
 

Low sulfide concentration in Mercury's
smooth plains inhibits geomorphic hollows

April 5 2023, by Thamarasee Jeewandara

  
 

  

Hollows' average spectra. (A) Average spectra obtained for each group of
hollows (continuous lines) and each host crater floor (dashed lines). These
spectra are used for spectral modeling (see Materials and Methods). (B)
Representation of Mercury Atmospheric and Surface Spectrometer
(MASCS)/Visible and Infrared Spectrograph (VIRS) footprints
(ob3_13276_093728) used in the Hopper impact crater (EN0223616383M; 49
m per pixel). The hollow spectra exhibit a strong concave curvature between 300
and 600 nm and higher reflectance as expected. Credit: Science Advances (2023).
DOI: 10.1126/sciadv.add6452
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A probe on Mercury used for the purpose of "surface-space-
environment-geochemistry-and-ranging" abbreviated as the
MESSENGER mission to Mercury, resulted in the discovery of
geological structures known as hollows. Such landforms are
quintessentially extraterrestrial with no close counterpart on the airless
silicate bodies. Astrogeologists had used multispectral images and
geochemical measurements via probes to show how hollows formed by
the disintegration of volatile-bearing minerals.

In a new report published in Science Advances, Océane Barraud and a
research team at the Sorbonne University in Paris and France, and the
European Space Astronomy Center Spain, studied the mineralogical
composition of hollows by using near ultraviolet to near-infrared spectra
obtained from MESSENGER. The team compared the reflectance
spectra of hollows by using laboratory spectra of Mercury's analogs. The
hollows were enriched with sulfides than those derived from the
chemical measurements of Mercury's high-reflectance smooth plains.

Mercury's analogs

During the study, Barraud and colleagues used a Mercury atmospheric
and surface composition spectrometer, and visible infrared spectroscopy
reflectance spectra of hollows located in the Eminescu, Hopper, 
Tyagraja and Warhol impact craters. The observations indicated specific
materials formation in the structures, alongside a still expanding bright 
halo. Using thermal modeling, the researchers showed the hollow-
forming phase to have been produced through thermal decomposition of
sulfides in the low-reflectance material. The research team proposed
graphite as a potential component responsible to form the geographical
features, while existing work had already shown the presence of sulfur,
carbon and chlorine bearing minerals on Mercury.
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https://www.sciencedirect.com/science/article/pii/S0019103513004909
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/reflectance-spectroscopy
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/reflectance-spectroscopy
https://doi.org/10.1029/2020JE006497
https://www.nasa.gov/mission_pages/messenger/multimedia/messenger_orbit_image20120130_1.html
https://www.nasa.gov/mission_pages/messenger/multimedia/messenger_orbit_image20120524_1.html
https://phys.org/tags/halo/
https://doi.org/10.1016/j.icarus.2021.114306
https://doi.org/10.1002/2018GL077544
https://doi.org/10.1002/2018GL077544
https://doi.org/10.1016/j.icarus.2021.114694


 

 

  

Examples of spectral modeling with fresh Na2S (a) and Augite (b) in the
Tyagaraja impact crater. All the intervals used (i.e., 0.1%) are not shown for
readability. The Augite spectrum has very strong absorption bands which imply a
high Chi² value between the modeled spectrum and the average spectra of
Tyagaraja hollows. Credit: Science Advances (2023). DOI:
10.1126/sciadv.add6452

Multispectral data further suggested the presence of magnesium
chloride, sodium chloride and calcium chloride as representatives of
hollow materials. The team verified each of these hypotheses by
comparing geological spectra with laboratory representations of sulfide,
graphite, and chloride samples. The research team used a reflectance
experiment laboratory catalog to investigate the chemical and physical
properties of the samples and compared them with geometrical
conditions of laboratory measurements.
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https://phys.org/tags/sodium+chloride/
https://phys.org/tags/calcium+chloride/
https://scholar.google.com/scholar_lookup?title=The+NASA+Reflectance+Experiment+LABoratory+%28RELAB%29+facility%3A+An+online+spectral+database+for+planetary+exploration&author=R.+E.+Milliken&author=T.+Hiroi&author=D.+Scholes&author=S.+Slavney&author=R.+Arvidson&publication_year=2021&journal=LPI+Contributions&pages=2654
https://scholar.google.com/scholar_lookup?title=The+NASA+Reflectance+Experiment+LABoratory+%28RELAB%29+facility%3A+An+online+spectral+database+for+planetary+exploration&author=R.+E.+Milliken&author=T.+Hiroi&author=D.+Scholes&author=S.+Slavney&author=R.+Arvidson&publication_year=2021&journal=LPI+Contributions&pages=2654


 

  

