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Abstract

To support the data analysis for the MErcury Radiometer and Thermal Infrared Imaging Spectrometer (MERTIS) instrument

on the ESA-JAXA BepiColombo mission, we have measured the thermal infrared emissivity of finely grained silicates (<25

μm grain size) at different temperatures under vacuum to simulate the daytime conditions on the surface of Mercury. The

silicates were selected to represent the mineralogy of Mercury as closely as possible (Helbert et al., 2007; Namur and Charlier,

2017; Vander Kaaden et al., 2017). The set includes one olivine (a Mg-rich forsterite), three pyroxenes (diopside, enstatite, and

hypersthene), five feldspars (plagioclase group; anorthite, labradorite, andesine, oligoclase, and K-feldspar; microcline) and a

feldspathoid (nepheline). The emissivity measurements for each mineral was carried out within the MERTIS spectral range of

7-14 μm with temperatures increasing from 100 ?C up to 500 ?C under vacuum (˜0.1 mbar). The relationships between the

spectral parameters such as the Christiansen Feature (CF) position, first Reststrahlen band (RB1) position, RB1 emissivity,

and RB spectral contrast and temperature were investigated for all silicates. The study shows that the RB1 position shifts to

longer wavelengths, RB1 emissivity decreases, and RB spectral contrast increases with increasing temperatures for all silicates

studied. We apply the plot of CF vs RB1 as a tool to discriminate the major silicate groups such as feldspars, pyroxenes,

and olivine, regardless of the temperatures at which they were measured. The CF vs RB1 plot can facilitate the first order

discrimination of the mineralogy of Mercury’s surface with MERTIS. Moreover, this approach can be more widely used to map

the igneous surface mineralogy of silicate targets such as the Moon, Mars, and S-type asteroids in the 7-14 μm spectral region

with remote sensing from orbit and ground-based telescope observations.

Supplementary Material

Table S1. Spectral parameters derived from the emissivity spectra of all studied silicates as a function of
temperature.

Temperature
()

῝Φ ποσιτιον

(μμ)

CF
emissivity

ΡΒ

ποσιτιον

(μμ)

RB
emissivity

RB spectral
contrast

TF position
(μμ)

Forsterite Forsterite Forsterite Forsterite Forsterite Forsterite
100 8.948 0.994 9.453 0.951 0.044 13.000
200 8.948 0.994 9.497 0.932 0.062 13.000
300 8.932 0.992 9.549 0.924 0.068 13.000
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Temperature
()

῝Φ ποσιτιον

(μμ)

CF
emissivity

ΡΒ

ποσιτιον

(μμ)

RB
emissivity

RB spectral
contrast

TF position
(μμ)

400 8.932 0.992 9.602 0.918 0.074 13.000
500 8.932 0.993 9.638 0.917 0.076 13.000
Min 8.932 0.992 9.453 0.917 0.044 13.000
Max 8.948 0.994 9.638 0.951 0.076 13.000
Avg 8.938 0.993 9.548 0.928 0.065 13.000
σ 0.008 0.001 0.075 0.014 0.013 0.000
[?]µ 0.015 0.002 0.184 0.033 0.032 0.000
Enstatite Enstatite Enstatite Enstatite Enstatite Enstatite
100 8.172 0.993 9.060 0.959 0.034 -
200 8.146 0.993 9.090 0.936 0.057 -
300 8.146 0.993 9.100 0.927 0.066 -
400 8.140 0.993 9.130 0.914 0.079 -
500 8.134 0.991 9.180 0.903 0.088 -
Min 8.134 0.991 9.060 0.903 0.034 -
Max 8.172 0.993 9.180 0.959 0.088 -
Avg 8.148 0.993 9.112 0.928 0.065 -
σ 0.015 0.001 0.045 0.021 0.021 -
[?]µ 0.038 0.002 0.120 0.056 0.054 -
Diopside Diopside Diopside Diopside Diopside Diopside
100 8.431 0.986 8.939 0.958 0.027 -
200 8.417 0.984 8.955 0.944 0.040 -
300 8.390 0.980 8.970 0.936 0.044 -
400 8.376 0.981 9.002 0.933 0.048 -
500 8.349 0.977 9.033 0.925 0.052 -
Min 8.349 0.977 8.939 0.925 0.027 -
Max 8.431 0.986 9.033 0.958 0.052 -
Avg 8.393 0.981 8.980 0.939 0.042 -
σ 0.032 0.003 0.038 0.013 0.009 -
[?]µ 0.081 0.009 0.093 0.033 0.024 -
Hypersthene Hypersthene Hypersthene Hypersthene Hypersthene Hypersthene
100 8.217 0.996 9.033 0.973 0.024 -
200 8.204 0.996 9.049 0.962 0.035 -
300 8.191 0.996 9.080 0.952 0.044 -
400 8.178 0.995 9.112 0.945 0.050 -
500 8.064 0.995 9.161 0.941 0.053 -
Min 8.064 0.995 9.033 0.941 0.024 -
Max 8.217 0.996 9.161 0.973 0.053 -
Avg 8.171 0.996 9.087 0.955 0.041 -
σ 0.062 0.001 0.051 0.013 0.012 -
[?]µ 0.153 0.002 0.128 0.032 0.030 -
Anorthite Anorthite Anorthite Anorthite Anorthite Anorthite
100 7.952 1.000 8.470 0.973 0.027 12.100
200 7.940 0.999 8.530 0.965 0.035 12.100
300 7.952 0.998 8.580 0.957 0.041 12.100
400 7.952 0.997 8.630 0.950 0.047 12.100
500 8.001 0.998 8.680 0.946 0.052 12.100
Min 7.940 0.997 8.470 0.946 0.027 12.100
Max 8.001 1.000 8.680 0.973 0.052 12.100
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Temperature
()

῝Φ ποσιτιον

(μμ)

CF
emissivity

ΡΒ

ποσιτιον

(μμ)

RB
emissivity

RB spectral
contrast

TF position
(μμ)

