
VOLATILES IN THE MARTIAN CRUST.  J. Filiberto1 and S.P. Schwenzer2, 1Lunar and Planetary Institute, 
USRA, 3600 Bay Area Blvd, Houston, TX 77058 USA jfiliberto@lpi.usra.edu, 2School of Earth, Environment and 
Ecosystem Sciences, The Open University, Walton Hall, Milton Keynes, MK7 6AA, UK.  

 
 

Figure 1. Cover of Volatiles in the Martian Crust [1] (top) 
showing sulfate veins at Gale Crater from MSL Curiosity. 
Image: NASA. (middle) Crossed-polar image from the 
Lafayette meteorite (BM.1959,755). Image courtesy of the 
Trustees of the Natural History Museum. Image: Virtual 
Microscope, The Open University. (bottom) Mounds on the 
lower slows of Mt Sharp in Gale Crater. Image: NASA. 

 
Introduction:  Follow the water was the mantra for 

Martian exploration [2] for decades, because water 
(along with nutrients, an energy source, and protection 
from detrimental influences) is required for life as we 
know it [3]. However, water is just one volatile, and 
with many different metabolic pathways, utilizing 
carbon, sulfur, nitrogen, amongst others, a wider range 
of volatiles requires consideration. Our recent book 
“Volatiles in the Martian Crust” (Figure 1 [1]), focuses 
on constraining what is known about volatile reservoirs 
in the Martian crust. With a set of expert chapter 
authors, we bring together constraints on volatiles 
reservoirs in the Martian crust from vast data sets, with 
substantially different footprints. The book is organized 
around these different datasets starting with the most 
detailed discussions and building to a broader 
understanding of volatiles in the crust with implications 
for habitability. The book is divided into two parts: first 

focusing on evidence for volatiles reservoirs from 
Martian meteorites and the second half of the book 
focuses on spacecraft (orbital, lander, and rover) 
investigations. All of this data is then synthesized in a 
conclusion that addresses habitability of Mars through 
geologic time. 

The results presented in the book demonstrate how 
much the view of Mars has changed since the initial 
images of a desolate planet. It is now clear that Mars is 
not a monotonous basaltic world, but instead has the 
rich geologic and hydrologic history of a complex 
planet. The diversity in Martian rocks is evident across 
all of our data sets, and we begin with a discussion of 
the volatile content and inventory of the Martian 
interior, with the Martian mantle being heterogeneous 
in terms of volatile elements and their isotopic 
signatures [4-7]. The crustal water reservoir is the most 
uncertain but the most important in terms of habitability 
of Mars [7-11]. The properties of this reservoir likely 
variy with location, depth in the crust, and geologic time 
[7-11]. 

As is demonstrated, the history of water, including 
different reservoirs, became and continues to become 
more complex as more data is returned from meteorites, 
orbiters, landers, and rovers. To fully understand 
Martian habitability through time and between 
locations, more detailed investigations are required, 
especially discerning mineral assemblages from out-of 
equilibrium co-detections, and, of course, the 
association of mineralogy with geomorphology must be 
understood. 

Beyond hydrogen and water, carbonates have been 
found in both Martian meteorites and at every landing 
site [9-14]. Carbonates in Martian meteorites record 
evidence of low-temperature vein-type alteration, which 
is attributed to impact-generated hydrothermal 
processes and would have represented a habitable 
environment [12]. For sulfur, it has long been known 
that the Martian crust is rich in sulfur and one of the first 
minerals analyzed at Meridiani Planum was jarosite, a 
potassium- and iron-bearing hydrous sulfate that forms 
from acidic waters [11, 13-15]. The high sulfur content 
of the crust could have provided both an energy source 
and nutrients for any potential microbes [15, 16]. 

Based on our growing knowledge of Mars as a 
system, the focus has moved from finding water and 
habitable environments, to the question if life ever 
existed on Mars, when, where, and under what 
conditions would it have existed? Further, there has 
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been a shift from investigations around extremophiles 
that could have survived on the Martian surface based 
on the high sulfur content and the ‘acid-fog’ model of 
the crust [e.g., 17] to conditions that are more conducive 
for life, as we find evidence for more circumneutral pH 
fluids in Mars’ past [18]. In addition, the new findings 
and especially quantification of elements critical for life 
sparks new research into terrestrial metabolic pathways 
and their applicability for Mars, as exemplified for the 
case of nitrogen [22]. Using rover-based 
instrumentation on the surface of Mars (i.e., ExoMars 
and Mars 2020) and as the community builds towards 
future sample return [19-21], we will be able to address 
the question whether Mars was once habitable and 
possibly if Mars was ever inhabited. 

 
References: [1] Filiberto J. and Schwenzer S.P. (2019) 
Volatiles in the Martian Crust. Elsevier, 426. [2] Hubbard 
G.S. et al. (2002) Acta Astronautica, 51, 337-350. [3] Conrad 
P.G. (2014) Science, 346, 1288-1289. [4] Filiberto J. and 
Schwenzer S.P. (2019) Chapter 1 - Volatiles in the Martian 
Crust, Elsevier, p. 1-12. [5] Filiberto et al. (2019) Chapter 2 - 
Volatiles in the Martian Crust, Elsevier, 13-33. [6] Ott U. et 
al. (2019) Chapter 3 - Volatiles in the Martian Crust, Elsevier, 
35-70. [7] Usui T. (2019) Chapter 4 - Volatiles in the Martian 
Crust, Elsevier, 71-88. [8] Lasue J. et al. (2019) Chapter 7 - 
Volatiles in the Martian Crust, Elsevier, 185-246. [9] Mustard 
J.F. (2019) Chapter 8 - Volatiles in the Martian Crust, 
Elsevier, 247-263. [10] Kounaves S.P. and Oberlin E.A. 
(2019) Chapter 9 - Volatiles in the Martian Crust, Elsevier, 
265-283. [11] Sutter B. et al. (2019) Chapter 12 - Volatiles in 
the Martian Crust, Elsevier, 369-392. [12] Bridges J.C. et al. 
(2019) Chapter 5 - Volatiles in the Martian Crust, Elsevier, 
89-118. [13] Jolliff B.L. et al. (2019) Chapter 10 - Volatiles in 
the Martian Crust, Elsevier, 285-328. [14] Mittlefehldt D.W. 
et al (2019) Chapter 11 - Volatiles in the Martian Crust, 
Elsevier, 329-368. [15] Franz H.B. et al. (2019) Chapter 6 - 
Volatiles in the Martian Crust, Elsevier, 119-183. [16] 
Filiberto J. et al. (2019) Chapter 13 - Volatiles in the Martian 
Crust, Elsevier, 393-399. [17] Tosca N.J. et al. (2004) JGR: 
Planets, 109, 10.1029/2003JE002218. [18]  Grotzinger J.P. et 
al. (2014) Science, 343, 10.1126/science.1242777. [19] Vago 
J. et al. (2015) Solar System Research, 49, 518-528. [20] 
iMOST team (2019) Meteoritics & Planetary Science, 54, S3-
S152. [21] Mustard J. et al. (2013) Report of the Mars 2020 
science definition team. [22] Price A. et al. (2019) Frontiers 
in Microbio. 9, 10.3389/fmicb.2018.00513. 
 

1009.pdfThe First Billion Years: Habitability 2019 (LPI Contrib. No. 2134)


