and possibly U may also be sufficient to predict TOC (Tinnin, 2016) (Table 1). 

Another study was carried out on cores from the Mississippian Barnett Formation in 

north Texas.  In this study, Cu, Ni, and Zn abundances showed a strong association with TOC 

though no correlation coefficients were calculated (Hoelke, 2011). 

Anoxic water conditions can form due to physical barriers restricting the replenishment 

of oxygen to oceanic waters, dissolved H2S in restricted environments, or in waters where the 

amount of organic matter is greater than the rate of dissolved oxygen replacement (Calvert and 

Pedersen, 1993).  Most trace elements present in ocean waters are sourced from terrestrial 

sources or from biological activity, but the authigenic trace elements associated with organic 

matter enrichment are sourced from the ocean bottoms themselves; thus, it is important to be able 

to distinguish between the different sources (Calvert and Pedersen, 1993).   

Trace elements can be plotted against Al to determine if they have an authigenic or 

detrital source; if the element has a positive correlation with Al and the element does not deviate 

far from an average shale in terms of concentration, the trace element most likely originated from 

a detrital source and cannot be used to infer nutrient or paleoredox conditions (Tribovillard et al., 

2006).  Al is insoluble in water and is an important component of clay or feldspar, which are 

introduced as detritus.  Al concentrations in sediments are not affected by biological and 

diagenetic processes hence Al is the best element for comparing average shales, as defined by 

Wedepohl (1971), to shale samples taken from specific basins (Algeo and Maynard, 2004; 
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Tribovillard et al., 2006; Brumsack, 2006).  The average shale composition of Wedepohl (1971) 

was defined from 277 samples taken from around the world and is inferred to represent an 

average shale regardless of locality or depositional environment.  Elemental data from shale 

samples can be compared to this average shale to normalize between the two.  To accomplish 

this, Al content within a sample is compared to Al content in the average shale taking into 

account different other elemental data using the formula: EF=(element/Al)sample/(element/Al)shale) 

(Brumsack, 2006).  If the enrichment factor is greater than 1, that element is enriched in the 

sample relative to average shale; likewise, if the enrichment factor is less than 1, that element is 

depleted relative to average shale (Brumsack, 2006).   

Trace metal correlations to TOC can be used to infer previous watermass restriction, but 

caution should be used when using these correlations in systems that did not have anoxic 

deepwaters (Algeo and Rowe, 2011).  Sediments that would typically be enriched in trace 

elements in anoxic seawaters can be depleted during oceanic anoxic events (Algeo and Rowe, 

2011).  Oceanic anoxic events can draw down the available supply of trace elements in seawater 

due to an expansion of anoxic sea floors providing more area for trace element rich sediment 

deposition (Algeo and Rowe, 2011).   

XRF analyses can be used to infer lithology based on data in a study done by Roush 

(2015) which compared XRF elemental data to XRD (x-ray diffraction) mineralogical data.  In 

this study, SiO2 weight percent from XRF measurements had a 0.85 R2 correlation coefficient to 

XRD-derived quartz abundances, Al weight percent from XRF had a 0.80 R2 correlation 

coefficient to XRD-derived kaolinite and illite abundances, and Ca weight percent from XRF 

measurements had a 0.87 R2 correlation coefficient to XRD-derived calcite and dolomite 
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abundances.  XRD to XRF correlations done by Baumgardner et al. (2016) were even better with 

XRF-derived Ca to XRD-derived calcite R2 value of 0.98, XRF-derived Si to XRD-derived 

quartz R2 value of 0.93, XRF-derived Al to XRD-derived illite R2 value of 0.97, and XRF-

derived K to XRD-derived illite R2 value of 0.97. 

 

1.2 GEOLOGIC SETTING OF THE PERMIAN BASIN 

The Permian Basin of West Texas (Fig. 2) and SE New Mexico has a surface area of 

115,000 square miles (Galley, 1958).  It is a composite foreland basin due to its complex 

structural history (Yang and Dorobek, 2012).  It is a north-northwest trending basin where 

extensive basement thrusting occurred along the margins of the Delaware and Midland Basins 

(Ye et al., 1996) with most of the deformation occurred during Late Pennsylvanian to Early 

Permian time (Yang and Dorobek, 2012).  The precursor to the Permian Basin was the larger 

Tobosa Basin (Suhm and Ethington, 1975) which existed from Ediacaran to Early Mississippian 

time (Yang and Dorobek, 2012).  The Tobosa Basin spanned across the Permian Basin area and 

was restricted by the Pedernal Massif in its northern and western extents and the Texas Arch in 

its eastern extent and was most likely created by crustal extension during Ediacaran to Early 

Cambrian time, resulting in thermal subsidence in the region from Early Cambrian to Middle 

Mississippian (Yang and Dorobek, 2012).  The Simpson Group sediments studied here were 

deposited in the Tobosa Basin with the thickest accumulations occurring in the eastern Delaware  

Basin and the western Central Basin Uplift where the center and maximum depth of the Tobosa 

Basin was located. (Wright, 1965).  During Late Mississippian time, collision between Laurussia 

and Gondwanaland formed the Marathon-Ouachita-Allegheny Orogenic Belt, reactivating the  
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Tobosa Basin (Yang and Dorobek, 2012).  This collision reactivated older faults and separated 

the Midland and Delaware basins by the intervening Central Basin Uplift, the Diablo Platform, 

and other structures in the eastern Midland Basin (Ye et al., 1996; Yang and Dorobek, 2012).  

Basement-involved overthrusting of the Central Basin Uplift contributed to the subsidence of the 

Delaware Basin (Ye et al., 1996); there is up to 6 km of structural relief between the Central 

Figure 2. Texas Permian Basin Study Area:  A) Regional view, B) Permian Basin showing 
principal basins and uplifts. The four studied wells (black dots) are the Kermit Townsite 1 
(KT1), the University EE 1 (UE1), the HG Marshall 2 (HG2), and the Canon 10 3 (C10 3); 
A-B and B-C cross sections shown in Figure 5. 
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Basin Uplift fault zone and the deepest parts of the eastern Delaware Basin near the Fort 

Stockton Block (Yang and Dorobek, 2012).  

The modern Permian Basin consists of several sub-basins that are separated by 

intraforeland structural highs that increase the complexity of this area (Yang and Dorobek, 2012) 

(Fig 1.1).  The western Delaware Basin is separated from the eastern Midland Basin by the 

Central Basin Uplift (Galley, 1958) and the Val Verde Basin is separated from the southern 

Delaware Basin by the Puckett-Grey Ranch Fault that extends from the southern part of the 

Central Basin Uplift (Yang and Dorobek, 2012).  Maximum thickness of Delaware Basin 

sediments is directly related to areas with the greatest amount of shortening, suggesting that the 

flexure of the Midland and Delaware Basins was caused by uplift of the Central Basin Uplift; 

variances in the extent of crustal shortening caused differences in subsequent basin geometries 

(Yang and Dorobek, 2012). 

  

1.3 PERMIAN BASIN ORDOVICIAN SEDIMENTS 

The Ordovician sediments in the Permian Basin are separated into the Upper Ordovician 

Montoya Formation, the Middle to Upper Ordovician Simpson Group, and the Lower Ordovician 

Ellenburger Group (Fig. 3).  This study will focus on the Simpson and Ellenburger Groups which 

encompass a subsurface area approximately 3,700 square miles (Katz et al., 1994).  The thickest 

Ordovician sediments occur in the Eastern Delaware Basin and the western Central Basin Uplift 

at the center of the precursor Tobosa Basin.  This can be seen in the thickness of the Ellenburger 

Group, which has a maximum thickness of ~2,000 ft. in the southern Tobosa Basin and 

progressively thins to near zero to the north (Adams, 1965).  Similarly, the thickest accumulation  



14 

 

 

Figure 3. Texas Permian Basin Stratigraphic Column.  Ordovician rocks (yellow) are 
separated into three units: the Upper Ordovician Montoya (mainly cherty dolomite), the 
Middle to Upper Ordovician Simpson Group (eight formations with a mixed lithology of 
shale, limestone, and sandstone), and the Lower Ordovician Ellenburger Group (primarily 
dolomite) (From Katz et al., 1994). 
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of Simpson Group rocks is found in the southern part of the basin where they reach a maximum 

thickness of 3,000 ft. (Fig. 4) (Adams, 1965) thinning northward into New Mexico and eastward 

into the Midland Basin (Wright, 1965). 

The Lower Ordovician Ellenburger Group was deposited in the Tobosa Basin in water 

depths of less than 50 ft. (Katz et al., 1994).  Ellenberger Group carbonates were originally 

limestones which were quickly dolomitized (Adams, 1965).  The middle to upper Ellenburger is 

comprised primarily of thinly laminated mudstone and mottled mudstone up to 400 ft. thick 

(Kerans, 1988).  The Ellenburger is broken up into six facies indicating different depositional 

settings associated with rising and falling sealevel: 1) lithic arenite (retrogradational deposition), 

2) mixed siliciclastic-carbonate packstone-grainstone (retrogradational deposition), 3) ooid-

peloid grainstone (transgressional deposition), 4) mottled mudstone (progradational and 

aggradational deposition), 5) laminated mudstone (progradational and aggradational deposition), 

and 6) gastropod-intraclast packstone-grainstone (progradational and aggradational deposition) 

(Kerans, 1988).  Ellenburger porosity averages around 2% and permeability averages around 179 

millidarcies (md).  Karst brecciation is the most important factor in determining reservoir quality 

within the top 300-400 ft. of the Ellenburger Group (Kerans, 1988).  The Ellenberger Group is 

separated from the overlying Simpson Group by an unconformity (Galley, 1958).  Since karstic 

breccias do not exist in the Simpson Group, it is inferred that Ellenburger karstification occurred 

before Simpson Group deposition (Kerans, 1988).  

