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Meteorite and asteroid investigators generally believe that the parent 
bodies of most meteorites are present in the asteroid belt [1,2]. Early 
observational studies concluded that the S-asteroids, which dominate the 
inner belt, were the source of the ordinary chondrites (OC) that constitute 
the majority of observed meteorite falls [31. However subsequent studies have 
not identified any individual S-asteroid which actually matches an ordinary 
chondrite spectrum in detail [4,51. Recent studies have also shown that the 
S-asteroids include a range of mineral assemblages far more diverse than 
those present in the undifferentiated chondrites [61. 

Several tests may be applied to asteroid spectra to evaluate whether 
individual objects are ordinary chondrite assemblages. These tests include: 
(A) Spectral Slope: The reddish slope of most S-asteroids is generally 
interpreted to indicate abundant NiFe metal; (B) High Olivine Abundance: Most 
S-asteroids have olivine abundances higher than that seen in ordinary 
chondrites; (C) Simultaneously High olivine and NiFe Metal ~bundances: No 
chondrite can simultaneously have both abundant metal (from spectral slope) 
and abundant olivine as is the case for many S-asteroids. (D) Olivine- 
Pyroxene Abundance Ratios: Many S-asteroids have mafic silicate assemblages 
similar to dunites or basalts, compositions far outside the range of ordinary 
chondrites. (E) Pyroxene Compositions: Many S-asteroid spectra show abundant 
Ca-pyroxene, a phase which is rare in chondrites. (F) Mafic Silicate 
Abundances and Compositions: Most S-objects have mafic assemblages which fail 
the basic compositional test for chondritic silicates. ( G )  Rotational 
Spectral Variations: Spectrally inhomogeneous chondritic asteroid surfaces 
must show specific correlated variations between the parameters of their 
silicate spectral features. All of the few S-asteroids so far tested have 
exhibited variations which fail to show such chondritic correlations. 

Most large mainbelt S-asteroids so far studied have failed one or more 
of these diagnostic tests for chondritic assemblages. And the alteration 
processes thus far proposed to produce S-type spectra from OC1s have not 
withstood critical examination. We are in the embarrassing situation of not 
being able to identify any unambiguous main belt parent bodies for the most 
common meteorites, while meteorite and dynamical studies continue to suggest 
that the OC parent bodies must lie in the asteroid belt. The previous 
strongly polarized points of view (i.e. "either the asteroid spectroscopy or 
the dynamical models must be fundamentally wrongu) have been to a large 
extent supplanted by three possible solutions to the paradox which are 
consistent with both the meteoritic and asteroid spectral evidence. In one 
scenario, the OC parent bodies have shock blackened surface materials and are 
hiding among the C-type asteroids [71. In a second scenario, OC parent bodies 
are common among the smaller - and therefore largely unobserved - main belt 
asteroids either because they are comparably weak and have been 
preferentially broken up or because they were too small to have been strongly 
heated by the process which affected most larger inner belt asteroids [A]. 
The third scenario suggests that the OC parent bodies are a relatively rare 
subclass of the S-asteroids, and they presently dominate the meteoritic flux 
because one or more is favorably located adjacent to an "escape hatcht1 (e.g. 
the chaotic zone around the 3:1 Kirkwood gap) in the main belt. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



391 L P S C  X X l I I  

S-ASTEROIDS AND ORDINARY CHONDRITES: Gaf fey  M . J .  

