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Introduction:  The mineralogy, petrology, isotope 

chemistry, and cosmic ray exposure history revealed by 

laboratory study of the meteorites provides detailed 

insights into the relative and absolute timing of major 

processes operating and conditions present in the early 

inner solar system. However, the source regions of the 

individual meteorite types are poorly constrained be-

cause their specific parent bodies and hence their early 

solar system locations have generally not yet been 

identified. Mineralogical characterizations of the aster-

oids provide a “geologic map” of conditions and pro-

cesses in the early solar system. The chronological 

studies of the meteorite types provide a “clock” for the 

relative timing of those events and processes. By iden-

tifying the source asteroids of particular meteorite 

types, the “map” and “clock” can be combined to pro-

vide a much more sophisticated understanding of the 

history and evolution of the early solar system. 

The Kirkwood Gaps (KG) are zones in the asteroid 

belt located at proper motion resonances with Jupiter. 

The KGs are depleted in asteroids. According to sever-

al theoretical models, the bulk of meteoroids and near-

Earth objects delivered to the inner solar system origi-

nate from the 3:1 and ν6 resonances [1-4].  

The current spectroscopic investigation of the 3:1 

KG asteroids assumes  each of the targeted asteroids is 

individually a potential parent body of one of a variety 

of meteorite types. The original parent bodies of these 

objects were disrupted so long ago, that any other sur-

viving remnants are lost in the background population. 

The results of the Fragment Injection Model [1] were 

used to select asteroid targets predicted to be strong 

sources of meteoroids in Earth-crossing orbits. In addi-

tion, asteroids with i >30° were not selected due to 

high geocentric velocities.  

Probable parent bodies have been identified for 

four [5-7] of the 135 distinguishable meteorite classes 

[8]. These three parent bodies: 4 Vesta, 3103 Egar, and 

6 Hebe account for ~40% of terrestrial meteorite falls. 

Therefore ~60% of the meteorite fall flux and ~97% of 

the meteorite classes still need to be accounted for. 

Asteroids within the “feeding zone” of the 3:1 KG are 

good candidates for such parent bodies.  

Previous VNIR (~0.3 – 0.95 μm) spectral observa-

tions [9-13] of 3:1 KG asteroids do not permit the de-

tailed mineralogical analysis required to rigorously test 

possible meteorite affinities. Ambiguities introduced by 

space weathering undermine the validity of any puta-

tive asteroid-meteorite links derived from curve match-

ing, requiring the use of interpretive methodologies 

insensitive to space weathering [14].  

Near-infrared spectral data in the 0.8-2.5 μm wave-

length range is necessary for detailed characterizations 

of surface minerals and is not available for most aster-

oids adjacent to the 3:1 KG. Thus far, the current re-

search project has been successful in linking several 

asteroids to meteorite types such as the mesosiderites, 

H & LL chondrites, CCV/CO chondrites, pallasite/ 

olivine bearing, & winonaite meteorites [15-18].  

Observations and Data Reduction: NIR spectra 

of asteroids (660) Crescentia, (797) Montana, (879) 

Ricarda, (1018) Arnolda, (1064) Aethusa, (1166) 

Sakuntala, (1391) Carelia, (1501) Baade, (1607) Ma-

vis, (1644) Rafita, (1722) Goffin,   (6649) Yokotatakao 

were obtained  June 12 & 13, 2010, June 3 & 4, 2011, 

and July 19-21, 2011 at the NASA IRTF using the 

SpeX instrument [19] in the low-res spectrographic 

mode. Asteroid & standard star observations were in-

terspersed within the same airmass range to allow 

modeling of atmospheric extinction. Data reduction 

was done using previously outlined procedures [20,21].  

The particular subset of asteroids presented here 

each have absorption features located near 1- and 2- 

μm. Figure 1.The band centers and band area ratios 

(BAR) are diagnostic of abundance and composition of 

the mafic silicates [e.g.,20-29] and are measured rela-

tive to a linear continuum fit tangent to the spectral 

curve outside the absorption feature [e.g. 24]. To esti-

mate the error, several polynomial fits were used sam-

pling different ranges of points within the Band I & II 

spectral intervals. The uncertainty was estimated from 

the difference between the min and max determined 

values (Table 1).  
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Analysis: After initial measurement of the Band I 

and Band II centers, the pyroxene chemistry is deter-

mined using [20].  If the pyroxene chemistry is con-

sistent with an HED assemblage, the [28] equations are 

used to verify the pyroxene chemistry and if the pyrox-

ene chemistry is consistent with an ordinary chondrite 

assemblage the [29] equations are applied as verifica-

tion of the derived silicate mineralogy. Meteorite affin-

ities are currently under investigation. 

