


Zachos et al., 
Nature, 2008 

8xCO2 

16xCO2 

4xCO2 



High‐Resolu>on Records Across the Onset of the PETM 
at the New Jersey Shelf Sites  





OCMIP* (Doney et al., 2006) 

POP 
+ 

OCMIP* 

Doney et al., 2006 



Important Model Parameters for PETM 
  Solar Constant:  
   1362 W m‐2 (0.44% reduced from modern Value; Caldeira &       
 Kas>ng, 1992) 

  Orbital Parameters: 
   Eccentricity: 0°;  Obliquity: 23.5°; Vernal Equinox: 0° 

  Greenhouse Gas Concentra>on: 
     CO2 : 4 x, 8 x, 16 x  CO2 ; CH4: 0.7 ppmv ;   
  N2O: 0.285 ppmv  

  Vegeta>on: 
     Sewall et al., 2000; Shellito and Sloan, 2006 
  Topography: 
      Sewall et al., 2000; Shellito et al. 2003; Winguth et al., 

submiaed. 



Timeseries of SST, Pot. Temperature 
(~4000 m), and MOC 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FIG. 14. Time series of the global sea surface temperature (in °C) (a), global 

potential temperature in ~4000 m depth (in °C) (b), meridional overturning 

circulation (in Sv) below 500 m in the northern hemisphere (c) and in the 

southern hemisphere (d) for 4xCO2 PETM (blue), 8xCO2 PETM (black), and 

16xCO2 PETM (red). Time series smoothed with 5-yr running mean.



PETM Surface Air Temperature 



Vertebrates Crown Group Crocodilians Turtles

DSDP 277

T: ~20oC

!T: N.A.

ODP 865

T: 32-35oC

!T: +2-4oC 

IODP 302

T: 23oC

!T: +5oC 

Waipara Riv.

T: 30-37oC

!T: N.A.

ODP 1209

T: 33-35oC

!T: +3-5oC 

Tanzania

T: 30-34oC

!T: ~4oC 

ODP 690

T: 17-20oC

!T: +6-8oC

Seymour Is.

T: 6-18oC

!T: N.A.

DSDP 527

T: N.A. 

!T: ~5oC 

Wilson Lake

T: 33oC

!T: +8oC

Bighorn B.

T: 20-26oC

!T: +5oC 

Cerrejón F.

T: 30-34oC 

!T: +5oC 

Data - Model Differences (oC)

2.5 N.A.2017.51512.5107.550

FIG. 1. Geographical reconstruction for the PETM from the PALEOMAP Project 

(www.scotese.com). Boxes indicate reconstructed surface temperatures across the 

Paleocene-Eocene boundary and temperature anomalies relative to Paleocene 

background temperatures (Shackleton and Kennett 1975; Thomas et al. 1999; 

Wing et al. 2005; Tripati and Elderfield 2005; Bralower et al. 2006; Zachos et al. 

2004, 2006; Sluijs et al. 2006, 2007b, and 2008a; Pearson et al. 2007; Ivany et al., 

2008; Hollis et al. 2009). Filled circles denote differences between temperature 

reconstructions and the 8xCO2 PETM model simulation. Fossil locations taken 

from Markwick (1997).



PETM 
 Precipita>on 

  Northward shic of 
ITCZ 

  Higher then 
present‐day land‐to‐
ocean ra>o favor 
less tropical 
precipita>on 

  Higher then 
present‐day 
greenhouse gases 
favor higher 
precipita>on 

  Strong Seasonal  
Variability in  
subtropical Africa 
and S. America 



PETM Temperature and Precipita>on 

PRECIPITATION 
(mm/day) 



Model‐Data Temperature Differences [°C] 

La>tude S  N 





PETM Oxygen Concentra>on 



Conclusions and Outlook 
Conclusions: 
1.  The warming of the intermediate water masses in response to 

an ini>al CO2  increase could have acted as a trigger for the 
PETM. 

2.  The 16xCO2 PETM simula>on provides the best fit to 
temperature reconstruc>ons. 

3.  Anoxia in the deep‐sea could have contributed to the ex>nc>on 
of benthic organisms. 

Future Outlook: 
    A higher resolu>on simula>on would provide a more realis>c 

descrip>on of  the exchange between clima>cally relevant 
seaways (Drake Passage, Arc>c, Tethys, Panama Passage). 