Avg 7.960 0.999 8.578 0.958 0.040 12.100
σ 0.024 0.001 0.082 0.011 0.010 0.000
[?]µ 0.061 0.002 0.210 0.027 0.025 0.000
Labradorite Labradorite Labradorite Labradorite Labradorite Labradorite
100 7.892 0.995 8.410 0.971 0.024 12.100
200 7.797 0.995 8.460 0.956 0.039 12.100
300 7.762 0.997 8.520 0.950 0.047 12.100
400 7.762 0.994 8.610 0.944 0.050 12.100
500 7.750 0.992 8.700 0.940 0.052 12.100
Min 7.750 0.992 8.410 0.940 0.024 12.100
Max 7.892 0.997 8.700 0.971 0.052 12.100
Avg 7.793 0.994 8.540 0.952 0.042 12.100
σ 0.058 0.002 0.116 0.012 0.012 0.000
[?]µ 0.142 0.005 0.290 0.031 0.028 0.000
Andesine Andesine Andesine Andesine Andesine Andesine
100 7.809 0.997 8.410 0.970 0.027 12.100
200 7.762 0.997 8.460 0.960 0.037 12.100
300 7.739 0.996 8.520 0.951 0.045 12.100
400 7.739 0.996 8.580 0.944 0.052 12.100
500 7.750 0.994 8.660 0.937 0.057 12.100
Min 7.739 0.994 8.410 0.937 0.027 12.100
Max 7.809 0.997 8.660 0.970 0.057 12.100
Avg 7.760 0.996 8.526 0.952 0.044 12.100
σ 0.029 0.001 0.098 0.013 0.012 0.000
[?]µ 0.070 0.002 0.250 0.033 0.030 0.000
Oligoclase Oligoclase Oligoclase Oligoclase Oligoclase Oligoclase
100 7.569 0.999 8.336 0.967 0.032 11.700
200 7.558 0.998 8.458 0.947 0.051 11.700
300 7.558 0.997 8.542 0.933 0.064 11.700
400 7.547 0.997 8.570 0.928 0.069 11.700
500 7.547 0.996 8.642 0.925 0.071 11.700
Min 7.547 0.996 8.336 0.925 0.032 11.700
Max 7.569 0.999 8.642 0.967 0.071 11.700
Avg 7.556 0.997 8.510 0.940 0.057 11.700
σ 0.009 0.001 0.117 0.017 0.016 0.000
[?]µ 0.022 0.003 0.306 0.042 0.039 0.000
Microcline Microcline Microcline Microcline Microcline Microcline
100 7.647 0.996 8.599 0.941 0.054 11.700
200 7.636 0.996 8.627 0.919 0.077 11.700
300 7.625 0.994 8.670 0.905 0.088 11.700
400 7.625 0.993 8.700 0.898 0.095 11.700
500 7.614 0.992 8.729 0.894 0.097 11.700
Min 7.614 0.992 8.599 0.894 0.054 11.700
Max 7.647 0.996 8.729 0.941 0.097 11.700
Avg 7.629 0.994 8.665 0.912 0.082 11.700
σ 0.013 0.002 0.053 0.019 0.018 0.000
[?]µ 0.034 0.004 0.130 0.047 0.043 0.000
Nepheline Nepheline Nepheline Nepheline Nepheline Nepheline
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Temperature
()

῝Φ ποσιτιον

(μμ)

CF
emissivity

ΡΒ

ποσιτιον

(μμ)

RB
emissivity

RB spectral
contrast

TF position
(μμ)

100 8.127 1.000 9.080 0.972 0.028 12.000
200 8.114 0.998 9.112 0.958 0.040 12.000
300 8.076 0.999 9.144 0.947 0.052 12.000
400 8.026 0.997 9.161 0.937 0.060 12.000
500 8.026 0.995 9.193 0.933 0.062 12.000
Min 8.026 0.995 9.080 0.933 0.028 12.000
Max 8.127 1.000 9.193 0.972 0.062 12.000
Avg 8.074 0.998 9.138 0.949 0.048 12.000
σ 0.047 0.002 0.043 0.016 0.015 0.000
[?]µ 0.101 0.005 0.113 0.039 0.035 0.000
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3. Christiansen Feature (CF) and Restrahland Band (RB1) of silicates varies with temperatures 17 

under vacuum.  18 

4. CF vs RB1 plot can uniquely distinguish major silicate groups in the emissivity spectral 19 

region.  20 
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Abstract  27 

 To support the data analysis for the MErcury Radiometer and Thermal Infrared Imaging 28 

Spectrometer (MERTIS) instrument on the ESA-JAXA BepiColombo mission, we have 29 

measured the thermal infrared emissivity of finely grained silicates (<25 μm grain size) at 30 

different temperatures under vacuum to simulate the daytime conditions on the surface of 31 

Mercury. The silicates were selected to represent the mineralogy of Mercury as closely as 32 

possible (Helbert et al., 2007; Namur and Charlier, 2017; Vander Kaaden et al., 2017). The set 33 

includes one olivine (a Mg-rich forsterite), three pyroxenes (diopside, enstatite, and 34 

hypersthene), five feldspars (plagioclase group; anorthite, labradorite, andesine, oligoclase, and 35 

K-feldspar; microcline) and a feldspathoid (nepheline). The emissivity measurements for each 36 

mineral was carried out within the MERTIS spectral range of 7-14 μm with temperatures 37 

increasing from 100 C up to 500 C under vacuum (~0.1 mbar). The relationships between the 38 

spectral parameters such as the Christiansen Feature (CF) position, first Reststrahlen band 39 

(RB1) position, RB1 emissivity, and RB spectral contrast and temperature were investigated 40 

for all silicates. The study shows that the RB1 position shifts to longer wavelengths, RB1 41 

emissivity decreases, and RB spectral contrast increases with increasing temperatures for all 42 

silicates studied. We apply the plot of CF vs RB1 as a tool to discriminate the major silicate 43 

groups such as feldspars, pyroxenes, and olivine, regardless of the temperatures at which they 44 

were measured. The CF vs RB1 plot can facilitate the first order discrimination of the 45 

mineralogy of Mercury’s surface with MERTIS. Moreover, this approach can be more widely 46 

used to map the igneous surface mineralogy of silicate targets such as the Moon, Mars, and S-47 

type asteroids in the 7-14 μm spectral region with remote sensing from orbit and ground-based 48 

telescope observations. 49 

Keywords: Mercury, Silicates, Emissivity, Spectroscopy, Christiansen feature, Reststrahlen 50 

band 51 



1. Introduction  52 

The geochemistry suite onboard NASA’s MErcury Surface, Space ENvironment, 53 

GEochemistry, and Ranging (MESSENGER) mission (2011-2015) revealed compositionally 54 

diverse surface materials, including evidence for a volatile-rich interior (preferably sulfides) 55 

(Besse et al., 2015; Blewett et al., 2011; Goudge et al., 2014; Namur and Charlier, 2017; Vander 56 

