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Introduction
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Modified from De Vargas, 2007

Å Paleogeography
ÅWarmer surface temperatures
Å Greenhouse conditions
Å Lack of polar ice caps
Å Rising sea-level conditions
Å First appearance of flowering 

plants
Å Diversification of insects
Å Radiation of diatoms
Å Abundant planktons
Å Record contribution to 

biomass



Coniacian - Santonian
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Å Global vs. regional 
nature of the OAE III 
requires reassessment

Å Carbon isotope trends 
can be correlated (CIE)

Å The anoxia is not global 
(OAE)

Å Positive carbon isotope 
excursion is global not 
confined to oceans

Scotese, 2014



Oceanic Anoxic Events
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(Mackensenand Schmiedl, 2019)

OAE III

Blakey, 2014



Oceanic Anoxic Event III
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RAZOR 25-2514H



Paleoredox Stages
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RAZOR 25-2514H



Water Column Stratification and

Deep Water Mass Restriction
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OAE III Subdivision
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RAZOR 25-2514H

OAE IIIc

OAE IIIb

OAE IIIa



OAE III in the WIS

10Blakey, 2014
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Source Rock Potential

11Data compiled from past studies, USGS, and the literature. Template modified from Weatherford Labs Modified from Blakey, 2014

Å Kerogen type II to II/III

Å Depends on the location in WIS

Å Close proximity to Sevier Highlands 

result in more woody material

Å Oil and gas production

Ro 0.797%

Terrace 36-32M

Lark 33-5-21-4

San Juan Basin

Denver Basin

Ro 1.56%

Red Willow

Whiting
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Biomarker Geochemistry
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Å n-alkanes

Å Concentrate along nC15 to nC19 indicating marine algae

Å nC25+ present as terrestrial influence

Å Steranes C27ςC28ςC29

Å Algae ςShallow Marine/Coastal

Å Steranes/Triterpanes

Å PiceanceBasin stronger benthic conditions than CCE

Å PRB not resolved on GC

Å C30 Sterane Index

Å More algal contribution in CCE than Piceance

Tricyclic 
Terpane

X

Tetracyclic 
Terpane

X

Å n-alkanes vs. isoprenoids

Å Pristane and phytane not always the most reliable proxy

Å Niobrara is type II/III

Å CCE samples higher biodegradation

C

H

H
H

H

N-alkane CH4 Methane

Phytane 
C20H42

Pristane 
C19H40

Sterane C29H52



Biomarker Geochemistry
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Å Dinosteranes

Å Dinosteraneindex - CCE vs. Piceance

Å Ol/H

Å Hypersalinity

Å Terrestrial input

Å Ga/H

Å PRB more anoxic than CCE and Piceance

Å Mo/H

Å Hypersalinity

Å Austin Chalk more hypersaline than CCE and Piceance

Å Steranes/Hopanes

Å Eukaryotic vs. prokaryotic input

Å Maturity increases the ratio (Piceance)

Å CCE ςmix of algae and bacteria

H

H

H H

C30H52 Gammacerane

H

H

H
H

C30H52 
Oleanane 

H

H

H
H

C30H52 
Moretane

H

H H H

C30H52 
Hopane

Ol/H 3.9
Mo/H 16.4

Ol/H 1.1
Ga/H N/A
Mo/H N/A

Ol/H 0.1
Ga/H 0.1
Mo/H 0.11

Ol/H 0.53
Ga/H 0.37

Modified from 
Blakey, 2014



Organic Matter Composition Change
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RAZOR 25-2514H

OAE III
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Organic Matter Composition Change
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Å Pr/Phindicate oxygen 

depletion 

Å Pr/Phnot a reliable 

indicator

Å OM composition changed 

Å More algae influence

RAZOR 25-2514H



Nutrient Recycling in Denver Basin

16

Å P and Cd loss/retention

Å P associated with redox

Å Cd nutrient-like behavior

Å Nutrients leave pore waters

Å Continuous nutrient recycling = 

Increased Surface Production

Å Pre-OAE Ph, Eh, and Salinity 

Å Zn increase ςAlgal population 

increase and increased rates of 

continental weathering

Å ZnSor [Zn, Fe]S
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v

Paleoproductivity
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OAE IIIb

OAE IIIa

Increasing Fluvial Input Increasing Eolian Input

OAE IIIc

Paleoclimate åDry vs. Wet/Humid 
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