ELEMENTAL ANALYSIS of 433 Eros; results from the near x ray/gamma-ray spectrometer
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Measurement of discrete-line x-ray and gamma-ray emissions by the Near Earth Asteroid Rendezvous (NEAR) Shoemaker X-Ray/Gamma-Ray Spectrometer (XGRS) from orbit and on the surface of 433 Eros provides quantitative elemental surface analyses.  On solar system bodies that have no significant atmospheres, the x-ray spectrum from the surface is dominated by a combination of solar x-ray induced fluorescence and coherent and incoherent scattered solar x-rays.  The sampling depth is dependent on energy but is less than 100 (m for the detectable elements.  The K-( lines of Mg, Al, Si, S, Ca, and Fe have been observed by the NEAR Shoemaker X-Ray Spectrometer (XRS) from 35- and 50-km orbits around Eros.  During quiet sun periods only the Mg, Al, and Si lines were observed, but the lines from S, Ca, and Fe were also observed during solar flares.  Gamma-ray emission can be observed from bodies that have no significant magnetic field and a low atmospheric density.  Gamma-ray lines are attributed to the natural radioactive isotopes and daughter products of K, Th, and U, and to cosmic ray primary and secondary particle-induced activation.  Elemental composition to about 10 cm below the surface can be determined.  The NEAR Shoemaker Gamma-Ray Spectrometer (GRS) has measured the natural radioactive line of 40K and the prompt neutron gamma-ray induced lines of Fe, O, Si, and possibly Mg.  Orbital data have been obtained at 35 km from Eros and at the surface.

The elemental abundances determined from the NEAR Shoemaker XGRS can be used to distinguish among most classes of meteorites.  A database of 3,000 bulk analyses of meteorites has been compiled to assist in data interpretation.  Bulk element composition reflects both nebular fractionations and geological processes.

The Mg/Si ratio of Eros is possibly higher by as much as 20% than that of ordinary chondrites.  The Al/Si and Ca/Si ratios appear to be consistent with ordinary chondrites.  While the Fe/Si ratio is consistent with ordinary chondrites, large systematic errors prevent us from distinguishing among sub-classes.  The S/Si ratio may reflect as much as 50% depletion compared with ordinary chondrites.  Such S depletion, if real, may reflect the effects of space radiation or partial melting.  Over the portion of Eros where statistically significant elemental ratios have been obtained, the surface composition is homogeneous to within present statistical errors.  These results indicate that Eros is primitive and has not been heated to temperatures sufficiently high to form a crust.

Ongoing analysis of data from the GRS experiment will provide information on elemental composition (Si, Fe) at depth as well as volatile depletion (K).

