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Introduction:  A number of planetary science 

questions have been definitively answered in the last 

few years.  Two of these questions are whether ordi-

nary chondrites can be derived from S-complex aster-

oids and whether space weathering occurs on asteroidal 

surfaces.  Both of these questions were answered by 

analyses of samples of (25143) Itokawa that were re-

turned to Earth by the Hayabusa mission.  Itokawa was 

predicted to have an LL chondrite mineralogy from 

ground-based reflectance spectra obtained by Binzel et 

al. [1].  The returned grains had LL chondrite mineral-

ogies [2,3] and evidence of space weathering [4].   

However, it is unclear on how abundant ordinary 

chondrite mineralogies are among near-Earth asteroids 

(NEAs).  To answer this type of question, the MIT-

UH-IRTF Joint Campaign for NEO Spectral Recon-

naissance [5] was instituted to routinely obtain near-

infrared reflectance spectra of NEAs.  As part of this 

ongoing program, near-infrared data were obtained on 

over 500 NEAs.  These spectra are analyzed to try to 

understand how prevalent ordinary chondrite mineralo-

gies are among S-complex and Q-type NEAs, which 

tend to have absorption features due to olivine and 

pyroxene.  Binzel et al. [6] has previously found that 

there was a continuum of spectral properties between 

ordinary chondrites, Q-types, and S-complex bodies. 

Data:  Ordinary chondrite spectra have characteris-

tic absorption bands centered at ~0.9 (Band I) and ~2 

(Band II) µm that are due to olivine and pyroxene.  The 

positions of these bands are functions of mineralogy.  

Among ordinary chondrites, LL chondrites tend to 

have band centers at the longest wavelengths since they 

are the most olivine-rich (which moves the Band I cen-

ter to longer wavelengths and contain the most Fe-rich 

pyroxenes (which moves the Band II center to longer 

wavelengths).  H chondrites tend to have band centers 

at the shortest wavelengths since they are the most py-

roxene-rich and contain the most Fe-poor pyroxenes.  L 

chondrites have intermediate band centers.  Other me-

teorite types also have bands due to olivine and pyrox-

ene.  Acapulcoites/lodranites have band centers similar 

to the values for H chondrites [7].  Ureilites have band 

centers [8] that span the range found for ordinary 

chondrites but the bands are much weaker.  However, 

ureilites have been definitively linked with C-complex 

bodies [9].  

L chondrites are 35% of all falls, H chondrites are 

32%, and LL chondrites are 8% [10].  H and L chon-

drites also dominate the Antarctic meteorites finds with 

L chondrites having 42% of the mass of all the collect-

ed meteorites, H chondrites having 31%, and LL chon-

drites having 17%. 

The Band I and II centers and uncertainties for ~50 

ordinary chondrites [5] were determined using a spe-

cially written computer program [11].  There was con-

siderable overlap for the Band I and II center values for 

the H and L chondrites, but the LL chondrites had band 

centers that were distinctively different. 

This program was then used to determine band cen-

ters and uncertainties for ~170 S-complex and Q-type 

NEAs that had wavelength coverage both in the visible 

and near-infrared.  The near-infrared spectra were pri-

marily obtained at the IRTF while the visible data were 

obtained using various telescopes.  The asteroid band 

centers can then be directly compared to the ranges 

found for the ordinary chondrites.  For the asteroids, 

the Band II center uncertainties tend to be larger [12] 

than those for the Band I centers due to the atmospher-

ic water feature at ~1.9 µm and the shallowness and 

flatness of Band II.  Band Area Ratios were not calcu-

lated due to problems in determining the long wave-

length edge of Band II for the asteroids, which will 

significantly affect the calculated Band Area Ratios. 

Results:  Approximately 70% of the analyzed S-

complex and Q-type NEAs had band centers (within 

uncertainties) consistent with those of ordinary chon-

drites.  This is likely a lower limit on the percentage of 

S-complex and Q-type NEAs with ordinary chondrite-

like mineralogies.  For example, the band centers for 

Itokawa have relatively large uncertainties and fall 

slightly outside the LL chondrite range.  Hiroi et al. 

[13] noted how the Band II for Itokawa measured by 

Hayabusa varied in structure depending on distance to 

Itokawa and discussed the problems in directly com-

paring the spectra of uniform samples (meteorite pow-

ders) with asteroids that have a variety of surface prop-

erties (large boulders to a fine-grained regolith).  Many 

other NEAs also have band centers that fall slightly 

outside the calculated ranges for ordinary chondrites.   

