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Introduction:    
Noachian-age (4.1-3.7 Ga) sequences of sedimen-

tary rocks rich in clay minerals are distributed globally 
across the surface of Mars. Many of these sedimentary 
deposits are thought to have formed from extensive 
chemical weathering by liquid water in subaerial (sur-
face) settings, which is a soil-forming process [1].  

Previous investigation of Mars-analog paleosols 
(buried, fossil soils) from Earth has examined mineral-
ogy and organic content with instruments configured to 
operate like those onboard current and future missions 
to Mars [2]. However, a critical knowledge gap is 
whether the organic fraction preserved in paleosols is 
entirely endogenous (deposited during soil formation 
and preserved for millions of years), or if there are 
contributions from recent and/or modern exogenous 
organic carbon. The objective of this work was to use 
radiocarbon dating to constrain the age of organic car-
bon in terrestrial paleosol samples. 

Methods:  Early Oligocene (33 Ma) volcaniclastic 
paleosols rich in dioctahedral phyllosilicates and 
amorphous materials were collected near the iconic 
~400 m thick sequence of paleosols at the Painted Hills 
in eastern Oregon, USA. 

 
Figure 1. Field site and sequence of three paleosols 
examined in this work 
 

This site was previously considered a Mars analog 
because of similarities in stratigraphy and mineralogy 
to Noachian (4.1-3.7) clay deposits at Mawrth Vallis, 
Oxia Planum and elsewhere on Mars [3].  After remov-
ing the modern weathered surface, samples were col-
lected by trenching to 45 cm into the lithified claystone 
surface below the modern outcrop, selecting ~2 kg 
lithified blocks, and subsampling the inside of these 
blocks with a Dremmel tool fitted with an Al2O3 saw, 
all intended to minimize contamination from modern 

organics. Radiocarbon dating was performed at UC 
Irvine after acid washing to remove inorganic carbon. 

Results: Radiocarbon dating of organic carbon in 
four paleosol samples collected from shallow depths 
into the outcrop (0-50 cm) showed the addition of re-
cent and/or modern organic carbon from exogenous 
sources. Samples from 0 - 20 cm were dated to ~6200 
years BP, while a single deeper sample collected from 
43 cm had a radiocarbon age of ~14600 years BP.  

Table 1. Radiocarbon dating of paleosol samples 

Paleosol 
Depth 
(cm) 

Expected 
Age 

 

14C age 
(BP) 

± 
Error 
(yrs) 

Alfisol 14 ~33 Ma  6265 25 
Alfisol 43 ~33 Ma  14560 170 

Inceptisol  20 ~33 Ma  6655 35 
Inceptisol  22 ~33 Ma  6220 70  

 
 These dates most likely resulted from the addition 

of small amounts of exogenous modern organic carbon 
which mixed with larger amounts of 14C-free endoge-
nous organic carbon. However, it is likely that these 
paleosols preserve at least some endogenous organic 
carbon because carbonaceous leaf compression fossils 
and coalified wood from Eocene taxa are common in 
chemically reduced paleosols at the site [4]. Carbona-
ceous fossils are absent in oxidized paleosols like those 
examined in this work, though it is likely that endoge-
nous refractory organic carbon persists, possibly in 
association with clay mineral surfaces. In any case, 
there may be a sampling depth (e.g., one meter into the 
outcrop) which decreases or eliminates organic addi-
tions from modern sources. Thus, future work is need-
ed to determine if there is a radiocarbon age-depth 
relationship in these and other Mars-analog paleosols. 
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