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Introduction:  High concentrations of manganese 

have recently been discovered on Mars at two rover 
landing sites [1-3] and in martian meteorites [4-5]. Its 
presence indicates that Mars has been host to past epi-
sodes of strongly oxidizing conditions within an 
aqueous environment [1-2]. Given that the two landing 
sites are 1000s of km apart and that the meteorites are 
from a third (unknown) location, these observations as 
a whole suggest that aqueous, oxidizing conditions 
were likely widespread on Mars. On Earth, environ-
ments with such simultaneous conditions are almost 
always inhabited by microbes [6]. The close relation-
ship between Mn and life on Earth makes Mn-bearing 
rocks and sediments a high priority target for the Mars 
2020 mission, which has the goals of finding materials 
containing potential biosignatures to sample and cache 
for future return to Earth.  

Manganese as redox indicator: Manganese min-
erals provide unique indicators of water-rich environ-
ments and their redox states. Whereas Fe and S are 
readily oxidized by a wide range of oxidants to high 
valence states under mildly oxidizing conditions (ca. -
100 to 100 mV), manganese is uniquely sensitive to 
high potential oxidants (>> 500 mV) [7]. Iron-oxides 
can precipitate at a range of pE values at circumneutral 
pH, but Mn-oxides are only stable in strongly oxidiz-
ing, high pH (>8) environments. Without microbial 
mediation, Mn is less likely to oxidize than Fe in many 
natural environments. As a result, an environment may 
be “oxidizing” for Fe but not for Mn.  

Manganese as biosignature: Because of manga-
nese’s unique sensitivity to redox conditions, Mn-rich 
rocks on Earth closely track the rise of atmospheric 
oxygen [9]. Concentrated Mn deposits do not appear in 
the terrestrial geologic record until after the flux of O2 
to Earth surface environments. This transition marks a 
major change in Earth’s environment that was enabled 
by the rise of photosynthetic life.  

In addition to its indirect association with photosyn-
thesis in the past, Mn is also directly associated with 
microbial action in the present day. On present-day 
Earth, oxidation of Mn(II) is catalyzed primarily by 
Mn-oxidizing microbes [10-11], which are ubiquitous 
in the terrestrial environment [10]. Microbial catalysis 
greatly increases the rate of Mn oxidation at circum-
neutral and low pH compared to abiotic processes [13], 
allowing Mn-oxides to precipitate in environments in 
which they would otherwise be unstable [14].  

Observable signatures of potentially microbial 
Mn with rover payload instruments: The Mars 2020 
rover will carry with it a number of analytical instru-
ments that can assess chemistry (SuperCam, PIXL), 
mineralogy (SuperCam, SHERLOC), and organic con-
tent (SuperCam, SHERLOC, PIXL) of martian surface 
materials, all of which can be used to identify Mn-
related biosignatures. Typical products of microbial 
oxidation of Mn(II) are poorly crystalline layer-type 
Mn-oxides [10]. Although such materials can be a chal-
lenge to assess, some species may be discerned using 
Raman and luminescence [15]. Microbes also cycle 
between Mn3+ and Mn4+ in at least some contexts, mak-
ing Mn redox state an important indicator of microbial 
origin [16-18]. Although the oxidation state of Mn is 
not directly measureable by the Mars 2020 payload, 
recent results show that trace elements in Mn minerals 
may be used to infer the redox state of Mn, thus identi-
fying samples that are more likely to have a biogenic 
origin [16]. Manganese oxides are also well known to 
scavenge trace metals from water [19], which has been 
observed in several high Mn martian targets [2]. Man-
ganese oxides may also trap and preserve organic car-
bon, including fatty acids and protein- and lipopolysac-
charide-like carbon [20], which should be readily dis-
cernible in Raman and luminescence data. 
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