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Project Title — “VIS-NIR Reflectance analysis of Ceres
analogue mixture at different grain size to characterize the
physical properties of crater central peak material (ccp) on
Ceres”

Scientific Report Summary.
(plain text, no figures, maximum 250 words, to be included in database and published)

Ceres analogue mixture has been reproduced at different grain size in order to study spectral
variations and to determine the properties of central peaks of complex craters on Ceres.

By literatures, the Ceres surface is composed of Mg-phyllosilicates, NHs-phyllosilicates, Mg-/Ca-
carbonates and a dark component. Thus, different mixtures (grain size included between 50-100
um) have been produced by varying the percentage of the end-members, i.e. Mg-/Ca-carbonate,
Antigorite (Mg-phyllosilicate), NHi-montmorillonite (NHs-phyllosilicate) and Graphite (dark
component). The bidirectional reflectance spectra of the mixtures have been acquired in vacuum at
room temperature (290K) by using the SHINE Spectro-Gonio Radiometer (spectral range: 0.4-4.0
pum) with incidence angle of 0° and emission angle of 30°.

The spectra have been analyzed, by estimating spectral parameters related to absorption bands as
band center and band depth, and the most similar Ceres analogue mixture has been reproduced
with grain size <25um, 25-50 pum and 50-100um. The mixtures and end-members spectra (at grain
size of 50-100 pm, 25-50 pum and <25 pm) have been acquired by using the Spectro-Gonio
Radiometers, in vacuum chamber at low temperatures, to simulate the Ceres environment.
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The aim of this work was to produce a Ceres analogue mixture at different grain size and study the
spectral behaviour to detect the properties of central peak of complex craters on Ceres [1], dwarf
planet widely investigated by the VIR spectrometer onboard of Dawn spacecraft.

The VIR spectra of Ceres show absorption bands at about 2.7 um, 3.1 um, 3.4 um and 4.0 um. By
applying Hapke theory-based models, the Ceres VIR spectra were reproduced, suggesting a surface
composition of dwarf planet made of Mg-phyllosilicates (responsible of 2.7 um absorption band),
NHs-phyllosilicates (responsible of 3.1 um band), Mg-/Ca-carbonates (which produce the 3.4 and 4.0
pum bands) and a dark component [2].

A preliminary analysis has involved a Ceres analogue mixture (Mixture #1, grain size <25 um),
composed by high percentage of Graphite (the dark component) and reduced percentage of
Antigorite (Mg-phyllosilicate), NH;-montmorillonite (NHz-phyllosilicate) and Mg-/Ca-carbonate. The
bidirectional reflectance spectrum of Mixture #1 has been acquired with the SHADOWS Spectro-
Gonio Radiometer in the Visible-NIR spectral range, between 0.4 and 4.0 um at temperature of 290
K in vacuum chamber. The viewing angles were characterized by an incidence angle i of 0° and
emission angle e of 30°. Because of the high percentage of dark component, the spectral bands of
the carbonate and phyllosilicates were covered up by the graphite spectral trend (Figure 1 left).

Thus, a second (Mixture #2) and third mixture (Mixture #3a, Mixture #3b), with grain size between
50-100 um, have been obtained by varying the percentage of phyllosilicates, and in particular by
increasing the percentage of carbonate and decreasing the percentage of graphite. The four end-
members (Mg-/Ca-carbonate, Graphite, Antigorite and NHs;-montmorillonite) have been sieved and




analysed at the same grain size, too.

In order to select the best analogue mixture able to reproduce Ceres surface, the bidirectional
reflectance spectra of the mixtures have been acquired at 290K with the SHINE Spectro-Gonio
Radiometer by using the same viewing geometries previously applied to Mixture #1 (i=0° and e=30°).
The reflectance spectra of the analysed mixtures are shown in Figure 1 right and compared with a
representative spectrum of Ceres (acquired by VIR spectrometer during the Dawn mission).
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Figure 1 left. Reflectance spectrum of Ceres analogue mixture (Mixture #1) compared with the
representative spectrum of Ceres surface.

Figure 1 right. Reflectance spectra of Ceres analogue mixtures (Mixture #2, Mixture #3a, Mixture
#3b), performed at CSS, compared with the representative spectrum of Ceres surface.

A preliminary spectral analysis has been performed on the absorption bands of mixtures’ spectra
and the best Ceres analogue mixture has been identified. The absorption bands have been isolated
by fitting and removing the spectral continuum and spectral parameters as band center and band
depth have been estimated. The absorption bands of carbonate bands, i.e. at 3.4 and 4.0 um are
weaker in the Mixture #3b, with band depth of 0.155 and 0.278, respectively (higher than 1 order of
magnitude compared with Ceres mean values). Due to the stronger carbonate bands and weaker
phyllosilicate bands in the Mixture #3b compared with Ceres spectral bands, a new mixture (Mixture
#4) has been produced by increasing abundance of phyllosilicates and by decreasing the percentage
of carbonate.

Then, the selected mixture (Mixture #4) has been reproduced at grain size of 25-50 um and <25 um
and to reproduce the Ceres environmental conditions, the reflectance spectra of the mixture (<25
pm, 25-50 um and 50-100 pum) have been acquired (i=0°, e=30°) in vacuum from 200K to 290K
(CarboN-IR cell). The spectra of the four end-members at different grain sizes have been acquired,
too in the same temperature range. The data analysis of Mixture #4 at different grain size is under
study.
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Please include:
- Publications arising/planned (include conference abstracts

etc)

1) Abstract. Laboratory experiment on different Ceres analogue mixtures and spectral
analysis, EPSC-DPS Joint Meeting 2019 (Planned).

2) Abstract. Spectral variations related to granulometry in Ceres analogue mixtures:
implication for a better comprehension of crater central peak material (ccp), EPSC-DPS Joint
Meeting 2019 (Planned).

3) Scientific paper “Detection of the Ceres analogue mixture by laboratory experiments and
spectral analysis to determine each end-member’s contribution”

4) Scientific paper “Spectral trend of the Ceres analogue mixtures in dependence of the
granulometry to detect properties of crater central peak material (ccp) on Ceres” (Planned)
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- Host a pproval The host is required to approve the report agreeing it is an accurate
account of the research performed.

The two managers of the CSS facility, Bernard Schmitt (CNRS/IPAG, Grenoble), and Pierre
Beck (UGA/IPAG, Grenoble), approve the report and agree that it is an accurate account of
the research performed during the visit of the Cold Surface Spectroscopy facility
(DPSF/CSS/TA2-4).
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