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Conclusions

❑ Maturity-dependent terpane, sterane & other biomarker ratios 
are used to estimate the C20+ (heavy-end) maturity of crude 
oils

❑ Likely reflects the source rock maturity when this early fraction 
of the oil was expelled (primary migration)

❑ Maturity-dependent alkyl naphthalene & phenanthrene ratios 
are used to estimate the ~C10-C15 (mid-range) maturity of 
crude oils

❑ Likely reflects the source rock maturity when this later, often 
more mature fraction of the oil was expelled

❑ Calculated maturities of laterally co-produced oils and gases 
from the Woodford Formation of the Anadarko Basin, OK 
generally agree

❑ However, anomalous positive methane carbon isotopes and 
high diamondoid concentrations were detected in some lower-
maturity black Woodford oils.
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• Hydrocarbons whose structures can be recognized in 

living organisms

• Occur in some reasonable abundance in nature

• Stable during diagenesis

• They are Molecular Fossils!!

Biomarkers
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Steranes (m/z 217)

Cholestane  C27

Example Biomarker
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Aquifex

Green sulfur 
bacteria

Cyanobacteria

Nitrospira

Purple sulfur bacteria

Gram positive 
bacteria

Green non-sulfur

bacteria

Methanopyrus

Methanococcus

Methanosarcina

Halobacterium

Archaeoglobus

Thermoplasma

MethanobacteriumPyrococcus

Pyrobaculum

Thermoproteus

Sulfolobus

Desulfurococcus

Pyrodictium

Thermotoga

Microsporidia

Slime moulds

Ciliates

Plants

Animals

Fungi

Flagellates

Diplomonads

Archaea

Eucarya

Bacteria

rRNA tree modified after Woese

okenane

chlorobactane

isorenieratane

12-24m

<100m

15-100m

b-carotane

PZE

Steranes

Terpanes/Hopanes

Methanogenic

C20 and C25 acyclic isoprenoids
cyclic biphytanes 

GDGTs 

Biomarker ‘Tree of Life’

•Carotenoids are yellow, orange or red colored pigments

•Prime function is for light harvesting & photoprotection 
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Carbon Isotopes – A Reminder!
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Changes in Carbon Isotope Ratios with 
Thermal Maturation (after M. Schoell)

After M. Schoell



Oil Biomarkers and Carbon Isotopes of Oils and Gases
can provide insight into:

❖Source Rock Type
❖Depositional Environment
❖Geologic Age
❖Organic Matter Maturity
❖Migration Timing
❖Migration Distance & Direction (On a good day…)

Biomarkers & Isotopes
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Maturity of Woodford Fluids

Oil Thermal Maturity (VRE via biomarker maturity ratios)
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Oil Family/Maturity Map
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Gas Chromatograph-Triple Quadrapole Mass Spectrometer (aka QQQ)
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VRE = Vitrinite Reflectance Equivalent

Derived from the Triple-Quad
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VREQ vs Diamondoids
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Co-Produced Liquid vs Gas Maturity

Produced Lateral Woodford Fluids - Anadarko Basin
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Diamondoid Enrichment: >1.1% VREQ

Diamondoid 

enrichment starts 

at 1.1% VREQ

Diamondoids “gone wild”

starts at 1.3% VREQ

Diamondoid 

enrichment starts 

at 1.1% VREQ

A

B

C

Diamondoid 

enrichment starts 

at 1.1% VREQ

Diamondoids “gone wild”

starts at 1.3% VREQ

Diamondoid 

enrichment starts 

at 1.1% VREQ

A

B

C

VREQ

ppm C40 Carotenoids: Woodford

ppm Diamondoids: Wolfcamp

ppm Diamondoids: Woodford

Also measured using
GC-Triple Quad MS

(aka QQQ)
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Anadarko Woodford Source Rock Maturity

%VRE Measured

UD Woodford Fm. Tmax %Ro %VREQ

Kingfisher Co. OK Core 1 Ave 0.98 0.97 1.02

9,393-9,432 ft Std Dev 0.02 0.06 0.01 n=6

Canadian Co. OK Core 2 Ave 1.07 1.05 1.09

10,326-10,426 ft Std Dev 0.03 0.07 0.02 n=7

*after solvent extraction

TOC: 3-11%
HI = 200
HI = 110

*
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Oils from ‘unconventional’ source rock reservoirs:
Anadarko & Midland basins

Wolfcamp-sourced OilsWoodford-sourced Oils
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Oils from ‘conventional’ SS Cretaceous reservoirs: 
Powder River Basin

Mowry-sourced Oils Niobrara-sourced Oils
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Conclusions

❑ Maturity-dependent terpane, sterane & other biomarker ratios 
are used to estimate the C20+ (heavy-end) maturity of crude 
oils

❑ Likely reflects the source rock maturity when this early fraction 
of the oil was expelled (primary migration)

❑ Maturity-dependent alkyl naphthalene & phenanthrene ratios 
are used to estimate the ~C10-C15 (mid-range) maturity of 
crude oils

❑ Likely reflects the source rock maturity when this later, often 
more mature fraction of the oil was expelled

❑ Calculated maturities of laterally co-produced oils and gases 
from the Woodford Formation of the Anadarko Basin, OK 
generally agree

❑ However, anomalous positive methane carbon isotopes and 
high diamondoid concentrations were detected in some lower-
maturity black Woodford oils.

❑ Migration Happens!
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Thank You For Your Attention
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