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Introduction: Serpentines (Fe,Mg)6Si4O10(OH)8 

form during hydrothermal/metamorphic alteration of 
olivine-bearing ultramafic rocks (T=80-500°C) and are 
a marker for distinctive aqueous conditions: highly 
reducing, high pH, and low aSiO2 [e.g. 1]. The exis-
tence of serpentine on Mars is of significance for geo-
physics and habitability. Depending on fluid chemi-
stry, a common product of serpentinization is magne-
tite (Fe3O4), which is highly susceptible to magnetism 
and has been hypothesized to contribute to the genera-
tion of Martian magnetic anomalies [e.g. 2]. Serpen-
tinzation reactions also produce H2, which can serve as 
an important energy source for chemosynthetic organ-
isms [3] or react abiotically with CO2 to produce me-
thane [4]. If serpentinization were presently occurring 
and generating methane either abiotically or biologi-
cally mediated, production would be occurring in the 
subsurface and out of view. However, it is clear that 
the serpentinization process operated on Mars in the 
past, given identification of serpentine by the Compact 
Reconnaissance Imaging Spectrometer for Mars 
(CRISM) [5]. Here we catalogue the geologic settings 
of serpentine-bearing deposits found so far by CRISM.  

Identification of serpentine-bearing rocks: The 
Mg3Si2O5(OH)4 polytypes have identical spectral fea-
tures at CRISM resolution [8]. Their strongest absorp-
tion is an asymmetric, narrow 2.32 µm Mg-OH com-
bination band. A narrow OH stretch overtone at 1.39 
µm, a v-shaped band centered near 2.52 µm and a 
weaker feature at 2.10-2.12 µm are also characteristic. 
The presence of all four features is necessary to uni-
quely distinguish Mg-serpentines from other alteration 
minerals on Mars, such as chlorites, carbonates, and 
Mg-rich smectites such as saponite [5]. Thousands of 
CRISM targeted observations (18-36m/pixel) have 
been examined in the southern highlands for evidence 
of alteration minerals, including serpentine. Serpentine 
is relatively uncommon. To ensure no deposits had 
been overlooked in prior analyses, observations in 
high olivine areas [6, 7] and with high D2300 parame-
ter values (indicating the presence of materials with an 
absorption near 2.3 µm) were re-examined (Fig. 1).  

Geologic settings: All serpentine detections to date 
occur in rocks of three distinct geologic settings:  

(1) Bedrock in stratigraphic section: West of the 
Isidis basin, Early Hesperian Syrtis Major volcanic 
lavas overlie Noachian bedrock, which consists of an 
Fe/Mg smectite-bearing unit beneath an olivine-rich 
unit that in places has been partially altered both to 
carbonate and serpentine [5,9,10]. North of the Noa-

chian-Hesperian contact (17.3°N, 77.2°E), erosion 
exposes a >150km2 outcrop of the olivine-rich unit, 
which is bright-toned, highly fractured, and variably 
covered by dunes. The olivine-rich bedrock is of hete-
rogeneous composition, exhibiting partial alteration in 
most places to magnesium carbonate but in some plac-
es to serpentine (Fig. 2). At CTX-scale, the morpholo-
gy of the bedrock is similar regardless of alteration 
mineralogy. It is fractured into a breccia of m-scale, 
angular blocks in a quasi-linear pattern.  

Elsewhere north in and around the Nili Fossae, the 
olivine-rich bedrock also exhibits signs of partial alte-
ration. In over 20 images, distinctive paired absorp-
tions at 2.31 and 2.51μm of comparable width and 
strength can be uniquely identified as magnesium car-
bonate [11]. However, as noted by [5,12], in places the 
olivine-rich unit instead exhibits characteristic absorp-
tions at 1.91 and 2.32 μm, due to H2O and Mg-OH 
respectively, and the 2.5-μm absorption is weak to 
absent. These band positions are not consistent with 
carbonate but imply instead the presence of an Mg-rich 
phyllosilicate, specifically saponite or serpentine, in 
some areas of the olivine-rich unit. 

