
COMPOSITIONS OF BINARY NEAR-EARTH OBJECTS: IMPLICATIONS FOR THEIR INTERNAL 
STRUCTURE.  P. A. Abell1,3,*

, M. J. Gaffey2,3, P. S. Hardersen2,3, V. Reddy2,3, and S. Kumar2,3  1Planetary Astron-
omy Group, Astromaterials Research and Exploration Science, NASA Johnson Space Center, Mail Code KR, Hous-
ton, TX 77058, paul.a.abell1@jsc.nasa.gov. 2Department of Space Studies, Box 9008, University of North Dakota, 
Grand Forks, ND 58202. 3Visiting Astronomer at the Infrared Telescope Facility, which is operated by the Univer-
sity of Hawai’i under contract from the National Aeronautics and Space Administration, Mauna Kea, HI 96720. 
*NASA Postdoctoral Fellow. 

 
Introduction: Several lines of evidence suggest 

that approximately 16% of all near-Earth objects 
(NEOs) are binaries [1-3]. Since NEO dynamical life-
times are relatively short (~ 106 - 107 years) [4], an 
active mechanism must be generating new NEO binary 
pairs [5]. The favored formation mechanisms for bi-
nary NEOs invoke close flybys of the Earth (or Venus) 
by their parent bodies and involve either tidal disrup-
tion [6], or rotational spin-up and disruption [7], after 
one or several planetary encounters. These types of 
disruption events are thought to only occur if the par-
ent NEO bodies are either composed of physically 
weak materials (e.g., strengths similar to carbonaceous 
meteorites) or were gravitationally bound rubble piles 
with little or no internal strength.  

Assuming that binary NEOs are generated primar-
ily by disaggregation of km-scale NEO parent bodies 
during close planetary flybys, then the two models of 
parent body weakness predict different compositional 
patterns for the formation of NEO binaries. If NEO 
binaries form primarily from physically weak materi-
als, they should be dominantly similar in composition 
to carbonaceous CM- or CI-type meteorite materials. 
However, if these binaries form primarily from disrup-
tion of strengthless rubble piles, then there shouldn't be 
any particular compositional preference. 

Spectral Observations: An observational cam-
paign to obtain near-infrared spectra of NEOs has been 
implemented using the NASA IRTF and SpeX instru-
ment  [8] since October, 2001.  One of the first objects 
to be observed of this campaign was 1998 ST27, which 
was simultaneously imaged by radar and determined to 
be a binary object [9].  The spectral response of this 
NEO demonstrated a significant upturn beyond ~ 2.2 
µm and a broad absorption feature centered near 1.0 
µm [10] (Figure 1).  The upturn was interpreted to be 
due to thermal emission from a low albedo object at a 
small heliocentric distance and was used to estimate 
the albedo of 1998 ST27 at 0.05 ± 0.01 [10].   

The broad absorption feature of 1998 ST27 located 
near 1.0 µm is one that is sufficiently intense to com-
pete with the already strongly absorbing (i.e., ~ 5% 
albedo) surface material.  Given the low albedo of this 
binary NEO, the mineral species producing this feature 
must have a high absorbance at these wavelengths in 
order to produce a detectable effect on such a dark 
surface.  Among plausible meteoritic minerals, the 

most probable candidates are the iron-rich phyllosili-
cates present in the CM2- and CI1-carbonaceous chon-
drites [11]. 

  Other binary NEOs have been observed by our re-
search group, such as 1999 HF1 and 2005 AB, which 
have similar features to those of 1998 ST27.  Hence 
they have also been identified as having affinities to 
carbonaceous chondrite assemblages [12].  This sug-
gests that carbonaceous-type materials are not uncom-
mon among members of the binary NEO population.    

However, observational data of two other objects 
indicate that carbonaceous compositions are not the 
only type of materials detected in the spectra of these 
objects.  Binary NEOs (66063) 1998 RO1 and 2003 
YT1 have been identified as having mineral assem-
blages similar to other meteorite groups found among 
the terrestrial collections. 

NEO (66063) 1998 RO1 was detected to be a bi-
nary both by lightcurve and radar observations [13].  
Spectral observations obtained from the IRTF demon-
strate that this object has two absorption features, one 
asymmetric band centered near 1 µm, and one sym-
metric band centered near 2 µm (Figure 1). A more 
precise analysis indicates that this binary NEO has 
spectral parameters similar to the L-chondrite meteor-
ites [14].  These meteorites represent one of the more 
commonly found groups on Earth and are considered 
to be physically strong relative to the carbonaceous 
chondrite class.   