The present discussion will concentrate the initial results of testing 
the third hypothesis. Although essentially all S-asteroids fail at least one 
of the chondrite tests listed above, it is important to understand that these 
tests are not all equally sensitive, diagnostic or free of systematic 
uncertainties. These seven tests can be ranked in approximate order of 
decreasing rigor, robustness and sensitivity, as follows: 

Thus any S-asteroid which fails tests "GU or "FU cannot be an ordinary 
chondritic assemblage to a high degree of certainty; those which fail "En, 
'ID1' and "C" are very unlikely [e.g. P < 0.001, 0.001 and 0.01, respectively] 
to be OC assemblages; while those which fail test "BU and, to a greater 
extent, test "A1' are potentially ambiguous. About 10% of the large S- 
asteroids pass the critical spectral tests "F-DR while only weakly failing 
the less stringent tests. These are the best candidates for ordinary 
chondrite parent bodies among the large mainbelt asteroids, although the most 
rigorous and robust test ("GN) remains to be applied in all cases. Moreover, 
these candidates are not randomly distributed within the S-population, but 
are instead concentrated adjacent to the 3:1 Kirkwood gap, one of the 
efficient escape hatches from the belt. This is the scenario postulated by 
the third hypothesis. Rotational spectral studies (test IfGu) are being 
applied to these S-asteroids to evaluate the third scenario. 

Sufficient rotational spectral observations (0.35-1.0um and 0.8-2.6um) 
have been obtained for three of the most promising candidates within this 
population (3 Juno, 6 Hebe and 7 Iris). Previous spectral investigations 
(0.35-1.0um) had shown that all three exhibit rotational color variations, 
but the spectral range was not adequate to apply the more diagnostic tests 
(I'Dt1, nFn and "Gtl). The 52-channel asteroid survey data [8] permitted 
applications of tests 'IDv and 'IFn [61, but did not provide the rotational 
coverage to apply test l1GV. The required rotational spectral data (0.8-2.6um) 
were obtained with the IRTF using the UH double CVF, during observing runs in 
July, 1991 (Juno and Iris) and in February, 1989 (Hebe). The appropriate 
spectral parameters are currently being extracted from the combined spectral 
data sets and the results of test 'IG1' will be discussed. 
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The E-type asteroids have high albedos and featureless spectra which are 
interpreted as surface assemblages composed of an iron-free silicate mineral 
such as enstatite, forsterite, or feldspar [I-31. It is believed that the E- 
class asteroids are analogous to (and perhaps even genetically related to) 
the enstatite achondrites (aubrites). These meteorites are the crust and/or 
mantle fragments of a highly reduced parent body (analogous to but apparently 
not genetically related to the enstatite chondrites) which underwent melting 
and efficient differentiation [,!+I. Because of the high melting temperature of 
enstatite, the E-asteroids and the aubrite parent bodies must have 
experienced extremely strong heating subsequent to planetesimal formation. 

From its relatively neutral colors, the Apollo object (3103) 1982BB was 
originally classified as an X-type (E, M, or P) asteroid [51. Determination 
of its high albedo (0.53-0.63), removed the ambiguity and identified it as 
taxonomic type E [61. Reflectance spectra (0.8-2.5um) of 1982BB were obtained 
using the NASA Infrared Telescope on Mama Kea on July 18-20, 1991UT. The 
lightcurve amplitude (0.9 mag) is similar to that reported previously [5,71, 
and good spectra were obtained for both lightcurve maxima. The weak 0.89um 
feature seen in the spectrum of the mainbelt E-asteroid (44) Nysa [2] is 
absent in this spectrum, and no other discrete mineral absorption features 
are seen. There are no detectable spectral differences between the opposite 
faces observed at the two lightcurve maxima. Apollo asteroid (3103) 1982BB is 
a high albedo E-type object with a reflectance spectrum consistent with the 
iron-free silicates, primarily enstatite, present in the enstatite achondrite 
meteorites. The correlated variation [8] of the visible [51 and thermal 
infrared lightcurves [61 indicate that it is an elongated object with no 
substantial surface albedo variations. Apollo asteroid (31 03) l982BB is 
presently in an orbital resonance (3:5) with the Earth, and appears to be a 
relatively long-lived member of the Earth-approaching population [91. 

