
Correlating Oils in Turonian-Cenomanian Source Rocks Using Hydrous Pyrolysis and Organic Sulfur 
Compounds* 

 
Jessica Little1, Michael J. Formolo1, and Michael D. Lewan2 

 
Search and Discovery Article #10453 (2012)** 

Posted October 29, 2012 
 
 
*Adapted from oral presentation at AAPG Annual Convention and Exhibition, Long Beach, California, April 22-25, 2012 
**AAPG © 2012 Serial rights given by author. For all other rights contact author directly. 
 
 
1Department of Geosciences, University of Tulsa, Tulsa, OK  (jessica-little@utulsa.edu) 
2U.S. Geological Survey, Denver, CO   
 
 

Abstract 
 
Oils of the Pearsall and Giddings fields in Austin Chalk reservoirs are considered to be derived from Turonian-Cenomanian-age 
source rocks in the Eagle Ford Group and Boquillas Formation. Reservoir oils in the Austin Chalk Formation of Giddings Field, 
northeast of San Marcos Arch, may be sourced from the Eagle Ford Group, and those in the large Pearsall Field, southwest of San 
Marcos Arch may represent a facies change within the Boquillas Formation. Pearsall Field oils in the 30 to 40 API gravity range have 
lower pristane/phytane ratios, higher C35/C34 terpane ratios, and moderately higher sulfur contents than Giddings Field oils in the 
same API gravity range. However, oils from both fields contain similar extended tricyclic terpane distributions and stable carbon 
isotope signatures characteristic of Turonian-Cenomanian source rocks of the Gulf Coast. The interpretive issue is whether the oils 
from these two large fields are from different organic facies in the Boquillas Formation and Eagle Ford Group, or are they the result of 
mixing with high-sulfur oils generated by source rocks in the deeper Smackover Formation. 
 
The Boquillas and Eagle Ford formations have total organic carbon contents (TOC) ranging from 0.7-8.1%. Both formations contain 
Type II kerogen, but have different organic sulfur concentrations. Hydrous pyrolysis experiments were used to produce crude oil from 
the Eagle Ford/Boquillas Formation at 310, 330, 355° C for 72 h. Bitumen extracts of the pyrolyzed source rock and their expelled oils 
were analyzed for specific biomarkers including thiophenes. API gravities of the expelled oils were also similar and ranged from 23 to 
44 API, but the samples from Boquillas Formation produced tar plugs during experiments at 310° C and 330° C. C27-diasteranes/C27-
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steranes ratio values in clastic-rich samples ranged from 0.11-0.19, and in clay-rich and carbonate-rich lithologies ranged from 0.02-
0.09. Boquillas lithologies also showed a greater C35/C34-hopane ratios compared to samples from the Eagle Ford.  
 
Dibenzothiophenes showed a greater relative abundance in Boquillas lithologies than in Eagle Ford lithologies. However, the ratios of 
n-methyl-dibenzothiophenes/total dibenzothiophenes in both lithologies were similar. Preliminary biomarker data indicate facies 
changes within the formations is responsible for oil-compositional differences in the two fields. 
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Hypotheses:

•The Boquillas Formation is responsible for the moderate sulfur oils in 
Pearsall Field

•The Eagle Ford Group is responsible for the low sulfur oils in Giddings 
Field

Gulf Coast
Petroleum Systems*

"!(!( !(
Dallas

Smackover Sourced Oils
High Sulfur

Eagle Ford Sourced Oils

Petroleum Systems
"

!(
!(!(!(!(!(

!(

!(
!(

!(
!( !(

!( !(
!(

!(

!(

Waco

GiddingsEagle Ford Sourced Oils
Med. Sulfur
Low Sulfur

*after Wenger et al. (1994) F

" "

"

43

!(!(!(!(!(!(
!(!(!(

!(!(!(!(!(!(!(!(

!( !(
!( !(!(

!(

Chittim
 Anticline

San Marcos ArchAsphalt quarry

Del Rio

Houston

San Antonio

Pearsall

g
Field

g ( )

"

!(!( !(!( !(!( !( !(

ne

Corpus Christi

ea sa
Field



Issues and Implications
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STRATIGRAPHYSTRATIGRAPHY

Boquillas 
Formation

Modified from Hentz and Ruppel, 2010
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HYDROUS PYROLYSIS

 Experiments were 
d t d t 310 330conducted at 310, 330, 

355°C for 72 hrs



DATA EVALUATION: HP Expelled Pyrolysates
HP...J625 

110428.3 31O"Q72hr Prl(PHPIl)= 066 
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110427.1 310"CI72hr Pf/(PHPIl)=O.66 

