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Introduction: The McMurdo Dry Valleys (MDV) 

of Antarctica have long been considered an important 
terrestrial analog for Mars. Recently, widespread aqui-
fers have been detected in the MDV subsurface at 
depths greater than 100 m. Taylor Glacier covers one of 
these aquifers and releases an iron-rich briny liquid 
from the subsurface through a crevasse at a feature 
known as Blood Falls (BF) (Figure 1). This unique re-
lease provides an opportunity to sample briny subice 
fluids and their evolution once released to the surface as 
an analog to subsurface brines on Mars and sulfur-rich, 
subice oceans on Europa. 

The liquid that discharges episodically at Blood 
Falls is cold (-5 to -7°C), salty (8% salinity), ferrous 
(~400 µM) and rich in sulfate (50 mM) [1-3]. This brine 
contains a viable, metabolically active microbial com-
munity that is chemosynthetic and has been shown to 
respire iron oxides using reduced sulfur compounds as 
electron donors [1,4]. The subglacial aquifer supplying 
BF appears to be the remnant of a large fjord that once 
occupied the dry valleys, but then began to ‘freeze-con-
centrate’ before becoming covered with an advancing 
Taylor Glacier. Thus, the BF ecosystem provides an an-
alog for studying how ecosystems survive through deep 
time following drastic environmental change (from ice-
free to ice-covered) and the specific microbial energet-
ics involved. It also allows us to explore how subsurface 
brine is ejected through thick ice and the subsequent ge-
ochemical evolution and microbial survival of that ma-
terial. Comparable ice-covered, sulfur-rich oceans with 

iron mineral energy sources may sustain chemosyn-
thetic communities on icy moons. Here we describe our 
interdisciplinary study that examines how ecosystems 
are structured by their local environment through time 
by investigating biological (environmental ‘omics, mi-
crobial physiology) and geochemical (Mössbauer anal-
ysis of iron dynamics, Mass Spectrometry of metabolic 
substrates) co-evolution in an ice-covered ‘ocean.’  

The ICE-MAMBA project consists of three overlap-
ping and integrated studies, in which we are (1) charac-
terizing brine metagenome and metatranscriptome, (2) 
the accompanying changes in iron mineralogy as the 
brine emerges from below the glacier, and (3) the sub-
glacial metabolic biosignatures detectable at the surface. 

Methods: This research uses a combination of tools 
to accomplish the goals noted above. Our combined 
metagenomic and metatranscriptomic approach sup-
ports identification of the genetic potential of resident 
microbes to link iron and sulfur metabolism, specifi-
cally targeting the genes and organisms involved. We 
are using next-generation sequencing technology (avail-
able at the UTK Core Molecular Biology Facility) for 
metagenomic nucleic acid sequencing of archived and 
newly collected BF samples. Parallel BF brine/mineral 
incubations will be monitored for headspace volatile or-
ganic compounds (VOCs) using Proton Transfer Reac-
tion Mass Spectrometry (PTR-MS) at CofC. Changes in 
iron mineralogy are assessed using x-ray diffraction as 
well as multi-temperature Mössbauer and VNIR, spec-
troscopies at MHC and MIR-FTIR and Raman at Bruker 
Optics, Inc. 

Results: Characterization of the brine metagenome 
to determine the genetic link between iron and sulfur 
transformations in subice oceans. Previous isotopic 
abundance studies indicated that reduced sulfur com-
pounds are used to respire subglacial iron minerals in 
the brine. The end result is liberation of copious 
amounts of iron below the glacier and release of this nu-
trient at the surface. The metagenome and meta-
transcriptome are helping to identify the genetic poten-
tial of resident microbes to link iron and sulfur metabo-
lism and help target the genes and organisms involved. 
We have begun reconstruction of the BF metabolic 
pathways involved in S and Fe transformation from our 
metagenome data. For example, previous isotopic data 
[1] indicate that reduced sulfate is quantitatively reoxi-
dized, resulting in no net change to 𝛿34SSO4 composition,  

Figure 1. Outflow fan at Blood Falls in 2004. 
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a process known as the cryptic sulfur cycle [5]. The BF 
metagenome contains a diversity of genes involved in S 
oxidation and reduction reactions (Figure 2) supporting 
this geochemical finding.  

Spectroscopic characterization of changes in iron 
mineralogy as the brine emerges from below the glacier 
and collected mineral precipitates. Although the brine 
is clear when first released at Blood Falls, interactions 
with the atmosphere cause a rapid color change, though 
the exact mineralogical transformation is currently un-
known. We are analyzing samples of brine collected at 
the point of release and from the glacier surface, repre-
senting increasing oxidation. Spectral differences occur 
among nanophase iron (hydr)oxides prepared and ana-
lyzed under different conditions [6,7], which can con-
fuse interpretations of cation substitution. To best un-
derstand the unaltered mineralogy, we will perform 

Mössbauer spectroscopy of frozen liquids (Figure 3) 
and Raman spectroscopy on fluid suspensions. 

Determination of subglacial metabolic biosigna-
tures. Microcosms using microbial isolates cultivated 
from Blood Falls (for example a psychrophilic, halotol-
erant, iron reducing species related to Shewanella) and 
iron substrates (i.e., nanophase iron (hydr)oxides) will 
allow for the measurement of various biosignatures. We 
will monitor microbial growth via expression of func-
tional genes involved in iron and sulfur metabolism. The 
incubated nanophase iron (hydro)oxides will be exam-
ined for biosignatures using TEM, Mössbauer, visible 
through infrared, and Raman spectroscopies, and the 
headspace of microbial incubations will be monitored 
for the biogenic production of VOC metabolic biosig-
natures including halocarbons. Mineralogical results 
can then be related to products characterized in gene 
abundances and VOC biosignatures. 
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Figure 2. Abundance of reads based on annotation of BF met-
agenome sequences involved in S-transformation for a model 
S-disproportionating organism. Thiosulfate reductase (TSR), 
ATP sulfurylase (SAT), adenosine phosphosulfate reductase 
(AprAB), assimilatory sulfite reductase (ASR) and sulfur oxy-
genase/reductase (SOR). 

 
Figure 3. FTIR ATR spectra of goethite under different hy-
dration conditions. 
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