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Introduction: NASA is developing strategies for 

several in-situ missions to Mars in the next few decades 
to explore and quantitatively assess potential habitabil-
ity on Mars. Some of these missions will be designed to 
specifically search for biosignatures on Mars. Much of 
the present practice in the development of new detec-
tion technologies and instrumentation for astrobiology 
follows the model of developing single instruments to 
measure single physical parameters which may repre-
sent potential simple biosignatures. This has led to the 
development of scores of measurement concepts and a 
vast array of potential instruments to choose from for 
future astrobiology missions: a variety of mass analyz-
ers, gas and liquid chromatographs, spectroscopic tech-
niques from radio-frequency through x-ray, to name just 
a few.  Very little work has been done regarding the 
need for a multi-measurement approach toward identifi-
cation of complex biomarkers. In addition, certain 
chemicals are produced by both biotic and abiotic proc-
esses alike. We need to be able to decisively differenti-
ate the origin of these signatures (i.e. creation from bi-
otic or abiotic processes). For example, amino acids are 
commonly found in meteriotic material and, therefore, 
do not necessarily have a biological origin. Definitive 
studies which test the range of expression of the charac-
teristics life can impart to its environment are lacking 
yet such studies in Earthly Martian analogue environ-
ments are vital to developing appropriate strategies for 
Mars exploration. The measurement strategy must be 
anchored in a self-contained set of instruments that give 
concrete evidence for/or against the existence of a given 
mineral/chemical biomarker. 
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Fig.1 WetChem technology package consists of an 
integrated suite of miniature instruments: Robotic 
Chemistry Analysis Laboratory (RCAL), Electrospray 
Ionization/Ion Mobility spectrometer (ESI/IMS) in 
tandem with a Cylindrical Ion Trap Mass Spectrome-
ter (CIT-MS) 

In order to analyze inorganic and organic com-
pounds from Martian surface and sub-surface samples, 
and to search for biosignatures on Mars, we use a 
novel experimental approach utilizing wet chemistry 
combined with mass spectroscopy called “Wet Chem-
istry Experiment at Mars (WetChem)”. WetChem con-
sists of an integrated suite of miniature instruments: 
Robotic Chemistry Analysis Laboratory (RCAL), 
Electrospray Ionization/Ion Mobility spectrometer 
(ESI/IMS) in tandem with a Cylindrical Ion Trap Mass 
Spectrometer (CIT-MS). Fig. 1 shows the WetChem 
Technology package. 

RCAL is designed to provide information on bulk 
salt content, characterize salts and minerals that are 
present in Martian soil using array of electrochemical 
sensors. (see Fig. 2) The sensor array consists mainly 
of potentiometric ion selective electrodes but also in-

cludes conductivity, and voltammetric microelectrodes 
for determination of heavy metals. In addition, RCAL 
will serve as the front-end instrument to extract vola-
tiles, inorganic and organic compounds from Martian 
regolith to be fed to ESI unit for further analysis of the 
samples by IMS/CIT-MS. More specifically, we will 
conduct a broad survey of types and abundance of car-
bon containing molecules including complex organic 
molecules and identify potential chemical biosigna-
tures (i.e. amino acids, carboxylic acid) in solid phase 
materials using IMS/CIT-MS system. 

In this investigation, we conduct our field studies 
at evaporate sites, both ancient and modern. These 
sites are considered to be extreme environments (i.e. 
very dry, highly alkaline with pH levels up to 11) and 
represent excellent analogs for putative Martian 
evaporites.  

 
  Why study evaporates: Evaporite deposits were 

identified as a potentially important exploration target 
for past or present Martian life [1,2]. The recent results 
from the Mars Exploration Rover (MER) mission have 
shown strong evidence of the existence of long-
standing water and evaporite minerals on Mars such as 
Jarosite and Carbonate and other sulfate phases as well 
as Silicates and iron oxides. 
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 In addition, evaporite deposits yield valuable infor-
mation about past climate as well as information about 
the composition of ancient fluids trapped as inclusions. 
Since the surface hydrological cycle may have ceased 
very early in Martian history, due to loss of the atmos-
phere’s water vapor and a lack of plate tectonic activity, 
the crustal residence time for Martian evaporites is 
likely to be much longer than on Earth where many 
evaporite deposits have been shown to contain a variety 
of microbial fossils [3,4] and associated biomarkers [5]. 
Our field sites consist of both modern and ancient 
evaporite samples. We chose two sites for modern sam-
ples: The Deep Springs Lake playa, Inyo County, CA, 
and the Death Valley salt pan. The Deep Springs Lake 
playa has a concentric deposition of  diverse evaporite 
minerals ranging from carbonates (including dolomite) 
through sulfates, to halides lakeward through the basin. 
The Death Valley salt pan, on the other hand, hosts a 
different set of evaporite minerals (especially borates) 
than the Deep Springs playa.  

 

Our ancient samples will consist of dolomite and 
carbonate, often hosting evaporite sequences, from the 
pre-Cambrian/Cambrian boundary at the following lo-
calities: The Noonday dolomite formation near Mosaic 
canyon, Panamint range, Death Valley, CA, the Alex-
ander Hills near Tecopa, CA, and Mount Dunfee, Es-

merelda County, NV. All four of these localities have a 
documented occurrence of microbialites predatring the 
advent of multicellular life in this area.   

The modern samples will serve to inform us 
of the differences that may be seen with mineralogical 
diversity while the issue of time effects will be ad-
dressed chiefly by studying the carbonate mineral fa-
cies, which we know to be present in both our modern 
and ancient field sites and which can thus serve as a 
basis for comparison. 

The instrument suite that we utilize in this 
WetChem investigation permits highly precise and ac-
curate measurements of the mineralogy, elemental 
analysis, and detection of organic composition in 
evaporite deposits which represent an excellent analog 
for putative Martian evaporates.  
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Fig. 2 RCAL system can conduct chemical analysis of 
soil/rock samples (pH, redox potential, oxidation sates, 
conductivity, cyclic voltammetry, ion concentration and 
total carbon, and  biosignature measurements)  In addi-
tion, RCAL can extract volatiles, inorganic and organic 
compounds from the samples to be fed to ESI/ IMS sys-
tem for further analysis. 
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