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A CM CHONDRITE CLUSTER AND CM STREAMS; R.T. Dodd, 
Department of Earth and Space Sciences, SUNY at Stony Brook, 
Stony Brook, NY 11794, and M.E. Lipschutz, Department of 
Chemistry, Purdue University, West Lafayette, IN 47907. 

An elongate year-day concentration of CM falls between 
1921 and 1969 (Figure 1) is inconsistent with a random flux 
of CM meteoroids and suggests that most or all such meteor- 
ites, and perhaps the Kaidun C-E chondrite breccia, sampled 
streams of meteoroids in nearly circular, Earth-like orbits. 
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Day one = 1 January. 

To establish whether the post-1920 cluster might have 
arisen from random sampling, we determined the year-day 
distribution of 14 falls between 1879 and 1969 by treating 
each as the corner of a cell of specified dimensions (e.g. 
30 years x 3 0  days) and determining how many falls occur in 
that cell. W.e then compared the CM cell distribution with 
random distributions over the same range of years. The 
results (Table 1) show that for 30 x 3 0  and 45 x 45 cells, 
fewer than 5% of random sets match the CM distribution with 
respect to maximum cell content and number of one-fall 
cells. 
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Table A. Frequencies of matches to CM distribution in random 
data sets, based on maximum cell content (Nma ) ,  number of 
one-fall cells (Nzl), and both criteria. ~ a s e %  on 100 ran- 
dom sets for each criterion, 1000 sets for both criteria. 

A product-moment least-squares calculation for the 11 
post-1920 falls confirms that the CM distribution is non- 
random. The correlation coefficient (r = 0.759) corresponds 
to a probability of only 0.007 that year and day of fall are 
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uncorrelated [I]. Repeating the calculation with Kaidun 
lowers the probability of non-correlation to 0.001. 

The only plausible explanation of the distribution of 
post-1920 CM falls is that they sampled either one broad 
stream of meteoroids or two or more smaller streams. We 
prefer a three-stream interpretation (Figure 2), for 
although it is based on the post-1920 CM falls, it accommo- 
dates the earlier falls as well. 

Figure 2. Three- 
stream interpretation 
of CM falls. We have 
subtracted 730 from 
the day of fall for 
Cold Bokkeveld (1838) 
and 365 from the days 
for other 19th Cen- 
tury falls. 

Year of Fa11 

This interpretation of the CM distribution implies that 
the CM streams are almost tangent to the Earth's orbit and 
that the points (days) of tangency advance rapidly with 
time. The first implication is consistent with an unusually 
high proportion of CM falls (8 of 14) in the Earth's forward 
(apical) hemisphere, which in turn suggests unusually low 
geocentric velocities [2]. It is also consistent with the 
geocentric radiant calculated for the Murchison fall (281- 
286O -- [3]). 

The second implication is more troublesome. The day 
range of encounter for objects in a typical asteroidal orbit 
can change over time because of precession, but the rate of 
change is modest -- at most about a week in 50 years. H and 
L chondrite streams [4-61 show appropriately low rates, but 
the CM streams in Figure 2 clearly do not. Their rapidly 
advancing encounter intervals strongly suggest that the CM 
meteoroids are in almost circular, Earth-like orbits. Al- 
though this conclusion is startling, it is consistent with 
orbital data for Murchison [3] and with a recent report that 
some small, near-Earth asteroids have such orbits [7]. 
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