Since it is probable that a significant portion of the meteorite flux is 
derived from intermediate Earth-approaching parent bodies, we evaluated the 
possibility that (31 03) is the sole or primary near-Earth parent body of the 
aubrites. Several lines of evidence which suggest that (3103) l982BB is the 
actual near-Earth parent body of the aubrite meteorite class, and not merely 
a reasonable candidate among the known Earth-approaching asteroids: 
(1) (3103) 1982BB is the only identified E-type object within the near-Earth 

population, and consideration of discovery biases suggests that there 
cannot be many kilometer-sized E-type objects within this population. 

(2) The clustering of exposure ages and mineral compositions [41 suggests 
that most aubrites are derived from a single parent body. 

(3) The time-of-day of aubrite falls indicates a limited range of source 
orbits, which are similar to that of asteroid (3103). Given the rarity of 
E-types in the near-Earth population, it is seems unlikely that many 
other comparable sized E-objects could be in similar orbits. 

(4) The long aubrite cosmic ray exposure ages compared to other stony 
meteorites suggests that they were not small meteoroids but were probably 
stored on an intermediate parent body such as a near-Earth asteroid. 

(5) The cosmic ray exposure ages of the aubrites would require that any near- 
Earth parent body be in a relatively long-lived orbit with a low regolith 
gardening rate similar to that of 1982BB. 
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(6) A significant portion of the aubrite falls appear to derive from one or 
two meteoroid streams. A near-Earth source for any such stream is likely. 

(7) Two of the nine aubrite falls occurred at the descending node of the 
orbit of (3103) suggesting a direct link. 
It therefore seems probable that most of the aubrites are fragments of 

Apollo asteroid (3103) 1982BB. It also appears possible that (3103) was 
derived from the Hungaria region at the innermost edge of the asteroid belt. 
The orbital inclination (2@) and aphelion distance (1.905AU) of (3103) 
1982BB falls within the Hungaria zone (mean: a=1.90AU and i=28'; 80% limits: 
1.79AU<a<l.98AU and 1 50<i<40°). In considering whether (31 03) was derived 
from the Hungaria zone, we focused on two issues: (a) whether effective 
mechanisms exist to convert a Hungaria-type orbit into a (3103)-type orbit, 
and (b) whether there is physical evidence linking (3103) to the Hungaria 
region of the asteroid belt. 

The velocity change needed to convert a circular 1.905AU Hungaria orbit 
into that of (3103) is approximately 3.0km/sec. The lunar meteorites prove 
that some coherent material could be sufficiently accelerated by an impact 
event [lo]. However, the size limit on coherent rocks impact accelerated to 
3km/sec is 0.03-0.3 meters [lo], so it does not seem probable that an object 
as large as 1982BB (1.5 km) could be accelerate by 3km/sec by a single 
impact. The Hungaria zone is bounded by the Y1'resonance which has a chaotic 
zone [Ill that could serve to convert injected Hungaria fragments into Earth- 
approaching orbits similar to that of ( 103). The impulse required to move an 
average Hungaria (a=l.SOAU) into the yl' resonance (a=2.08 at i=25') is 
Ikm/sec. It seems probable that a significant number of Hunga a collisional 
fragments are converted into planet-crossing orbits via the 3' resonance, 
and that they constitute some component of the Earth-approaching population. 

Orbital considerations suggest that (3103) could be derived from the 
Hungaria zone. However, the spectral type of (3103) makes such a source 
probable. The Hungaria zone is the only region of the asteroid belt where E- 
type asteroids are common [12]. E-type objects constitute about 55% of the 
classified Hungaria population. Although a more detailed investigation of the 
dynamical evolution of this object is needed, it appears highly probable that 
(3103) 1982BB was derived from the Hungaria region of the innermost asteroid 
belt, that it is a fragment of the collis+gnal breakup of an E-object near 
l.9AU, and escaped the mainbelt via the Y resonance. This represents the 
first reasonably direct genetic linkage between a meteorite type and a 
mainbelt source region. 
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