
The	cause	of	Late	Cretaceous	cooling:		
A	mul&-model	/	proxy	comparison	

Clay	Tabor,	Chris	Poulsen	
Be<e	O<o-Bliesner,	Nan	Rosenbloom,	Esther	Brady	

Dan	Lunt,	Alex	Farnsworth	
Paul	Markwick	

	

PWG	Winter	Mee&ng	



Background:	Temperature	Records	

•  SST	proxy	data	
suggest	gradual	
cooling	from	
100-66	Ma	
– Tectonically	
driven?	

– GHG	driven?	

Linnert	et	al.	(2014)	

PWG	Winter	Mee&ng	



Background:	Paleogeography	
Cenomanian Paleogeography and Proxy Locations

Maastrichtian Paleogeography and Proxy Locations
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•  Tectonic	changes	from	
Cenomanian			(98	Ma)	
to														
Maastrich&an	(68	Ma)	
– Western	Interior	
Seaway	

– Drake	Passage	
– Opening	of	Atlan&c	

Markwick	Getech	
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Background:	CO2	Records	

Y.	Wang	et	al.	(2014)	

Cretaceous was a CO2 greenhouse episode. This result is supported by
the paleo-CO2 estimates of Robinson et al. (2002) inferred from
Barremian pedogenic carbonates in England. It is also supported by
the studies of Haworth et al. (2005) using the stomatal index of fossil
plants and Retallack's (2009b) paleosols. The proposition of higher
levels of atmospheric CO2 during the Early Cretaceous than those of
the Late Cretaceous and Early Eocene (Cerling, 1991, 1992; Sinha and
Stott, 1994) is in disagreement with the geological climatic data. Their
atmospheric CO2 levels for that period were overestimates (Boucot
and Gray, 2001).

A reduction in sea-floor spreading rates and/or increase in continen-
tal weathering from the Late Jurassic to the mid-Cretaceous and burial
of organic carbon during OAEs are thought to have contributed to low
atmospheric paleo-CO2 concentrations between episodes of high atmo-
spheric CO2 (Robinson et al., 2002; Gröcke et al., 2005).

3.2. Late Cretaceous paleo-CO2 variations

Late Cretaceous paleo-CO2 levels have been mainly deduced from
fossil stomatal analysis in USA, Argentina and China (Passalia, 2009;
Quan et al., 2009, 2010; Barclay et al., 2010; Wan et al., 2011) and
geochemical models (e.g. Berner, 1994; Tajika, 1999; Berner and
Kothavala, 2001; Fletcher et al., 2006). Barclay et al. (2010) reported
an increase by ~20% over the background level of 370 ppm in
Cenomanian, and a decrease up to 26% in the Turonian based on

fossil stomatal analysis of the family Lauraceae. Isotope analysis on
fossil liverworts, from Alexander Island, Antarctica, indicates an
early Cenomanian paleo-CO2 level of 1000–1400 ppm (Fletcher
et al., 2006). This value is consistent with independent proxy data
and long-term carbon cycle models (Fletcher et al., 2006). It is also
supported by recalibrated stomatal data of conifers and ginkgoales
from the Southern Hemisphere (Passalia, 2009), which indicate a
CO2 range between 700 and 1400 ppm for the Cenomanian.

Recently, Wan et al. (2011) recalculated Retallack's (2001) original
ginkgoalean data for paleo-CO2 during the Cenomanian to Coniacian.
The recalculated results illustrate a series of dramatic changes during
this interval (Fig. 1). In the mid-Cenomanian to late Turonian, the CO2

content declined from ~680 ppm to ~630 ppm, followed by a rebound
up to 970 ppm. Then began a continuous CO2 decrease to ~520 ppm
in the mid-Coniacian. Although with drastic fluctuations, as illustrated
in Fig. 1, the recalibration results show an overall decline from the
mid-Cenomanian (~680 ppm) to mid-Coniacian (~520 ppm).