One of the more unique binary NEOs to be ob-
served in terms of composition so far to date during 
this NEO observational campaign is 2003 YT1.  This 
object was also discovered to be a binary based on 
lightcurve observations and radar observations [15].  
The near-infrared spectral data obtained from the IRTF 
also demonstrates well defined 1 and 2 µm features.  
However, unlike the spectral features of the previous 
binary NEO, analyses of these features suggest that 
this particular object has a surface assemblage domi-
nated by orthopyroxene, with no detectable olivine 
present [16]. 

The estimated pyroxene chemistry from detailed 
spectral analysis and the lack of any obvious olivine 
content suggest that this NEO’s parent body experi-
enced significant heating with a large amount of melt 
production.  Given that the inferred pyroxene mineral-
ogy lies near that of the diogenite-eucrite boundary,  
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this suggests that 2003 YT1 may have a compositional 
affinity to the basaltic achondrite meteorites (e.g., 
howardite-eucrite-diogenite (HED) clan of meteorites) 
[16].  Such mineralogies are similar to basalts found 
on Earth (e.g., the basaltic lava fields on Hawai’i’s Big 
Island) and represent relatively physically strong geo-
logic materials. 

Interpretation of Internal Structure:  As men-
tioned above, lightcurve and radar observations sug-
gest that a particular NEO has a significant chance (~ 
16%) of being a binary object and therefore likely to 
be a gravitationally bound rubble pile [2,3].  However, 
it should be noted that the estimated fraction of binary 
objects among the NEO population is only a lower 
limit.  Lightcurve techniques can only detect binary 
NEOs in a certain range of orientations, and radar ob-
servations are limited by the distance to the NEO and 
size of the secondary [5].  For example, data from 
1998 ST27 demonstrated that most of the echoes of its 
120 m secondary were weak for a majority of the ob-
servations, which implies that other NEOs imaged by 
radar could have small, undiscovered satellites below 
the radar detection threshold [9].  Therefore there 
could be many more binary NEOs that have yet to be 
detected.   

The observed carbonaceous meteorite compositions 
of some of these objects support the suggestion that 
binary NEOs can be generated from physically weak 
materials.  However, L-chondrite and HED assem-
blages observed for the other binaries do not represent 
physically weak materials. Thus if the favored mecha-
nism for formation of binary NEOs is disaggregation 
during close planetary flybys, then the current compo-
sitional variety of binary NEOs (Figure 1) suggests 
that a significant fraction of the NEO parent bodies are 
gravitationally bound rubble piles, and not simply just 
composed of weak carbonaceous materials.  In addi-
tion, recent data obtained by the Hayabusa spacecraft 
of the potentially hazardous asteroid (PHA) Itokawa 
seem to suggest that this asteroid is a prime example of 
a rubble-pile with ~ 40% porosity [17].  

Therefore, ground-based observations and space-
craft data suggest that the NEO population may con-
tain a significant number of objects that experienced a 
relatively vigorous impact history during their lifetime.  
Hence there is a good probability that a NEO selected 
for future investigation, could be a strengthless rubble-
pile as opposed to a solid rock or metal fragment. 

Conclusions:  Hence, ground-based studies are 
important in constraining the relative number of ob-
jects within the NEO population that have internal 
structures similar to gravitationally bound rubble piles.  
PHAs, like Itokawa, are particularly susceptible to 
disruption because of their close encounters with the 
Earth.  Therefore, a large percentage of this subset of 

the NEO population may be rubble-piles.  Although 
these objects can pose the greatest risk of an impact 
with Earth, they are also some of the easiest objects to 
visit with spacecraft.  Thus any sensors designed to 
investigate the composition and internal structure of an 
NEO should be developed with the possibility of en-
countering a rubble-pile asteroid with a significant 
amount of porosity.  

The information gained on the internal structure of 
NEOs is not only valuable from a scientific perspec-
tive, but is critical for planning possible hazard mitiga-
tion scenarios and developing future spacecraft mis-
sions to potentially hazardous NEOs for further inves-
tigation and possible resource utilization.  
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Figure 1 – A comparison of spectra from three differ-
ent binary NEOs obtained using the NASA 
IRTF/SpeX system.  The spectra are normalized to 0.8 
µm. These data demonstrate the variety of materials 
that exist among the binary NEO population.  
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