
MESSENGER – Bepi Colombo Workshop
Boulder, CO

Ann L. Sprague1, Ronald J. Vervack, Jr.2, Rosemary M. Killen3, William E. McClintock4, 
Richard D. Starr5, David Schriver6, Pavel Trávnícek6,7, Thomas M. Orlando8, Jason L. 

McLain8, Greg A. Grieves8, William V. Boynton9, David J. Lawrence2, Sean C. Solomon10,
and the MESSENGER Team

1Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721, USA
2Johns Hopkins University Applied Physics Laboratory, Laurel, MD 20723, USA

3Solar System Exploration Division, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
4Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO 80303, USA

5Physics Department, The Catholic University of America, Washington, DC 20064, USA
6Institute of Geophysics and Planetary Physics, UCLA, Los Angeles, CA 90095-1567, USA

7Astronomical Institute, ASCR, Prague, Czech Republic, 14131
8School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332-0400, USA

9 Department of Planetary Sciences, The University of Arizona, Tucson, AZ 85721-0092, USA
10Department of Terrestrial Magnetism, Carnegie Institution of Washington, Washington, DC 20015, USA

. 

3 November 2010 ALS - 1

MESSENGER:  Exploring New Views of Mercury’s 
Exosphere and Surface
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Topics Addressed in this Talk
Surface Composition of Mercury

Electron stimulated desorption of atoms, molecules 
and ions 

Neutron, Gamma Ray, and X-ray  Spectrometer 
measurements 

Exospheric / ion observations; MASCS UVVS, FIPS



• 10-15% or so darker than the nearside of the Moon  (Warell 1994)
• Fresh, immature ray craters and rays also 15 – 50% darker than those on 

the Moon (Denevi et al. 2009)
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4 major  color units: 
blue– low-reflectance 
material
lt. blue – low-refl. blue 
plains
brown– intermediate 
plains
orange– high-reflectance 
plains

2 additional units
dark orange– volcanic 
vents
aqua– fresh ejecta

Mercury’s Surface: heterogeneous composition
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No, or shallow, 1 µm band         FeO < 3 wt.% in silicates                                Blewett  et al. 1997; 2009

Presence of 1.1 µm band           FeO < 5 wt% in  high Ca-clinopyroxene          Warell et al. 2006

Microwave loss tangent            FeO + TiO2 < 6 wt%                                        Mitchell and de Pater 1994

Neutron absorption                  if all ilmenite  ~ 7 – 18 wt %                           Lawrence et al. 2010

GRS spectral line fitting           Fe < 17 wt.% (2σ bound)                                Rhodes et al. 2009; 2010

GRS spectral line fitting          Ti < 11 wt.% (2σ bound) Rhodes et al. 2009; 2010

UV absorption present              mpFe < lunar                                                 McClintock et al. 2008

Mid-infrared spectral fitting    FeO ~ 4 wt.%;   CaO ~ 9 wt. %                      Sprague et al.  2009

Mid-infrared spectral fitting   TiO2 < 24 wt.% ,  Mg O ~ 14%                         Sprague et al.  2009

Mid-infrared spectral fitting   Si 19 wt % to 21 wt %                                   Sprague et al.  2009

GRS spectral line fitting            K < 0.11  (2σ bound)                                      Rhodes et al. 2009; 2010

Mid-infrared spectral fitting    no K-spar, Na-bearing Plag. LRBP/IP plains    Sprague et al.  2009

Mid-infrared spectral fitting   0 .2 wt% K-spar      HRP (Caloris Basin)           Sprague et al.  2009

MASCS UVVS                            Mg, Ca, Na                                                      Vervack et al. 2010

Fe, Mg, Ti, K, Ca, Si, Na Measurements
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From Vervack et al., 
Science (2010)
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Solar flares are classified according to their x-ray brightness in the 
wavelength range 1 to 8 Å.  X-class flares are major events that can 
trigger planet-wide radio blackouts and long-lasting radiation 
storms. M-class flares can cause brief radio blackouts that affect 
Earth's polar regions. 

