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Introduction:  Orbital data from Mars have identi-

fied several locations with positive-relief fluvial depos-
its, including Holden and Eberswalde craters and Ju-
ventae Chasma [1-3].  On Earth, inverted channel de-
posits  (ICDs) commonly form by cementation of fluvial 
sediments and subsequent erosion of the surrounding 
terrain [4].  Cements are generally silica- and/or carbon-
ate-rich and reveal important information about the 
aqueous history of the deposits .  Thermal infrared 
(TIR) and visible-near infrared (Vis -NIR) spectroscopy 
are primary methods for determining the composition of 
the Martian surface.  Amorphous silica has been identi-
fied in many locations on Mars through Vis-NIR spec-
troscopy, including ICDs in Juventae Chasma [3], but 
carbonates are generally absent on the surface.  In this 
study, we test the ability of IR spectroscopy to identify 
the composition of cements in fluvial deposits by exam-
ining TIR emission spectra and spectral mo dels of ter-
restrial ICD samples from the Cretaceous Cedar Moun-
tain Formation near Green River, Utah [5,6]. 

Experimental Methods :  TIR emission spectra of 
natural surfaces and fresh interiors of conglomerate, 
quartzite, and coarse-grained sandstone samples were 
measured at the Mars Space Flight Facility at Arizona 
State University using a Nicolet Nexus 670 spectrome-
ter configured to measure emitted energy [7,8].  Spectra 
were scanned 150 times over the course of ~3 minutes, 
from 200-2000 cm-1 with 2 cm-1 spectral resolution.  We 
modeled the mineralogy by linear deconvolution [9] 
using a spectral library containing common silicates, 
carbonates, sulfates, and oxides. 

Results:  TIR spectra of natural surfaces and fresh 
interiors show strong absorptions from SiO2 phases 
(Figure 1).  Spectral models indicate surfaces and inte-
riors are mostly composed of quartz and/or a crypto-
crystalline SiO2 phase, primarily chalcedony.  TIR spec-
tra of the interiors and downward-facing surfaces of 
some samples have minor absorptions from carbonates; 
however, the upward-facing surface spectra of the 
same samples lack carbonate absorptions (Figure 1). 

Discussion: TIR spectra and spectral models of 
natural surfaces and interiors of ICDs compare favora-
bly to compositions determined by SEM, reported in a 
companion abstract [10].  Our data show TIR emission 
spectroscopy detects silica- and carbonate-rich ce-
ments if they are exposed at the rock surface.  However, 
carbonate cements are not exposed on upward-facing 
surfaces of our samples because: 1) SiO2 cements coat 

carbonate cements so that carbonates are not detect-
able; or 2) carbonate cements dissolve at rock surfaces. 
Implications for Martian ICDs: This study suggests 
that TIR spectroscopy is an effective method for identi-
fying silica-rich cements on Mars.  However, if carbon-
ate cements are present in Martian ICDs, they may not 
be exposed at the surface and would not be detected 
by TIR spectroscopy.  This emphasizes the importance 
of ground truth investigations of these locations.  Hol-
den and Eberswalde craters are proposed landing sites 
for Mars Science Laboratory [11].  The instruments on 
board MSL could determine cement compositions, pro-
viding important information about past aqueous envi-
ronments. 
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Figure 1. TIR spectra of a top surface (red spectrum) 
and interior (green spectrum).  Doublets at ~1300-1000 
cm-1 are from SiO2 phases and the absorption at ~1600-
1400 cm-1 in the interior spectrum is from carbonate. 
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