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Introduction: Recent findings of methane on Mars 

by the Curiosity rover have sparked considerable in-
terest in methane as a possible biosignature of extant 
life on Mars. However, interpretation of the results is 
confounded by the presence of abiotic sources for me-
thane. On Earth, life generates a bewildering array of 
non-methane volatile organic compounds (VOCs) not 
only as by-products of respiration, but also for a varie-
ty of purposes including cellular processes, organism-
organism signaling and syntrophic interactions [1-3]. 
These collective subsets of metabolites represent an 
attractive biosignature with the potential to enable de-
tection of extant life on Mars. 

Results of ongoing VOC research on aquatic fea-
tures of the McMurdo Dry Valleys, Antarctica, will be 
presented. One such feature is Blood Falls, a hydrolog-
ical feature at the terminus of the Taylor Glacier that 
results from the periodic discharge of a briny liquid 
from an aquifer beneath the glacier (Figure 1). The 
aquifer is thought to be the remnant of a cryo-
concentrated fjord that has been isolated from the at-
mosphere and sunlight for at least 1.5 million years. 
Discharged brine is cold (-5 to -7°C), salty (8% salini-
ty), ferrous (~400 µM) and rich in sulfate (50 mM) 
[4-5]. Previous work has shown that the brine contains 
a viable, metabolically active chemosynthetic microbi-
al community that couples respiration of iron oxides to  
use of reduced sulfur compounds as electron donors. 
This results in a system that is suboxic but not sulfidic 
[4-5], described as a cryptic sulfur cycle [6]. 

Preliminary results from laboratory incubations us-
ing novel microbial isolates from Blood Falls will also 
be presented. This work is a component of the NASA-
funded ICE-MAMBA project (Ice-covered Chemosyn-
thetic Ecosystems: Mineral Availability and MicroBio-
logical Accessibility), an collaborative effort consist-
ing of three overlapping and integrated multidiscipli-
nary elements. The first project is characterizing the 
Blood Falls brine metagenome and metatranscriptome. 
Second, we are studying changes in the iron mineralo-
gy of the brine as it discharges. The third component 
utilizes the results of the first two efforts to develop 
microcosms using appropriate Blood Falls isolates and 
iron substrates for the determination of various molec-
ular, mineralogical and metabolic (VOC) biosigna-
tures. These microcosm incubations allow changes in 
mineralogy to be related to products characterized 

from functional gene analysis and formation of volatile 
organic compounds (VOCs). The goal of ICE-
MAMBA is to link the detection of complex VOCs to 
the bio-utilization of iron minerals via the organisms’ 
metabolic machinery, thereby providing a unified bi-
osignature for extant life that is more robust than the 
individual biosignatures from each component. 
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Figure 1. The outflow fan at Blood Falls at the terminus 
of the Taylor Glacier. 
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