Sediments of the Simpson Group were deposited in the Tobosa Basin during Middle to 

Late Ordovician time when sealevel was high and greenhouse conditions were present (Bowman, 

2014); similar sequences were deposited in a broad region that encompassed West Texas,  
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Figure 4. Simpson Group Isopach Map.  The Simpson group reaches its maximum thickness 
in excess of 2000 ft. in Pecos County, Texas near the center of the current day Texas Permian 
Basin (A-B and B-C cross sections are shown in Figure 5) (Modified from Wright, 1965). 



17 

 

 

southern New Mexico, Oklahoma, and Kansas (Galley, 1958).  The total volume of Simpson 

rocks within the Permian Basin is around 6,000 cubic miles (Galley, 1958).  The major source of 

Ordovician clastic sediments in the Tobosa Basin likely came from the Precambrian Pedernal 

Massif in New Mexico and southern Colorado (Wright, 1965).  Increasing sediment thickness 

Figure 5. Simpson Group Cross Sections in the Texas Permian Basin (Location shown in 
Figure 2B and Figure 4) (From Wright, 1965).  
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toward the basin trough centered in Pecos County, Texas indicates that sedimentation occurred 

during the downwarping of the Tobosa Basin (Wright, 1965).   

The following is a summary of the Delaware Basin Simpson Group from Wright, 1965 

(Fig. 5).  The Middle Ordovician Simpson Group consists of 3 different lithologies: 1) 

interbedded sandy green, gray, and red shales; 2) white, gray, green and brown sandstones; and 

3) light to brown fossiliferous limestones, locally dolomitized.  The Simpson Group has a gross 

lithology of 55% shale, 40% carbonates, and 5% sandstone and is made up of 8 separate 

formations.  The Joins Formation lies directly over the Ellenburger dolomite and is gray to 

brown fossiliferous limestone, partly shaly, which grades into dolomite.  The Connell Sand is 

medium to coarse-grained, well-rounded sandstone, interbedded with thin layers of shale, sandy 

shale, and limestone.  The Oil Creek Formation is primarily green shale interbedded with thin 

layers of fossiliferous limestone and some frosted quartz grains.  The Waddell Sand has medium 

to coarse-grained, angular to well-rounded, loose to highly cemented white calcareous sandstone 

interbedded with thin layers of green and gray shale, limestone, and sandy shale.  The Mclish 

Formation is greenish-grey shale, thin beds of fossiliferous and slightly sandy limestone, and 

fine-grained sandstone.  The Mckee Sand Formation is primarily sandstone separated by layers 

of green shale and sandy limestone.  The Tulip Creek Formation is green shale interlayered with 

thin beds of limestone and frosted quartz grains.  In both Texas and Oklahoma, the Oil Creek, 

Mclish, and Tulip Creek formations all have similar basal sandstones which are important 

hydrocarbon reservoirs (Suhm and Ethington, 1975).  The Bromide Formation is light grey to 

brown, massive, fossiliferous limestone, interbedded with thin layers of green shale and 

sandstone.  
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Simpson Group sediments record transgressions and regressions during Middle to Late 

Ordovician time.  The Tulip Creek, Mclish, and Oil Creek formations were deposited during 

marine transgressions (Katz et al., 1994), as were the Connell, Waddell, and Mckee basal 

sandstones (Wright, 1965).  The Bromide Formation consists of thick fossiliferous limestones 

and was deposited in a warm, shallow sea (Wright, 1965).  The Montoya Group overlies the 

Simpson Group and is primarily composed of cherty carbonate with some Simpson-sourced 

quartz grains (Galley, 1958).  Montoya Group limestone transitions into dolomite in the 

Delaware Basin and has very little hydrocarbon production (Galley, 1958).  

 

1.4 PRODUCTION HISTORY 

Permian Basin Ordovician production began in 1942 when the Wheeler Field located on 

the Central Basin Uplift was discovered (Katz et al., 1994).  The Ellenburger serves as a major 

oil and gas reservoir in the Delaware sub-basin, primarily in areas with increased fracturing 

(Adams, 1965).  As of 2,000, cumulative production from Permian Basin Simpson sandstones 

totaled 103 million barrels and Ellenburger karst-modified carbonates has totaled 1.48 billion 

barrels of oil (Dutton et al., 2005).   

Most Ellenburger production in the Permian Basin has occurred near large basement 

faults with vertical displacement greater than 1,000 ft. in some instances.  It is hypothesized that 

these large faults vertically shifted the Ellenburger rocks to become adjacent with source rocks in 

the Simpson Group (Fig. 6).  Fracturing of Simpson and Ellenburger sediments near these faults 

is hypothesized to have made them more permeable, allowing hydrocarbons to migrate between 

the two groups.  Large faults also helped to create large structural traps for hydrocarbons to  
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accumulate within the Ellenburger dolomite.  Approximately 80% of all of the Permian Basin 

Ellenburger wells overlain by Simpson Group sediments (Fig. 7) within the limits of the Permian 

Basin are within two miles of faults mapped by Ewing (1990).  Of even greater significance, 

approximately 84% of total Ellenburger production within these limits is within two miles of 

Figure 6. Ellenburger and Simpson Wells in the Texas Permian Basin.  The majority of 
Simpson and Ellenburger wells are in close proximity to basement faults.  Ellenburger subsea 
structure is shown in the colored contours. 
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basement faults with approximately 53% of that production within one mile of basement faults 

(Fig. 7).  The data suggest a strong correlation between basement faulting and Ellenburger 

production.  These basement faults could have formed the primary migration pathways allowing 

Simpson-sourced hydrocarbons to migrate into adjacent Ellenburger reservoir rock and down 

into Ellenburger karstic reservoirs (Fig. 6).  Hydrocarbon expulsion is inefficient and requires 

faulting or other structural activity for hydrocarbons to migrate out of source rocks (Price, 1994).  

There is a positive correlation between structural faulting and basin productivity and most 

hydrocarbons remain in or near their sources if these rocks are unfaulted (Price, 1994).  Price 

(1994) proposed that deep sedimentary basins are closed systems with regards to in situ fluid 

flow and that major faults only drain small, localized hydrocarbon source rocks adjacent to these 

faults.  Based on these observations, it is possible that Ellenburger production to date may only 

represent a small portion of its source rock potential.  

The Ellenburger oil fields on the Central Basin Uplift produce out of simple and faulted 

anticlines (Katz et al., 1994).  Some areas near basement faults most likely have good production 

solely due to the traps created by faulting.  These fault traps could have concentrated Ellenburger 

hydrocarbons from a broader area with lower in situ hydrocarbon contents which could have 

moved along lateral migration pathways within the karsted Upper Ellenburger and accumulated 

in these fault traps making wells near these basement faults so prolific.  Another possibility for 

the good production in this area could be explained by hydrocarbons migrating downward along 

basement faults from higher stratigraphic horizons, possibly from the Woodford, Barnett, or 

Wolfcamp formations.  This is unlikely to be the case due to a study indicating that the oil from 9 

samples from Ordovician reservoirs from the Central Basin Uplift are Ordovician sourced (Katz 
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et al., 1994).  Ellenburger wells on the Eastern Shelf (Fig. 6) are not overlain by Simpson 

sediments, thus another source rock is most likely responsible for those hydrocarbons. 

 

The sandstone members are the primary conventional reservoirs for hydrocarbons within 

the Simpson Group (Galley, 1958).  Oil is produced out of the Connell, Waddell, and McKee 

sands; these also correspond to the producing sands in similar Simpson Group sediments in 

Oklahoma (Gibson, 1965).  The McKee and Waddell sands consist of white sandstone separated 

Figure 7. Texas Permian Basin Ellenburger Wells Proximity to Basement Faults and 
Productivity.  Approximately 80% of all Ellenburger wells overlain by Simpson Group 
sediments (Fig. 4) are within 2 miles of basement faults (Fig. 6).  Approximately 84% of 
Ellenburger production overlain by Simpson Group sediments is within two miles of 
basement faults. 
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by gray and green shales (Gibson, 1965).  Almost all Simpson Group production has come from 

the Central Basin Uplift where thin but laterally extensive shoreline sandstones are present (Fig. 

6) (Wright, 1965).  The oil trapped in Simpson reservoirs is thought to be indigenous to the 

shales and limestones of the Simpson Group due to each sandstone having its own separate oil-

water systems which act as separate reservoirs (Wright, 1965).   These sandstone members each 

contain oil, gas, and water in different proportions which suggest that these hydrocarbons  

originated within the Simpson Group (Galley, 1958).  Within the Simpson Group, only the 

sandstones have proven to be a good reservoir rock but these are local and only occur in small 

areas (Wright, 1965).  Simpson Group sandstones have produced 80 million barrels of crude oil 

out of 78 Simpson fields with 11 fields producing more than half of that total (Wright, 1965).  