Kaaden et al., 2017; Vilas et al., 2016). However, in the wavelength range of the spectrometer 57 

suite onboard MESSENGER, the mineralogy could not be unambiguously determined due to 58 

nearly featureless spectra suggesting space-weathered Fe2+-poor and Ti-poor crustal 59 

minerals/materials (Izenberg et al., 2014).   60 

On October 20, 2018, ESA/JAXA’s BepiColombo mission was successfully launched 61 

to Mercury. The MErcury Radiometer and Thermal Infrared Imaging Spectrometer (MERTIS) 62 

payload onboard the Mercury Planetary Orbiter (MPO) of BepiColombo will be the first 63 

thermal infrared (TIR) hyperspectral imager (7–14 μm) and radiometer (7–40 μm) ever to orbit 64 

Mercury. The goal is to map the global spectral emissivity and surface temperature of Mercury 65 

at a spatial resolution of ~500 m/pixel and ~2 km/pixel respectively (D'Amore et al., 2019; 66 

Helbert et al., 2010; Hiesinger et al., 2020; Hiesinger et al., 2010). Within the thermal infrared 67 

(TIR) spectral region (7-14 μm), silicates display characteristic spectral features regardless of 68 

the abundance of Fe and Ti in their structures (Helbert et al., 2013b). Therefore, MERTIS will 69 

provide spatially resolved information on compositions of various geological terrains, including 70 

hollows and pyroclastic deposits, as well as information on rock abundance, grain size, thermal 71 

inertia, and surface temperature (Helbert et al., 2010; Hiesinger et al., 2020; Hiesinger et al., 72 

2010).  73 

Until now, Mercury’s surface has been studied with mid-infrared (MIR) spectroscopy 74 

only from ground-based telescope observations (e.g., (Cooper et al., 2002) and references 75 

within). In order to understand the mineral endmembers contributing to the observed MIR 76 



spectra of Mercury, most of these earlier telescopic studies, except for (Sprague et al., 2009), 77 

used inverted reflectance measurements (1-reflectance; Kirchhoff’s law) of samples measured 78 

at laboratory conditions at room temperature and ambient pressure.  79 

Mercury is the second hottest planet in the Solar System with no atmosphere and with 80 

a rotational period of ~59 days, which is equal to 2/3 of its orbital period. This very slow rotation 81 

of the planet influences the length of one day which is equivalent to 176 Earth days. During 82 

one day on Mercury, the surface experiences extreme temperature fluctuations, ranging from a 83 

maximum of 450°C (daytime) to a minimum of -170°C (night time) (Krotikov and Shchuko, 84 

1975). The change in temperature induces a variation in the minerals density on the surface of 85 

the planet, by changing bond distances and angles of the crystal structures  (Christensen et al., 86 

2000; Koike et al., 2003). A significant change in the vibrational behavior is therefore observed 87 

with temperature (Chihara et al., 2001; Ferrari et al., 2020; Ferrari et al., 2014; Helbert et al., 88 

2013b; Koike et al., 2003; Koike et al., 2006; Maturilli et al., 2014; Reitze et al., 2017; 89 

Stangarone et al., 2017; Varatharajan et al., 2019). Consequently, using 1-R is insufficient for 90 

accurately interpreting telescopic spectra to determine their mineral endmembers.  91 

Hence, to accurately decipher the mineralogy of Mercury’s surface, it is necessary to 92 

investigate the spectral behavior of a wide range of Mercury analogues as a function of 93 

temperature, reproducing the extreme surface conditions. Before the arrival of MESSENGER, 94 

(Helbert et al., 2007) reported the first set of silicate groups that could be found on Mercury 95 

surface from the results of previous ground-based telescope observations, which included a) 96 

Mg-rich olivine (forsterite),  b) pyroxenes (enstatite, diopside, and hypersthene), c) plagioclase 97 

feldspars (andesine, labradorite, oligoclase, anorthite), d) potassium feldspar (microcline), and 98 

e) feldspathoids (nepheline). After MESSENGER, the silicate mineralogy of Mercury was 99 

studied with two different approaches on the basis of geochemistry data, i.e., the analytical 100 

approach to derive the normative mineralogy (Vander Kaaden et al., 2017) and experimental 101 



geochemistry (Namur and Charlier, 2017). Interestingly, the overall silicate mineralogy of 102 

Mercury suggested by these studies did not differ from the previously suggested silicates 103 

reported in (Helbert et al., 2007) based on ground based telescopic observations. There are 104 

studies on the spectral behavior of some silicates including pyroxenes (Ferrari et al., 2014), 105 

forsterites (Stangarone et al., 2017), and komatiites (Maturilli et al., 2014) under simulated 106 

daytime surface conditions of Mercury. However, so far, a complete thermal infrared spectral 107 

library of these silicates under simulated daytime surface conditions of Mercury is missing. 108 

Such a spectral library should significantly increase the accuracy of deconvolution model 109 

results of not only MERTIS but also of telescopic observations of Mercury (Varatharajan et al., 110 

2018). 111 

As Mercury’s regolith is likely composed of very fine particles (Shevchenko, 2002), we 112 

investigated the thermal infrared (TIR) emissivity (7-14µm) for the above mentioned silicates 113 

measured for the fine grainsize (<25μm) at a spectral resolution of 4 cm-1. For each sample, the 114 

TIR emissivity was measured at 100 °C, 200 °C, 300 °C, 400 °C, and 500 °C under vacuum 115 

(~0.1 mbar) to simulate the different daytime thermal conditions on Mercury’s surface 116 

depending on time and latitude. The results on the temperature-dependent spectral behavior of 117 

these silicates will hence improve the direct detectability and understanding of the distribution, 118 

abundance, and nature of silicates on Mercury along with physical properties such as grain size, 119 

porosity, and thermal inertia. All spectral measurements were conducted at the Planetary 120 

Spectroscopy Laboratory (PSL) located at the DLR Institute of Planetary Research, Berlin (see 121 

Section 3).  122 

2. Sample selection, preparation and characterization 123 

For more than a decade, PSL has been collecting natural and synthetic Mercury 124 

analogue materials from various sources in preparation of MERTIS science data (Ferrari et al., 125 

2020; Ferrari et al., 2014; Helbert and Maturilli, 2009; Helbert et al., 2007; Helbert et al., 2013b; 126 



