
QRC Project Title: Spatial patterns in terrestrial paleoclimate conditions during the Late Cretaceous 

 

Grantee: Landon Burgener 

 

Project Collaborators: Dr. Katherine Huntington, Dr. Ethan Hyland, Julia Kelson 

 

 

Project Summary 

 The primary objective of this project was to constrain the mean annual range in temperature 

(MART; e.g., the difference between mean summer and winter temperatures) for two mid-latitude Late 

Cretaceous (~75 Ma) sites along the western margin of the Western Interior Basin of North America. 

Historically, MART during greenhouse periods like the Late Cretaceous has been assumed to be much 

smaller (more equable) than is observed in the modern. Paleoclimate proxy evidence of warm high-latitude 

temperatures during the Late Cretaceous and the 

early Cenozoic has also been interpreted as evidence 

of a reduced MART. However, climate models have 

largely failed to reproduce these equable conditions, 

especially for continental interiors. Various studies 

have suggested that these model-proxy discrepancies 

are due to model inaccuracies, proxy 

misinterpretation, or some combination of these two 

issues. In order to help resolve these model-proxy 

discrepancies, we used the carbonate clumped-

isotope paleothermometer to reconstruct Late 

Cretaceous warmest month mean temperatures from 

soil carbonate nodules preserved in paleosols from 

the Kaiparowits (south-central Utah; paleolatitude = 

46° N) and Two Medicine (northwest Montana; 

paleolatitude = 53-57° N) formations. These reconstructed summer temperatures were then combined with 

previously reported mean annual temperatures for the two formations to calculate MART for both sites. 

 

Fieldwork for this project was conducted in Utah and Montana during the summer of 2016. Both 

the Kaiparowits and Two Medicine formations are composed of fluvial sediments that were deposited 

during the Late Cretaceous between the western highlands of the Sevier and Laramide orogenic belts and 

the Western Interior Seaway to the east. These fluvial sediments are characterized by alternating zones of 

coarser sands and finer-grained shales and mudstones that often bear evidence of pedogenic (soil forming) 

processes. Carbonate nodules were collected from these paleosol (fossil soil) horizons, and the 

characteristics of each paleosol were mapped in detail. During the fall of 2016 and much of 2017, the 

collected carbonate samples were analyzed at the UW’s Isolab facility for oxygen, carbon, and clumped 

isotopes. The carbonate clumped isotope values show that warmest mean monthly temperatures ranged 

from 32±4 to 35±4 °C for the Kaiparowits 

formation, and 30±4 to 33±4 °C for the Two 

Medicine formation. These temperatures are 

consistent with the higher earth surface 

temperatures expected during greenhouse 

periods. By calculating twice the difference 

between these summer temperature 

reconstructions and previous estimates of 

mean annual temperature, we were able to 

estimate both winter temperatures and 

MART for the two study areas. Our results 

suggest that winter temperatures were 2±4 to 

10±5 °C and 5±4 to 8±4 °C for the 

Kaiparowits and Two Medicine formations, 

respectively. We estimate that MART for 

the Kaiparowits formation was 21±5 to 29±4 



°C, and 21±4 to 27±4 °C for the Two Medicine formation. Contrary to the hypothesis of an equable 

greenhouse climate during the Late Cretaceous, these MART estimates are similar to modern mid-latitude 

MARTs, and much larger than previous reconstructions of Late Cretaceous MART (~8 to 15 °C). 

  

Our findings have three major implications. First, this study adds to a growing body of evidence 

that suggests that greenhouse climates like the Late Cretaceous and early Cenozoic were not more 

seasonally equable than the modern. Second, the agreement between our proxy MART reconstructions and 

previous model simulations of Late Cretaceous climate suggest that climate models accurately predict 

MART even under high atmospheric pCO2 conditions. This should provide additional confidence in 

climate model predictions of future anthropogenic climate change. Third, our findings are of relevance to 

ongoing questions regarding the paleogeographic distribution of North American floral and faunal 

communities during the Late Cretaceous. Multiple studies have suggested that during the Late Cretaceous 

western North America was characterized by unique northern and southern plant and animal communities; 

however, researchers have not been able to identify any kind of natural barrier that would have prevented 

species from migrating between the northern and southern zones. Faced with an absence of physical 

barriers, some studies have invoked an as-yet unidentified “climate barrier” (e.g., latitudinal changes in 

temperature or precipitation). Our study suggests that the southern zone (typified by the Kaiparowits 

formation) and northern zone (typified by the Two Medicine formation) did not experience radically 

different seasonal temperatures. This implies that if there was a climate barrier, it may have been related to 

changes in precipitation rather than 

surface temperatures. 
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