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Introduction:  The newly discovered high concen-

trations of manganese in Gale crater on Mars indicates 
past episodes of strongly oxidizing conditions within 
an aqueous environment [1-2]. On Earth, such simulta-
neous conditions are almost always both habitable (po-
tentially supportive of life) and inhabited by microbes 
[3]. Given its close association with life and habitable 
environments on Earth, manganese has long been con-
sidered a principal biosignature for Mars [e.g., 4]. 
However, we do not yet understand the unique Mn 
signatures that can distinguish Mn-rich deposits as bio-
genic in origin (i.e., produced by life) from altered, 
abiogenic Mn deposits. By studying trace element 
abundances and mineralogy, a clearer picture of bi-
osignatures may be obtained. Here we discuss prelimi-
nary laboratory experiments designed to interpret trace 
element abundance to better identify Mn-related bi-
osignatures from data similar to those acquired by the 
ChemCam laser-induced breakdown spectroscopy 
(LIBS) instrument on the Mars Science Laboratory 
rover and the future SuperCam LIBS instrument 
onboard the Mars 2020 rover. 

Background: Manganese oxides produced by mi-
crobes have been observed to share some characteris-
tics. Both layer and tunnel mineral structures have been 
observed in biogenic Mn-oxides [e.g., 5], but typical 
products of microbial oxidation of Mn(II) are layer-
type Mn-oxides whose mineral structures are poorly 
crystalline and contain mostly Mn(IV) and little 
Mn(III) [6]. However, mineral phase alone is not a 

unique signature of microbial activity. We hypothesize 
that the presence and abundance of specific trace ele-
ments are the critical, distinguishing evidence for iden-
tifying the biogenic origin of Mn-bearing materials. 
Manganese oxides are well known to scavenge trace 
metals from water [7-8] because of their surface charge 
properties, which exhibit a strong dependence on the 
pH of the waters with which they are in contact [9]. 
Such scavenging has been observed even in acidic 
stream environments where biogenic Mn-oxides uptake 
Co, Ni, Zn, and other metals and thus metals are found 
in higher abundance in these Mn-oxides [e.g., 10]. The 
positive identification of terrestrial biogenic Mn miner-
als is an active area of research; for Mars, a thorough 
understanding of mineralogy, chemistry, and morphol-
ogy is required to understand the origins of specific 
Mn-rich materials and enable association with biogenic 
processes. 

Samples: A suite of natural rocks containing Mn-
rich minerals with a range of Mn redox states were 
selected for analysis (Table 1). The Mn nodule sample 
is confirmed to have a microbial origin [11], while the 
rock varnish samples are likely to have some microbial 
involvement in their formation [12-13]. Sample prove-
nance and mineral redox state can provide come infor-
mation about whether samples are biogenic or abiogen-
ic; biogenic Mn minerals often (but not always) have 
mixed valence Mn states between Mn3+ and Mn4+. We 
recognize that this approach is limited because it can 
be difficult to confirm complete abiogenesis in natural-

Table 1. LIBS elemental abundance results for Mn, Ba, Li, Rb, and Sr. Calculated abundances from each analysis location 
were averaged for each sample. Manganese abundance is presented as MnO (Mn2+) for ease of comparison between samples. 
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ly formed minerals; however, we believe that it is a 
reasonable first approach for this initial study. 

Methods: Samples were analyzed with the Chem-
Cam engineering unit under simulated Mars conditions 
in a Mars environment chamber under 7 Torr CO2 at a 
standoff distance of 1.6 m. Each sample was analyzed 
in five locations with 50 shots/location except for the 
Mn nodule, which was analyzed in three locations with 
150 shots/locations, and the four rock varnish samples, 
which were analyzed in two locations with 50 
shots/location. LIBS data were processed using the 
same methods as ChemCam data [14]. Manganese was 
quantified after the methods of Lanza et al. [2]. Trace 
elements Ba, Li, Sr, and Rb were quantified after the 
methods of Ollila et al. [15] and Payré et al. [16-17]. 
LIBS spectra were also examined for the presence of 
key peaks for Zn [18] and Cu [16-17]. Average Mn 
redox state for each sample was inferred from mineral-
ogy and provenance.  

Results and discussion: Samples with Mn in 3+ 
or mixed 3+, 4+ oxidation states had the highest abun-
dances of trace elements Ba, Li, Rb, and Sr (Figure 1). 
No discernible Zn or Cu lines were identified in any 
sample. Samples with a known microbial origin (Mn 
nodule, rock varnish) with average Mn redox states of 
~3.5+ had moderate Mn abundances >30 wt% MnO 
(~37 wt% MnO2) and higher Li and Ba. Although ma-
rine samples may be expected to contain elevated Li, 
the presence of Li in rock varnish suggests that it may 
also show an affinity with biogenic Mn. These results 
suggest that high Mn abundance alone is not sufficient 
evidence of a biosignature. However, the presence of 
trace elements may help to infer the redox state of Mn, 
which may in turn point to samples that are more likely 
to have a biogenic origin.  

References: [1] Lanza, N.L et al. (2014) GRL 41, 
5755-5763. [2] Lanza, N.L. et al. (2016) GRL 43, 7398-
7407. [3] Crerar, D.A. et al. (1980) Geology and Geo-
chemistry of Manganese vo1. 1, pp.293-334. [4] Boston, 
P.J. et al. (2001) Astrobio. 1(1), 25-55. [5] Friedl, G. et al. 
(1997) Geochim. Cosmochim. Act. 61(2), 275-290.  [6] 
Tebo, B.M. et al. (2004) Ann. Rev. Earth & Planet. Sci. 
32, 287-328. [7] Goldberg, E.D. (1954) J. Geol. 6(3), 
249-265. [8] Sorem, R.K. (1989) Marine Mining 8(2), 
185-200.  [9] Tonkin, J.W. et al. (2004) Appl. Geochem. 
19(1), 29-53. [10] Fuller, C.C. & Harvey, J.W. (2000) 
Envi. Sci. Tech. 34, 1150-1155.  [11] Hazen, R.M. 
http://www.irocks.com/chesapeake-biominerals-hazen-
article/ (accessed 10 Jan. 2017). [12] Lanza, N.L. et al. 
(2012) Appl. Opt. 51(7), B74-B82. [13] Lanza, N.L. et al. 
(2015) Icarus 249, 62-73. [14] Wiens, R.C. et al. (2012) 
Space Sci. Rev. 170, 167-227. [15] Ollila, A.M. et al. 
(2014) JGR Planets 119, 255-285. [16] Payré et al. (2017) 
JGR, in revisions. [17] Payré et al. (2017) this meeting. 
[18] Lasue, J. et al. (2016) JGR Planets 121, 338-352.  

Acknowledgements: This work was supported by a 
LANL Laboratory Directed Research and Development 
Early Career Award.  

Figure 1. Abundance of Mn, Ba, Li, Rb, and Sr by average 
Mn redox state. Dashed line indicates biogenic Mn samples 
(nodule and varnish), which contain mixed valence Mn 
between 3+ and 4+.  
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