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In this work, we use clumped isotopes of oxygen (the 

proportion of 18O18O molecules in O2, quantified by a '36 
value) [1] preserved in polar ice cores to constrain the free-
troposphere temperature during the Last Glacial Maximum 
(LGM). 

Tropospheric '36 values are sensitive to thermal and 
photochemical properties of the atmosphere [2]. Ozone 
photochemistry is the primary control on '36 values, with 
higher '36 values representing photochemical isotope 
equilibration in a colder free troposphere and lower values 
representing equilibration in a warmer free troposphere. In 
the modern atmosphere, the effective isotope reordering 
altitude for '36 values is 5 – 7 km, globally averaged. 

Our preliminary work on ice core records from Antarctica 
and Greenland show a mean '36 value of 2.09 r 0.02 (95% 
CI, n = 32) from 21.5 kyr to 18.0 kyr BP. For comparison, the 
mean '36 value from ice-core records of the late Holocene 
(1649 – 1958 C.E.) is 2.04 r 0.01‰ (95% CI, n = 51) [3] and 
modern air has a '36 value of 1.99 ± 0.02‰ (95% CI, n = 
107). All else being equal, these data suggest that the mid-
troposphere was 4 r 2qC cooler during the LGM than the pre-
industrial. Our data rule out the extreme surface [4] and high 
altitude [5] temperatures that have been previously suggested. 
It is however consistent with with surface temperature 
changes in the order of 2-3qC [6]. 

However, quantitative free-troposphere temperature 
estimates require that one account for the effects of  
stratosphere-troposphere exchange (STE) on tropospheric '36 

values. The transport of high-Δ36, O3-rich stratospheric air 
into the troposphere was likely more vigorous during the 
LGM, when the tropopause was as much as 2 km lower [7]. 
Future modeling work will be aimed to constrain these 
parameters. 
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