Maturilli et al., 2019; Stangarone et al., 2017; Varatharajan et al., 2019). Among them, the 127 

silicate minerals include a) olivine: forsterite, b) pyroxenes: enstatite, hypersthene, diopside, 128 

and c) plagioclase feldspar: anorthite, labradorite, andesine, oligoclase, d) K-feldspar: 129 

microcline, and e) feldspathoid: nepheline. These samples were powdered to varying grain sizes 130 

using a jaw crusher and a corundum mortar. Any impurities within the powdered samples were 131 

removed by further hand-picking during visual investigation  (Helbert et al., 2007). For this 132 

study, we only used the grain size fraction at < 25 μm to mimic the fine-grained nature of 133 

Mercury’s surface.  134 

The chemical characterization of the silicate samples was determined by electron probe micro-135 

analysis (EPMA) using a JEOL Hyperprobe JXA-8530F plus equipped with a thermal field-136 

emission cathode and five wavelength-dispersive spectrometers at the GFZ in Potsdam. The 137 

operating conditions were 15 kV accelerating voltage, 20 nA beam current, and a 2 µm probe 138 

size for pyroxene and 10 µm for feldspar samples to avoid element migration of Na. To quantify 139 

elemental concentrations, certified standards were used for calibration such as albite (Si, Al, 140 

Na), microcline (K), diopside (Ca), and hematite (Fe) for feldspar analyses. Acquisition times 141 

on peak were 20 s to 10 s and half of that on each background. For pyroxene investigation, a 142 

diopside (Ca, Mg, Si), rhodonite (Mn), rutile (Ti), chromite (Cr), hematite (Fe) and albite (Al) 143 

was used for standardization. Acquisition times on peak were 10 s to 40 s. For all analyses only 144 

K𝛼-Lines were used. Data correction taking into account the interactions of incident electrons 145 

with the target, matrix absorption and fluorescence was done with the a φ(ρZ) correction 146 

scheme (Armstrong, 1995). The EPMA is advantageous for its high spatial resolution and the 147 

possibility of backscattered electron (BSE)-controlled spot analysis, thus avoiding or, at least, 148 

minimizing excitation of tiny inclusions. The chemical composition and oxide contents 149 

obtained are listed in Table 1 and Table 2. The chemical characterization of forsterite and 150 

enstatite is taken from (Stangarone, 2017). The studied pyroxenes (diopside, enstatite, and 151 

hypersthene) are further analysed for their crystal structures using x-ray diffraction (XRD) 152 



analysis, and therefore characterising the pyroxenes to low-Ca ortho- (diopside, enstatite) and 153 

high-Ca clino- (hypersthene) pyroxenes. The powder XRD patterns were recorded in 154 

transmission mode using a fully automated STOE STADI P powder diffractometer (Cu–Kα1 155 

radiation) equipped with a primary monochromator and a MYTHEN detector. The patterns 156 

were recorded in the range of 2Θ = 5° –125° using a step interval of 0.05° where 2θ is the angle 157 

between incident X-ray beam and reflected X-ray beam. The Cu X-ray tube was operated at 40 158 

kV and 40 mA. Peak positions were calibrated externally using the National Bureau of 159 

Standards (NBS) silicon standard. 160 

3. Methods 161 

3.1 Spectroscopy facility 162 

  PSL operates three identical FTIR spectrometers (Bruker Vertex 80V) and each of them 163 

operates under various configurations to enable emissivity, reflectance, and transmission 164 

spectroscopy of various planetary analogue materials (Maturilli et al., 2018b). Fig. 1a shows 165 

the current laboratory setup at PSL where three spectrometers are named as Bruker A, B, and 166 

C. Among them, Bruker B is equipped with gold-coated mirrors optimized for measurements 167 

in near- to far-IR spectral range (1 - 100 μm) and is also attached to an external emissivity 168 

chamber. The emissivity chamber is fitted with a high efficiency induction heating system and 169 

temperature sensors (thermopiles) for tracking the temperatures of the samples during 170 

measurements. The chamber is also fitted with a webcam to monitor the surrounding 171 

environment during the measurements (Fig. 1b). The emissivity chamber is isolated from 172 

Bruker B by a shutter which allows independent operation of the spectrometer and the chamber 173 

under vacuum conditions (~0.1 mbar). This unique setup enables direct emissivity 174 

measurements of the silicates studied under controlled and simulated Mercury surface 175 

conditions, i.e., under vacuum and at varying temperatures (~100 °C–500 °C) (Ferrari et al., 176 



2014; Helbert and Maturilli, 2009; Helbert et al., 2013a; Maturilli et al., 2018a; Stangarone et 177 

al., 2017; Varatharajan et al., 2019).  178 

 179 

Figure 1. Graphical illustration of the laboratory set-up at PSL for high temperature emissivity 180 

measurements. The figure shows the heating of the sample cup using an induction coil and its 181 

corresponding emissions been deflected to the Bruker 80V spectrometer using a gold-coated 182 

mirror. The image from inside the chamber was taken by a webcam during the measurement. 183 

The samples are placed in a stainless-steel cup which is then placed on the carousel. The 184 

induction coil heats the sample cup through the carousel. The shutter between the spectrometer 185 

and emissivity chamber enables us to physically detach the emissivity chamber and 186 

spectrometer while heating under vacuum and therefore protecting the spectrometer from 187 

continuous heat emissions. The shutter is open only while recording the measurements when 188 

the sample cup reached its desired temperature.  189 

 190 

 191 

 192 

 193 

 194 



Table 1. Summary of silicate minerals used in this study 195 

 196 

Silicate Group Mineral Chemical composition* Mineralogy Locality 

Olivines  Forsterite (Fo) Mg1.76Fe0.22 X0.02SiO4 Fo88 San Carlos quality, Arizona 

Pyroxenes Diopside (Di) (Ca1Mg0.9Fe0.1)Si2O6 Wo50En45Fs5 Otter Lake, Quebec, Kanada 

(Krantz) 

Hypersthene 

(Hyp) 

(Mg1.4Fe0.4 Ca0.2)2Si2O6 Wo10En70Fs20 Egersund, Norwegen 

(Krantz) 

Enstatite (En) (Ca0.01Mg1.73Fe0.25X0.01)Si2O6 Wo0.5En86.5Fs12.5X0.5 Bamble, Norway 

Plagioclase 

Feldspars 

Anorthite (An) Ca0.95Fe0.02Al1.9Si2.1O8 An95.5Ab4.5 Insel Miyake, Tokio Bay, 

Miyakeshina, Japan 

Labradorite 

(Lab)  

