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Summary: The structure of the 7 Ma exposure age peak of the H-chondrites was investigated by studying 
stable and radioactive spallation products in metal separates of selected H4 (p.m. falls) and H5 (a.m. falls). 
Exposure ages were determined by the shielding-correcting %c~-%A& m e w  A majority of the H5 (a.m. 
falls) experienced 3~ losses and the range of exposure ages is wider than that of the H4 (p.m. falls). 

The exposure age histogram of the H-chondrites shows a well known cluster at -7 Ma which is 
generally interpreted as a collisional break-up event. Recently, it was concluded that the value of the time 
of fall parameter (p.m. falls / total falls) for H5-chondrites (0.48) is significantly different from those of all 
other groups of ordinary chondrites (0.6-0.7) [I]. It has long been recopzed that this fall parameter is a 
sensitive indicator for meteoroid orbits [2,3]. Since the time of fall parameter is even lower for H5- 
chondrites on the 7 Ma peak (0.3), distinct orbits for these H5 (a.m. falls) are indicated We have 
investigated in more detail the structure of the 7 Ma peak by studying both stable and radioactive spallation 
products in metal separates of selected H4 (p.m. falls) and H5 (a.m. falls). High precision exposure ages 
for metal were determined by the 36Cl-36~r, method, since these depend only on production rate ratios and 
are independent of the shielding-dependent absolute production rates. In addition, the production rate ratio 
~ ( ~ C l ) / p ( ~ A r )  does not depend much on the cosmic-ray-energy spectrum [4]. Therefore, we expected to be 
able to resolve minor differences between exposure ages of H4 (p.m. falls) and H5 (a.m. falls) and report 
the available data in Fig. 1 and Fig.2. 

Fig.1 shows a diagram of %Cl activities in metal versus (22~e /21~e)c  ratios in bulk samples. Also 
shown (Fig. 1) are calculated production rates for meteoroids of different sizes [5,6]. The model provides 
good fits to the experimental data except for large ( ca~e /21~e)c  ratios, where measured %Cl activities are 
-10% higher than predicted This may be due to a failure of the model for small shielding depths and/or to 
the fact that ( z ~ e / 2 1 ~ e ) c  ratios do not always correspond to the same sample location because literature 
values were used. The %Cl activities in H4 (p.m. falls) and H5 (a.m. falls) are similar and do not indicate 
any differences in cosmic-ray intensities as a result of differences in orbital inclinations of the two 
subgroups. On the other hand, different heliocentric distances of the two subgroups probably could not be 
resolved, since the heliocentric radial w e n t  of the galactic cosmic-rays is only 2-3% per AU 171. Note, 
that the very low measured %Cl activity in Uberaba (14.0f0.2 dpm/kg metal) probably reflects a large 
meteoroid As the concentration is low as well, the %Cl-%ArC exposure age, which is shifted by -50% 
relative to the 2 1 ~ e  exposure age obtained from bulk data, is consistent with other H5 ages. This 
demonstrates the quality of the 36Cl-36~r, mefhod 

Perihelia of meteorite falls with an a.m. predominance are smaller than those of falls with a p.m. 
excess. For example, Wetherill [3] calculated a p.m.-fraction of 0.42 for meteoroids originating on the 
Apollo asteroid 1959LM, which has a perihelion distance of 0.7 AU. For such close approaches to the sun, 
gas losses may occur due to solar heating. It was observed that among H-chondrites involved in the -7 Ma 
events, the average ratios of calculated 3 ~ e  and "Ne exposure ages in H5 (a.m. falls) is some 20% lower 
than averages for the same ratio of H3,4,6 (p.m. falls) [I]. 3 ~ e  is produced directly as well as via 
radioactive decay of 3~ and deficits of 3 ~ e  can be due to either loss of 3~ or of 3 ~ e .  In metal, 3~ is lost 
much faster than 3 ~ e .  Due to the short half-live of 3~ (12.3 a), an episodic loss of only 3~ would not result 
in a noticeable deficit of 3 ~ e .  On the other hand, elevated temperatures during a considerable fraction of the 
cosmic-ray exposure result in large deficits of 3 ~ e  in metal. 

Fig. 2 shows 3~e?8Ar ratios versus %Cl-%~r, exposure ages in H4 p.m. and H5 a.m. falls. The 
production rate ratio of 3 ~ e p A r  in metal (16f2) shows only a minor dependence on the shielding 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



488 LPS XXVI 
H-CHONDRITE PARENT BREAK-UP SEVEN MILLION YEARS AGO: Graf Th. et al. 

conditions of the samples. In contrast, the distribution of 3 ~ e p ~ r  ratios in Fig. 2 is bimodal with values 
ranging from 8- 10 and 14- 17, respectively. Since about half of the 3 ~ e  in metal is produced via 3 ~ ,  the low 
3~e138Ar ratios indicate almost complete losses of 3 ~ ,  and indicate higher temperatures over most of the 
exposure history. 3~ loss over extended time periods (as opposed to stochastic thermal events) is also 
indicated by the observation that some of the heated meteorites show only minor 3 ~ e c  losses ( 4 0 % )  in bulk 
samples. H4 (p.m. falls) and H5 (a.m. falls) show quite different frequencies of 3~ loss (25% versus 67%), 
which suppods the evidence for evolved orbits with smaller perihelia of the studied HS-subgroup. 

Exposure ages of H4 (p.m. falls) fonn a tight cluster at 7.0 Ma. 'Ihe uncertainty of f58 @g. 2) is 
consistent with the quadratic sum of the expected experimental uncertainties determined from multiple 
measurements of the same samples and uncertainties arising from the correction for non-spallogenic 36Ar. A 
tight cluster is also indicated in recent 2 1 ~ e  bulk-rock ages of all H4 falls [8]. Note, however, that the 2 1 ~ e  
ages of Schultz et al. [8] are -15% higher than the new 36Cl-36Arc ages. The reasons for this shift are not 
clear at present, but it does not bias the comparison of 36Cl-36~r, ages for the two subgroups. Exposure 
ages of H5 (a.m. falls) cover a considerably larger range than those of H4 (p.m. falls) and the scatter is 
certainly larger than the unceItainties. Possible explanations for the observed age distribution include 
models of multiple events or subsequent break-up's after an initial collision of the H5 parent. 
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Fig. 1: abundances in metal versus (2L~e/21~e)c  Fig. 2: 3~e/38Ar ratios versus 36Cl-36~r, exposure 
ratios in bulk samples of selected H4 (p.m. falls) ages. Dotted lines indicate the lo range of the ages 
and H5 (a.m. falls). Note, that the (2L~e/21~e),  for H4 (p.m. falls). Ages of H5 (a.m. falls) show a 
ratios are taken from the literature [9] and may not considerably larger scatter. Measured 3 ~ e / 3 8 ~ r  
always correspond to the same sample location ratios show a bimodal distribution, indicating loss 
Calculated production rates [5,6] for meteoroids of of 3~ for 213 of the H5 (a.m. falls) and for 114 of 
different sizes and different shielding depths are the H4 (p.m. falls). 
also shown. 
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