The current ramping up to solar maximum (when M class solar flares 
occur) has started late following a period of unusually low solar 
activity in 2008-2009.  The primary orbital mission occurs prior to 
the solar maximum.  The extended mission is expected to have about 
twice the number of solar flares than during the primary mission.



• XRS depends on 
solar X-rays to 
determine 
abundances. Solar 
X-ray flux highly 
variable.

• During typical, 
“quiet” Sun 
conditions, XRS 
will only get signal 
for Mg, Al, and Si

• Solar flares 
essential for 
determination of 
key elements S, 
Ca, Ti and Fe

• Model XRS spectra for 10 minute M2 flare
• Range of plausible compositions based in part on 

NS results with varying ilmenite and/or sulfide 
abundances

Luna  16 soil sample compositions used in modeling
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Mercury’s surface is enriched in neutron-absorbing elements.

The absorption is in the range of lunar basalts from Mare Crisium.

If all the absorption were due to the Fe-Ti oxide ilmenite then the
Surface would have an ilmenite content of ~ 7 – 18 wt. %

However! examples of other neutron absorbers

Neutron Absorption Cross Section (barns) 

Si Al Fe Mg Ca K Na Ti Mn O Total Cross 
Section

elemental 0.16 0.23 2.59 0.63 0.43 2.10 0.53 6.11 13.4 0.0002

hedenbergite
032

3.6 0.0 46.6 0.0 6.8 0.0 0.0 0.0 56.4 0.0 113.5

clinopyroxene
122_057

3.6 0.0 0.7 0.4 6.4 0.0 0.0 0.0 283.0 0.0 294.2

ilmenite 0.0 0.0 91.4 0.0 0.0 0.0 0.0 192.6 0.0 0.0 284.0

Neutron Spectrometer Measurements
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electron precipitation fluxes of 109 to 1010 cm-2s-1  

energies ranging from a few hundred eV to ~ several keV.  

S1: N oriented field: electron precipitation fluxes were largest in a 
relatively  narrow region in the northern hemisphere on the dayside.  

S2: S oriented field: electron precipitation in wider range in longitude 
from noon, around to the dawn side, very close to the equator;  flux 
enhancements in the northern hemisphere

electron-stimulated  desorption (ESD) — laboratory results show:

With 80 eV electrons -- H+ >> H2
+ > K+ or Na+  > H3O+ > O+

Neutrals also but tof sensor doesn’t measure the fluence of neutrals

Electron Precipitation and Stimulated Desorption
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Electron Precipitation Fluxes Computed for  
MESSENGER Fly bys:  Schriver et al. In Review

Schriver et al. 
2010
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ESD is an important factor:
previously overlooked

ESD likely explains a significant factor of:

heavy ions in the near-Mercury vicinity

mass loading in the magnetosphere

Electron Stimulated Desorption
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Temperature dependence of 200 eV ESD.
Ion yields exhibit a reversible temperature dependence above ~350 K 

Laboratory results from McClain et al. In Review
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LRO LCROSS IMPACT PLUME LAMP MEASUREMENTS
G. Randall Gladstone, et al. Science 330, 472 (2010)
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Wavelength

nm
H 122.0

O 130.5

doublet Cl 134.5

triplet S 182.0
Si 253.0

Hg 253.7

triplet Mn 279.9
Mg 285.3

Hg 296.7

Wavelength

nm

Hg 302.2

OH 308.5

Hg 313.2

doublet Na 330.3

Hg 334.2

Hg 365.0

multiplet Fe 372.0
CaII 393.5

doublet Al 395.1

Al 309.2

Wavelength

nm

triplet Mn 403.4

doublet K 404.6
Hg 404.7

Hg 407.8

Ca 422.6

Hg 435.8

Hg 546.1

doublet Hg 578.0

doublet Na 589.5

IMPORTANT SEARCHES TO BE MADE!!
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Summary
Be ready for surprises – think outside the standard model!

Prepare our “tool boxes” for as many possibilities as we can

Get ready for a plethora of measurements and data return

Work hard and enjoy!
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