 (2) Mélange terrains: West of the Nili Fossae 
(20.9°N, 73.3°E), where a dark-toned mantling unit 
has been eroded away, rocks beneath exhibit spectra 
characteristic of serpentine, Fe/Mg smectite, kaolinite, 
serpentine, low-calcium pyroxene, and olivine, each in 
discrete areas (Fig. 3). These mineral bearing units 
represent a mélange of Noachian rocks with varying 
degrees of alteration. High-resolution imagery general-
ly reveals no coherent stratigraphy or zoning. 
Throughout the scene, olivine is partially altered, ex-
hibiting 1.9 and 2.32 μm absorptions. This may indi-
cate incipient alteration of olivine or sub-pixel spatial 
mixing of olivine-bearing units with altered units. 

The second instance of mélange setting serpentine 
is in the Claritas Rise, a faulted topographic high 
which formed during Noachian magmatic-driven uplift 
and tectonism and hosts a crustal magnetic anomaly 
[13]. Thirteen CRISM images were examined here. 
Fe/Mg smectite and chlorite are the most common alte-
ration minerals observed in nine images; two images 
show evidence of serpentine. In the largest exposures 
(-26.8N, -101.2E), raised knobs host serpentine-
bearing rocks along with additional alteration minerals 
including chlorite, kaolinite, and illite/muscovite (Fig. 
3). Even at 5m/pixel resolution, no stratigraphic rela-
tionship or regular zoning is observed; the strongest 
signatures are found in local topographic highs. 
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(3) Southern highlands craters: Tens of craters 
scattered throughout the southern highlands exhibit 
spectral signatures consistent with serpentine, although 
chlorite and Fe/Mg smectite are more commonly found 
in rocks of the crater central peaks, walls, and ejecta. 
However, serpentine is found in all of these settings as 
well as in reworked deposits on the crater floor in 
McLaughlin crater. Because of the small nature of 
some of these exposures (<5x5 CRISM pixels), it is 
often not possible to uniquely identify serpentine by 
the presence of characteristic 1.38 and 2.1μm absorp-
tions. “Probable” serpentine is identified on Figure 1 
where the spectral shape and band positions at 2.32 
and 2.5 um differ from other materials in the crater and 
are consistent with serpentine.   

Implications: Contiguous exposures of definitive-
ly serpentine-bearing materials are small and rare on 
Mars. This finding represents a combination of the 
actual distribution of serpentine on Mars and the fact 
that serpentine is difficult to uniquely distinguish from 
other Fe/Mg phyllosilicates, carbonates, and their mix-
tures. To date, the serpentine-bearing materials appear 
to be restricted to Noachian-aged rocks, pointing to the 
existence of hydrothermal alteration of ultramafic 
rocks during the Noachian epoch.  

In Nili Fossae, a clear geologic record of process 
exists where both the reactants and products of serpen-
tinization are found. Mg-carbonates can co-occur with 
serpentine in hydrothermal systems when the aCO2 is 
moderately high and temperatures are low. An alterna-

tive scenario to explain the Nili Fossae olivine-
carbonate-serpentine unit is a two-step process where-
by olivine is partially altered to serpentine hydrother-
mally. This unit is then weathered to form Mg-
carbonate.  Olivine can weather directly to magnesite; 
brucite is also highly susceptible to weathering by 
CO2-bearing fluids and is a precursor for hydrated and 
magnesium carbonates [14]. That the  olivine-
carbonate-serpentine unit is heavily brecciated at meter 
scale is consistent with rock fabrics in serpentinites, 
since the conversion from olivine to serpentine in-
volves a 20-40% volumetric expansion [14]. 

The mechanism and timing of serpentine formation 
unclear in craters and mélange terrain where rocks lack 
stratigraphic context. Serpentine may have formed 
prior to disruption or may have resulted from hydro-
thermal activity after the fact. Additional alteration 
minerals, albeit not directly associated with the serpen-
tinization process are sometimes found in nearby, e.g. 
kaolinite, illite/muscovite, chlorite, and Fe/Mg smec-
tites. This suggests either multiple episodes of aqueous 
alteration prior to disruption of units or variation in 
precursor lithology, fluid composition, and tempera-
ture on scales of just a few km.  
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Figures 1. Distribution of serpentine in CRISM targeted images 
examined in this study. 2. Variably altered, fractured serpen-
tine/carbonate/olivine-bearing bedrock near the contact with Syrtis 
lavas. 3. Melange terrains in a) Nili Fossae and b) the Claritas 
Rise with numerous alteration minerals,  including serpentine. 
Arrows  indicate locations of serpentine in figures 2-3. 
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