Most Simpson production has come from unconformities associated with the Central Basin 

Uplift due to the best Simpson sands being located there and due to the large structures below the 

Central Basin Uplift (Wright, 1965).  The Montoya dolomite contains some porosity but 

normally yields only water and the Montoya limestone is generally nonporous (Galley, 1958).  

 

1.5 ORDOVICIAN HYDROCARBONS AND TOTAL ORGANIC CARBON 

 Ordovician hydrocarbons have been recovered within the Permian Basin since the 1940s 

though limited studies provide evidence as to the source of these hydrocarbons.  The source rock 

for drilled Ellenburger reservoirs has generally been accepted to be the Simpson shales but no 

XRF analyses have been performed on the Permian Basin Ordovician rocks to determine rock 

lithology and trace element enrichments relative to TOC to test this hypothesis.  Most 

Ellenburger hydrocarbons are found in the uppermost part of the Ellenburger Group beneath the 
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unconformity where fractures and vugs provide porosity; the producing zones within this area 

ranges from less than 100 ft. to more than 1,000 ft. thick in some areas (Galley, 1958).  There are 

no known hydrocarbon source rocks in the Ellenburger Group except for thin shale intervals 

present in the southeastern Permian Basin (Galley, 1958).  The fact that oil is only present in the 

uppermost Ellenburger Group directly below the unconformity with little to no hydrocarbons 

present in its lower porous section suggests that the oil migrated downward from overlying rocks 

(Galley, 1958).  Ellenburger Group producing fields are only present in areas directly overlain by 

Simpson or Pennsylvanian strata (Galley, 1958).  Galley (1958) concluded that based on the 

observations mentioned above that the hydrocarbons present in the Ellenburger beds were 

derived from the Simpson and Pennsylvanian strata along with some Lower Permian strata in 

localized areas.  In these areas, Simpson beds were removed by erosion and the Ellenburger 

Group is directly overlain by Pennsylvanian and Permian strata (Galley, 1958).     

A widespread unconformity lies at the top of the Ellenburger and base of the Simpson 

contact (Gibson, 1965).  The Cambrian-Lower Ordovician Sea transgressed from the south 

blanketing west Texas and Oklahoma with thick accumulations of dolomite and limestone 

comprising the Ellenburger and Arbuckle Groups (Gibson, 1965).  As Lower Ordovician 

sealevel fell, exposed carbonate rocks were dissolved by meteoric waters and karstified, resulting 

in greatly increased porosity and permeability (Gibson, 1965).  Subsurface studies by Gibson 

(1965) indicate that a zone of porosity and permeability up to several hundred feet thick formed 

by meteoric waters is present in the upper half of the Ellenburger Group.  Gibson (1965) stated 

that out of 62 formation tests performed on Ellenburger strata, 20 recovered oil and 42 recovered 

salty, sulfuric formation water; he furthermore estimated that 97-100% of Ellenburger wells 
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would have large fluid volumes (either oil or formation water) if a larger test was done.  Gibson 

(1965) additionally argued that even though the karstified upper portion of the Ellenburger has 

porosity and permeability, any indigenous Ellenburger oil would have been flushed out by fresh 

water and would have escaped due to erosion and reduced lithostatic pressure.  Since all 

Ellenburger production has occurred in the uppermost porous layer above the first water contact, 

the oil must have originated from younger overlying sediments, most likely the Simpson Group 

(Gibson, 1965).  Although the primary source for Ellenburger oil may be the Simpson Group, 

Pennsylvanian and Mississippian shales are likely sources for some smaller Ellenburger fields 

(Holmquest, 1965).  Similar characteristics of oil from Ellenburger and Simpson reservoirs in 

folded and faulted structures on the Central Basin Uplift suggest a common origin (Wright, 

1965).  Oil produced from the Ellenburger Group shares the same distinctive characteristics of 

other Ordovician oils suggesting that both have an Ordovician source (Katz et al., 1994).   A 

study of 9 oils taken from Ordovician reservoir rocks on the Central Basin Uplift done by Katz et 

al. (1994) reveal that all oils display the same geochemical characteristics of Ordovician sourced 

oils (Reed et al., 1986).   

Different Ordovician sedimentary units from around the US show promising values for 

TOC; 8 wt. % in the Guttenberg Formation of southwest Wisconsin, 11 wt. % in the Big Fork 

Formation in Oklahoma, 15 wt. % in the Womble Formation of Oklahoma, and 21 wt. % from 

the Vinini Formation in Nevada (Table 2) (Fowler and Douglas, 1984).  Core and core chips 

from Middle Ordovician sediments in Iowa have TOC values ranging from 0.23-43.3 wt. % 

(Table 2) (Jacobson et al., 1988).  Middle Ordovician Kukersite samples from Estonia show 

TOC values ranging from 5-50 wt. % (Blokker et al., 2001) (Table 2).  Upper Ordovician rocks 
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in Michigan have TOC values ranging from 20-25 wt. % (Table 2) (Reed, et al., 1986).  The 

Utica/Point Pleasant shale in the Appalachian basin has TOC values ranging from 2.4-3.7 wt. % 

(Table 2) (Riley, 2010).  Sediment and core samples from Western Australia have TOC values 

ranging from 0.45-6.4 wt. % (Table 2) (Hoffmann et al., 1987).  

 TOC values analyzed using gas liquid chromatography from samples of the Oil Creek 

Formation in the Simpson Group gave values ranging from 1.00 to 2.78 wt. % (Table 2) 

(Philippi, 1981).  Analysis of these samples yielded C6 (hexane-gasoline range hydrocarbon with 

6 carbon atoms in the molecule) and C7 (heptane-gasoline range hydrocarbon with 7 carbon 

atoms in the molecule) values that averaged 70% paraffins, 27% naphthenes, and 3% aromatics 

(Philippi, 1981).  Heavy hydrocarbon tests on these rock samples gave values of 689 to 1,268 

ppm, which suggests good source rock (Philippi, 1981).  Crude oils from Ellenburger reservoirs 

in the same study yielded similar C6 and C7 compositions consisting of 72% paraffins, 24% 

naphthenes, and 4% aromatics (Philippi, 1981).  Crude oils from Woodford shales (Devonian) in 

the same study yielded C6 and C7 compositions consisting of 56% paraffins, 41% naphthenes, 

and 3% aromatics with heavy hydrocarbon values ranging from 381-3877 ppm suggesting a fair 

to very good source rock (Philippi, 1981).  Within this same study, a quantitative comparison 

compared 10 different parameters of C6-C7 hydrocarbon relations for oil samples taken from 

Simpson shales and Ellenburger oils; Ellenburger oils and Simpson shales have a 0.80 similarity 

coefficient which the author considered to be a good correlation suggesting that the Simpson 

Shale is the source of Ellenburger oils compared to a 0.54 similarity coefficient between 

Ellenburger oils and Woodford shales (Philippi, 1981).   
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Table 2. TOC Contents of Ordovician Rocks. 
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Figure 8. Average TOC of Ordovician Samples (from previous work shown in Table 2.  TOC 
readings from this study had the lowest average TOC values compared to the Ordovician 
samples taken from previous work. 
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Another study analyzing well cuttings from a deep (25,332 ft. depth) Delaware Basin 

well gave TOC values of 2.68 wt. % (60.8% CaCO3) in the Bromide Formation and 1.36 wt. % 

(36.2% CaCO3) in the Oil Creek Formation.  These were primarily composed of amorphous 

kerogen with C15+ (bitumen) ppm = 2,420 and 2,100 ppm but the hydrocarbon abundances were 

not available due to a fire destroying the samples (Table 2) (Price, 1988). 

Simpson rocks in the Anadarko Basin generally show low TOC with values below 1 wt. 

% with poor to moderate source rock potential possibly due to the higher thermal maturity of the 

Simpson rocks in the central part of the basin.  However, Simpson Group sediments from the 

Anadarko Shelf in Kansas have been found to contain between 1 to 9 wt. % TOC with good 

source rock potential (Burruss and Hatch, 1989).  TOC values of 11 wt. % in the Middle to Late 

Ordovician Big Fork Formation and 14.6 wt. % TOC in the Middle Ordovician Womble 

Formation have also been found in the southern Oklahoma Ouachita mountain region (Fowler 

and Douglas, 1984).  Price (1989) proposed that hydrocarbons originally present in cuttings and 

cores are lost as they travel up the wellbore to the surface due to expansion of volatile gases 

(related to pressure variances between the surface and the formation) expelling the hydrocarbons.  

Well cuttings of mature source rocks can literally spin and fizz at the surface due to outgassing 

of indigenous hydrocarbons as a result of the pressure variances at surface versus in the 

formation; therefore gas, natural gas liquids, and condensate analysis of cuttings is limited (Price, 

1989).   

Ordovician-sourced oils tend to have a narrower and more distinctive compositional 

range than that of oils sourced in sediments of other geologic time periods (Reed et al., 1986).  

Most Ordovician age hydrocarbons worldwide are proposed to be remnants of cyanobacteria 
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named Gloeocapsomorpha Prisca (G. prisca) which gives Ordovician oils a unique oil signature 

compared to oils from other geologic time periods (Reed et al., 1986).  Ordovician oils usually 

have high API gravities, are paraffinic, have low amounts of steranes/hopanes and 

pristane/phytane, have low S, and have an odd paraffin dominance in the C11-C19 molecular 

weight range most likely due to the oil precursor containing even-numbered fatty acids (Reed et 

al., 1986).  G. prisca is thought to have been a prokaryotic organism similar to blue-green algae 

that comprised an important part of the kerogen that sourced Ordovician oils (Reed et al., 1986).  