HP...J627 
110427.2 310"CI72hr Pf/(PI'+PIl)=O.61 

HP...J628 
100819-5 310"CI72hr Prl(Pf+PIl)=O.30 

nClI if 

HP...J624 
100819-3 310"CI72hr Prl(PHPIl)=O.55 



RESULTS: SOURCE- Pearsall Field Oils
Whole Oil

111001-001
Pearsall Field

111001-004
Pearsall Field

111001-005
Pearsall Field

111001-002
Pearsall Field



RESULTS: SOURCE- Pearsall Field Oils
Hopanes

C35/C34=0.56

C t i li t C30 hopane

C35/C34=0.75

C21 tricyclic terpane 30 p



RESULTS: SOURCE- Pearsall Field Oils
Steranes

C27 βα diasterane



RESULTS: SOURCE- Giddings Field Oils
Whole Oil
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RESULTS: SOURCE- Giddings Field Oils
Hopanes

C35/C34=0.57
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RESULTS: SOURCE- Giddings Field Oils
Steranes

C27 βα diasterane



RESULTS: SOURCE-
Giddings Field and Pearsall Field
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CONCLUSIONS

• Giddings Field source:
– Eagle Ford Groupg p

• Tricyclic hopane signatures
– Boquillas Formation

• Heavy n alkane tail• Heavy n-alkane tail
• Sterane signatures
• Tricyclic and pentacyclic hopane signatures

• Pearsall Field source:
– Boquillas FormationBoquillas Formation

• Heavy n-alkane tail
• Sterane signatures
• Tricyclic and pentacyclic hopane signatures• Tricyclic and pentacyclic hopane signatures
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RESULTS: THERMAL MATURITY AND 
DEPOSITIONAL ENVIRONMENT

Eagle 
Ford 
Group

Boquillas 
Formation

Giddings 
Field

Pearsall 
Field

P /Ph 1 i 1 iPr/Ph >1 varies >1 varies

Pregnane absent present present present
*indicates stratified 
water column

C29/C30 < 1 varies < 1 varies

*indicates anoxic 
carbonate depositional 
environment

Ts/(Ts+Tm) 0 07 0 19 0 74 0 70Ts/(Ts+Tm) 0.07 0.19 0.74 0.70

0.19 *Waco



SUMMARY
• Source of Pearsall Field:

– Boquillas Formation
100819 3 100819 5• 100819-3, 100819-5

• Whole Oil GC:
n alkane distributions– n-alkane distributions

• nC31 alkane heavy tail
– Pr/Ph signatures

• Hopanes:
– C29/C30 Hopane
– Extended hopane signatures

• Steranes:
– Pregnane, homopregnane



SUMMARY
• Source of Giddings Field:Source of Giddings Field:

– Boquillas Formation
• 100819-3, 100819-5

– Eagle Ford Group– Eagle Ford Group
• 110428-3, 110427-1/110427-2

• Whole Oil GC:
lk di t ib ti– n-alkane distributions

• nC31 alkane heavy tail
– Pr/Ph signatures

• Hopanes:
– Consistent across all samples
– Extended hopane signaturesExtended hopane signatures
– C29/C30 Hopane

• Steranes:
P h– Pregnane, homopregnane



Results: Depositional EnvironmentResults: Depositional Environment
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Sulfur DataSulfur Data

Sample # S CaCO3 TOC TC CRS TOSSample # S CaCO3 TOC TC_CRS TOS

[wt %] [wt %] [wt %] [wt %] [wt %]
100819-3 1.86 57.76 5.38 3.96 0.52
100819-5 1.59 56.12 4.71 3.12 0.32
110427-1 1.28 62.42 4.67 3.99 0.30
110427-2 2.05 28.60 5.54 4.72 0.34
110428-3 0.82 55.49 6.42 3.41 0.32

100819-3 ex 1.68 54.47 4.94 4.30 0.53
100819-5 ex 1.58 58.06 3.31 2.71 0.42
110427-1 ex 1.56 59.96 4.86 5.80 0.43
110427-2 ex 2.05 27.67 5.40 4.61 0.33
110428-3 ex 0.70 59.48 5.28 3.12 0.28



Eagle Ford Group (K 98.9‐89.0 Ma)Eagle Ford Group (K 98.9 89.0 Ma)

Lock et al., 2010
Dawson, 2007
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n‐Methyl‐Dibenzothiophene ratios of bitumen 
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DBT Ratios of bitumen extractsDBT Ratios of bitumen extracts
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Boquillas FaciesBoquillas Facies

Powell, 1965
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Background

Modified from Eigenbrode, 2007
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P Bi kPrecursors Diagenesis Biomarkers

Sulfidic conditions
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Sulfur GeochemistrySulfur Geochemistry

Modified from Werne et al., 2004
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Sulfur Geochemistry

Modified from Sinninghe Damsté and de Leeuw, 1990
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RESULTS: ROCKEVAL PYROLYSIS
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Target Compounds

Dibenzothiophene (m/z 184)

Methyl-dibenzothiophene (m/z 198)

Dimethyl-dibenzothiophene (m/z 212)

Trimethyl-dibenzothiophene (m/z 226)y p ( )
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