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Introduction: Compositional and isotopic analyses 
[1,2] suggest that at least 50 distinct differentiated par-
ent bodies are represented in meteorite collections. 
Finding an equal number of differentiated parent bod-
ies amongst Main Belt asteroids (the ultimate source of 
all meteorites) has proven challenging. The asteroid 4 
Vesta and its collisional family of Vestoids are associ-
ated with basaltic crustal compositions [3,4] and serve 
as some of the best known examples of differentiated 
asteroids. Only recently have basaltic asteroids unre-
lated to Vesta been found [e.g. 5-9]. Dynamical models 
have been the predominant method for discriminating 
whether a basaltic asteroid is related to Vesta [10,11]. 
In general, basaltic asteroids with semi-major axes 
beyond 2.5 AU are dynamically unlikely to be related 
to Vesta and thus must represent relic crustal material 
from other differentiated parent bodies (Fig. 1). We 
will present a comprehensive compositional analysis of 
a sample of middle (2.5-2.8 AU) and outer (2.8-3.25 
AU) Main Belt basaltic asteroids in order to better un-
derstand the origin of these objects and to place con-
straints on the diversity of compositions associated 
with the differentiation of planetesimals. 

Observations: Near-infrared (0.9-2.5 µm) reflec-
tance spectra were obtained using the instruments 
FIRE at the Magellan Baade 6.5m telescope and SpeX 
at NASA’s Infrared Telescope Facility (Fig. 2). Tar-
gets were selected based on visible wavelength broad-
band photometry following [7]. 

Analysis: Compositional analysis is performed us-
ing band analysis techinques [12,13] and Hapke mod-
eling [14]. For comparison purposes we apply these 
techniques to spectra of basaltic meteorites with well 
known compositions, with the ultimate goal of a better 
understanding the geochemical provenance of these 
unusual asteroids. 

References: [1] Goldstein J. I. et al. (2009) Chemie 
der Erde - Geochemistry, 69, 293-325. [2] Scott E. R. 
D. et al. (2009) GCA, 73, 5835-5853. [3] McCord T. B. 
et al. (1970) Science, 168, 1445-1447. [4] Binzel R. P. 
and Xu S. (1993) Science, 260, 186-191. [5] Lazzaro 
D. et al. (2000) Science, 288, 2033-2035. [6] Roig F. 
and Gil-Hutton R. (2006) Icarus, 183, 411-419. [7] 
Moskovitz N. A. et al. (2008) Icarus 198, 77-90. [8] 
Moskovitz N. A. et al. (2008) ApJL, 682, L57-L60.  [9] 
Solontoi M. R. et al. (2012) Icarus, 220, 577-585. [10] 
Roig F. et al. (2008) Icarus, 194, 125-136. [11] Carru-
ba V. et al. (2007) A&A, 473, 967-978. [12] Burbine T. 

H. et al. (2009) MAPS, 44, 1331-1341. [13] Sunshine J. 
M. et al. (1990) JGR, 95, 6955-6966. [14] Lawrence S. 
J. and Lucey P. G. (2007) JGR, 112, E07005. 

 

2.2 2.4 2.6 2.8 3.0 3.2
Semi-major Axis (AU)

0

5

10

15

20

In
cl

in
at

io
n 

(d
eg

)

Vesta

1459

22308

21238

105041

14390

66905

14562

22693

34257349
7472

10537

40521
63085

3:
1

5:
2

7:
3

2:
1

6

 
Figure 1: Proper orbital element distribution of outer 
Main Belt basaltic asteroids (filled circles). The orbital 
separation of these objects from Vesta by prominent  
mean motion resonances (dashed lines) indicates that 
they are fragments of basaltic crust originally from 
non-Vestan differentiated parent bodies. The underly-
ing blue dots represent all Main Belt asteroids. The 
grey triangles are objects thought to be broadly related 
to basaltic compositions. The open circles represent 
candidate basaltic asteroids; near-IR spectra are not yet 
available to make this compositional assignment.  
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Figure 2: Representative sample of reflectance spectra 
of basaltic asteroids. Though all of these objects can 
broadly be classified as igneous, the shapes of their 
respective absorption bands vary considerably. Com-
positional analyses will reveal the mineralogical causes 
of this spectral diversity. 
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