Analysis of the hollow facies in the Eminescu impact crater. (A) Mercury
Atmospheric and Surface Spectrometer (MASCS) footprints analyzed here
(ob4_14327_010045 and ob4_14326_164731) superimposed to the Mercury
Dual Imaging System (MDIS)/Narrow Angle Camera image EN0251632156M
(35 m per pixel). The spatial resolution of the MASCS footprints ranges from
0.3 to 1.7 km. (B) Fraction of laboratory spectra and X2 derived from the
spectral modeling Credit: Science Advances (2023). DOI:
10.1126/sciadv.add6452

Spectral curvature of the hollows

When the team compared the laboratory spectra, the outcomes did not
coincide with values of the hollow spectra derived from MESSENGER
imaging probes. They explained these outcomes by the purity, grain size
and porosity of laboratory samples that were different on Mercury's
surface. Materials forming hollows were not pure compounds, although
their unique concave curvature provided a qualitative criterion. The team
therefore observed several compounds with concave curvature, which
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https://doi.org/10.1029/2020JE006497
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they compared with the hollow spectra. These spectral matches were
incomparable however, therefore the researchers used graphite samples
with a convex curvature instead.

To perform spectral modeling, the researchers compared laboratory
spectra with Mercury's spectra and considered the spectrum of the
materials obtained from the floor of the crater as the basis for spectral
modeling. The scientists noted a good match between chlorides, although
the match level was less than that of sulfides, which incidentally
appeared to be the best species to reproduce the curvature of hollow
spectra, with a notable match seen with labradorite.
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https://phys.org/tags/crater/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/labradorite


 

  

Hollows and laboratory spectra. Average spectrum of hollows within the
Tyagaraja, Hopper, Eminescu, and Warhol impact craters compared to
laboratory spectra of sulfides (A), silicates (B), chlorides (C), and graphite (D).
The spectra are normalized at 750 nm for comparison. The purple shaded region
is the standard deviation (SD) of hollow spectra. Only the sulfide spectra with
positive values of curvature parameter are represented. Credit: Science Advances
(2023). DOI: 10.1126/sciadv.add6452
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Volatile enrichment within the hollows

Sulfite abundances in the craters decreased when they were mixed with 
pyroxene or plagioclase (the primary aluminum bimineral and a group of
silicates, respectively). For instance, observations within the Eminescu
impact crater revealed an average spectrum for the two hollow faces of
the floor and of the rim/bright halo. The team explored the best matches
within the bright halo for sulfides and chlorides, and found best matches
with calcium chloride and magnesium chloride sediments. The match
between the surface composition spectra and the modeled spectra was
lower in the hollow floor than within the bright halo, indicating that none
of the volatile species proposed herein were responsible for the observed
outcomes.

Furthermore, the fraction of laboratory spectra derived from spectral
modeling were lower in the hollow floor than in the bright halo. The
team further resolved 100% of halos using available spectra, but have yet
to resolve the floor and halo of hollows studied in this work.
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pyroxene
https://www.sciencedirect.com/topics/chemical-engineering/calcium-chloride
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/magnesium-chloride


 

Locations (white pixels) identified as having low-reflectance material (LRM)
based on spectral analysis from around the Eminescu (A), Warhol (B), Tyagaraja
(C) and Hopper (D) impact craters. Hopper crater is located within an LRM-rich
region. Localized LRM is identified in the north part of Warhol impact crater.
Credit: Science Advances (2023). DOI: 10.1126/sciadv.add6452

Outlook

In this way, Océane Barraud and colleagues developed a study to
examine the sediment minerals and architecture of the floor craters of
Mercury known as hollows containing bright halos. The outcomes
suggested sulfides to be a material involved in crater formation. The 
spectra corresponding to the hollows indicated sulfide enrichment, when
compared to the host material of the crater floor. The physical
mechanisms of the hollow rims and walls detailed the formation of
porous and geological forms of developing hollows. The mechanisms
described the spectral behaviors across several impact craters on
Mercury, including Eminescu, Canova and Tyagaraja. The scientists
propose the development of additional chemical reactions to explain the
high reflectance of the hollow bright halo via thermal modeling and
experimental studies.

The team showed the dynamics of the sulfides at the surface along the
hollow rim and floor. The structural diversity in the Eminescu crater
suggested the bright halo to be the most enriched facet in sulfur-bearing
minerals. The outcomes were consistent with reprecipitation and
remobilization of sulfides in the bright halo, as proposed in previous
studies. The spectrophotometric properties of the hollows in the craters
were consistent with hollow formation. The outcomes showed the
dynamic structures to remain intact, when compared to the surrounding
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https://phys.org/tags/spectra/


 

materials, to describe their enrichment as a physical, chemical process or
a combination of both. The work highlighted spectral and quantitative
data for the absence of hollows in high-reflectance smooth plains of
Mercury.

  More information: Océane Barraud et al, Low sulfide concentration
in Mercury's smooth plains inhibits hollows, Science Advances (2023). 
DOI: 10.1126/sciadv.add6452 

Olivier Namur et al, Silicate mineralogy at the surface of Mercury, 
Nature Geoscience (2016). DOI: 10.1038/ngeo2860
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