G. prisca is present in U.S. Ordovician sediments in thin organic-rich laminae separated by 

carbonate rich laminae which suggest a shallow oxygenated environment (Reed et al., 1986).  

Reed et al., (1986) suggests that G. prisca existed in locally anoxic mat-forming communities in 

otherwise oxygenated waters.  

The chemical makeup and lifestyle of G. prisca are still controversial (Jacobson et al., 

1988).  An algal source is suggested due to chlorophyll being represented in pristane and phytane 

values in oils (Longman and Palmer, 1987).  Hoffmann et al. (1987) suggested that there is a 

strong indication that G. prisca was eukaryotic and the abundance of C13-C19 overshadowed the 

pristane and phytane (suggest chlorophyll presence) curves that were present suggesting that G. 

prisca was a phototroph.  Due to the great thicknesses of global G. prisca sediments, it is 

unlikely that a chemotroph could produce organic matter to the extent found around the world 

which suggests that G. prisca was a phototroph (Hoffmann et al., 1987).  Hoffmann et al. (1987) 

also stated that it is difficult to determine whether the origin of unique discontinuous laminae 

present in some middle Ordovician sediments was due to benthic communities (Reed et al., 

1986) or pelagic fallout, suggesting a deeper sedimentation environment.  G. prisca could have 
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flourished in algal blooms which slowly settled to the bottom where they continued to grow 

(Hoffmann et al., 1987).  It has been suggested by Pancost (1998) that G. prisca rich organic 

matter formed a barrier resisting the intrusion of oxygen and sulfate into G. prisca rich sediments 

even though the surrounding waters could have been oxygenated.   

Ordovician oils can be categorized into two different assemblages, A and B (Jacobson et 

al., 1988).  Oils in assemblage A tend to reflect the unique oil signatures associated with G. 

prisca as previously described (Jacobson et al., 1988).  Oils in assemblage B consist of 

amorphous organic matter associated with microfossils that tend to have a less predominance for 

odd C11-C19 range hydrocarbons, presence of pristine and phytane, and a more normal alkane 

molecular weight range (Jacobson et al., 1988).  Rock-Eval pyrolysis was performed on samples 

from 3 Middle Ordovician cores from Iowa, approximately 10 samples were obtained from each 

core over approximately 150 feet; TOC values ranged from approximately 0.4-9.3 wt. % (606-76 

ft.), 0.48-33.9 wt. % (951-1021 ft.), and 0.47-43.3 wt. % (673-751 ft.) (Table 2) (Jacobson et al., 

1988).  For these samples, TOC values greater than 5 wt. % had more than 70% assemblage A 

and almost all samples with less than 5 wt. % TOC had a composition greater than 70% 

assemblage B (Jacobson et al., 1988).  This data suggests a strong correlation between higher 

assemblage A (G. prisca rich) composition and higher TOC values; in fact, Jacobson et al., 1988, 

state that G. prisca rich bitumen extracts have four times more potential for generating 

hydrocarbons based on hydrocarbon indexes, and when the quantity of organic matter is taken 

into account, that potential can be as high as 70 times greater than assemblage B bitumen 

extracts.  A study using 9 oil samples from Permian Basin Ordovician reservoirs (Katz et al., 

1994) showed gas chromatographs with an odd dominance in the C15-C19 spectrum with 
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paraffinic, gasoline range light oil with low concentrations of pristine and phytane representing 

the geochemically unique characteristics previously discussed describing G. prisca assemblage 

A sourced oils (Reed et al., 1986; Jacobson et al., 1988); the oil in the Ellenburger reservoirs has 

an API gravity between 35 to 53 API (Katz et al., 1994).  Crude oils from Ordovician to Permian 

time are present in Permian Basin Ellenburger reservoirs but Ellenburger oils with low C13 

values are only found in the Midland Basin and Central Basin Uplift where Simpson Group 

sediments are present (Kvenvolden and Squires, 1967).  Ellenburger crude oils were divided into 

5 different groups based on regional and geological variances (Ellenburger overlain by Simpson, 

Mississippian, Pennsylvanian, or Permian sediments).  Group 1 Ellenburger oil (Simpson 

directly overlying Ellenburger) could be indigenous to the Ellenburger but it is most likely 

sourced from Simpson Group shales (Kvenvolden and Squires, 1967).  Of 1,200 oil samples 

from around the world, only 1 percent contain less than 755 ppm C13 suggesting a unique 

hydrocarbon source.  The only Ellenburger oil samples with less than 770 ppm C13 are found 

whenever Simpson rocks overlay the Ellenburger; C13 greater than 770 ppm are found whenever 

post-Simpson rocks overlay the Ellenburger which suggests a relationship between Simpson 

rocks and low C13 values of Ellenburger oils and that Simpson shales may have sourced some 

Ellenburger oils (Kvenvolden and Squires, 1967). 
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CHAPTER 2 

METHODS 

Samples from 3 wells with cuttings (Kermit Townsite 1, HG Marshall ETAL 2, University EE 1) 

and one well with limited core data (Canon 10 3) in the Permian Basin were obtained for XRF 

and TOC data analysis (locations shown in Fig. 2).  The well cuttings were obtained from the 

International Sample Library in Midland, Texas < https://midlandenergylibrary.net/ > and the 

core samples were obtained from the Austin Core Research Center of the Bureau of Economic 

Geology in Austin, Texas.  All wells also have downhole logging data.  The Kermit Townsite 1 

well in Winkler County, Texas located on the Central Basin Uplift was drilled to a TD (total 

depth) of 12,418 ft. and encountered a Simpson Group thickness ~1,140 ft.  HG Marshall 2 well 

is located on the Central Basin Uplift in Pecos County, Texas and was drilled to a TD of 7,480 ft. 

with an approximate Simpson thickness of 1,605 ft.  University EE 1 well is located in the 

Delaware Basin in Pecos County, Texas and was drilled to a TD of 25,340 ft. with a Simpson 

Group thickness of approximately 2,375 ft.  Canon 10 3 well in Pecos County, Texas was drilled 

to a TD of 9,734 ft. with a Simpson thickness of approximately 1,167 ft.  This well was studied 

due to it having one of the few rock cores available with 90 ft. of Simpson Group section from 

the base of the Tulip Creek Formation to the top of the Mckee Formation from 8,413-8,503 ft.; 

downhole log data is also available for this hole.  Core chips were chosen for analysis throughout 

the well core based on general lithology.  Sandstones, carbonates, and shales were picked to 

estimate elemental data variability within the different lithologies present in the core.  The core 
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chips were obtained on a scale of a few inches while the well cuttings from the other wells were 

collected at 30 ft. intervals across the entire Ordovician section; all samples were ground to fine 

powder using a porcelain mortar and pestle for XRF and TOC analysis.  XRF analysis was 

performed on 258 powdered samples using a Bruker Handheld XRF Gun at Texas Christian 

University in Fort Worth, Texas.  XRF guns work by emitting an x-ray beam into a sample.  This 

x-ray beam interacts within the atoms comprising the elements in the sample by knocking 

electrons out of their inner orbits around the nucleus.  When this occurs, an electron from a 

higher orbit moves down to an inner orbit closer to the nucleus thereby losing energy that is 

characteristic of the element it is emitted from.  The XRF gun detects this energy loss to 

determine which elements are present in the sample.  Major element analyses were run at 90 

second intervals at 15kV (kilovolt) in a vacuum and trace elements were run for 90 second 

intervals at 40 kV without a vacuum. 

The SARM 41 < http://www.mintek.co.za/wp-content/uploads/2011/10/SARM-41.pdf > 

rock standard was run before and after the rock samples were analyzed each day to verify XRF 

tool accuracy (Tables 3 and 4).  The analyzed rock samples are primarily composed of SiO2, 

Al2O3, CaO, MgO, and Fe2O3.  SARM 41 measured chemical compositions for these oxides are 

close to the accepted values with percent errors ranging from 4.2-30.8% (Table 3).  The largest 

percent errors present within the major elements tested are found in those elements comprising 

only a small weight percent of SARM 41, those elements with higher weight abundances 

generally have lower percent errors. There were slight variances in SARM 41 readings over the 

six months between the XRF readings taken on the cuttings and core chips but values are 

generally in line with the accepted values.  V is included in the major elements calculation even 
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though it is considered a trace element and is measured in ppm, because the Bruker XRF gun 

measures V along with the major elements, it was included with the major elements instead of 

grouping it with the trace elements. 

  The main trace elements of focus for this study are those that serve as proxies for TOC, 

based on results from previous published studies.  The main trace elements of interest to this 

study (with differences from SARM 41 listed as error) include Cr (25.1 % error), Mo (10.6 % 

error), Cu (6.5 % error), Zn (5.9 % error), Ni (5.1 % error), and V (5.0 % error) (Table 4).  Sr, 

Zr, Nb, Th, and Ti were also analyzed for correlations with certain major elements.  SO2 will not 

be used due to the high percent error between its SARM 41 accepted value and the XRF results.  

