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The project goal was to advance understanding of how the geochemistry of biogenic and 

pedogenic (formed in soil) carbonates record surface environmental temperatures and 

soil water compositions relevant to the interpretation of proxy records in Quaternary 

loess-paleosol sequences and cultural layers. Reconstructing Quaternary 

paleoenvironments is important for a broad range of paleoclimate, geology, biology, 

anthropology and archaeology studies. The geochemistry of carbonate minerals formed at 

and near the Earth surface can provide quantitative environmental constraints including 

the δ18O values of water, δ13C-based information about vegetation, and most recently, 

estimates of Earth-surface temperatures from clumped isotope (∆47) thermometry. Early 

efforts to develop clumped isotope thermometry in modern-Holocene soils raise many 

questions about how to interpret not only ∆47 temperatures but also conventional δ18O and 

δ13C values in soil and loess carbonates.  

 

We conducted a study of biogenic, pedogenic, and geogenic carbonates of different types 

from two Quaternary paleosol-loess deposits, the Nussloch (Rhine Valley, SW Germany) 

and Palouse (eastern Washington state) loess-paleosol sequences. Carbonate δ18O, δ13C 

and ∆47 analyses were conducted in the University of Washington IsoLab as well as 14C 

dating of carbonates to determine their age and pedogenic vs. geogenic nature. In the 

Nussloch, the δ18O, δ13C and Δ47 data for multiple carbonate types revealed the effects of 

geogenic carbonate input, pedogenesis and environmental factors on the isotopic 

variations, and showed that geogenic “bulk loess” carbonates that are poor environmental 

proxies can still provide important context for interpreting the isotopic signature of 

pedogenic and biogenic carbonates (Zamanian et al., in revision). In the Palouse, 14C 

dating showed that all carbonate is pedogenic (including bulk loess carbonate), and 

combined with field observations and constraints on carbonate formation temperature, 

soil water δ18O, and soil CO2 δ
13C derived from clumped isotope analyses enabled us to 

quantify the impact of carbonate type, seasonal timing of carbonate formation, and 

shallow soil processes on the climate record. The clumped isotope record suggests the 

Palouse region climate leading up to and during the Last Glacial Maximum was 9 +/-5 °C 

cooler than that of the Holocene, consistent with changes in soil water δ18O values that 

also reflect a cooler last glacial paleoclimate (Lechler et al., 2018).  

 

In addition to benefitting Quaternary research by refining methods for reconstructing 

environmental conditions from loess-paleosol sequences and reconstructing terrestrial 

Quaternary climate change in the Palouse region, this project benefitted the intellectual 

life of the QRC through enhanced international visibility and exchange, support of 

facilities and research that benefit QRC members, and training of future Quaternary 

scientists. Project participants included the PI and her students, Andrew Schauer (IsoLab), 

Kazem Zamanian and Yakov Kuzyakov (University of Göttingen, Germany), Alex 

Lecher (Pacific Lutheran University), Mark Sweeney (University of South Dakota), Dan 

Breecker (University of Texas, Austin), and two K-12 science teachers. 



     
 

     
Figure 1. Different types of carbonate collected from the Nussloch loess-paleosol 
sequence, Germany (Zamanian et al., in revision). Top row: rhizoliths. Bottom row, 
gastropod shells, from left to right:  Succinella oblonga, Pupilla muscorum, Trochulus 
hispidus. The scale bar on all images is 1 cm.  
 
 

 
The Palouse region of eastern Washington, USA. 


