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• Geological background

• OAE 2 and LIP Signals in Western Interior Sea

• Greenhorn Formation in the Denver Basin

– Coffelt and Razor cores

– Facies and depositional history

– Elemental framework

– Chemostratigraphy

– Element-Mineral and Element-TOC relationships

• Conclusions



Late Cretaceous paleogeography

Paleogeography
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Ocean Restriction

Scotese et al., 2007: The GANDOLPH Project

Cenomanian-Turonian Boundary

~93.9  0.15 Ma
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Modified from Lowery et al., 2018; Kauffman, 1984; Kauffman et al., 1993; 

Kauffman and Caldwell, 1993;  Arthur and Sageman, 2005; Schroder-Adams, 

2014; Stott, 1982; Leckie et al., 1991; Watkins, 1993



CTB: OAE 2 global isotope signals
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OAE 2 = 619  39 kyr (UT/CO) – 820  25 kyr (Tibet) 

Perturbations in C, O, N, P, Cr, Pb, Hg, Sc, 

Os, Re, Li, Cu, Co, Zn, Cd… 

Joo and Sageman, 2014; Parker, 2016 (MSc Thesis); Keller et al., 2008; Du Vivier et al., 2015; Jones et al.,2021; Li et al., 2017

Positive OAE 2 δ13C org and carb excursion

Western Interior Basin
composite curve
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English Chalk
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Transient reversals and timing
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English Chalk: Eastbourne, Sussex, UK

Modified from Jenkyns et al., 2017a, Jenkyns, 2018; Tsikos et al., 2004; O’Connor 2020
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Bulk mineralogy

19



Major elements
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Trace elements
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Pyrolysis
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Bulk mineralogy and TOC 
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TOC affinity
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Conclusions
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• Water mass circulation and water column anoxia during the CTB in the Greenhorn Sea

• LIP volcanism as a proxy for distinguishing water mass provenance during Greenhorn 

Cyclothem

• Use of isotopic and elemental proxies to describe and detect anoxia, water provenance, and 

water mass circulation. 

• Resolution

– More complete sedimentary record, particularly within early “build” OAE 2 and Plenus

Cold Event (Angus core e.g. Jones et al., 2021) allowing for more detailed event 

sequencing.

• Timing

– Proxy signals of volcanic input will increase immediately prior to or contemporaneous 

with the initial carbon isotope excursion of OAE 2. Same for Plenus Cold Event.

– Volcanic signals will be short lived, diminishing before other proxies return to pre-OAE 2 

conditions.

• Mechanism

– Link between intensified weathering, eutrophication, anoxia, and volcanism

– Application to other times of pronounced carbon cycle perturbations such as PETM and 

the Triassic-Jurassic transition.
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