There are many possible complications in directly 

comparing meteorite and asteroid band centers.  The 

measured meteorites might not be fully encompass the 

possible range of ordinary chondrite mineralogies. 

Some of the NEA spectra could have atmospheric arti-

facts that could affect the determination of the Band II 

center.  The continua that are divided out over the 
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Band I and the Band II before determining the band 

centers are assumed to be linear, which may not be 

completely accurate.  Temperature effects are assumed 

to be negligible but could slightly alter the positions of 

the band centers [14] for some of the NEAs.   

Do the interpreted percentages of different ordinary 

chondrite assemblages among the S-complex and Q-

type NEAs match the fall statistics?  Approximately 

two-thirds of the bodies with ordinary chondrite-like 

band centers had their best matches with LL chondrites 

while 11% of ordinary chondrite falls are LL chon-

drites.  This high proportion of LL-like mineralogies 

among NEAs is consistent with the analyses of 

Vernazza et al. [15], de León et al. [16], and Dunn et 

al. [17].  Vernazza et al. [15] used radiative transfer 

modeling while de León et al. [16] and Dunn et al. [17] 

used Band I centers and Band Area Ratios.  Also using 

Band I centers and Band Area Ratios, Thomas et al. 

[12] found that S-complex and Q-type NEAS did have 

a higher proportion of interpreted LL-like mineralogies 

compared to H- and L-like mineralogies. However, 

Thomas et al. [12] did not find as high a percentage of 

LL-like mineralogies among the NEAs.   

The observed NEAs and meteorite source bodies 

tend to have very different diameters.  The NEAs tend 

to have diameters of hundreds of meters or larger while 

the ordinary chondrite source bodies have diameters of 

tens of meters or less, which causes them to break up in 

the atmosphere.   

To understand the high proportion of LL-like min-

eralogies among NEAs relative to the fall statistics, we 

must look at the possible parent bodies of these mete-

orites.  H chondrites have been linked with (6) Hebe 

(a=2.43 AU) [18] due to spectral similarities and this 

body’s location near the 3:1 meteorite-supplying reso-

nance (2.50 AU).  No asteroid family has been identi-

fied with this object.  However, a number of other as-

teroids near the 3:1 and 5:2 (2.82 AU) resonances have 

also been identified as having H-like mineralogies [19].   

L chondrites have been dynamically linked [20] 

with the (1272) Gefion family (a=2.70-2.82 AU), lo-

cated near the 5:2 resonance.  A large percentage of L 

chondrites have 39Ar-40Ar ages of ~470 Myr [21], indi-

cating a major impact at that time.  Nesvorný et al. [20] 

found that the Gefion family had a modeled formation 

age consistent with ~470 Myr and that L chondrites 

had cosmic ray exposure ages consistent with originat-

ing from the Gefion family.  Mineralogical analyses 

[22] of Gefion family members appear consistent with 

ordinary chondrites but do not definitively indicate an 

L-like mineralogy. 

LL chondrites have been linked [15] to the (8) Flo-

ra family (a=2.16-2.40 AU) due to interpreted miner-

alogical similarities between Flora family members and 

LL chondrites.  The Flora family has an estimated for-

mation age of ~950 Myr [23]. 

The Yarkovsky effect, which can cause semi-major 

axis drift, decreases in strength with increasing size for 

km-sized bodies and increasing distance from the Sun 

[24].  If we assume the proposed meteoritic linkages, 

the relatively old age of the Flora family, its relative 

nearness to the Sun, and its proximity to the ν6 secular 

resonance [15] may have allowed a higher proportion 

of NEA-sized LL-like bodies to reach meteorite-

supplying resonances compared to NEA-sized H-like 

bodies derived from Hebe and L-like bodies derived 

from the Gefion family.   

It is also possible that H chondrite and L chondrite 

source bodies were disrupted in near-Earth space, 

which could substantially increase the flux of H and LL 

chondrite meteorites to Earth relative to LL chondrites. 

Conclusions:  LL-like mineralogies dominate the 

S-complex and Q-type NEAs.  More work needs to be 

done to determine exactly why LL-like material domi-

nates the NEAs while H and L chondrites dominate the 

current meteorite flux. 
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