Co, Pb, and Ba are not used due to the high percent errors between the accepted values for 

SARM 41 and XRF results for these elements.  U, Sn, As, and Sb will not be used due to lack of 

an accepted value for these elements reported for SARM 41.  Y and Rb are not used in this study 

due to them not having a known association with TOC.  Samples for TOC analysis were selected 

based on enrichment and depletion for elements identified as proxies for TOC obtained in 

previous studies.  Approximately 10 samples were obtained from each well, with at least one 

sample in each of the major formations (Bromide, Tulip Creek, Mclish, Oil Creek, and 

Ellenburger).  A total of 48 (1 standard and 47 samples from this study) TOC readings were 

determined by Geomark Research in Houston, Texas using the LECO C230 Instrument for 

analysis.  

LECO TOC analysis is performed by weighing a sediment sample then soaking it in 

hydrochloric acid for at least two hours to remove carbonate.  After two hours, the sample is  
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placed in a filter and rinsed with water to remove any remaining hydrochloric acid.  The sample 

is then dried in an oven set at 110° C for at least 4 hours.  After the samples have been dried in  

the oven, they are weighed to measure the percent carbonate, which is calculated by subtracting 

the initial weight from the dried sample weight after the carbonate has been removed.  The 

LECO instrument then combusts a known carbon standard at 1,200° C which gives off carbon 

dioxide and carbon monoxide.  The carbon dioxide, along with the carbon monoxide which is 

converted to carbon dioxide by a catalyst, is measured with an IR (infrared) cell.  The rock  

Table 3. Measured vs Accepted XRF Major Elemental Data for SARM 41 Rock Standard.  
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samples are similarly run in the LECO instrument and the IR cell response is compared to the 

known carbon standard response to calculate the TOC present in the samples.  A rock standard 

with previous TOC measurements was included along with the samples analyzed for TOC.  The 

standard had TOC = 2.19% compared to a 2.21% value from Geomark Research yielding a 

relative difference of 0.9%.  These results suggest that the TOC values obtained by Geomark 

Table 4. Measured vs Accepted XRF Trace Elemental Data for SARM 41 and TOC Rerun. 
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Research and reported here are reproducible.  Once TOC analyses were acquired, they were 

plotted against reliable trace element data acquired from XRF analyses and analyzed statistically 

to see if there were significant correlations between trace element and TOC data. 
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CHAPTER 3 

RESULTS 

The four wells chosen for analysis had a wide range of thickness and depth variances (Fig. 9).  

The two most distant (Kermit Townsite 1 and Canon 10 3) wells from each other in this cross 

section are approximately 100 miles apart.  Montoya thicknesses were similar throughout the 

four wells with values ranging from 340-418 ft. thick with an average thickness of 379 ft.  The 

Simpson Group thickness in these wells ranged from 1,142-2,100 ft.  Ellenburger thicknesses in 

these wells are unkown as they did not penetrate the entire section.   

This study uses gamma (GR) and density logs to pick formation tops and infer lithology 

based on log character.  Gamma logs read the natural radiation emitted from P, U, and Th, with 

higher readings suggesting more clay content and lower readings suggesting more carbonate or 

sandstone.  Density logs send gamma rays into the formation which are then measured as they 

return to the tool, high density readings suggest more carbonate content while lower density 

readings suggest more clay content.  The bottom of the Montoya Formation/top of the Bromide 

Formation represents the top of the Simpson Group and is picked on the slight increase in GR 

and slight decrease in density seen at the top of the formation distinguishing itself from the 

overall low gamma ray and high density Montoya Formation.  The top of the Tulip Creek 

Formation is picked at the increase in gamma ray and decrease in density present at the top of the 

formation.  The top of the Mckee Formation is picked on the low gamma ray high density 

transition representing the change in lithology to more sandstone.  The top of the Mclish  
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Formation is picked on the increase in gamma ray and decrease in density marking less 

sandstone.  The Waddell Formation has similar log character to the Mckee Formation 

represented by a decrease in gamma ray and an increase in density representing the higher 

sandstone content.  The top of the Oil Creek Formation is picked on the sharp transition from 

Figure 9. Cross Section across the Four Wells Used for Analysis 
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low to high gamma ray and high to low density present at the top of the formation.  The Connell 

Formation has similar log character to the Mckee and Waddell Formations represented by a 

decrease in gamma ray and an increase in density representing higher sandstone content.  The top 

of the Joins Formation is picked on the slightly higher gamma ray and lower density present at 

the top of the formation whose base marks the bottom of the Simpson Group.  The top of the 

Ellenburger Group is picked on the sharp decrease to an overall low gamma ray and high 

density. 

XRF logs were generated by plotting the elemental weight percent of major elements and 

the ppm values of trace elements relative to depth.  The red shading present in the XRF logs 

represent readings with higher than average elemental values (Fig 10, 11, 12, and 13).  Average 

values were found by determining the mean trace element concentrations within the Simpson 

Group for the three wells with cuttings data across the entire Simpson Group interval.  The 

Canon 10 3 well was not used in calculating the trace element average due to data from this well 

only representing a small 100 ft. portion of the Simpson Group; the red shading used in this well 

(Fig. 13) is based on the average trace element concentrations from the 3 wells with XRF data 

from cuttings throughout the entire Simpson Group.   

The colored logs in column three (Fig, 10, 11, 12, and 13) show an approximate lithology 

log using XRF values based on elemental to mineral correlations done by Roush (2015), Bitar 

Nehme (2015) and Baumgardner et al. (2016).  CaO obtained from XRF represents limestone 

(blue), MgO represents dolomite (turquoise), SiO2 represents quartz (yellow), and Al2O3, K2O, 

and Fe2O3 represent clay (brown).  Since MgO in sedimentary rocks is mostly associated with 

dolomite, it is likely to represent the presence of dolomite in those zones.  SiO2 represents overall 
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silica content which might be sandstone or associated with the clay or total shale content and 

cannot be verified from XRF data. Due to the positive correlations with Al it is suggested that 

most of the SiO2 in these logs is associated with Al2O3 and K2O to form the clay or total shale 

portion of the gross lithology.  Since Fe2O3 and K2O have a good positive correlation with Al2O3, 

it is inferred that they exist in the clay phase and makeup part of the total clay fraction.  

The Kermit Townsite 1 well in Winkler County, Texas was drilled to a TD of 12,418 ft. 

and has a Simpson Group thickness of 1,142 ft. (Fig. 10) (Appendix A).  The GR log in column 

one throughout the depths studied was used to pick formation tops.  TOC values (column 2) (Fig. 

10) obtained for this well show values ranging from 0.19-1.43 wt. % with an average of 0.63 wt. 

%.  The highest and lowest TOC values were both found within the Ellenburger Group in 

different intervals.  Approximate lithology in column three shows a high carbonate content in the 

Montoya and Bromide formations with small amounts of MgO, implying the presence of 

dolomite and small amounts of quartz and shale.  The Tulip Creek to Connell formations overall 

have a decrease in carbonate and an increase in quartz, clay, and iron relative to the Montoya and 

Bromide formations.  The Joins Formation and upper Ellenburger Group show increases in 

carbonate with some associated dolomite and smaller proportions of quartz and clay relative to 

the Tulip Creek through Connell formations, though some intervals lower in the Ellenburger 

have a higher percentage of quartz and clay similar to the lower members of the Simpson Group. 

Cu (column four) (Fig. 10) values were low in the Montoya and the Bromide and 

increased in the Tulip Creek Formation along with an increase in the gamma ray and 

approximate quartz and shale content.  Cu contents varied from the Tulip Creek Formation 

through the Ellenburger.  Ni (column five) (Fig. 10) shows a similar trend to Cu with a general  
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Figure 10. Kermit Townsite 1 XRF and TOC Log Data.  Formation tops are represented by 
the colored horizontal lines.  Column 3 represents XRF derived major lithology, CaO 
represents carbonate (blue), MgO represents dolomite (turquoise), SiO2 represents quartz 
(yellow), and Al2O3, K2O, and Fe2O3 represent clay (brown).  Columns 4-9 show trace 
elements normally associated with TOC (trace element values greater than the average 
Simpson values in this study are represented by red fill).  
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increase in Ni whenever shale content increases.  The two highest Ni concentrations coincide 

with the two highest TOC concentrations suggesting a positive correlation between the two.  Zn 

(column six) (Fig. 10) has its highest concentrations in the Montoya Formation with spikes in 

excess of 250 ppm and decreases within the Simpson Group and Ellenburger Formation.  V 

(column seven) (Fig. 10) has its highest concentrations in the Montoya and Bromide formations 

and decreases substantially from the Tulip Creek to the Connell Formation before slightly 

increasing again in the Ellenburger Group; V seems to have higher concentrations in carbonate 

rocks than shale.  Cr (column eight) (Fig. 10) is highest from the Tulip Creek to Connell 

Formation with some spikes in the Ellenburger; Cr abundance covaries with shale.  Mo (column 

nine) (Fig. 10) behaves similar to Cr and is highest from the Tulip Creek to Connell formations 

with some spikes in the Ellenburger.   

The HG Marshall 2 well in Pecos County, Texas was drilled to a TD of 7,480 ft. and has 

a Simpson thickness of 1,691 ft. (Fig. 11) (Appendix A).  TOC, quartz content, clay content, and 

overall trace element enrichment was lower in this well compared to the Kermit Townsite 1.  

TOC values (column 2) (Fig. 11) in this well ranged from 0.08-0.50 wt. % with an average of 

0.18 wt. %.  The approximate lithology log (column three) (Fig. 11) shows a high carbonate 

percentage in the Montoya Formation with large amounts of MgO suggesting abundant dolomite.  

