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The Paleocene-Eocene Thermal Maximum (PETM), ~55.5 Myr ago, was a geologically brief 
(~170 kyr) episode of globally elevated temperatures that occurred superimposed on the 
long-term late Paleocene and early Eocene warming trend. The PETM was marked by a 5-
8°C global warming, ocean acidification, rapid sea-level fluctuations, an enhanced 
hydrological cycle, and a major biotic response on land and in the oceans (Bowen et al. 
2006; Sluijs et al. 2008; 2009; Zachos et al. 2005). In addition, the PETM is associated with a 
prominent negative 2-3 ‰ δ13C carbon isotope excursion (“CIE”; Kennett and Stott 1991; 
Koch et al. 1992). The CIE can only be explained by a massive (>1500 Gt) injection of 
isotopically light CO2 and/or CH4 into the ocean-atmosphere carbon pool (Dickens et al. 
1995). The PETM has been studied extensively since its discovery in 1991 because it may 
serve as a deep-time analogue for current global warming. In addition, several events that 
appear similar to the PETM in nature, but of smaller magnitude, were identified to have 
occurred during the Paleocene and the early Eocene (e.g., Nicolo et al., 2007; Speijer, 
2005). Although the research carried out in the last 15 years has provided new constraints 
that improved our understanding of PETM carbon cycle and climate change, the source and 
the mechanisms that caused the carbon input still remains enigmatic.  
The currently favored hypothesis to explain the carbon release are (i) large-scale dissociation 
of oceanic methane hydrate on continental margins (e.g., Dickens et al. 1995) and (ii) sill 
emplacement in organic-rich sediments, followed by metamorphism and venting that took 
place in the Northwest Atlantic (Planke et al., 2009). However, by calculating the mass 
balance of carbon input through the magnitude of the CIE, Pagani et al. (2006) suggested 
that CO2 released from methane hydrates or by oxidation of terrestrial and/or marine organic 
carbon would both require extremely large carbon inputs to explain the warming. Thus 
carbon from these sources could only have caused the PETM if the climate sensitivity to CO2 
was much higher than currently assumed. In consequence, the PETM either resulted from an 
enormous input of CO2 for which currently no satisfying explanation exists, or climate 
sensitivity to CO2 was extremely high and possibly enhanced by yet unidentified climate 
feedbacks.  
Beside ongoing investigations related to the source of the carbon, recent work has focused 
on the importance of high productivity during the peak phase of the PETM, suggesting that 
shelf areas may have acted as large carbon sinks due to increased weathering and sea level 
rise (John et al., 2008; Schulte et al., 2009 subm.). Other questions of interest include the 
role of the additional Paleocene and Eocene hyperthermal events (Speijer & Wagner 2002, 
Nicolo et al., 2007) as well as the relevance of eustatic sea-level changes during these 
hyperthermals (Sluijs et al., 2008).  
 
Bowen, G.J., Bralower, T.J., Delaney, M.L., Dickens, G.R., Kelly, D.C., Koch, P.L., Kump, L.R., Meng, J., Sloan, 

L.C., Thomas, E., Wing, S.L., Zachos, J.C. (2006): Eocene hyperthermal event offers insight into greenhouse 
warming: EOS, 87: 165-169. 

Dickens, G.R., O'Neil, J.R., Rea, D.K. Owen, R.M. (1995): Dissociation of oceanic methane hydrate as a cause of 
the carbon isotope excursion at the end of the Paleocene, Paleoceanography, 10: 965-971. 

Kennett, J.P., Stott, L.D. (1991): Abrupt deep-sea warming, palaeoceanographic changes and benthic extinctions 
at the end of the Palaeocene, Nature, 353: 225-229. 

Koch, P.L., Zachos, J.C. Gingerich, P.D. (1992): Correlation between isotope records in marine and continental 
carbon reservoirs near the Palaeocene/Eocene boundary. Nature, 358: 319-322. 

Nicolo, M.J., Dickenc, G.R., Hollis, C.J. Zachos, J.C. (2007): Multiple early Eocene hyperthermals: Their 
sedimentary expression on the New Zealand continental margin and in the deep sea. Geology, 35: 699-702. 

Pagani, M., Caldeira, K., Archer, D., Zachos, J.C. (2006): An ancient carbon mystery. Science 314: 1556-1557. 
Planke, S., Svensen, H. Aarnes, I., Corfu, F. (2009): Volcanism and rapid global warming in the Paleogene, in 

Strong C.P., Crouch E.M., Hollis C. (eds) Climatic and Biotic Events of the Paleogene, 12-15 January 2009, 
Te Papa, Wellington, New Zealand, GNS Science Miscellaneous Series 16: 71. 



Berichte Geol. B.-A., 78 (ISSN 1017-8880) – RECCCE Workshop, Gams (25.04. – 28.04.2009) 

 

- 37 -

Schulte, P., Schwark, L., Sprong, J., Speijer, R.P., Joachimski, M. & Yousef, M. (2009): Paleoenvironmental 
change at the Danian-Selandian and the Paleocene-Eocene transition in Egypt compared: Evidence from 
mineralogy, organic and inorganic geochemistry, and carbon isotopes. Sedimentology (subm.). 

Speijer, R.P., Wagner, T. (2002): Sea-level changes and black shales associated with the late Paleocene thermal 
maximum: Organic-geochemical and micropaleontologic evidence from the southern Tethyan margin (Egypt-
Israel), in Koeberl, C., and MacLeod, K.G., eds., Catastrophic events and mass extinctions: Impacts and 
beyond. GSA Special Paper 356: 533–549. 

Speijer, R.P. (2003): Danian-Selandian sea-level change and biotic excursion on the southern Tethyan margin 
(Egypt), in Wing, S.L., Gingerich, P.D., Schmitz, B., and Thomas, E., eds., Causes and consequences of 
globally warm climates in the early Paleogene. GSA Special Paper 369: 275-290. 

Sluijs, A., Bowen, G.J., Brinkhuis, H., Lourens, L.J., Thomas, E. (2009): The Palaeocene-Eocene Thermal 
maximum super greenhouse: Biotic and geochemical signatures, age models and mechanisms of climate 
change. Geological Society, London, Special Publications: (in press). 

Sluijs, A., Brinkhuis, H., Crouch, E.M., John, C.M., Handley, L., Munsterman, D., Bohaty, S.M., Zachos, J.C., 
Reichart, G.-J., Schouten, S., Pancost, R.D., Damste, J.S.S., Welters, N.L.D., Lotter, A.F., Dickens, G.R. 
(2008): Eustatic variations during the Paleocene-Eocene greenhouse world. Paleoceanography 23(4): 
PA4216. 

Zachos, J.C., Röhl, U., Schellenberg, S.A., Sluijs, A., Hodell, D.A., Kelly, D.C., Thomas, E., Nicolo, M., Raffi, I., 
Lourens, L.J., McCarren, H. & Kroon, D. (2005): Rapid acidification of the ocean during the Paleocene-
Eocene Thermal Maximum: Science, 308(5728): 1611-1615. 

 
 


	Schulte, Peter: Carbon release, transient global warming, and productivity feedback during the Paleocene-Eocene Thermal Maximum (PETM) and related hyperthermal events.- Berichte der Geologischen Bundesanstalt, 78, S.36-37, 2009.
	Seite 037

