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Introduction: For more than two decades, the link between 

the most common meteorites (ordinary chondrites) and the most 
common asteroids (S-types) has been problematic.  The ‘ordinary 
chondrite problem’ [1] can be stated as “Why is it difficult to 
find abundant spectral matches between telescopically measured 
asteroids and laboratory measured ordinary chondrite meteor-
ites?”   

The process of “space weathering” [2] is most often offered 
to explain the mismatch, supported by in situ spacecraft confir-
mation that S-type asteroids have ordinary chondrite-like elemen-
tal abundances [3].  Also alleviating the ‘problem’ is the finding 
that among near-Earth asteroids, roughly 25% do  have tele-
scopic spectra that directly match fresh ordinary chondrite mete-
orites measured in the laboratory [4]. These “Q-type” [5] aster-
oids are interpreted to have fresh surfaces too young to have ex-
perienced significant space weathering.  Yet a mystery remains: 
“Why are Q-types effectively found only among near-Earth as-
teroids, and in corollary, why are Q-types (specifically, fresh or-
dinary chondrite surfaces) rare or effectively absent in the main-
belt?” 

New Findings: As we report in Nature [6], we analyzed the 
spectral and orbital properties of nearly 100 near-Earth asteroids 
in the S- and Q-type taxonomic classes.  For the orbital analysis, 
we integrated to find the closest Earth encounter for each asteroid 
within the past 106 years by calculating the Minimum Orbit In-
tersection Distance (MOID). We find a strong correlation be-
tween the freshest near-Earth asteroid surfaces, the Q-types, 
among those asteroids whose integrated orbits reveal MOID val-
ues allowing recent Earth encounters at distances substantially 
closer than the Moon.  All objects in our sample for which orbital 
integrations rule out recent close Earth approaches have “old” 
space weathered S-type asteroid surfaces.  Taken together, our 
findings substantiate the proposition [7] that planetary encounters 
can freshen asteroid surfaces.  Thus our results place the “ordi-
nary chondrite problem” into a new context between two rapidly 
competing timescales: Space weathering (now recognized as be-
ing effective within ~106 years [8]) and planetary encounters.  
Consequently, nearly all main-belt and non-encountering near-
Earth asteroids should appear space weathered.  And they do. 
Asteroid encounters within about 16 Earth-radii appear to induce 
sufficient tidal stress and seismic shaking to expose fresh regolith 
from below.  Thus we find Earth encounters to be the cause of 
fresh “ordinary chondrite-like” (Q-type) asteroid surfaces being 
seen so predominantly among near-Earth asteroids.  
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