The Bromide Formation to Ellenburger Group transition has a similar lithology primarily 

composed of carbonate with less quartz and clay.  Cu (column four) (Fig. 11) shows spikes from 

the Tulip Creek to the Ellenburger Formations but generally has low concentrations.  Ni (column 

five) (Fig. 11) is low in the Montoya and slightly increases in the Simpson and Ellenburger 

Groups with little variability.  Zn (column six) (Fig. 11) has its highest concentrations at the base  
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Figure 11. HG Marshall 2 XRF and TOC Log Data.  Formation tops are represented by the 
colored horizontal lines.  Column 3 represents XRF derived major lithology, CaO represents 
carbonate (blue), MgO represents dolomite (turquoise), SiO2 represents quartz (yellow), and 
Al2O3, K2O, and Fe2O3 represent clay (brown).  Columns 4-9 show trace elements normally 
associated with TOC (trace element values greater than the average Simpson values in this 
study are represented by red fill).  
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of the Montoya Formation with spikes around 200 ppm and decreases with little variability in the 

Simpson and Ellenburger Groups.  V (column seven) (Fig. 11) is more abundant in the Montoya 

Formation and decreases substantially from the Bromide to Mclish Formations before slightly 

increasing again from the Waddell Formation and into the Ellenburger Group; V also seems to 

have higher concentrations in carbonates than shale in this well, similar to the Kermit Townsite 

1.  Cr (column eight) (Fig. 11) is low in the Montoya formation and intermittently spikes 

throughout the Simpson and Ellenburger Groups and seems to follow a positive trend with shale.  

Mo (column nine) (Fig. 11) shows relatively consistent abundances from the Montoya through 

the Ellenburger Group with some intermittent high concentrations at the base of the Bromide 

through the Mckee Formations.  

  The University EE 1 well in Pecos County, Texas was drilled to a TD of 25,340 ft. and 

has a Simpson thickness of 2,100 ft. (Fig. 12) (Appendix A).  Two 30 ft. sections were not 

studied due to lack of cuttings for these depths.  TOC, quartz content, clay content, and overall 

trace element enrichment was lower in this well compared to the Kermit Townsite 1 and had 

similar values to the HG Marshall 2.  TOC values (column two) (Fig. 12) in this well ranged 

from 0.13-0.34 wt. % with an average of 0.23 wt. %.  Approximate lithology log (column three) 

(Fig. 12) shows a high carbonate content within all formations with a slightly higher carbonate 

content in the Montoya and Ellenburger Groups.  The Bromide to Connell Formations have 

similar lithologies primarily composed of carbonate with smaller amounts of quartz and clay.  Cu 

(column four) (Fig. 12) shows spikes with a maximum of 291 ppm in the Bromide and Tulip 

Creek Formations.  Slightly higher than average concentrations of Cu are found in the Oil Creek 

Formation but generally lower concentrations are found in the other formations.  Ni (column  
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five) (Fig. 12) is low in the Montoya Group and Bromide Formations and slightly increases in 

the Simpson and Ellenburger Groups with little variability.  Zn (column six) (Fig. 12) shows a 

Figure 12. University EE 1 XRF and TOC Log Data.  Formation tops are represented by the 
colored horizontal lines.  Column 3 represents XRF derived major lithology, CaO represents 
carbonate (blue), MgO represents dolomite (turquoise), SiO2 represents quartz (yellow), and 
Al2O3, K2O, and Fe2O3 represent clay (brown).  Columns 4-9 show trace elements normally 
associated with TOC (trace element values greater than the average Simpson values in this 
study are represented by red fill). 
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maximum of 248 ppm at the base of the Bromide Formation with smaller spikes in the Tulip 

Creek through the Mckee Formation but generally low enrichment in the other formations.  V 

(column seven) (Fig. 12) has its highest concentrations in the Montoya and Ellenburger Group 

and is generally low throughout the Simpson Group.  Cr (column eight) (Fig. 12) is low in the 

Montoya and shows intermittent spikes throughout the Simpson group before decreasing again in 

the Ellenburger Group and seems to correlate with shale abundances.  Mo (column nine) (Fig. 

12) is low in the Montoya Group, Bromide Formation and Ellenburger Group and is higher from 

the Tulip Creek through the Connell Formations.   

The Canon 10 3 well in Pecos County, Texas was drilled to a TD of 9,734 ft. and has a 

Simpson thickness of 1,100 ft. (Fig. 13) (Appendix A).  Samples for this well came from a core 

which was only available from 8,413-8,503 ft. near the base of the Tulip Creek Formation to the 

top of the Mckee Formation.  This core provides a look at the lithologies in these formations and 

is considered to represent the Simpson Group as a whole based on GR log and XRF variability 

present in the rock cuttings from other formations in the Simpson Group.  In this core, lithology 

changes on a small scale (inches to feet) with a mixed lithology consisting of sandstones, black 

shales, green shales, red shales, and a mixture of the four.  The core chips from this well were 

hand-picked (12 samples) based on a visual inspection of their lithology with a goal of getting 

different lithologies to determine major and trace XRF concentrations from each rock type.  All 

of the TOC contents for samples in this well were low, ranging from 0.03-0.24 wt. % with an 

average of 0.10 wt. %.  

The sample at 8,414.5 ft. (0.24 wt. % TOC) was composed of grey to black shale that was 

low in Cu and V, and high in Ni, Zn, Cr, and Mo.  The sample taken at 8,421 ft. (0.06 wt. %  
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Figure 13. Canon 10 3 XRF and TOC Log Data.  Rock samples taken from different depths 
along the core are shown.  Formation tops are represented by the colored horizontal lines.  
Column 3 represents XRF derived major lithology, CaO represents carbonate (blue), MgO 
represents dolomite (turquoise), SiO2 represents quartz (yellow), and Al2O3, K2O, and Fe2O3 
represent clay (brown).  Columns 4-9 show trace elements normally associated with TOC 
(trace element abundances greater than the average Simpson values in this study are 
represented by red fill). 
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TOC) was primarily composed of dark quartz grains with dark carbonate cement.  Cu, Ni, Zn, 

and Cr were low while V was very enriched and Mo was slightly enriched.  The sample at 8,424 

ft. (0.07 wt. % TOC) consisted of black to green shale that was low in Cu and V, and high in Ni, 

Zn, Cr, and Mo.  The sample at 8,427.5 ft. (0.12 wt. % TOC) was composed of black to grey 

shale that was low in Cu and V, and high in Ni, Zn, Cr, and Mo.  The sample at 8,433.5 ft. (0.05 

wt. % TOC) had a mixed lithology consisting of medium quartz grains, fine quartz sandstone, 

and green shale and was high in Cu, Ni, and Mo and low in Zn, V, and Cr.  The sample at 8,443 

ft. (0.03 wt. % TOC) was composed of fine grained quartz sandstone and was low in Cu, Ni, Zn, 

Cr, and Mo and was high in V.  The sample at 8,449 ft. (0.07 wt. % TOC) was composed of 

green to grey shale that was low in V and high in Cu, Ni, Zn, Cr, and Mo.  The sample at 8,462.5 

ft. (0.19 wt. % TOC) was composed of carbonate fragments from an unknown source in a black 

shale matrix that was low in V and U and high in Cu, Ni, Zn, Cr, and Mo.  The sample at 8,472 

ft. (0.20 wt. % TOC) consisted of dark black shale that was low in Cu and V and high in Ni, Zn, 

Cr, and Mo.  The sample at 8,483 ft. (0.05 wt. % TOC) consisted of course quartz grains in a 

sandstone and carbonate cement and was low in Cu, Zn, and Cr and high in Ni, V, and Mo.  The 

sample at 8,490.5 ft. (0.05 wt. % TOC) was composed of green and red shale matrix that was 

low in Cu, and V, and high in Ni, Zn, Cr, and Mo.  The sample taken from 8,496.7 ft. (0.04 wt. 

% TOC) was composed of very course quartz grains in a green shale matrix and was low in Cu 

and V and high in Ni, Zn, Cr, and Mo.  Trace element correlations with TOC gave R2 values 

ranging from 0.001-0.086 on 47 samples suggesting a low to no correlation between trace 

elements and TOC (Fig. 14).  TOC values ranged from 0.03 to 1.43 wt. % with an average value 

of 0.27 wt. % which is low compared to other productive shales.  The highest trace element  
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correlation to TOC is found for Ni with a R2 value of 0.086 which is still a poor correlation.  

Only the Kermit Townsite 1 well and the HG Marshall 2 well had TOC values greater than 0.5 

wt. %.  Trace element to TOC correlations for Ordovician sediments in these wells with TOC 

greater than 0.5 wt. % have much higher R2 values with Cu and Ni, giving R2 of 0.94 and 0.82, 

Figure 14. Trace Element Correlations to TOC.  TOC samples from the Ellenburger and 
Simpson Groups in the Permian Basin of West Texas.  
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respectively (Fig. 15).  The correlations for V, Zn Cr, and Mo (Fig. 15 C-F) had lower R2 values 

of 0.30, 0.12, 0.49, and 0.40, respectively.  The overall correlations are better for high TOC 

samples although they are based on a limited sample size (only 6 of the 47 samples had TOC 

values greater than 0.5 wt. %); also, similarly high ppm values for these elements are present in 

Fig. 14 samples but with low TOC values.   

