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Introduction: Based on analysis of mid-IR spectra 

from the Thermal Emission Spectrometer (TES), the 
composition of the martian surface falls into two broad 
categories: Surface Type 1 (ST1), an olivine-basalt 
composition, and Surface Type 2 (ST2), which differs 
from ST1 by requiring an additional poorly crystalline 
high-silica phase. Interpreations of this phase include 
both primary volcanics (e.g., obsidian, andesite) and 
secondary alteration products (e.g., zeolites, opal, 
amorphous silica coatings) [1-3]. In this study, we pre-
sent new evidence that the high-silica component is a 
weathering product of impact and/or volcanic glass [4], 
based on both laboratory spectra of leached glasses and 
a comparison between global OMEGA (near-IR) and 
TES (mid-IR) spectral parameter maps. 

Global Mapping: Recent analysis of OMEGA 
near-IR spectra revealed that the type locality for ST2, 
Acidalia Planitia, exhibits near-IR spectral signatures 
consistent with high concentrations of iron-bearing 
glass partially obscured by a silica-enriched leached 
rind, which produces a concave continuum slope be-
tween 0.7-1.5 µm, superposed on the glass absorption 
band near 1.15 µm [4]. These rinds are common in 
volcanic deserts on Earth, and are produced when acid-
ic solutions remove network modifying cations from 
the upper few microns of the glass surface, leaving 

behind a nearly pure SiO2 glass network [5-6]. The 
strong correlation between ST2 and leached glass in 
Acidalia suggests that this is the ST2 high silica com-
ponent in this region, but does not necessarily imply 
that this phase is responsible for TES ST2 globally. 

To search for a global correlation between 
OMEGA leached glass spectra and TES ST2, we have 
created a global OMEGA mosaic at 1km/pixel resolu-
tion, divided into 30 regional quads [7]. The leached 
rind is detected in OMEGA spectra based on the con-
cave up slope it imparts, using the concavity parameter 
[4]: R(0.75)/R(1.55) – R(1.55)R(2.3), where positive 
values indicate a concave up spectrum. This parameter 
is also triggered by water ice, which has been filtered 
out of our maps. In TES spectra, the high-silica phase 
of ST2 is most easily detected using the 465 cm-1 index 
[8], which detects all high-silica phases, including 
phyllosilicates, zeolites, silica, and obsidian, as well as 
other phases like hematite, but is strongest on Mars in 
regions with high ST2 abundances. 

Mapping Results: Both the TES 465 index and the 
OMEGA concavity parameter produce strong detec-
tions in Acidalia, but also both show strong detections 
in Syrtis Major, southern high latitudes, and southern 
Meridiani (Figure 1). Overall, everywhere OMEGA 
concavity index  detections occur, it appears that TES 

high-silica detections also occur. 
Some regions with low concavi-
ty also trigger the 465 index, and 
these are most likely other high-
silica phases unrelated to the 
leached glass. Thus, the majority 
of TES high-silica phases can be 
attributed to weathered glass, 
and the wide distribution of TES 
ST2 implies that impact and 
volcanic glass-rich sediments 
are a major component of the 
surface of Mars. 

 

Figure 1: Global parameter maps, 
limited to +/- 65°N. (top) TES 465 
cm-1 index (1.004-1.01), detection 
limit of 1.006 (blues and warmer), 
indicating high-silica phases most 
often associated with TES Surface 
Type 2. (bottom) OMEGA concavi-
ty parameter (0.00-0.15) Purple is 
0.00-0.05, consistent with mafics, 
warmer colors are consistent with 
weathered glass. 
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Lab Leaching Experiment: The 
near-IR spectra of leached rinds on glass 
have been studied in the field and in the 
lab [5,9] and have been shown to be a 
good match for Acidalia OMEGA spec-
tra [4], but the mid-IR spectra of these 
rinds has not been investigated. To in-
vestigate this process, we exposed six 
rock samples, (two glassy basalts, a py-
roxene-rich basalt, an olivine-rich basalt, 
an andesite, and an anorthosite) to acidic 
solutions for long periods [10]. The sam-
ples were crushed and dry sieved to a 
grain size of 500-1000 µm. Four of the 
samples exhibited naturally weathered 
surfaces, and these were also cut to ob-
tain a fresh surface for comparison. Two 
stock acid solutions were made using 
concentrated H2SO4 and distilled H2O: 
Acid A (pH of 1.0) and Acid B (pH of 
3.0). The samples were placed in sepa-
rate Teflon vessels with 30 ml of the 
stock acid solutions and 10 ml of 30% 
H2O2 (a candidate for the oxidant in 
Martian surface materials [11,12]). The 
samples were fully immersed in the solu-
tions for a total of 220 days, and were 
analyzed for near-IR spectral changes 
daily, initially, and up to weekly as the experiment 
continued. At each time step, the samples were rinsed 
with distilled H2O and dried at 80°C for two hours 
prior to spectral analysis. To mimic an open hydrologic 
system [11,13], the samples were then placed in a fresh 
solution. Mid-IR spectra of samples from each stage of 
the experiment were acquired after completion using 
the micro-TES spectrometer at ASU [14]. 

Leaching Results: Near-infrared spectra of the ba-
saltic glass samples during leaching show the devel-
opment of the concave spectrum (Figure 2a) that has 
been previously identified in field samples [7], and 
provide a good match for OMEGA spectra in Acidalia 
(Figure 2b). Mid-IR spectra of the basaltic glass sam-
ple after 213 days of leaching reveal that the leached 
surface is no longer spectrally consistent with basaltic 
glass, but instead becomes nearly indistinguishable 
from a silica-rich glass like obsidian (Figure 2c). This 
is most likely due to the removal of network-
modifying cations from the glass surface, which effec-
tively enriches the glass in silica. Obsidian has been 
identified as the best match to the high-silica compo-
nent of TES Surface Type 2 [2], so this result supports 
our interpretation of leached glass as the high-silica 
component of ST2. 

Conclusions: Global maps of OMEGA leached 
glass and TES high-silica phases show a good correla-
tion, implying that TES ST2 is largely weathered 
glass-rich volcaniclastic or impact sediments. In sup-
port of this result, basaltic glasses leached by acidic 
solutions exhibit surface spectra that are indistinguish-
able from silica-rich glasses like obsidian, making 
leached glass an excellent match for TES ST2. 
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Figure 2: (a) Near-IR spectra of ba-
saltic glass BAS101 surface during 
213 days of leaching, showing in-
crease in concavity. (b) OMEGA 
spectra of northern Acidalia, showing 
concave continuum and glass absorp-
tion before and after ratio with re-
gional dust. (c) Mid-IR spectra. Be-
fore leaching, glass BAS101 looks 
like classic basaltic glass, but after 
213 days of leaching, the surface is 
indistinguishable from Si-rich obsidi-
an, the best known match for  the 
high-silica component of ST2. 
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