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STRUCTURE IN THE THEMIS, EOS, AND KORONIS FAMILIES; 
J. G. Williams, Jet Propulsion Lab., Calif. Inst. Tech., 
E. Shoemaker, and R. Wolfe, U. S. Geological Survey 

The Themis, Eos, and Koronis asteroid families are the 
most heavily populated of the known families and are considered 
to result from breakups of three parent bodies from impacts. 
For these families the list of members in (1) has been 
extended up to number 3260. All three families show structure 
in plots of proper semimajor axis (a), eccentricity (e), and 
sine inclination (sin i). 

The Eos family is a regular oval on an e-sin i plot. 
When viewed against semimajor axis, the number density of 
asteroids can be split into three zones. The densest part 
of the family lies between 3.010 and 3.026 au. This portion 
contains the majority of the known members and the brightest, 
largest, and highest albedo members. Known asteroids are 
much less frequent between 2.998 and 3.010 au. A few very 
faint objects are found between 2.986 and 2.998 au. A 
correlation between albedo and color has long been known for 
the Eos family (2, 3). The figure shows a u-v vs. v-x plot 
for colors taken from the eight-color survey (4) with stated 
errors not exceeding 0.03 magnitudes. The trend line is 
striking. On the trend line K-type asteroids (5, 6) lie at 
the lower left and S types at the upper right. The one 
discordant point on the plot is 2052 Tamrico, the only object 
which is not in the dense portion of the family. 

The Koronis family exhibits a densely populated core with 
additional asteroids scattered about it. The more scattered 
asteroids are distributed asymmetrically with higher 
eccentricities more common. The brightest objects are in 
the core. The family spreads in eccentricity at the higher 
semimajor axis end. Adding the faint, higher numbered 
members shows some asteroids, with a clumpy appearance, at 
higher and lower eccentricities and higher sermmajor axes. 
Though somewhat separated from the main body of the family 
these clumps share the same narrow inclination distribution 
of the Koronis family and are probably associated. One of 
these clumps has previously been called family 123. With 
these clumps the family extends from the 5:2 Kirkwood gap to 
the 7:3 gap. One member, number 2953, is even in the 5:2 
gap, but its longitude does not appear to be locked onto any 
of the conventional critical arguments; it wanders among them. 
The color-color plot does not show any obvious trend; all 
the plotted values belong to core members except the highest 
value of v-x. All measured members appear to be S's and the 
colors are restricted to the least red S's. 

The Themis family has a densely populated core, which 
has been designated 1A in published llst (l), surrounded by 
six compact clumps of varylng population. As one goes to 
fainter asteroids the proportion of family members in the 
core drops: 58% in the first 2000 numbered asteroids, 40% in 
the next 1260 numbered asteroids, and only 16% among the faint 
Palomar-Leiden and United Kingdom-Caltech survey objects. 
While the Eos and Koronis parent bodies were totally destroyed 
by their impacts, slightly less than half of the exlsting 
family volume is in 24 Themis itself. Themis lies at the edge 
of the core and near the edge with the clumps included. This 
signifies that the ejected material came off of one side of 
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Themis  and that 24 Themis is a large (about 200 kms in 
diameter) and possibly intact piece of the parent body; if it 
is intact the lnterior is exposed on one side. This was a 
lar e event, eight fragments are larger than 90 kms, four 
inc 4 uding Themis are in the core and the remaining four are 
each associated with a separate clump. The clumps may have 
originated at the time of the impact or during later lmpacts 

On 
. In the color-color plot the core members are 

plotte as open circles and the non-core members are dots. 
The core members have a restricted range of u-v and are 
spread out in v-x; some of the non-core members are more 
wldely scattered. Most of the members would be classed as 
C's, the left-most object is classified as FC and the top 
most is CP (5). In (5) it was pointed out that the three 
objects with the most negative v-x not only extend slightly 
below the usual C region in color, they also have higher 
albedos than normal C's. The error limit was increased to 
0.04 magnitudes for this plot. 24 Themis itself would make 
an interesting target for measurements of rotational and 
aspect variations of the spectral properties. (7) states 
that the first harmonic dominates the light curve, often an 
indicator of spottedness. 

The Themis, Eos, and Koronis families all exhibit 
structure. While all three have dense cores, the structure 
varies from family to family. On color-color plots the Eos 
and Themis cores seem to show systematic trends with non-core 
members more scattered. As faint members are added the Eos 
and Koronis families grow asymmetrically. These families are 
complex remnants of the parent bodies and impact events. 
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