Figure 15. Trace Element Correlations to TOC Greater than 0.5 wt. %.  TOC samples from 
the Ellenburger and Simpson Groups in the Permian Basin of West Texas. 
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  Carbonate abundances were provided for the 47 samples that were tested for TOC.  XRF 

derived CaO wt. % vs. % carbonate shows a strong correlation (R2 = 0.92; Fig. 16).  When XRF 

derived MgO wt. % is added to XRF derived CaO wt. % and plotted against wt. % carbonate 

(Fig. 16), the correlation is even better (R2 = 0.96); the improved correlation suggests that MgO 

is mostly found in dolomite. 

Al correlates with the other major detritally-sourced elements (K, Si, Zr, Ti, and Nb) 

(Fig. 17).  Th and Al have a very low correlation even though Th is usually associated with 

detrital input.  The HG Marshall 2 well and the University EE 1 well have a lower Al content and  

are lower in all of the other detrital elements than the Kermit Townsite 1 well and the Canon 10 

3 well. 

Figure 16. XRF CaO + MgO wt. % vs. Lab Tested Percent Carbonate. 
 



54 

 

 

Al and Ca have a very good negative correlation with R2 = -0.80 (Fig. 18).  Al correlates 

with Fe giving a R2 value of 0.86 suggesting that the Fe present in the samples is associated with  

Figure 17. Detrital Elements vs Al.  
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detrital clay, not authigenic pyrite.  The HG Marshall 2 well and the University EE 1 well 

generally contain more carbonate and less iron than the Kermit Townsite 1 well and Canon 10 3 

well. 

 

In the Simpson Group, most of the trace elements that correlate with TOC in other studies 

summarized in Table 1, such as Ni, Cr, and Mo correlate somewhat with Al (indicating detrital 

input), but Cu has no correlation with Al (Fig. 19).  Ni and Cr have the highest correlation with 

Al with R2 values of 0.67 and 0.79 respectively.  V is the only trace element normally associated 

with TOC that shows a slightly negative correlation with Al (R2 = -0.35), suggesting an input 

Figure 18. Calcium and Iron vs Al. 
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that is not detrital (Tribovillard et al., 2006).  Zn and Mo have lower R2 values with Al than Ni 

and Cr but still show weak correlations with Al.   

 

Figure 19. Transition Elements vs Al. 
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Si, Al, and Fe have a strong negative correlation to Ca.  Sr, Mg, and Mn are normally 

associated with Ca, though Mn has a slight negative correlation with Ca. Sr only has a small 

correlation with Ca, and Mg shows no correlation with Ca (Fig. 20).   

 

 

Figure 20. Calcium Comparisons with Elements.  
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The ternary diagram (Fig. 21) illustrates the inferred relative clay (5xAl2O3), silica 

(SiO2), and carbonate (2xCaO) content in a given sample based on the normalized weight 

percent of each oxide (Graham and Midgley, 2000).  Most samples contained 5% to 95% 

carbonate.  The maximum of inferred clay in the tested samples was around 60%; most samples 

had 2-35% clay.  The maximum silica percentage in the tested samples was around 65%; most 

samples had 5-30% SiO2. 

Figure 21. Ternary plot of Al, Ca, and Si for Simpson Group Sediments.  
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CHAPTER 4 

DISCUSSION 

 

4.1 DEPOSITIONAL ENVIRONMENT 

The Ordovician rocks sampled in this study are primarily composed of carbonate, silica and clay 

with carbonates composing the majority of the wt. % (Fig. 21) (Appendix A).  The high overall 

carbonate content of the rocks suggests a shallow water deposition of the Montoya, Simpson, and 

Ellenburger Groups.  The Ellenburger and Montoya Groups have more dolomite as represented 

by the higher magnesium content in the samples (Galley, 1958).  The Montoya Group, Simpson 

Group, Bromide Formation, and Ellenburger Group contain more carbonate and less shale and 

quartz than the other lower Simpson Group formations; the Tulip Creek through Connell 

formations have higher silica and shale contents suggesting deposition during a transgressive 

phase of the sea (Wright, 1965; Katz et al., 1994).   

The mixed lithology present in the Simpson Group of West Texas suggest a unique 

depositional environment.  These sediments are characterized by alternating thin layers of shale, 

carbonate, and sandstone.  The Canon 10 3 well core (Fig. 13) only encounters the lower Tulip 

Creek and upper Mckee formation but gives a representation of this unique depositional 

environment (Appendix A).  This core has intermittent layers of sandstone, green shale, black 

shale, carbonate, some red shale, and different combinations of these lithologies; these different 

layers range from less than an inch to several feet thick.  The other Simpson Group formations 
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most likely have this unique combination of different lithologies based on a visual analysis of 

cuttings sampled over 30 ft. intervals in the other wells in this study and based on GR variability 

within the other Simpson Group formations (Fig. 10, 11, and 12) (Appendix A). 

The specific depositional environment of the Simpson Group is difficult to determine.  

The presence of large amounts of carbonate implies a shallow water depositional environment. 

As previously discussed, Ordovician shales may have been sourced by a cyanobacteria named G. 

prisca that was a prokaryotic organism similar to blue-green algae; G. prisca is present in thin 

organic-rich laminae separated by carbonate-rich laminae and existed in mat-forming 

communities in otherwise oxygenated waters (Reed, et al., 1986).  G. prisca could have sourced 

the black shales sandwiched between carbonates with small scale thickness variations in the 

Canon 10 3 well core; though the low TOC values do not support this statement.  G. prisca rich 

oils have high API gravities, are paraffinic, and have low sulphur contents (Reed et al., 1986); 

sampled Permian Basin Ellenburger oils from other studies show strongly paraffinic, high API 

oils suggesting that these oils are sourced from G. prisca rich material (Philippi, 1981; Katz et 

al., 1994). 

Unfortunately, limited core data is available through the Simpson Group formations 

within the Permian Basin; thus most samples used in this study came from rock cuttings which 

do not necessarily represent lithology at a specific depth.  The Connell, Waddell, and Mckee 

basal sandstones were thought to be deposited during a marine transgression and are expected to 

have a higher silica content with less carbonate and shale than the other Simpson Group 

formations (Wright, 1965; Suhm and Ellington, 1975); the XRF data did not reinforce these 

expectations.  These sandstones are relatively easy to pick based on well logs suggesting a 
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change in lithology, but no clear lithology change is observed from the XRF data.  Since these 

samples were analyzed from cuttings taken at 30 ft. intervals and the sandstone formations are 

generally less than 100 ft. thick, the sandstone cuttings could be mixed with cuttings from the 

above formations that have a higher shale and carbonate content thereby skewing the data in 

those formations.  Due to the clear GR and density changes on the logs at the sandstone 

formation top contacts, it is possible that mixing of the cuttings occurred on the trip up the 

wellbore to the surface, though XRF-based lithology changes are present at other formation 

contacts and correlate well with expected lithology at those formation contacts from previous 

work and log data (Fig. 10, 11, and 12).  The other possibility is that the Connell, Waddell, and 

Mckee sandstones are not composed solely of quartz and have more clay and carbonate than 

expected. 

There is some discrepancy in the composition of the Ellenburger Group from previous 

work; the three wells with Ellenburger data had higher silica and shale content than expected 

based on work done by Galley (1958) and Wright (1965).  According to Kerans (1988), the 

middle to upper Ellenburger is composed of laminated and mottled mudstone.  The Ellenburger 

XRF data in this study suggests a mixed lithology composed of shale and dolomite.  The reason 

for this discrepancy is unknown; this higher clastic content could be due to Simpson cuttings 

mixing with Ellenburger cuttings before they came to the surface.  Also, Simpson shales could 

have filled in the karsted and faulted dolomite present in the upper Ellenburger directly below 

the unconformity at the Simpson-Ellenburger contact.  Another possibility is that the higher 

clastic content inferred from the XRF data represents the actual in situ lithology and the upper 
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portion of the Ellenburger Group in the Permian Basin has more clastics than found in other 

regions.   

 The Kermit Townsite 1 well (Fig. 10) had substantially higher silica and clay content 

than the HG Marshall 2 (Fig. 11) and the University EE 1 well (Fig. 12).  The higher silica and 

clay content in the Kermit Townsite 1 well could be due to its proximity to the Pedernal Massif 

to the north and the Texas Peninsula to the east (Fig. 4) which could have sourced more detritus.  

The HG Marshall 2 well and the University EE 1 well are located closer to the center of the 

Permian Basin where the ancestrial Tobosa Basin was farther away from exposed rock which 

could have sourced detrital sediments to their location (Fig. 4).    

The wells used in this study cover an area approximately 100 miles long.  Even though 

these wells span a large distance, the well log GR and density signatures are very similar 

between the wells and the formation tops are consistent with one another inferring a quiescent 

Tobosa Basin with limited large scale variability within the formations in the study area (Fig. 9).  