Ca0.5Na0.3Al1.5Si2.5O8 An51.2Ab46.5Or2.3 Madagaskar 

Andesine 

(Andes) 

Ca0.5Na0.4Al1.5Si2.6O8 An47.4Ab50Or2.6 Saranac Lake, New York, 

USA (Krantz) 

Oligoclase 

(Olg) 

Ca0.3Na0.6Al1.2Si2.8O8 An19.3Ab76Or4.7 Risör, Norwegen (Krantz) 

K-Feldspar Microcline 

(Mc) 

K0.6Na0.4AlSi3O8 An0.5Ab31.9Or67.6 Froland, Norwegen (Krantz) 

Feldspathoid Nepheline (Ne) Na0.75K0.18(Al0.95SiO4) Neph100 Bancroft, Ontorio, Kanada 

(Krantz) 

*chemical characterization of the minerals is listed in Table 2.  197 

Table 2. Oxides content of the minerals listed in Table 1. 198 

 Olivine Pyroxene Feldspar Feldspathoid 

wt%* Fo En Di Hyp An Lab Andes Olg Mc Ne 

SiO2 41.83 58.63 54.35 51.86 44.01 55.28 55.96 62.61 65.58 42.91 

Al2O3 - 0.16 0.34 3.40 34.93 28.10 27.20 22.88 18.47 33.76 

Na2O - 0.01   0.50 5.19 5.57 8.65 3.53 16.09 

CaO 0.07 0.21 24.74 0.66 18.88 10.35 9.54 3.97 0.09 0.25 

FeO 11.06 9.13 2.73 17.84 0.48 0.09 0.35 0.05 0.04 0.01 

K2O - - - - 0.01 0.38 0.44 0.82 11.39 6.08 

Cr2O3 0.03 0.01 0.01 0.06 - - - - - - 

TiO2 0.03 0.05 0.04 0.20 - - - - - - 

MnO 0.17 0.04 0.15 0.29 - - - - - - 

MgO 48.97 34.06 16.44 24.51 - - - - - - 

Total 102.16 102.29 98.80 98.82 98.80 99.39 99.06 98.98 99.12 99.10 

*Data in wt%. Forsterite and Enstatite composition is taken from (Stangarone, 2017) 199 

 200 



3.2 Experimental set-up and procedure 201 

The Bruker B is fitted with a MCT HgCdTe detector (cooled by liquid nitrogen) and a 202 

KBr beamsplitter, facilitating emissivity measurements in the spectral range of ~7-14μm (7–203 

1400cm-1) at a spectral resolution of 4 cm-1. Each silicate sample (Table 1) is poured in a 204 

stainless-steel cup to a 3-mm-thick uniform layer. The cup is then placed on a carousel above 205 

the induction coil inside the external chamber (Fig. 1). Each cup is equipped with three 206 

thermopile temperature sensors; two of them measure the temperature of the emitting surface 207 

of the sample and the third one measures the temperature of the sample cup itself on its side. 208 

The experimental setup is shown in Fig. 1. The graphical flow chart of the measurement 209 

procedure is shown in Fig. 2 and is detailed below.  210 

 211 

Figure 2. Graphical summary of the methodology used in the study to measure the temperature-212 

dependent emissivity spectra. 213 

 214 

a) The emissivity chamber and the Bruker B are slowly evacuated until they reach the 215 

desired vacuum (pressure of ~ 0.1 mbar).  216 
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b) After the instrument and chamber are stabilized at vacuum conditions and the cooled 217 

detector reaches a stable cold state, the sample is then slowly heated to ~100 °C by manually 218 

controlling the current to the induction system.  219 

c) Once the sample surface temperature stabilizes at 100 °C, the emissivity 220 

measurement is initiated after opening the shutter between chamber and spectrometer. Thus, 221 

the radiance emitted from the heated silicate at ~100 °C is collected by a gold (Au) coated 222 

parabolic mirror with 90° off-axis, is then reflected into the spectrometer, and measured by the 223 

MCT detector. For each emissivity measurement, a set of 100 scans are obtained to increase 224 

the signal to noise ratio while maintaining the sample temperature stabilized at 100 °C by 225 

carefully controlling the current to the induction system.  226 

d) After each measurement, the shutter is closed to avoid thermal instability of the 227 

Bruker instrument and the detector during the heating process.  228 

e) This procedure is then repeated for emissivity measurements at 200 °C, 300 °C, 400 229 

°C, and 500 °C by slowly increasing the current to the induction coil.  230 

f) Over the entire heating period, the silicates are carefully monitored with the webcam 231 

installed in the chamber.  232 

The thermally processed silicate sample is then cooled overnight down to room 233 

temperature in vacuum conditions. The entire procedure is repeated for every silicate sample 234 

listed in Table 1. All the measured emissivity spectra of silicates are then calibrated against a 235 

blackbody reference (in this case, blast furnace slag) for each measured temperature at the same 236 

geometric configuration (Maturilli et al., 2013). The calibrated sample emissivity of the silicates 237 

is shown in Fig. 3.  238 

 239 



3.3 Spectral parameters studied  240 

 The three diagnostic spectral features in the TIR spectrum that are commonly used for 241 

remote identification and characterization of silicate minerals include the Christiansen feature 242 

(CF), Reststrahlen bands (RBs), and the transparency feature (TFs). The CF is an emissivity 243 

maximum that occurs near the Christiansen frequency where the real part of the refractive index 244 

of the sample approximately approaches the refractive index of the medium (in this study, the 245 

medium is vacuum) surrounding the mineral grains, and where the imaginary part of the 246 

refractive index is small (Conel, 1969; Hapke, 2012). The CF position (wavelength at 247 

emissivity maximum) is an index of silica polymerization and therefore the amount of Si-O; 248 

the CF position shifts to shorter wavelengths for highly polymerized silicates (Conel, 1969; 249 

Cooper et al., 2002; Donaldson Hanna et al., 2012; Logan et al., 1973). RBs relate to 250 

fundamental vibration bonds due to stretching and bending modes of Si-O and its cations, 251 

therefore RBs are used to identify the nature of the minerals such as olivines, pyroxenes, and 252 

feldspars (Conel, 1969; Hamilton, 2000; Lyon, 1965). TFs are the emissivity minima in the TIR 253 

spectrum caused by volume scattering of Si-O-Si bonds. TFs are more pronounced for small 254 

particle sizes (Cooper et al., 2002; Hapke, 2012).  255 

In order to understand the nature of these diagnostic spectral features as a function of 256 

temperature, we derive following spectral parameters for all spectral measurements (Table S1 257 

of supplementary material).  258 

a) CF position: The wavelength position where the emissivity is at maximum shortward 259 

of the RB bands. The CF positions of the emissivity spectra of the silicates studied are marked 260 

as black arrows in Fig. 3. 261 



b) RB1 position: The wavelength position where the first RB minimum longward of the 262 

