
HABITABLE ENVIRONMENTS INCLUDE ACIDIC ZONES: LOOKING BEYOND AN ALKALINE 
ENVIRONMENT FOR SIGNATURES OF LIFE ON MARS.  Melissa D. Lane1, 1Planetary Science  
 Institute, Tucson, AZ (lane@psi.edu). 

 
 
Introduction:  As scientists look for life outside 

Earth, candidate planetary environments have been de-
fined as having sufficient atmospheric pressure to sustain 
liquid water on the surface, such as planets in circumstel-
lar “Goldilocks zone(s)”. For liquid water, there also 
exists a dependency on the luminosity of the host star 
and the distance of the planet candidate to the host that 
enables a surface temperature that precludes photoevapo-
ration and allows liquid water to be present (not too hot 
or too cold), i.e., at a “habitable distance” [1]. For rocky 
planets like the Earth or Mars, gravity also has to be 
adequate to retain the atmosphere [2]. 

However, the common definition of habitable zones 
generally omits other environmental and chemical fac-
tors and precludes potential additional environments that 
could harbor life. Thus far, Goldilocks zones have been 
constrained to a specific setting, one of neutral to alka-
line pH, not too oxidizing, not too salty, not too hot or 
cold (Figure 1); however, on Earth life occurs in many 
settings outside the canonical Goldilocks zone. Certainly 
for Earth, and probably for Mars the notion of a 
Goldilocks zone is far too restrictive for defining regions 
on the planet that could have hosted life. 

Recent results form the Curiosity rover suggest that 
Gale Crater, in particular Yellowknife Bay, was the set-
ting for a fluvio-lacustrine environment [e.g., 3]. With 
rock and soil chemistries (gray mudstones, with later 
alkalai-sulfate diagenetic veining) that suggest near-
neutral to slightly alkaline pH during deposition, low 
salinity, and variable redox states, the Yellowknife Bay 
region falls into the canonical description of a classic 
Goldilocks zone.  

In preparation for the future landing of the Mars 
2020 rover, a sample caching mission for later sample 
return to Earth, the Science Definition Team Report [4] 
identifies four habitability factors that will guide the 
selection of the best site for the Mars 2020 rover includ-
ing: raw materials (nutrients; elements and chemical 
compounds), energy, water (a solvent; catalyst), and 
favorable conditions (e.g., radiation protection). Al-
though these factors are broad, landing site selection 
commonly (and unofficially) targets more narrowly fo-
cused benign environments that indicate previous stand-
ing, near-neutral pH waters with mid-range salinity, that 
enabled mineral precipitation of phyllosilicates (aka 
“clays”), neutral-alkali (Ca-) sulfates, and other related 
minerals. 

Objective: For Earth, and analogously for Mars, the 
common definition of a “Goldilocks” habitable zone is 

far too restrictive for identifying geologic regions that 
may harbor evidence of life.  

The objective of this work is to challenge the notion 
of searching for evidence of life only in a near-neutral 
pH, mid-range saline, lacustrine or fluvial environments 
on Mars, and to recommend broadening the considera-
tion of potential settings that look beyond traditional 
“Goldilocks” regions. An expanded view of habitable 
regions would include the possibility of life markers 
being found in more extreme environments such as once-
present hydrothermal systems, beneath ice-capped stand-
ing bodies of water, in/under glacial ice, etc., and it is 
clear that these more-extreme environments should also 
be sought as potential landing site targets. [Consider 
terrestrial extreme environments that are, e.g., hydro-
thermal, highly acidic, starved of light, extremely cold, 
hypersaline, hyper-alkalic, hyper-arid, under tremendous 
pressure, etc., and various combinations thereof, that are 
known to be teeming with evidence of life, both simple 
and complex (e.g., Iceland; Yellowstone National Park; 
subsurface lakes in Antarctica; Rio Tinto, Spain; Iron 
Mountain, CA; Mid-ocean ridges; etc.)].  

A second objective of this work is to present recent 
research obtaining the thermal emission spectra (2000 
to 220 cm-1; 5-45 µm) of a large number (21)* of differ-
ent Fe-sulfate minerals to identify their spectral features 
and to specify spectral characteristics that can indicate 
the degree of polymerization of the mineral [5]. Specific 
mineral identification allows the pH condition during 
formation to be pin-pointed. 

A Wide Range of pH Environments on Mars: 
Sulfate minerals are fairly specific indicators of pH.  

The sulfates that have been identified in Gale crater are 
alkaline (low acidity), being mostly diagenetic Ca-sulfate 
cement [3]. In contrast to that environment, the sulfates 
identified at Meridiani Planum are a mixture of Ca-, Mg-
, and Fe-sulfates [6,7,8] and thus representative of a 
more acidic environment. Further, the jarosite identified 
in Meridiani Planum specifically indicates a formational 
environment of ~2-4 pH (medium-high acidity). In con-
trast to both the Gale and Meridiani sites, Gusev Crater 
was shown to have Fe-sulfates in the near subsurface 
when they were exposed by a dragging rover wheel 
[7,9].  Initial studies indicated these Fe-sulfates were 
ferricopiapite, fibroferrite, hydronium jarosite, 
(para)butlerite; (para)coquimbite, rhomboclase, or yava-
paiite, or a combination thereof [e.g., 10,11,12].  

Spectral Evidence for Chain Sulfates and a High-
acidity (<2 pH) Region on Mars: Structural studies of 
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iron sulfates using mid-infrared emission spectroscopy 
[5] have allowed a down-selection of the Fe-sulfate can-
didates in Gusev Crater, and now suggest that the current 
candidate Fe-sulfates in the rover tracks are chain sili-
cates whose emissivity spectra have a generally similar 
and diagnostic shape (Figure 3). *Note: At the confer-
ence the full range of Fe-sulfate spectra (of different 
polymerizations) will be shown for comparison. 

These chain Fe-sulfates (Figure 3) all are indicative 
of formational environments of high acidity (pH <2) and 
are common in terrestrial oxidizing, hydrothermal envi-
ronments. Often these ferric sulfates coexist with amor-
phous silica – a mineral known to have good preserva-
tion potential for biological signatures. 

Conclusion: Biologic activity on Earth occurs in 
many diverse environments that lie outside the canonical 
“Goldilocks zone” (Figure 1). While the criteria for this 
habitable zone are valid, the definition severly restricts 
actual environments on Earth, and presumably on Mars, 
where life could have arisen. Sites on Mars showing  the 
presence of ferric sulfates, representative of highly acidic 
formational environments, should be considered as po-
tential landing sites for Mars 2020.  
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Figure 1. Schematic showing influences on potential environ-
ments and potential habitability. 

Figure 2. Mid-infrared thermal emissivity spectra of sulfates 
with chains of SO4 tetrahedra and MX6 octahedra. In addition, 
the crystal structure diagrams are shown (amarantite from 
Süsse 1968; botryogen from Süsse 1967; butlerite from Fanfani 
et al. 1971; ferricopiapite from Fanfani et al. 1973; and meta-
sideronatrite from Ventruti et al. 2010). Band depths have been 
adjusted by multiplying the spectra by the parenthetical 
amounts; spectra are then offset for clarity.  From [5]. 
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