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In the over ten years since the publication of Asteroids II, our knowledge concerning the composition and geologic histories of meteorites and asteroids has increased substantially.  The advances in meteoritics are primarily due to the thousands of new meteorites that have been discovered in Antarctica and the Sahara coupled with more precise and sensitive analytical equipment to characterize them.

Our knowledge of asteroids has increased substantially from the use of CCD (charge-coupled device) detectors to obtain reflectance spectra of small (diameters < 20 km) objects to characterize their mineralogy.  Spacecraft missions such as Galileo and NEAR (Near Earth Asteroid Rendezvous) have also allowed asteroids to be recognized as geologic bodies with a complex array of structural features such as craters, faults, and boulders.  Elemental compositions of an asteroid have been determined by the NEAR spacecraft, which measured discrete-line X-ray and gamma-ray emissions from the surface of 433 Eros.

With these advances, it appears possible to determine parent and source bodies for particular meteorite types by looking for spectral similarities between meteorites and asteroids.  These linkages are important for a variety of reasons.  Scientifically, it allows for an understanding of compositional and thermal gradients in the solar nebula by knowing the orbital locations of different meteorite parent bodies.  Financially, many iron-rich asteroids could be very important resources for elements relatively rare on the Earth’s surface such as precious metals.  For the preservation of the human race, an asteroid on a collision course with Earth may have to be diverted or destroyed and it is vital to know the object’s composition when formulating scenarios for keeping the approaching body from hitting the Earth.

The best proposed linkage to date is 4 Vesta with the basaltic achondrites, which are usually called the HEDs (howardites, eucrites, and diogenites).  Vesta is the only large (diameter > 50 km) asteroid with a similar reflectance spectrum in the visible and near-infrared to the distinctive spectra of the HEDs.  Vesta is also a member of an asteroid family dominated by objects (Vestoids) with similar reflectance spectra to the HEDs.  Vestoids have also been found to extend to both the 3:1 and (6 resonances.  One caveat is that a number of other objects should have differentiated and formed basaltic surfaces since the apparent cores (iron meteorites) of these disrupted bodies are abundant in our meteoritic collections.  The discovery of a Vestoid (1459 Magnya) at ~3.15 AU appears to confirm the existence of other basaltic asteroids not related to Vesta.

Based on similarities in reflectance properties, linkages have been proposed between a number of asteroids and meteorites such as the Eos family members and the CO3 chondrites, 6 Hebe and the H chondrites, 19 Fortuna and the CM2 chondrites, and near-Earth asteroid 3103 Eger and the aubrites.  However, complicating any of these postulated relationships is the problem that the spectral properties of these asteroids are not unique among main-belt objects.  To conclusively link a meteorite type and an asteroid, sample return missions appear to be needed.