  

4.2 XRF ELEMENTAL ANALYSIS 

The XRF inferred carbonate content versus the lab carbonate (measured along with the 

LECO TOC analysis) content correlated well, valididating the use of XRF derived CaO % and 

MgO % to represent total carbonate content in a given sample (Fig. 16).  The Montoya Group is 

composed primarily of carbonate with minor quartz and some clay and is generally depleted in 

Cu, Ni, Zn, Cr, and Mo but had some of the largest V values in the study.  The Bromide 

Formation marks the top of the Simpson Group and is composed primarily of carbonates with 

small amounts of clastics (Fig. 10, 11, and 12).  Overall trace element enrichment within the 
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Bromide is low compared with the other Simpson Group formations.  The Tulip Creek marks the 

top of the transgressive phase of the Simpson sea (Katz et al., 1994); this is reinforced by XRF 

data showing an overall increase in clay and silica along with a general increase in trace elements 

in this formation which continues through the Mckee, Mclish, Waddell, Oil Creek, and Connell 

formations.  The Ellenburger Group is composed of limestone, dolomite (Gibson, 1965), and 

mudstone (Kerans, 1988) and has overall less silica and clay and generally less trace elements 

than the Simpson Group. 

Al correlated with other elements that are associated with clastic inputs; K, Si, Ti, Zr, and 

Nb (Fig. 17).  Si can be detrital or biogenic (Bitar Nehme, 2015); the fact that Si correlates well 

with Al suggests that it is most likely detrital in origin (Tribovillard et al., 2006).  Fe can be 

associated with pyrite or clays (Bitar Nehme, 2015); the positive correlation between Fe and Al 

suggests that most of the Fe in these samples is detrital in origin (Fig. 18).   

Trace elements that are normally associated with organic input including Cu, Ni, Zn, V, 

Cr, and Mo have mixed results in relation to their correlations to Al (Fig. 19) and correlations to 

TOC (Fig. 14).  Ni and Cr correlate well with Al implying that they were detritally sourced.  Zn 

and Mo show a positive correlation with Al implying a detrital source.  Cu concentrations in the 

samples are very low, averaging less than 4 ppm with seven spikes in excess of 20 ppm present 

in the University EE 1 well at the base of the Bromide/top of the Tulip Creek Formation; Cu has 

a low correlation with Al most likely due to the overall low values with a few spikes skewing the 

otherwise good correlation (Fig. 19) thus Cu may be partially detrital in origin.  The good 

correlation with Al indicates that paleoredox conditions cannot be deduced from these elements 

(Tribovillard et al., 2006).  V showed a negative correlation with Al (Fig. 19); V has a low 
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concentration in the shale rich formations suggesting it is not associated with organic matter or 

detrital input.   

Trace elements that in other basins signify organic enrichment and TOC are low in the 

Permian Basin Ordovician sediments (Table 1) Wright et al. (2015), Roush (2015), Tinnin 

(2016) and Darmaoen (2012).  Cu, Ni, Zn, V, Cr, and Mo show low to no correlation with TOC 

(Fig. 14).  The trace element to TOC correlations increased dramatically in the 6 samples with 

TOC = 0.5 wt. % or greater (Fig. 15) but similar trace element concentrations were present in 

other samples with low TOC values.  In a Delaware Basin Wolfcamp study, similar increases in 

trace element correlation to higher TOC thresholds were seen in samples with more than 2 wt. % 

TOC (Wright et al., 2015).  The trace elements present in the sediments are most likely 

associated with the detrital influx instead of being biologic or authigentic in origin.  There are 

multiple reasons for the overall low trace element enrichment in Permian Basin Ordovician 

sediments.  The most likely reason is that the shallow water depositional environment was 

insufficiently anoxic for redox sensitive trace elements to be deposited in the sediments 

(Tribovillard et al., 2006).  

The shale samples from the Canon 10 3 well core had some of the highest trace element 

enrichments in Cu, Ni, Zn, and Cr compared to the cutting samples in the other wells, thus the 

individual shale layers might have high trace element enrichments, but the 30 ft. sampling rate 

includes the adjacent layers with high carbonate content and low trace element enrichment, 

perhaps underrepresenting the trace elements present in the shale.  Other possibilities are that 

there were few land plants during Ordovician time so soils would have been thin and less trace 

elements would have been released to runoff or that the Middle to Late Ordovician Oceanic 
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Anoxic Event lowered the available supply of trace elements (Saboda et al., 2015).  The 

Ordovician Utica and Point Pleasant formations in the Appalachian Basin in Eastern Ohio show 

similarly low Ni values in spite of higher TOC values ranging from 1-13 wt. % (Saboda et al., 

2015). 

 

4.3 TOTAL ORGANIC CARBON 

LECO TOC values were very low in most of the Permian Basin Ordovician samples 

tested, ranging from 0.03 to 1.43 wt. % with an average of 0.27 wt. %.  The low TOC suggests 

that the Simpson and Ellenburger Groups are poor to good source rocks.  The LECO TOC for the 

samples studied overlap with, but are generally lower than found in two previous studies of the 

Permian Basin Simpson Group (1-2.78 wt. % TOC; Philippi, 1981; Price, 1988).  The reason for 

lower TOC values in this study compared to other studies is unknown. 

The samples from the Kermit Townsite 1 well in Winkler County, Texas came from 

depths ranging from 10,960-12,250 ft. which had TOC values ranging from 0.19-1.43 wt. % with 

an average of 0.63 wt. % (Fig. 10).  These samples are most likely mature due to their 

intermediate depths of burial.  Samples from the HG Marshall 2 in Pecos County, Texas came 

from shallower depths ranging from 5,410–7,060 ft., where samples would most likely be in the 

oil window.  These samples contained 0.08-0.50 wt. % TOC with an average of 0.18 wt. % 

which is very low (Fig. 11).   These sediments were most likely buried much deeper before Late 

Pennsylvanian tectonic activity thrust the Central Basin Platform (where this well is located) 

upward offsetting it with the adjacent Delaware Basin (Fig. 2) (Yang and Dorobek, 2012).  If so, 

these samples may have been subjected to greater temperatures, thereby making them 
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overmature.  The samples from the University EE 1 well in Pecos County, Texas came from 

depths ranging from 22,780–25,210 ft.; all samples from this well are most likely overmature 

due to the depth at which they were buried.  The TOC values in this well were very low ranging 

from 0.13-0.34 wt. % with an average of 0.23 wt. % (Fig. 12).  The samples from the Canon 10 3 

well in Pecos County, Texas came from depths ranging from 8,415–8,497 ft. (Fig. 13).  TOC for 

these samples are very low, ranging from 0.03-0.24 wt. % with an average of 0.10 wt. %.  Shales 

had slightly higher TOC than the sandstones.  Sediments from these relatively shallow depths 

should not be overmature, this zone seems to have very low TOC for reasons that are not 

understood.   

The TOC data reported in this study ranges from poor (less than 0.5 wt. %) to good (1-2 

wt. %) with some limited potential to generate hydrocarbons (Jarvie, 1991).  The original TOC 

values of these samples could have been higher, it is possible that G. prisca has a higher 

conversion ratio relative to other source rocks, and since the majority of the tested samples were 

mature to very mature, most of the hydrocarbons could have converted to gas, oil, or condensate 

which was lost via expulsion from the rock matrix before lab testing.  If this is indeed the case, 

then the extractable organic matter (EOM) and part of, if not all, of the convertible carbon that 

was originally present in the rock matrix is no longer present and the TOC values only portray 

the residual carbon.  The Anadarko Basin contains similar Ordovician sequences with low TOC 

values below 1 wt. %, however, Simpson Group TOC values from the Anadarko Shelf in Kansas 

contain 1 to 9 wt. % TOC (Burruss and Hatch, 1989) and outcrops in the southern Oklahoma 

Ouachita Mountain region Big Fork and Womble Formations have 11 to14.6 wt. % TOC.  Since 

Ordovician sediments usually generate light oils, natural gas liquids, and gas, this could explain 
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why deep, mature samples in the Anadarko and Permian Basins show low TOC values compared 

to other Ordovician samples taken from shallower depths or the surface.   
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CHAPTER 5 

CONCLUSION 

Several conclusions have been reached about the Simpson and Ellenburger Groups in the Texas 

Permian Basin based on the results of this study. 

 
1. The Simpson Group depositional environment produced intermittent layers of sandstone, 

green shale, black shale, red shale, and carbonate in different combinations with 

thicknesses varying from an inch to several feet. 

2. Overall enrichment of trace elements that serve as proxies for TOC in other basins are 

low in the Simpson Group and Ellenburger Group. 

3. Most trace elements in the Ordovician sediments studied here that serve in other 

sequences as useful proxies for TOC are associated with detrital influx and are not 

associated with biological activity or paleoredox conditions. 

4. The majority of the total organic carbon values for the Simpson Group and Ellenburger 

Group suggest a poor (<0.5 wt. % total organic carbon) source rock with limited potential 

to generate hydrocarbons though fair (.5-1 wt. % total organic carbon) to good (1-2 wt. % 

total organic carbon) values are present in a limited number of samples.   

5. The upper Ellenburger Group has a higher clastic input than expected with the highest 

TOC reading (1.43 wt. %) in this study coming from this horizon. 

6. The XRF data shows the presence of trace element enrichment in some of the samples 

but no clear correlation with TOC can be recognized.   
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7. The hypothesis that the Simpson shales sourced Ellenburger reservoirs in the Texas 

Permian Basin is not reinforced by the TOC and XRF results in this study.   

Continued work on Ordovician sediments in the Texas Permian Basin should include testing 

samples from a sealed core to minimize the loss of light hydrocarbons before the samples get to 

the laboratory.  Cores and cuttings from wells located farther north where the Simpson and 

Ellenburger Groups are shallower and less mature should be studied to look for higher TOC 

values. 
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