CF position occurs. The RB1 positions of the emissivity spectra of the silicates studied are 263 

marked as red arrows in Fig. 3. 264 

c)  RB1 emissivity: The emissivity of the spectrum at the RB1 position.  265 

d) RB spectral contrast: The difference between CF emissivity and RB1 emissivity is 266 

used to understand changes in spectral shape/band depth as a function of temperature.   267 

e) TF position: The wavelength position where the first minimum longward of all RB 268 

bands occurs. 269 

The emissivity maxima (CF) are derived by computing the maxima of the spectra within 270 

7.5–9 μm spectral region. The RB1 position is computed by calculating the first band minima 271 

immediately after the CF position. Both minimum (RB1) and maximum (CF) values are derived 272 

by computing the minima and the maxima of the spectra within the given range due to the very 273 

high spectral resolution (4 cm-1) of the measurements.  274 

In addition to the derived spectral parameters, the corresponding minimum (min), 275 

maximum (max), average (avg), standard deviation, and  (max-min) values were computed 276 

for the range of temperatures studied for each silicate. The derived spectral parameters and the 277 

computed statistics for all silicates are tabulated in Table S1 and are further discussed in the 278 

results section (Section 4).  279 

 280 

 281 

 282 

 283 



4. Results 284 

 285 

Figure 3. (a-j) Emissivity spectra of all the studied powdered silicates of grain sizes < 25 μm 286 

for temperatures 100 C, 200 C, 300 C, 400 C, and 500 C under vacuum. Black arrows 287 

indicate the CF positions (emissivity maxima) for all silicates, and red arrows indicate the RB1 288 

positions. The figure shows that for all silicates, the RB1 position shifts longwards with 289 

increasing temperatures and the RB1 emissivity decreases with increasing temperatures.  290 

 291 

 292 
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4.1. Olivine (forsterite) 294 

The CF positions for the studied forsterite (Fo88; Fig. 3a) are centered around ~ 8.93-295 

8.95 μm and TF positions are located between 11.9 μm and 14 μm with the emissivity minimum 296 

centered around 13 μm at all temperatures under Mercury daytime surface conditions. The TF 297 

spectral contrast (difference between emissivity at 11.9 μm and 13 μm respectively) decreases 298 

with increasing emissivity. The RB1 position shifts longward from 9.45 μm to 9.64 μm with 299 

the increase in temperature. The RB spectral contrast increases with increasing temperature 300 

with =0.032. Other RB bands between 9.45 μm and 12 μm include a minor RB at 8.4 μm 301 

and a major RB at 10.6 μm. The emissivity at these RBs decreases with the increase in 302 

temperature, similar to the emissivity of the RB1 position.  303 

4.2. Pyroxenes (enstatite, diopside, hypersthene) 304 

 Enstatite (Wo0.5En86.5Fs12.5X0.5; Fig. 3b), diopside (Wo50En45Fs5; Fig. 3c), and 305 

hypersthene (Wo10En70Fs20; Fig. 3d) are the three pyroxenes studied for its emissivity behavior 306 

as a function of temperature. In the pyroxene quadrilateral diagram, enstatite is the Mg-307 

endmember and hypersthene falls between the Mg-Fe join of pyroxene solid solutions 308 

(Morimoto, 1988), and both are orthopyroxenes. Diopside falls between the Mg-Ca join and is 309 

a clinopyroxene (Morimoto, 1988). For these pyroxenes, with increasing temperatures, CF 310 

positions shift shortwards ranging from 8.15-8.17 μm, 8.06-8.21 μm, and 8.35-8.43 μm for 311 

enstatites, hypersthene, and diopside, respectively. With increasing temperatures, the RB1 312 

positions shift longwards with values ranging from 9.06-9.18 μm, 9.03-9.16 μm, and 8.94-9.03 313 

μm, for enstatites, hypersthene, and diopside, respectively. The RB1 emissivity decreases with 314 

increasing temperatures. Thus, the RB1 spectral contrast increases with the increase in 315 

temperature for these pyroxenes with  of 0.054, 0.030, and 0.024 for enstatites, hypersthene, 316 

and diopside, respectively.  317 



 Among these pyroxenes, diopside shows different behavior where the spectral slope 318 

between 7 μm and the CF position changes from positive to negative with increasing 319 

temperatures. The RB1 of diopside is the sharpest among the pyroxenes studied, accompanied 320 

by another minor band centered around 9.34 μm. Other minor bands centered around 10.4 μm, 321 

11 μm, 11.63 μm can be spotted for diopside for all temperatures.   322 

 The RB1 of hypersthene is accompanied by a second broad RB centered around 10.43 323 

μm. In enstatite spectra, the second broad RB contains minor triplet bands centered around 324 

10.23 μm, 10.48 μm, and 10.76 μm.  325 

 The TF positions of the pyroxenes are not well pronounced as for other silicates 326 

(olivines, feldspars, and feldspathoid) studied, and therefore TF values for the pyroxenes are 327 

not derived and tabulated in Table S1.   328 

4.3. Feldspars (anorthtite, labradorite, andesine, oligoclase, microcline) 329 

 The five feldspars studied, anorthite (An95.5Ab4.5; Fig. 3e), labradorite 330 

(An51.2Ab46.5Or2.3; Fig. 3f), andesine (An47.4Ab50Or2.6; Fig. 3g), and oligoclase (An19.3Ab76Or4.7; 331 

Fig. 3h) belong to the plagioclase feldspar solid solution series between albite (Ab; NaAlSi3O8) 332 

and anorthite (An; CaAl2Si2O8). Among the plagioclase feldspars studied in this solid solution 333 

series, the Ca content decreases going from: anorthite (95.5 mol% An) > labradorite (51.2 mol% 334 

An) > andesine (47.4 mol% An) > oligoclase (19.3 mol% An). In addition, the emissivity of 335 

microcline (An0.5Ab31.9Or67.6), which belongs to the K-feldspar group and is commonly found 336 

in felsic volcanic rocks, was also studied (Fig. 3i) (Reitze et al., 2020). 337 

Among the plagioclase feldspars (Fig. 3 e-h), the derived CF positions of the 338 

corresponding emissivity spectra for all temperatures shift shortwards with decreasing Ca 339 

contents in the order anorthite (7.94-8 μm) > labradorite (7.75-7.89 μm) > andesine (7.75-7.81 340 

