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Introduction:  The spectral properties of anhy-

drous carbonates and nitrates are dominated by strong, 
sharp vibrational bands due to the CO3

2- and NO3
2- 

anions. These are observed in both the near-infrared 
(NIR) [1] and mid-IR regions [2]. Carbonate band cen-
ters near 2.3, 2.5, and 3.4 µm were determined from 
continuum-removed (CR) spectra and compared in 
order to distinguish the differences each cation had on 
the band center and shape. Spectral differences be-
tween the calcite-type and aragonite-type structures are 
presented. The results of this study will provide base-
line data to help determine carbonate chemistry on 
Mars and assess whether nitrates are present. 

Samples:  Anhydrous carbonates were collected 
from several sources for this study [2-4] and their puri-
ty was confirmed by XRD. Some carbonates were also 
synthesized with specific abundances of Mg, Fe and 
Mn cations [5]. When sufficient sample material was 
available, multiple grain sizes were prepared. Several 
nitrate samples were obtained from Scholar Chemistry, 
but only the anhydrous nitrates are investigated here 
because the hydrous nitrate spectra, similar to hydrous 
carbonate spectra, are dominated by water bands.  

Spectral Measurements:  Bidirectional reflec-
tance spectra were measured of particulate samples 
from 0.3-2.5 µm under ambient conditions. FTIR re-
flectance spectra were measured under dry conditions 
from 1-50 µm and then scaled to the bidirectional data. 
Emissivitiy spectra were measured from 5-50 µm as in 
[2]. The NIR data were processed using a continuum 
removal procedure [6] to enable comparison of the 
band centers with changes in composition.  

 
Fig. 1.  VNIR spectra of synthetic Mg/Fe-CO3 size 
fractions. Gray lines mark dominant spectral features. 

VNIR Spectral Analyses: Spectra were acquired 
for multiple grain sizes of several carbonates and ni-
trates. Fig. 1 illustrates that finer-grained samples ex-

hibit brighter reflectance and deeper bands in the 
VNIR region than coarser-grained samples. We ob-
served that the ~2.3 and 2.5 µm band centers appear 
extremely consistent in position across grain sizes for 
each sample, but that variations exist in shape and po-
sition for the bands at ~3.4 and 4 µm, attributed to 
grain size affects. Similar bands are observed for ni-
trates, shifted towards longer wavelengths (Fig. 2). 

 
Fig. 2.  NIR reflectance spectra of nitrates. Gray lines 
mark dominant spectral features of NaNO3. 

Band centers near 2.3, 2.5, 3.4 and 4 µm vary with 
cation type and structure (Fig. 3). These bands are use-
ful for identifying carbonates in remotely sensed spec-
tral data and also provide chemical information about 
carbonate outcrops [4]. These CR data were used to 
determine the exact band center near 2.3, 2.5, and 3.4 
µm for each sample and for each grain size.  

 
Fig. 3.  CR spectra of several carbonates (grain size 
90-125 µm) with different chemistries. Gray lines are 
drawn to facilitate comparison of the data. 

Band Center Comparisons: Band center compari-
son plots were generated in order to identify trends 
among these bands with chemistry. Four distinct clus-
ters were identified using the 2.3 and 2.5 µm band cen-
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ters (Fig. 4): a calcite region, a siderite region, a mag-
nesite region, and a mixed region containing multiple 
(Ca, Fe, Mg, Mn) cations with variable chemistries 
(dolomite, Mg-siderite, and ankerite) as well as arago-
nite. The synthetic MgCO3 and FeCO3 carbonates ex-
hibit comparable band positions to the natural magne-
site and siderite samples. Similar clusters were ob-
served for the 2.3 vs 3.4 µm and 2.5 vs 3.4 µm band 
centers; however, the groups were less distinct [4]. 

 
Fig. 4.  Band center comparison for several carbonates. 
Clusters are identified for spectrally distinct groups. 

 
Fig. 5.  Mid-IR spectra of calcite structure minerals 
(size 125-250 µm). Band centers are marked by lines: 
dark gray solid for magnesite, dark gray dashed for 
calcite, light gray broken for NaNO3 (size >250 µm). 

Mid-IR Spectral Analyses:  Four vibrations occur 
for carbonates and nitrates in the mid-IR region. These 
include the asymmetric stretching vibration (ν3), the 
symmetric stretching vibration (ν1), the out-of-plane 
bending vibration (ν2) and the in-plane bending vibra-
tion (ν4) [7]. The calcite structure is trigonal and the 
ν1 band is not IR active, thus only 3 bands are ob-
served (Fig. 5). Siderite, dolomite, magnesite and 

NaNO3 also have trigonal structure with similar spec-
tral features to those of calcite. In contrast, the arago-
nite structure is orthorhombic where all 4 vibrations 
are IR active, and the ν3 and ν4 bands are split, result-
ing in 6 bands (Fig. 6). KNO3 also has this structure 
and its spectrum is related to that of aragonite. 

 
Fig. 6.  Mid-IR reflectance spectra of aragonite struc-
ture minerals. The band centers are marked by dark 
gray lines for aragonite (size 90-125 µm) and light 
gray broken lines for NaNO3 (size <125 µm). 

The ν3, ν2 and ν4 bands are observed near 1590, 
905 and 755 cm-1 for magnesite and shift towards lower 
frequencies for calcite (Fig. 5). The shape and position 
of these bands varies with grain size (Fig. 7). The 
bending vibrations also flip from scattering peaks to 
absorption bands depending on the grain size and in-
dex of refraction [e.g. 8, Fig. 7]. 

 
Fig. 7.  Mid-IR emissivity spectra of different size frac-
tions of calcite. Solid lines mark the bands for the 
coarsest fractions, while dotted lines mark the 
bands/peaks for the finest fractions (from [2]). 
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