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Summary: We find the ordinary chondrite stratigraphy in the main belt to be LL, H, L (in the order of
increasing distance from the Sun). We derive this result using spectral information from more than 1000
near-Earth asteroids (NEAs) [1]. Our methodology is
to correlate each NEA’s main-belt source region [2]
with its modeled mineralogy [3]. The result is a probability distribution that shows a signature for the ‘preferred source’ for each meteorite class. We find LL
chondrites predominantly originate from the inner edge
of the asteroid belt (nu6 region at 2.1 AU), H chondrites from the 3:1 resonance region (2.5 AU), and the
L chondrites from the outer belt 5:2 resonance region
(2.8 AU). Each of these source regions has been cited
by previous researchers [e.g. 4, 5, 6], but this work
reveals the LL, H, L stratigraphy in a unified result
from a single methodology. We seek feedback from
the meteoritical community on the viability or implications of this stratrigraphy.
Observations: Spectroscopic and taxonomic information is now available for ~1000 near-Earth objects, thanks in large measure to the NASA IRTF longterm reconnaissance program we call the MIT-Hawaii
Near-Earth
Object
Spectroscopic
Survey
(MITHNEOS) [1]. We obtain our measurements using the SpeX instrument on the NASA Infrared Telescope Facility (IRTF) in prism mode (0.8-2.5 µm).
Dynamical Methodology: For each near-Earth asteroid, we use its orbital parameters as input to the
Bottke source model [2] to assign a probability that the
object is derived from five different main-belt source
regions: Mars-crossers, inner asteroid belt (nu6 resonance at 2.1 AU), mid-belt 3:1 resonance (2.5 AU),
outer belt 5:2 resonance (2.8 AU), and Jupiter family
comets (JFC). For each object, the sum of all five
probabilities equals unity.
Mineralogic Methodology: For the subset of all
NEA spectral measurements covering the full wavelength range of 0.45 to 2.45 microns, we apply the
Shkuratov model [3] for radiative transfer within compositional mixing. Our implementation of the Shkuratiov model derives an estimate for the ol / (ol+px)
ratio (and its uncertainty) that provides the best fit to
the spectrum. For our mineralogic modeling, we consider only NEAs whose taxonomic classes fall within
the S-, Sq-, and Q-classes that have been linked to ordinary chondrites [7, 8, 9].

Correlation Methodology: The Bottke source region model [2] and the Shkuratov mineralogic model
[3] each deliver a probability distribution. For each
NEA, we convolve its source region probability distribution with its meteorite class distribution to yield a
likelihood for where that class originates. For example, from the orbit of asteroid (25143) Itokawa we find
a high source region probability (71%) for the nu6
resonance (and 29% among the other four sources).
Modeling Itokawa’s spectrum yields a 95% likelihood
of being an LL chondrite (and 5% relative to the other
classes), consistent with the pre-Hayabusa mission
prediction and mission result [10, 11]. Convolving
these two probability distributions yields a strong signature for LL chondrites deriving from the nu6 resonance, but most importantly, a non-zero signature
across other source regions and meteorite types. (We
retain the complete information across all sources and
all types for each of the modeled asteroids.) We coadd together the convolved probability distributions for
hundreds of asteroids in our sample to obtain an accumulated result where each asteroid contributes information. The result is shown in the figure below.

Schematic result for the main-belt source region
locations of LL, H, and L chondrites. Depiction of the
main-belt background is from DeMeo & Carry [12].
Discussion: The LL chondrites being derived from
the nu6 resoance has been previously proposced by
Vernazza et al. [4]; the 3:1 resonance for the H chondrites by Thomas & Binzel [5]; and the L chondrites
from the outer belt Gefion family by Nesvorny et al.
[6]. Our results are consistent with the Gaffey & Gil-
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bert [13] proposition of asteroid 6 Hebe as the H chondrite source, but our results do not require Hebe to be
the H chondrite parent body. Vernazza et al. [14]
show an abundance of H chondrite-like bodies in the
vicinity of the 3:1 resonance that provide multiple possibilities as H chondrite sources.
We find that the heliocentric order of the source region probabilities to be robust: LL chondrites appear to
have formed closer to the Sun than H chondrites. The
L chondrites appear to have formed at the most distant
location out of the three major meteorite classes. Our
next step is to explore the consistency (or lack thereof)
of this LL, H, L formation distribution with nebular
condensation models, mindful that compositional mixing within the asteroid belt has likely occurred [15].
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