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The isotopic composition of minerals formed by 

microbial processes can be used as biosignatures, but 

this approach yields notoriously ambiguous results if 

abiotic processes induce similar isotopic fractionation 

with microbial processes. A specific example is the 

sulfur isotopic composition (δ34S) of gypsum 

(CaSO4.2H2O) formed in the sulfidic Frasassi caves in 

Italy, Earth. Even though sulfur-oxidizing microbes 

such as Acidithiobacillus sp. are the primary drivers of 

sulfide oxidation to sulfate, the δ34S values of gypsum 

within a cave room are only depleted by up to 8‰ rela-

tive to the H2S source [1], which also overlaps with the 

range expected from abiotic H2S oxidation [2]. There-

fore, no strong case can be made for a biosignature 

signal at first glance.  

The viewpoint changes however if we consider iso-

topic expression in the context of transport processes 

and the faster kinetics of microbial H2S oxidation com-

pared to abiotic reaction [3]. In the caves, the sulfide 

source is transported as H2S gas that continuously cir-

culates along the walls. The fast kinetics of microbial 

sulfur oxidation leads to isotopic distillation of H2S 

over a few meters that is reflected in the trend between 

height (or distance) and gypsum δ34S along sections of 

the cave wall (Fig. 1). The slower abiotic H2S oxida-

tion cannot produce the same trend over a few meters, 

but may eventually produce a similar trend over a few 

tens to hundreds of meters. Therefore, the length scale 

of sampling is a primary consideration in detecting this 

biosignature, one that we term as a type of spatial iso-

topic biosignatures.  

The processes causing spatial isotopic biosignatures 

are not limited to caves on Earth. For example, we hy-

pothesize that spatial isotopic biosignatures may also 

arise from acid mine drainages where Fe(II) is released 

and continuously oxidized by microbes to Fe(III)-

oxides along a stream flow path. On Mars, subsurface 

life utilizing Fe and S may also result in spatial isotopic 

biosignatures that are recognizable even in the absence 

of extant life as we know it.   
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Figure 1: Gypsum δ34S approaches the isotopic composition 

of the H2S gas within a few meters due to fast microbial oxi-

dation.  
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