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Reconstructions of ancient greenhouse climates can help inform our understanding of 
future climates that could be similarly forced by high concentrations of atmospheric CO2. The 
climate of the early Paleogene (~60 to 50 million years ago) is one such time period that can 
provide insights into earth system sensitivity: the early Paleogene contains peak global 
temperatures of the Cenozoic during the Early Eocene Climatic Optimum (EECO, ~52 to 50 Ma), 
and those maximum temperatures correspond with high concentrations of atmospheric CO2. 
The climate of low latitudes during such greenhouse periods is particularly interesting: global 
circulation models (GCMs) forced with high CO2 predict mean annual temperatures greater 
than 40°C in low latitudes on land, which is too hot to support life. The goal of this project is to 
estimate ancient temperatures on land in south Texas (30°N) using a record of climate from 
fossilized soil horizons.  

 
 The Tornillo Basin in south Texas preserves a record of fluvial and overbanks sediments 
and fossilized soil horizons from a near-coastal environment. These ancient soils yielded 
pedogenic carbonate nodules, which were critical to this project: the growth temperature of 
carbonate minerals can be estimated by measuring the clumped isotope composition (∆47) and 
can be used as a proxy for air temperature at the time of soil formation. The clumped isotope 
composition thermometer is based on measuring the excess of clumped heavy carbon (13C) and 



heavy oxygen (18O) isotopes in a single 
carbonate molecule relative to what 
would be expected if those heavy 
molecules were randomly arranged; 
more clumping occurs at lower 
temperatures. Using this analytical 
technique, I estimated that on average 
earth surface summer temperatures 
were 25 ±4°C in the Paleocene and 32 
±2°C in the early Eocene in the Tornillo 
Basin. These summer temperature 
estimates are ~7°C cooler than those 

predicted by GCMs for that time period. These results suggest that at least near-coastal 
environments would have harbored habitable temperatures even during extreme greenhouse 
conditions.  
 

This work would not have been possible 
with the funding from the QRC that allowed me to 
carry out a field season in Big Bend National Park, 
Texas. The QRC also generously funded the 
clumped isotope analyses, which were performed 
at IsoLab. This grant also gave me the opportunity 
to independently develop a research project and 
significantly improved the quality of my 
dissertation.  
 
 
 
 


