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Introduction: Serpentinites on Mars are important 
targets for orbital and in situ exploration, as proxies for 
the presence of warm, reducing fluids that altered the 
mafic protolith, allowing for energy, chemistry, and 
temperature gradients crucial for Earth-like life [1]. 
Here, we rely on a serpentine-bearing Earth 
analogue—the Indikolapelessa field site in Sri Lanka 
[2]—to disentangle how serpentine zone amorphous 
silica and carbonates may constrain the temperature 
and CO2 content of fluids. We suggest that the 
presence of these materials may be used to distinguish 
a CO2-rich fluid from a CO2-poor fluid. We also 
present Visible to Near Infrared (VNIR) and Raman 
data from carbonates and silica materials co-located 
with serpentine: data with relevance to the activities 
and payload of the Perseverance rover [3]. 

Sri Lanka originated from a double-sided 
subduction system ~0.5-0.6 Ga ago, resulting in three 
major provinces. The bedrock is mostly Precambrian 
metamorphic rock, but post-collisional mafic 
intrusions later altered to serpentines span the 
boundary between the Highland and Vijayan 
complexes [4]. These antigorite-dominated 
serpentines are relevant to Martian counterparts. Like 
Lanka, sites on Mars are often associated with 
carbonates and silica [4,5]. Mg-serpentines have been 
detected in association with magnesite in Nili Fossae, 
and also identified in Jezero Crater [5,6], making the 
Sri Lanka serpentine/carbonate/silica units potential 
targets for comparative planetology [c.f., 7]. 

Indikolapelessa is in southern Lanka (coordinates: 
6.3601 N, 80.9357 E). It contains anthropogenically 
exposed—by purely manual means, without 
explosives or chemicals—outcrops of serpentinized 
rocks, as well as carbonates and amorphous silica 
interbedded with the serpentine deposits. Here we 
explore the setting and composition of these materials 
in more detail. 
Methods: Fieldwork was conducted in June-July, 
2023. In situ VNIR (0.3 – 2.5 µm) spectra of materials 
of interest were obtained using a Spectral Evolution 
portable field spectrometer. These spectra were 
compared to library mineral spectra from the United 
States Geological Society (USGS) and Jet Propulsion 
Laboratory (JPL) spectral libraries, available in the 
ENVI software package. In addition to VNIR, we 
obtained X-Ray Fluorescence (XRF) data using the 
SciAps X-250 spectrometer sensitive to 10s of µm 
depth. Samples retrieved to the Georgia Institute of 
Technology were further analyzed using the Bruker  

 
BRAVO handheld Raman Spectrometer, which 
provides Raman spectral data between 300 cm-1 and 
3200 cm-1. Raman data were compared to spectra 
available in the RRUFF spectral library 
(https://rruff.info). 

 
Figure 1. Top: Targets from which VNIR and XRF 
data for the carbonate and silica mineral assemblages 
were taken, demonstrating layering of silica on 
carbonate. Bottom: Context for the contact between 
serpentine minerals and the alteration products. 
 
Results: Carbonate and silica mineralogy often 
appeared co-located with serpentine deposits in sub-
cm laminations, e.g., silica draping carbonate deposits, 
which in turn appeared to layer serpentine deposits 
(Fig. 1.). Intimate mixtures, in which silica and 
carbonate are highly intermixed with or without 
serpentine, were not readily identifiable in 
Indikolapelessa. The silica had a botryoidal texture, 
with no obvious crystalline features. 

XRF data indicate Ca enrichment in the carbonate 
materials (5.25 wt.%), which, coupled with higher Mg 
(3.42 wt.%), suggests the presence of dolomite rather 
than magnesite as the primary carbonate.  VNIR data 
from these materials indicate a ~2.3 µm absorption 
feature consistent with either magnesite + 
hydromagnesite or dolomite (Fig. 2); the presence of 
Ca in the XRF data points to dolomite. A distinction 
between the silica bearing materials and the carbonates 
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is apparent (Fig. 2). Amorphous silica can be 
identified from its 2.2 µm absorption feature in Indik. 
Sample 1 (IS1) that is absent in Indik. Sample 2 (IS2). 
We therefore observe spectral mixing of the likely 
dolomite and amorphous silica present in situ. 

Figure 2. Continuum removed VNIR data from field 
samples. IS1 has absorptions consistent with Mg-
carbonates and amorphous silica, while IS2 suggests 
the presence of Mg-carbonates. 
 

Samples from this site, including a likely 
carbonate and amorphous silica sample, were retrieved 
and analyzed using a Raman spectrometer. The 
carbonate sample is consistent with magnesite (the 
peak of 1094 cm-1 matches magnesite) while the silica 
sample, perhaps surprisingly, appears to share a peak 
with quartz at 464 cm-1, though the sample peak is 
broader. This suggests minor crystallinity in an overall 
amorphous assemblage. 
Discussion: The carbonates and amorphous silica are 
not obviously cogenic with the serpentines, as they 
appear to drape with distinct layers, rather than 
interfingering or being intimately mixed. They may be 
derived from later hydrothermal fluids as secondary 
products from the serpentines. 

The presence of crystalline silica or talc can help 
differentiate the abundance of CO2 in the alteration 
fluids as well as the fluid temperature [8,9]. Quartz and 
magnesite tend to form from relatively lower 
temperature fluids (<300ºC) with higher CO2 
abundances; talc forms at higher (>300ºC) 
temperatures; talc and magnesite form at temperatures 
greater than 300ºC but with lower CO2 abundances  
(>~0.05 mol fraction CO2) [8]. The apparent presence 
of both magnesite and silica, and the lack of evidence 

for talc in either the VNIR or Raman spectra, suggest 
that the fluids forming the Mg-carbonates and silica 
are likely to be relatively lower T, high CO2 fluids. 

Our results may collectively inform the bulk 
mineralogy of serpentine deposits on Mars. We 
suggest that mixtures of amorphous silica and 
magnesite on Mars correspond to fluids rich in CO2 
(between 0.01 and 0.10 mol fraction CO2) and 
relatively low in temperature as opposed to Martian 
talc/serpentine deposits [9]. The identification of both 
assemblages on Mars may correspond to changing 
mantle metasomatism. Raman and VNIR spectral data 
from this work may be used to interpret data collected 
by the Perseverance rover and MRO-CRISM. 
Validating a mixture of amorphous silica and 
magnesite, based on the presence of both 2.2 and 2.3 
µm absorption bands, near a serpentine deposit may 
identify high CO2 low T systems on Mars. 

Figure 3. Raman data from carbonate and silica 
samples returned to the lab, indicating the presence of 
magnesite in the carbonate sample, and the presence 
of somewhat crystalline silica in the silica sample from 
Indikolapelessa. 
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