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Introduction:Evidence from meteorites points to a 

short-lived heating event early in the age of the Solar 

System which thermally altered the parent bodies of 

meteorites [1]. Of the approximately 135 known mete-

orite parent bodies, approximately 80% are thought to 

have undergone partial or complete melting and diffe-

rentiation [1]. The two proposed mechanisms for this 

heating event are 
26
Al decay and transverse magnetic 

induction [2,3]. Large-scale thermal history patterns 

have been recognized in the asteroid belt, namely the 

presence of an inner igneous zone followed by a brief 

metamorphic zone and an outer primitive zone [4]. 

However, attempts to achieve finer spatial resolution 

based on existing asteroid data have found the existing 

thermal heating event models are lacking [5]. 

This research program seeks to identify the abun-

dance of igneous asteroids in the outer main belt from 

2.8 to 3.3 AU.There are known examples of bodies in 

this heliocentric range which are suspected to have 

undergone significant heating. Radar observations of 

16 Psyche and 216 Kleopatra suggest NiFe metal sur-

faces based on radar albedos and bulk densities [6,7]. 

An eclipse of 22 Kalliope provided a revised bulk den-

sity of 3.35 ± 0.33 g/cm
3
 [8]. Near-infrared spectral 

observations of 69 Hesperia and 110may be attributed 

to remnant low-Fe pyroxene mantling complete or 

disrupted metallic core fragments [9]. Analysis of 

near-infrared spectra of 349 Dembowska indicates low 

degrees of partial melting were experienced by its par-

ent body [10]. 289 Nenetta is thought to be a mantle 

fragment of a fully melted parent body [11]. 1459 

Magnya has been shown to have a basaltic surface 

composition throughnear-infrared spectroscopy [12]. 

Asteroids 7472 Kumakiri and 10537 1991 RY16 are 

thought to also be basaltic fragments of a differentiated 

parent body [13]. Identifying igneous asteroids that 

formed in the outer main belt would require modifica-

tion of the two primary heating mechanism candidates 

because neither model predicts igneous temperatures 

beyond ~2.8 AU. 

Models: The first proposed mechanism for the 

heating of the asteroid parent bodies is the decay of the 

short-lived radionuclide 
26
Al. The presence of the de-

cay product of this radionuclide, 
26
Mg, in meteorites 

shows that it did exist in measurable quantities in the 

early Solar System. The hydrous and anhydrous mod-

els introduced by Grimm and McSween predicts sili-

cates to melt only within ~2.7 AU [14]. 

 The other leading candidate for heating in the 

early Solar System is transverse magnetic induction 

heating. In this model, elevated mass outflow from the 

early Sun interacts with the solar magnetic field to 

induce currents in the asteroid parent bodies. A disad-

vantage of this model is that many of the parameters 

necessary to construct an accurate model of the beha-

vior of this early solar system event are not well con-

strained. The Herbert and Sonnett model includes a 

suite of four models which vary these parameters over 

a range of values, and the models thought to be most 

accurate constrain significant heating to the inner ~2.8 

AU of the main belt [15,16]. 

Observations:  Two outer main belt S-asteroids, 

152 Atala (a=3.14 AU) and 245 Vera (a=3.09 AU) 

were observed using the SpeX near-infrared spectro-

graph at the NASA Infrared Telescope Facility (IRTF) 

atop Mauna Kea, Hawaii, between August 16
th
 and 

18
th
, 2008 [17,18]. 110 spectra were obtained of 152 

Atala and 60 of 245 Vera. 

 The standard star used in conjuction with 152 

Atala was HD 2893. The standard star for 245 Vera 

was HD 213377. For both asteroids the solar analog 

star was HD 28099. 

Data reduction:Asteroid, standard star, and solar 

analog star spectra were extracted and reduced using 

Spextool [19]. All spectra were calibrated using flat 

field and arc images. The standard star spectra were 

combined into starpacks which covered more than the 

airmass range of a set of asteroid spectra. A starpack is 

an average of the spectral sets of the standard star that 

bound the asteroid observations. Final spectra were 

arrived at by taking the ratio of the asteroid spectra to 

the appropriate standard starpack to remove atmos-

pheric effects. During this process the effects of chan-

nel shifting, which is subpixel displacement in the 

spectra due to instrument flexure, were removed for 

each asteroid spectra.The resulting average asteroid 

spectrumisdivided byan average ofthe ratio of the solar 

analog star to the standard star to remove induced 

slope effectswhen the standard star is not classified as 

a G2V star. The process is summarized in the equation: 

(asteroid/solar analog) = (asteroid/standard star)/(solar 

analog/standard star). 

Data analysis and interpretations:Preliminary 

data analysis is underway. Band centers and areas have 

been extracted from each asteroid’s average spectrum. 

Band I was identified as the area between the spectral 

curve and a straight-line fit to the spectral peaks at 
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~0.75 and ~1.50 μm. Band II was identified as the area 

between the spectral curve and a straight line fit to the 

~1.50 μm peak and the long-wavelength end of the 

curve.The band areas and centers were arrived at by 

removing the straight line continuum from the relative 

area of the spectra. Mineralogical interpretations based 

on these parameters are ongoing. 

152 Atala: There exists a double band I minimum 

at approximately 0.94 and 1.08 μm. The band II mini-

mum is at 1.93 μmand the band area ratio (BAR) is 

approximately 0.75. 

245 Vera: This asteroid also exhibits a double band 

I minimum, at 0.95 and 1.05 μm. The band II mini-

mum is located at 1.94 μm and the BAR is 0.48. 
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