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Building the Chain:  Born as scientific disciplines 

within six years of each other at the end of the 18th century, 
meteoritics and asteroid astronomy are intimately linked.  
Links between asteroids and meteorites satisfy both our basic 
curiosity as to the origin of these rocks and allow both com-
munities to address the range of materials and processes 
operating during Solar System formation.   In particular, 
identifying the parent asteroids for meteorites would eluci-
date compositional or thermal gradients present in the solar 
nebula.  An excellent recent overview of meteorite-asteroid 
links is provided by [1] and is heavily referenced here.   I 
review the disparate datasets used by asteroid astronomers 
and meteoriticists, discuss the merits of several such links, 
and point to directions for future research.      

The Tools of the Blacksmiths:   The key obstacle to as-
teroid-meteorite links is the nature and precision of data used 
by meteorite and asteroid scientists.   Meteoriticists group 
objects from a common parent body primarily on the basis of 
extremely precise analyses of bulk chemistry, often for trace 
elements; mineral compositions, which mirror bulk chemis-
try; oxygen isotopes, which fingerprint unique nebular reser-
voirs; and cosmic-ray exposure ages, which point to libera-
tion during a common impact event.   In contrast, asteroids 
astronomers primarily use reflectance spectra to infer, 
through laboratory analysis of samples, approximate mineral 
abundances and, in some cases, mineral compositions.  
Knowledge of meteorite delivery mechanisms can point to 
the most promising main belt asteroids and complementary 
data (e.g., radar, spacecraft data) exist for small numbers of 
asteroids.  Meteorite and asteroid datasets rarely overlap and 
uncertainties often prevent confident matches.    

The Weakest Link?:   Four asteroid-meteorite links are 
examined in order of increasing degree of confidence. 

M asteroids/Irons/E chondrites    The relatively feature-
less, red-sloped M asteroids are similar to spectra for both 
irons and E chondrites and have lower albedo and lack the 
~0.5 µm feature observed in E asteroids [2].  High radar 
returns are consistent with highly-porous irons or non-porous 
E chondrites, although low densities may preclude an iron 
analog.  This case illustrates the difficulty of establishing 
asteroid-meteorite links without spectral absorptions. 

C asteroids/CM chondrites   The link between C aster-
oids (e.g., 19 Fortuna) and CM chondrites is supported by 
the presence of a 0.7 µm spectral feature, the presence of C 
asteroids near the 3:1 resonance, and relatively low CRE 
ages.  In this case, limited data provides a compelling link. 

Vesta/HED’s   The link between 4 Vesta and HED’s is 
the only one between a specific asteroid and meteorite group 
to be widely accepted, largely on the basis of spectral simi-
larity; existence of a large, intact asteroid; and linkage of 

Vesta to meteorite-delivery resonances through small Ves-
toids likely derived from a polar impact basin on Vesta. The 
Vesta-HED link may not be solid.  Ibitira [3] appears to and 
NWA 011 does differ from other eucrites and may sample 
different parent bodies.  Additional space-weathered basaltic 
asteroids have been identified among the S-class [4], includ-
ing 17 Thetis with an average semi-major axis close to the 
3:1 resonance that delivers meteorites to Earth. 

S(IV) asteroids/Ordinary Chondrites   The long-debated 
link between S asteroids and ordinary chondrites came to the 
forefront with the NEAR mission to 433 Eros.  Despite ex-
haustive analyses, uncertainties in calibration and inadequate 
knowledge of regolith formation made it impossible to con-
fidently distinguish whether Eros was composed of a par-
tially-melted primitive achondrite or a space-weathered ordi-
nary chondrite.  This debate continues [5,6], although a 
space-weathered ordinary chondrite seems favored, with no 
consensus as to chemical group (H, L, LL). 

The desire to match specific asteroids to meteorites may 
be futile, particularly as the number of meteorite groups 
(with concomitant decrease in the differences between them) 
and characterized asteroids increase.  Our best option re-
mains links between types of meteorites and classes of aster-
oids, with the best matches for those meteorites and/or aster-
oids that are compositionally anomalous (e.g., angrites). 

Stoking the Fire:  Pointing to sample return missions as 
the ultimate solution would be misguided.  Missions will 
never visit even a fraction of asteroid types and resolve ques-
tions about stratification in the asteroid belt.  A unique con-
tribution that missions can accomplish is the return of re-
golith, particularly a core sample including the optical re-
golith, to understand its unique formation and properties. 

Ultimately, meteoriticists and asteroid scientists need to 
better focus on complementary data.  Asteroid spectro-
scopists need better calibration curves for mineral composi-
tions and proportions in multi-mineral mixtures, better char-
acterization of samples used for spectral analyses, and addi-
tional data sets (e.g., radar).  Meteoriticists need accurate 
silicate modes and bulk major element compositions in all 
meteorite types.  Finally, both communities should form and 
foster active collaborations, funded by NASA in recognition 
of the importance of cross-disciplinary research, to address 
question of Solar System evolution.   
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