μm) > oligoclase (7.55-7.56 μm) in agreement with (Donaldson Hanna et al., 2012). Except for 341 



anorthite, the CF positions for plagioclase feldspars shift shortwards with increasing 342 

temperatures. The CF position of anorthite slightly shifts longwards with increasing 343 

temperatures. Similar to CF positions, the derived RB1 positions show that for each plagioclase 344 

feldspar, the RB1 position shifts shortwards with decreasing Ca contents in the order: anorthite 345 

(8.47-8.68 μm) > labradorite (8.41-8.70 μm) > andesine (8.41-8.66 μm) > oligoclase (8.34-8.64 346 

μm). For each plagioclase feldspar studied, the RB1 position shifts longwards and the RB1 347 

emissivity decreases with increasing temperatures. Similar to the CF and RB1 positions, the 348 

RB1 spectral contrast of the plagioclase feldspars also show a correlation with their respective 349 

Ca contents. This behavior can be explained by the increase in  of the RB spectral contrast 350 

with decreasing Ca contents; anorthite (0.025), labradorite (0.028), andesine (0.030), and 351 

oligoclase (0.039). The RB1 spectral contrast also increases with increasing temperatures. The 352 

RBs among the plagioclase feldspars are broad and weak and therefore the distinct RB minima 353 

are difficult to derive for these powdered silicates. The TF bands for these plagioclase feldspars 354 

center around 12.1 μm except for oligoclase spectra which have the TF band center at around 355 

11.7 μm. However, for all the plagioclase feldspars, the TF band strength decreases with 356 

increasing temperatures (Fig. 3 e-h).  357 

The emissivity spectra of the K-feldspar microcline (Fig. 3i) show a characteristically 358 

different spectral behavior compared to the plagioclase feldspars (Fig. 3 e-h) with pronounced 359 

RB bands centered around 8.6 μm, 9.2 μm, 9.5 μm, and 9.8 μm. The CF position and RB1 360 

position of microcline range from 7.61-7.65 μm and 8.6-8.73 μm, respectively. With the 361 

increase in temperature, the CF position shifts shortwards and the RB1 position shifts 362 

longwards. The RB1 emissivity decreases with increasing temperatures leading to an increase 363 

in RB1 spectral contrast with  of 0.043. The TF positions of microcline at all temperatures 364 

are centered around 11.7 μm, which is further accompanied by a minor broad absorption band 365 

near 13.1 μm, which shifts shortwards with increasing temperatures.  366 



4.4 Feldspathoid (nepheline) 367 

 Nepheline is a silica-undersaturated alkaline aluminosilicate belonging to the 368 

feldspathoid family (Deer et al., 2013). The CF positions of emissivity spectra of nepheline 369 

(Neph100; Fig. 3j) are centered around 8.03-8.13 μm for all temperatures. For nepheline, the CF 370 

positions shift shortwards with increasing temperatures. The RB1 position derived for each 371 

temperature are centered around 9.08-9.19 μm, the RB1 position shifts longwards, and the RB1 372 

emissivity decreases with increasing temperatures (similar to other silicates studied). The RB1 373 

spectral contrast increases with increasing temperatures with  = 0.035. The broad TF is 374 

centered around 12 μm for all temperatures. Unlike feldspars studied, for nepheline, the slope 375 

between 7 μm and the CF positions significantly increases with increasing temperatures. 376 

5. Discussions 377 

5.1 Spectral trends as a function of temperature 378 

 In order to understand the evolution of emissivity spectra of these powdered silicates at 379 

varying hermean surface temperatures in Fig. 4, the derived spectral parameters are plotted 380 

against their corresponding temperatures and are discussed below.  381 

CF position vs temperature (Fig. 4a): At the lowest temperatures (100 C; Fig. 4a), the 382 

CF position of emissivity spectra behaves relatively linearly with respect to their corresponding 383 

silica polymerization (Conel, 1969; Cooper et al., 2002; Logan et al., 1973). At 100 C, 384 

forsterite has the CF positioned at the longest wavelengths (~8.94 μm), pyroxenes at 385 

intermediate wavelengths ranging from 8.13 μm to 8.43 μm (diopside > hypersthene > 386 

enstatite), and plagioclase at the shortest wavelengths ranging from 7.56 μm to 7.95 μm 387 

(anorthite > labradorite > andesine > microcline > oligoclase). At 100 C, nepheline has the 388 

same CF position as enstatite. With the increase in temperature, the CF positions of forsterite, 389 

diopside, enstatite, andesine, microcline, and oligoclase only slight shifts shortwards. The CF 390 



positions of hypersthene and nepheline significantly shift shortwards at 400 C and 200 C, 391 

respectively, and the CF positions of anorthite shift longwards with the increase in temperature. 392 

As a result, at 500 C, enstatite and hypersthene, show the inverse effect in CF position 393 

(enstatite > hypersthene) compared to their corresponding CF positions at 100 C. In addition, 394 

pyroxenes (enstatite, hypersthene), the feldspathoid (nepheline), and plagioclase (anorthite) 395 

display only small differences among their CF positions at 500 C. Among the plagioclase 396 

feldspars, the CF position of labradorite shifts significantly shortwards compared to andesine, 397 

resulting in only small differences among their respective CF positions at temperatures larger 398 

than 200 C. Our results underline the importance of understanding the shifts in CF positions 399 

in the emissivity spectra as a function of temperature for the accurate interpretation of orbital 400 

spectra to derive the mineralogy of the observed spectra.  401 

 402 

Figure 4. The derived spectral parameters; a) CF position (μm), b) RB1 position (μm), c) RB1 403 

emissivity, and d) RB spectral contrast (μm) for each silicate are plotted against their 404 

corresponding sample temperature. The plot shows that a) the CF position does not vary 405 

significantly with increasing temperatures, b) the RB1 position increases with increasing 406 

temperatures and the major silicate groups are naturally clustered in the plot, c) the RB1 407 

emissivity decreases with decreasing temperatures, and d) the RB spectral contrast increases 408 

with increasing temperatures.  409 
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 RB1 position vs temperature (Fig. 4b): For all silicates, the RB1 positions of their 410 