Conclusions: Not all igneous activity produces ful-

ly differentiated bodies. Once heating has occurred to 

produce a melt, three possible outcomes are possible: I. 

Low degree of partial melting and extraction of basaltic 

melt to surface leaving a residue of  olivine with Fe-Ni 

interior II. Extensive partial melting with extraction of 

basalt (crust), residue olivine, and NiFe melts (core) 

III. Complete melting and differentiation with a basal-

tic crust, cumulate olivine mantle, and NiFe core. 

All twelve asteroids presented in this paper exhibit 

two absorption features located near 1 and 2 µm, with 

varying spectral redness, which are typical of anhy-

drous mafic silicate (i.e., olivine and pyroxene-bearing) 

assemblages. Each are derived from partial melt resi-

dues, cumulates, or complete differentiation. The 

iron/stony-iron meteorite groups indicate a minimum of 

70 discrete parent bodies. The crustal and mantle por-

tions of these disrupted bodies are grossly under repre-

sented in the terrestrial meteorite collection.  

Understanding the compositional and dynamical 

nature of asteroids is necessary to address:  attainment 

and exploitation of space resources, impact hazards to 

society, impact mitigation strategies, and biological 

consequences on Earth due to impact.   
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Table 1 

Aster-

oid 

BI 

µm 

BII 

µm 

BAR Chemistry*,**,*** Ol 
**** 

660 0.93 

±.01 

1.91

±.03 

1.59 

± .11 

Fs28.5(±5)Wo7.4(±4)* 

Fs33.4 (±3)Wo6.1(±1)
** 

 

28%  

797 0.95 

±.02 

1.98 

±.02 

 1.61 

± .10 

Fs41.1(±5)Wo15.5(±4) 

Fs50.8(±3)Wo12.8(±1)
**

 

 

27% 

879 0.92 

±.01 

1.87 

±.03 

2.56 

± .30 

Fs17.8(±5)Wo2.8(±3)* 

Fs24.1(±3)Wo2.5 (±1)
** 

0% 

1018 0.92 

±.02 

1.87

±.03 

1.75 

± .15 

Fs17.8(±5)Wo1.3(±3)* 

Fs24.1(±3)Wo2.5 (±1)
 **  

22% 

 

1064 0.93 

±.01 

1.91 

±.05 

1.07 

± .15 

Fs25.4(±5)Wo3.8(±4)* 

Fs16.9 Fa15.1*** 

50% 

1166 0.93 

±.01 

1.93 

±.03 

0.87 

± .03 

Fs16.5(±5)Wo0(±4)* 

Fs16.9 Fa15.1*** 

59% 

1391 0.93 

±.02 

2.00 

±.05 

2.31 

± .34 

Fs52.7(±5)Wo8.7(±4)* 

Fs42.6(±3)Wo9.7 (±1)
 ** 

0% 

1501 0.93 

±.01 

1.94 

±.02 

1.47 

± .30 

Fs36.6(±5)Wo6.2(±4)* 

Fs36.5(±3)Wo7.3 (±1)
 ** 

33% 

1607 0.93 

±.01 

1.95 

±.04 

1.19 

± .08 

Fs22(±5)Wo3(±3)* 

Fs16.9 Fa15.1*** 

45% 

1644 0.93 

±.01 

1.89 

±.02 

1.74 

± .10 

Fs23.2(±5)Wo5.8(±3)* 

Fs31.4 (±3)Wo5.3(±1)
**  

22%  

1722 0.94 

±.01 

1.95 

±.03 

0.56 

± .20 

Fs22.6(±5)Wo2.8(±3)* 

Fs16.9 Fa19.5*** 

71%  

6649 0.93 

±.01 

1.92 

±.04 

2.10 

± .13 

Fs31.2(±5)Wo8.7(±4)* 

Fs34.4 (±3)Wo6.5(±1)
**

 

7% 

*The pyroxene Fs & Wo value were derived using [20].  

** The pyroxene Fs & Wo value were derived using [28] 

***Fs and Fa value was derived from [29] 

****The olivine abundance was calculated using [20] 
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