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PROVENANCE OF THE SPACEWATCH SMALL EARTH-APPROACHING 
ASTEROIDS. W. E Bottke, Jr., M. C. Nolan. R. Greenberg, A. M. Vickery, and H. J. Melosh, Lunar 
and Planetary Laboratory, University of Arizona, Tucson, AZ 85721. 

Recent discoveries of small Earth-approaching asteroids by the 0.9 m Spacewatch telescope 
(referred to here as S-SEAS) reveal more bodies with diameter D < 50 m than had previously been 
inferred from the distribution of larger bodies (D z 100 m) [I]. Rabinowitz et al. fokd  most S-SEAS 
have perihelia and aphelia near 1 AU, e s 0.35, and i from O0 to -30°. They may also have unusual 
spectral properties. The apparent overabundance of S-SEAS is not reflected in the lunar cratering 
record, perhaps because: (a) the S-SEA population is an artifact of observational selection effects, or 
(b) the current S-SEA population is the product of an anomalous event, or (c) the S-SEA population is 
not representative of the entire small-body Earth-approaching asteroid population, but rather a sub- 
population on special orbits. Explanation (c) is quite plausible, because the orbits of the observed S- 
SEAS would produce much lower impact velocities (and smaller lunar craters) than most Earth- 
crossing bodies. 

Assuming that the S-SEA observations do represent a steady-state excess of small bodies in that 
orbital space, candidate sources are: impact ejecta from one (or more) terrestrial planets, collisional 
fragments from the main-belt, or collisional break-up of a larger Earth-crossing asteroid. A source 
must match the following constraints: (1) the known S-SEA orbits, (2) S-SEA spectra (3) the excess 
of small bodies in the size distribution, (4) the paucity of special meteorites (e.g., SNCs or lunar 
meteorites) relative to the overall meteorite record, (5) the frequency of impact events that could 
create the observed S-SEAS. 

To test constraints (1) and (3), we follow the orbital evolution of test bodies using the model of 
Melosh and Tonks [2] (see also [3-5]), in which both the planets and the test bodies are on keplerian 
orbits (with uniformly precessing apsides and nodes) around the Sun. In this model, bodies are 
considered unperturbed unless they enter a planet's sphere of influence, where they either (a) collide 
with the planet, or (b) experience a AV based on a two-body encounter. 

We have modified the Melosh and Tonks model to include impact disruption, based on a map (in 
orbital a ,  e ,  i space) of the collision probabilities and mean impact velocities (using the method of 
Bottke et al. [6]) for an asteroid encountering both the 682 largest main-belt asteroids (D > 50 km) 
and the 224 known near-Earth asteroids. By estimating the number of bodies in each asteroid 
population as a function of size [7,8] and adopting the strength-scaling laws of Housen and Holsapple 
[91 to simulate catastrophic disruption of the target body, we obtain the disruption frequency for a 
given size body on a particular orbit. Fig. 1 shows that bodies with high eccentricities disrupt more 
frequently than bodies with low eccentricities, due to high impact velocities and the large amount of 
time spent near aphelion among main-belt projectiles. An asteroid's frequency of disruption drops 
dramatically when it becomes collisionally decoupled from the main-belt (i.e. for aphelion 
Q < 1.7 AU). 

Our model confirms well-known evolutionary paths for near-Earth asteroids (NEAs) 15. 111. 
Main-belt material reaching the perihelion q = 1 AU line random walks along contours of constant 
Jacobi-constant. These contours closely follow the q = 1 AU line, making a transition to the Q = I. 
AU line at small e.  If an asteroid does not impact a planet or collisionally disrupt, it may survive to 
become Venus-crossing, where multiple planetary perturbations will allow it to freely wander (a, e) 
space. 

The model shows that main-belt objects, which reach the q = 1 AU line via the 3:l and ti6 
resonances (e - 0.6 and 0.52, respectively) are unlikely to become S-SEAS; most objects, while 
evolving down the q = 1 AU line, disrupt through impacts with the main-belt population or collide 
with Earth before reaching the low e orbits of the S-SEAS. Furthermore, though frequent impacts with 
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the main-belt would produce fresh collisional debris, there is no reason for the process to create the 
clear excess of small bodies seen as S-SEAS. 

However, planetary ejecta from either the Earth-Moon system (Fig. 2) or Venus could produce a 
small body excess spanning the current S-SEA orbits within -10 Myr after ejection (see also [12]). 
Ejecta from these regions is collisionally decoupled from the main-belt, allowing it to survive and 
maintain its steep size-distribution. Small-body ejecta from Mars does not appear to survive long 
enough to reach the q = 1 AU line, unless it is ejected with high enough velocity to reach 
q = 1 AU almost immediately. A large Martian fragment could survive to reach q = 1 AU ; break- 
up there might produce the S-SEA distribution. In fact, a stochastic collisional disruption of any NEA 
in the same region could also produce the observed S-SEA population. In that case, S-SEA spectra 
should be consistent with other observed NEAs. More information is needed on the S-SEA size- 
frequency distribution, their spectra, and their orbits to further constrain source models. 
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Fig. 1: Map showing hxpmcy of catastrophic disruqtion based on strength-scaling [9] f a  a 1 0  m target asteroid at 
an inclination of 10' (Contour spacing is 2x10-~ yr- ). Dotted lines show where the asteroids have perihelia (q) or 
aphelia (Q) a m i u g  the orbits of Jupiter or the terrestrial planets. Crosses show the ( a ,  e )  positions o f  the S-SEAS 
[I]. Note that few S-SEAs along the q = 1 AU line are found at the higher disruption fhqmcies. 

Fig. 2: Contour plot showing the "relative" residence time of Earth-Moon system ejecta (V ,  = 1 kmls). Note that 
the higher contours currelate well with the positions of the S-SEAS. 
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