emissivity spectra shift longwards with increasing temperatures (Fig. 4b) displaying positive 411 

slopes. Unlike CF positions, derived RB1 positions show that at all temperatures, forsterite, 412 

pyroxenes, and plagioclase feldspars can be uniquely identified depending on their 413 

corresponding RB1 positions, which fall within 9.45-9.64 μm, 8.41-9.45 μm, and 8.33-8.72 μm, 414 

respectively. However, the RB1 positions of the feldspathoid nepheline fall within the range of 415 

pyroxenes (8.41-9.45 μm).  416 

 RB1 emissivity vs temperature (Fig. 4c): For all silicates, the RB1 emissivity decreases 417 

with increasing temperatures in non-linear fashion (Fig. 4c). Unlike CF and RB1 positions, RB1 418 

emissivities do not display specific correlations with regard to their silicate groups. However, 419 

our study suggests that the overall spectral contrast of emissivity spectra increases with 420 

increasing temperatures.  421 

 RB1 spectral contrast vs temperature (Fig. 4d): The RB1 spectral contrast defined by 422 

the slope between the emissivity at the CF position and the RB1 position, respectively, increases 423 

with increasing temperatures. This suggests that the strengths of the RBs increase with 424 

increasing temperatures. Like the RB1 emissivity, the RB1 spectral contrast does not uniquely 425 

identify different silicate groups. Although RB1 emissivity and RB1 spectral contrast do not 426 

help in uniquely identifying the silicate groups, their behavior as a function of temperature 427 

suggests the importance of creating a library of spectra obtained as a function of temperature 428 

for understanding the mineralogy of Mercury from the orbit.  429 

5.2 Application to MERTIS data analysis  430 

The absorption of certain frequencies in the infrared spectral region is directly due to 431 

the existence of specific atomic vibrations (Lane and Bishop, 2019; Salisbury et al., 1991; 432 

Salisbury et al., 1987). In the studied TIR spectral region, the spectral features of these silicate 433 



minerals arise from the fundamental vibrational modes of the material (Salisbury et al., 1987). 434 

The primary spectral absorptions in the TIR spectral region (Reststrahlen bands) are due to the 435 

stretching and bending motions of the silicon–oxygen anions (Lane and Bishop, 2019). 436 

Additional absorption features result from metal–oxygen and lattice vibrations (Salisbury et al., 437 

1991). Spectral features such as shapes, maxima or minima, and intensities are directly 438 

dependent on the relative masses, radii, and bond strengths and on structural arrangements in a 439 

crystal lattice. It follows that, since all minerals, by definition, have unique structures and/or 440 

compositions, virtually every mineral has a different suite of vibrational absorption 441 

characteristics and thus a unique spectrum in the thermal infrared (Hamilton, 2010). 442 

 443 

Figure 5. Plot between CF position and RB1 position (CF vs RB1 plot) showing that the three 444 

major silicate groups olivine (forsterite), pyroxenes (Group B), and feldspars (Group A) are 445 

naturally clustered into different groups and therefore can be unambiguously identified in TIR 446 

spectra irrespective of their cations and surface temperatures. The silica-undersaturated 447 

aluminosilicate, nepheline, falls into Group B. For all silicates, RB1 positions shift to longer 448 

wavelengths with increasing temperatures (100 C to 500 C). The data trend in the plot can be 449 

broadly interpreted as the datapoints shift from bottom-left to upper-right corner of the plot 450 

with decreasing amount of Si-O among the silicate minerals studied. 451 

 452 

 Among all the spectral parameters derived as a function of temperature, CF and RB1 453 

positions give direct insight into the particular silicate group. Combined together, these two 454 
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parameters should enable unambiguous identification of these silicate groups from orbit and 455 

telescopic observations, irrespective of surface temperatures. In order to achieve this, in this 456 

study, we introduce the CF vs RB1 plot in Fig. 5.   457 

Plagioclase feldspars (Group A), pyroxenes (Group B), and forsterite are naturally 458 

clustered into three different locations in the CF vs RB1 plot (Fig. 5), irrespective of the 459 

temperature. However, the nepheline (feldspathoid) datapoints fall within the pyroxene class 460 

(Group B).  461 

Group A silicates (feldspars) show that with increasing temperatures their CF positions 462 

are not as strongly affected as their RB1 positions. But from Na-rich oligoclase to Ca-rich 463 

anorthite, the CF positions shifted longwards pointing to the possibility to distinguish even 464 

plagioclase phases in the TIR. Group B silicates (pyroxenes and nepheline) show that both CF 465 

and RB1 positions are affected with increasing temperatures. For this group, the CF positions 466 

shift shortwards and the RB1 positions shift longwards with increasing temperatures. 467 

As forsterite is the only mineral studied among the olivine family, we did not define 468 

general boundaries as for Group A and Group B silicates. Forsterite shows that the CF position 469 

is least affected by the increase in temperature; however, the RB1 position increases longwards 470 

with increasing temperatures similar to Group A silicates.  471 

The CF vs RB1 plot (Fig. 5) can be used to identify olivine, pyroxenes (and nepheline) 472 

(Group B), and plagioclase (Group A) silicates when comparing two spectral parameters instead 473 

of just one (CF position or RB1 position). This plot will further enable a quick first order surface 474 

mineral identification in MERTIS data and ground-based telescopic observations in the TIR 475 

spectral region. The data trend in the plot can be visualised as the datapoints shift from the 476 

lower-left to the upper-right corner with decreasing amounts of Si-O among the igneous silicate 477 

minerals studied.   478 



6. Conclusions 479 

This study investigated temperature-dependent emissivity spectra of powdered silicates 480 

measured under simulated daytime surface conditions of Mercury. These spectra will facilitate 481 

the high-resolution mineral mapping of Mercury’s surface by the MERTIS instrument on the 482 

BepiColombo mission at spatial resolutions better than 500 m/pixel. By carefully investigating 483 

the derived spectral parameters, the study suggests that combined information from the CF and 484 

the RB1 band (CF vs RB1 plot) can uniquely distinguish major silicate groups and also 485 

depending on the Si-O content. MERTIS-derived global variations of the CF and the RB1 will 486 

facilitate the characterization of Mercury’s surface mineralogy and igneous rock types. In 487 

addition, the CF vs RB1 plot can be applied beyond Mercury to map the surface mineralogy of 488 

various silicate targets such as the Moon, Mars, and S-type asteroids in the TIR spectral range 489 

from orbit or telescopic observations.   490 
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