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AN ENSTATITE CRUSTAL COMPOSITION FOR MERCURY? 

Paul G. Lucey and Jeffrey F. Bell, Planetary Geosciences Division, Hawaii Institute of Geophysics, 
University of Hawaii at Manoa, Honolulu HI, 96822. 

The determination of the surface composition of Mercury has proved to be one of the most 
elusive goals in planetary remote sensing. Based upon the current data set the surface mineralogy is 
essentially unknown. The only unambiguous, but indirect, information possessed about the surface 
composition of Mercury is the presence of sodium and potassium in the mercurian atmosphere(l,2,3). 
Even this datum may not reflect the the nature of the surface of Mercury but that of exogenically 
introduced material.(l) 

Two techniques which are directly sensitive to surface mineralogy have been utilized with 
contradictory ar ambiguous results. Near-infrared reflectance spectroscopy has been employed for 
several years without consensus concerning surface composition. This wavelength region is 
sensitive to the presence of transition metal ions in distorted crystalline sites and thus may be used 
to detect the presence of such ions, principally ~ e ~ +  or ~ e ~ + .  Unfortunately the best two data sets in 
this wavelength region(4,5) for the same portion of Mercury disagree concerning the presence of an 
absorption band in the vicinity of .9pm. The presence of an absorption band would suggest the 
presence of ~ e ~ +  either in glass or more likely the mineral pyroxene. A weak absorption in addition 
to the accepted red continuum slope would strongly suggest a quite lunar highland-like composition 
with on the order of 5% FeO(4). In contrast, the absence of the absorption requires different 
candidates for surface materials, though does not exclude all lunar compositions. Three abundant 
classes of materials in the solar system do not exhibit near-IR absorptions: Fe-Ni metal, silicates 
lacking transition metal ions, and the plagioclase feldspar anorthite which contains ~ e ~ +  but loses its 
near-IR absorption when exposed to moderate shock levels. The density and albedo of Mercury 
probably forbids a crustal composition consisting entirely or largely of reduced metal, though a 
significant reduced metal component in the soil of Mercury, like that found on the Moon, is a 
reasonable possibility. Silicates lacking transition metal ions span a wide range of compositions from 
pure S i 0 2  (quartz), alkali feldspars, to Mg olivine (forsterite). The highly reduced aubrite 

meteorites which are entirely composed of the Fe-free pyroxene enstatite have been suggested to 
have formed near the solar distance of Mercury(6). The existence of these meteorites makes that 
pyroxene an attractive candidate for the surface composition of Mercury. Finally, it has been shown 
in the laboratory that Fe-bearing plagioclase, which exhibits a near-IR absorption feature near 
1.25pm loses this band under moderate shock loads (7). Kilometer-scale deposits of shocked 
anorthosite have been detected telescopically on the lunar surface in isolated locations (8,9). It is 
also observed that the near-IR spectra of mature, i.e. extensively micrometeorite-gardened, lunar 
highland soils show no trace of a 1.25pm absorption despite the composition which is dominated by 
this feldspar. Under the more severe micrometeorite flux and high temperatures of Mercury(l0) is 
highly unlikely that 1.25pm band would persist even at extremely high abundances of feldspar. It 
should be pointed out that the possibility of high plagioclase abundance allows a significant amount of 
Fe2+ to be hidden in the structure of the shocked plagioclase. 

In summary, the presence of an absorption band near .9mm would suggest a lunar highland-like 
composition for the surface of Mercury with an FeO content of about 5%; while the confirmed 
absence of such a band suggests Fe-Ni metal (unlikely); enstatite (or other silicate free of transition 
metal ions); or shocked plagioclase. 

The thermal infrared has the potential for resolving the controversy. Powdered silicates 
exhibit a maximum in emission known as the Christiansen frequency with a peak wavelength highly 
correlated with the position of the silicate band observea in transmission (1 1). The position of the 
silicate band and the Christiansen frequency vary systematically with the structure of silicate. Thus 
for pure minerals there is an increase in wavelength of the emission peak from 7.1 for quartz with 
its very high bond strength to 9.5pm for Fe-rich olivines (12). The detection and characterization of 
the Christiansen frequency would allow ready distinction between many of the possibilities allowed 
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. by the near-IR data. The Christiansen frequency has been detected on Mercury and it exhibits an 
emission wavelength maximum with an average of 7.85pm(13). This emission wavelength taken at 
face value virtually excludes the presence of any significant pyroxene or olivine component 
regardless of Fe-content. Only feldspars exhibit emission wavelengths this short implying an 
anorthosite (not anorthositic but pure anorthosite) crust or even a more silicic composition. 
Unfortunately, observations of the Moon with the same instrument and telescope show that all 
locations measured on the Moon also exhibit very short wavelengths of absorption (14,15). This 
discrepancy suggests some problem in the calibration of laboratory emission obtained under 
lunar-like conditions to the remote measurements made with this instrument. The current state of 
the thermal infrared data is that the Moon and Mercury exhibit similar wavelengths of emission, but 
that the absolute value of the emission cannot be used as a compositional tool. Similar emission 
wavelengths do not necessarily imply similar compositions. The emission wavelength of a rock (a 
mixture of components) is roughly a linear function of the emission wavelengths of the components of 
the rock and their relative abundances. Thus a basaltic composition, a mixture of feldspar, 
pyroxene, and olivine, will exhibit a similar wavelength of emission to a pure pyroxene. Within the 
precision of the wavelength determination for Mercury and the Moon, and knowing the composition of 
the Moon, Mercury is then composed of either basalt or a pure pyroxene. A sample of the aubrite 
Norton County was lent to us by the Institute for Meteoritics at the University of New Mexico for 
measurement in the thermal infrared to ensure that pure enstatite does indeed exhibit the same 
Christiansen frequency as other pyroxenes. Within the error in measurement, the spectrum of 
Norton County is in the same range with the entire suite pyroxenes measured by (12). In summary 
then, the thermal-IR measurements of Mercury and the Moon suggest that Mercury is composed 
either of basalt or enstatite. This conclusion would be unaffected by the resolution of the wavelength 
calibration difficulty. This places the burden of identification back on the near-IR. 

Conclusion: Table 1 is a "truth table of Mercury's composition." There are three possibilities: 
basalt, requiring of Mercury a .9pm absorption and a thermal emission wavelength about equal to that 
of the Moon or concievably much ess than the Moon due the highly nonlinear effect of pyroxene on the 
near-IR spectrum; enstatite, requiring the absense of a near-IR absorption and a thermal spectrum 
similar to that of the Moon; or shocked anorthosite if no near-IR band is present and the mercurian 
Christiansen wavelength is much less than the Moon. 

The current data seem to lean toward enstatite. The more recent spectra which suggest the 
absense of an absorption band (5) are obtained with a far more sensitive instrument which is much 
better suited to the difficult Mercury observations than instrument used in the earlier measurements 
in which a band was detected (4). Also, the best Mercury-Moon comparison suggests that Mercury 
and the Moon have similar Christiansen emission maximum wavelengths. Thus by Table 1 the surface 

lusion is verv sensltlve tq . . 
of Mercury is composed of enstatite. Lt must be emphasized that this conc 
~~ 
notice. 
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