A sharp decline in atmospheric CO2, from ~970 ppm to ~520 ppm,
from the late Turonian to mid-Coniacian has a resolution of about
1 Ma. It is not recognized in most geochemical models except that of
Berner (2004). The fluctuations of the recalibrated data match well
with Tajika (1999) in the mid-Turonian to early Coniacian. However,
it should be noted that the late Cenomanian to mid-Turonian CO2

trend is opposite to that of geochemical data, which shows a decline
(Fig. 1). A more detailed evidence is needed to confirm the CO2 levels

Fig. 1. Cretaceous paleo-CO2 reconstructions based on plant fossil, isotope and geochemical models.
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•  CO2	
reconstruc&ons	
suggest	draw-
down	from	
100-66	Ma	
– Large	
uncertainty	
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Experiment	Design	

•  Models:	
–  CESM1.2	–	CAM4,	POP2,	CLM4,	CICE4	
– HadCM3L	–HadAM3,	TRIFFID,	HadOM3	

•  Configura7on:	
– Detailed	Cretaceous	topographies	
–  Fixed	GHG	concentra&ons	
– Adjusted	solar	constants	

•  Experiments:	
•  4x	PI	CO2	Cenomanian	(100-94	Ma)	
•  4x	PI	CO2	Maas&ch&an	(72-66	Ma)	
•  2x	PI	CO2	Maas&ch&an	(72-66	Ma)	
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Models:	Surface	Temperature	
•  Global	MAT:	
–  4x	CO2	Cenomanian	

•  CESM:	22.80°C	
•  HadCM3L:	22.18°C	

–  4x	CO2	Maas&ch&an	
•  CESM:	22.92°C	
•  HadCM3L:	22.34°C	

–  2x	CO2	Maas&ch&an	
•  CESM:	19.82°C	
•  HadCM3L:	19.02°C	

PWG	Winter	Mee&ng	
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Models:	Temperature	Change	

•  Similar	response	between	models	
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Models:	Paleogeographic	Response	
•  Changes	important	
for	interpre&ng	
proxy	records	
–  Equatorial	Pacific	
warms		

– North	Pacific	
warms	

–  Eastern	North	
America	cools	

–  South	Atlan&c	
cools	

– Australia	warms	
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Models:	CO2	Response	
•  Polar	amplifica&on	
of	the	cooling	
– More	snow	and	
sea	ice	

•  Only	a	few	degrees	
of	cooling	in	low	
la&tudes	

•  Global	
temperature	
sensi&vity	of	~3°C	
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Models:	Temperature	Decomposi&on	
•  Changes	in	
paleogeography:	
–  Emissivity:	+0.13°C	
– Heat	Convergence:	
0.00°C	

– Albedo:	-0.16	°C	
•  Changes	in	CO2:	
–  Emissivity:	-2.45°C	
– Heat	Convergence:	
+0.05°C	

– Albedo:	-0.75°C	
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Proxies:	SST	Compila&on	

•  SST	averages	from	
Cenomanian	and	
Maastrich&an	

•  Standardized	
calibra&ons	

•  SST	cooling	of	
almost	6°C	
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Model	/	Proxy	SST	Comparison	
PWG	Winter	Mee&ng	
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•  No	evidence	for	a	significantly	reduced	
equator-to-pole	gradient	

•  SST	gradient	suggests	sea	ice	forma&on	in	
agreement	with	simula&ons	



Model	/	Proxy	SST	Comparison	
PWG	Winter	Mee&ng	

•  4x	PI	CO2	Cenomanian:	
–  mean	SST	difference	of	+2.27	without	foraminifera	

•  2x	PI	CO2	Maastrich&an:	
–  mean	SST	difference	of	-0.65	without	foraminifera	

•  Higher	CO2	in	Cenomanian	to	explain	discrepancy?		
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Proxy	Bias:	4x	CO2	Cenomanian	
PWG	Winter	Mee&ng	

•  Removal	of	SST	
proxy	
reconstruc&on	
data	from	
individual	
methods	 Foram
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Conclusions	

•  Cooling	from	Cenomanian	to	Maastrich&an	
likely	due	to	GHG	reduc&on,	not	geographic	
change	

•  La&tudinal	SST	gradients	are	not	unreasonably	
shallow	

•  Land	surface	temperature	reconstruc&ons	
remain	warmer	than	models	
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Ques7ons?	
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h<p://globe-views.com/dreams/dinosaur.html	


