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Abstract. Stable isotope analysis of molecular biomarkers (e.g., leaf wax n-alkanes) derived from 
terrestrial plants is a widely used proxy in lacustrine and marine sediments.  This study aims to extend the 
application of the method to fossil soils, or paleosols, from a continuous record of predominantly fluvial 
sediments in the Omo-Turkana Basin in East Africa. Isotopic records from paleosols differ from those in 
lacustrine and marine sediments because the majority of biomarkers in paleosols are thought to 
accumulate in situ as soils develop, thus circumventing the longstanding issue of uncertainty in biomarker 
provenance in sediments from marine and large lacustrine basins.  The paleosol biomarker record will 
elucidate changes in vegetation and hydroclimate based on δ13C and δD data, respectively, from 
approximately 3.5 to 1.0 Ma.  This interval encompasses key periods of faunal turnover, including within 
hominin genera, such as the demise of Australopithecus, and the rise of Paranthropus and Homo.  Robust 
local paleoenvironmental proxies are requisites to addressing the question “Did climate change and 
climate variability affect human evolution?” Biomarker δ13C data will be used to determine the relative 
proportion of C3 trees, shrubs, and herbaceous vegetation to C4 grasses present on the landscape 
throughout the record.   The δD data from n-alkanes reflects soil water δD values and by extension, that 
of precipitation.  Importantly, biomarker δ13C data can be compared to pedogenic carbonate δ13C data 
from the same locality, which are currently one of the main paleovegetation proxies utilized in East 
Africa, to test for consilience between the two isotopic proxies.  
 
Project Background. An outstanding gap in our understanding of ancient terrestrial ecosystems, 
particularly for vegetation and fauna, is how they respond to global climate forcing at regional scales. 
Stable isotopes from leaf waxes in marine and lacustrine sediments are frequently used to study 
vegetation and hydroclimate in the geologic past.  The use of biomarker isotopes in non-lacustrine 
terrestrial sediments is less common, but holds tremendous potential for elucidating effects of climate 
forcing on aridity, vegetation, and fauna in terrestrial ecosystems (Freeman and Colarusso, 2001; Smith et 
al., 2007). Existing Plio-Pleistocene (~3.5 to 1.0 Ma) geochemical and faunal records from East Africa 
show that an overall trend towards more variable and more arid conditions resulted in dramatic 
environmental and faunal change (Figure 1; Bobe and Behrensmeyer, 2004; Cerling et al., 1988; 
deMenocal, 2004; Potts, 1998).  However to date, no comprehensive biomarker isotope studies have been 
done on terrestrial sediments from this region. 

Terrestrial sediments for the proposed study are fossil soils, or paleosols, whose parent materials 
are floodplain deposits from the ancestral Omo River in southern Ethiopia.  Frequent and sustained 
volcanic activity in the East African Rift over the last four million years provides arguably the best age 
control of any fossiliferous terrestrial sediment sequence of Pliocene to Pleistocene (Plio-Pleistocene) 
age. Sediments from the Omo-Turkana basin have yielded a large (>60,000 specimens) and diverse 
collection of vertebrate fauna (Bobe et al., 2007).  A biomarker isotope record from the basin will 
contribute to our understanding of the regional-scale changes in vegetation and hydroclimate resulting 
from changes in regional tectonics and global climate inferred from deep-sea sediments (e.g, deMenocal, 
2004; Feakins et al., 2005). 

Stable Isotopes in Leaf Waxes. Photosynthetic pathway primarily determines the carbon isotope 
ratio in plant tissues.  Today in East Africa, trees and shrubs use the more primitive and common C3 
pathway, and have bulk tissue δ13C values of -23 to -36‰, whereas nearly all grasses and some sedges 
use the more derived C4 pathway, and have bulk tissue δ13C values of -14 to -10‰ (Cerling and Harris, 
1999; Tieszen et al., 1979; Young and Young, 1983).   Higher order plants produce epicuticular leaf 
waxes made up of a variety of organic compounds that include alkanes and esterified fatty acids and  




