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COSMOGENIC NUCLIDES IN THE H3 CHONDRITE DHAJALA; S.VogP, 
G.F.Herzogb, D.Fink, J.Klein, and R. Middleton", a) Dept. Earth and Atmospheric Sciences, 
Purdue University, West Lafayette, IN 47907, b) Dept. Chemistry, Rutgers University, New 
Brunswick, NJ 08903, c) Dept. Physics, University of Philadelphia, PA 19104. 

The H3 chondrite Dhajala fell on January 26, 1976 producing a meteorite shower of several 
hundred pieces [I]. The "Ne exposure age was determined to 8.3 Ma and the preatmospheric 
size assessed to R=50 cm (effective radius) from studies of cosmogenic nuclides and cosmic-ray 
tracks [2,3]. Activities measured for the short-lived nuclides "Mn and 22Na were much higher 
than expected for a meteorite falling during solar minimum. This observation led Bhandari et 
al. [4] to suggest that the larger activities in Dhajala were due to an out of the ecliptic, spacial 
modulation gradient in the cosmic ray flux. Evans et al. [3] attributed the higher activities of 
short lived radionuclides mainly to effects of high shielding, rather than cosmic ray modulation. 
Based on the availability of documented samples and its preatmospheric size of about 50 cm we 
decided to investigate the shielding dependence of 41Ca production in Dhajala. The main purpose 
was to assess the depth dependent production of 41Ca produced h m  thermal neutron capture; 
later we decided to add analyses of additional cosmogenic radionuclides. We report results for 
'('Be, 26A1, and 41Ca in the metal as well as the silicate phase of selected samples from the H3 
chondrite Dhajala. 

The experimental results of our analyses are summarised in Table 1. together with published 
60Co, 21Ne, and "Nef 'Ne data [2]. The 41Ca contents in the metal phase are fairly constant and 
close to the equilibrium value of 41P=24_+1 dpm/(kg metal) determined by Fink et al. [5]. The 
threefold increase of the 41Ca contents in the silicate phase, normalised to the main target 
element Ca, has to be attributed to an appreciable build-up of thermal neutrons. Our 
unpublished results of 41Ca in small meteorites point towards a preatmospheric radius of greater 
than about 15 cm to 20 cm. We can also use the production profrles of '%i reported in Spergel 
et al. [6] to estimate the 41Ca concentrations as a function of radius, scaling the concentrations 
of 5 9 ~ i  by the relative production cross sections to produce 41Ca. Doing this, we obtain a size 
range comparable to the radius of 50 cm derived from cosmic ray track studies. However, 4'Ca 
concentrations are not a unique function of depth and a meteoroid with a radius approximately 
between 100 cm and 200 cm could also account for the data. Results of 60Co analyses [3], 
another cosmogenic radioisotope produced by thermal neutrons, are compatible with the size 
estimates, but do not correlate well with the 41Ca data. The very low concentrations determined 
for the radioisotopes '%e and 2 6 ~ 1  rule out the case of a medium sized object, unless a multi- 
stage exposure history can be invoked to account for the patterns. Production rates of this 
magnitude have been measured only in large meteorites (and small ones) in accordance with 
recent model calculations [7,8]. Evidence for a meteoroid size larger than the proposed 50 crn 
comes also from published 5 3 ~ n  data, which range between 200 and 280 dpm/(kg Fe) [9]. These 
values may be compared with production rates of up to 500 dpm/(kg Fe) measured in the 
chondrite Knyahinya (R=45 cm) [lo]. We will return to the question whether the measured 53Mn 
concentrations are at equilibrium. Using the noble gas data from Bhandari et al. [4] and our '('Be 
data we infer from model calculations by Graf et a1.[8] a possible size range for Dhajala between 
approximately 100 cm and 300 cm. This result not only supports the potentially large meteoroid 
size derived from the 41Ca data, but also suggests that the 21Ne exposure ages given by Bhandari 
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et al. [3] are too shwt. For the suggested size range of 100 cm to 300 cm the model by Graf et 
al. [8] gives 21Ne production rates lower by at least a factor of three in comparison to those 
deduced from conventional, shielding methods. For the size range indicated and the measured 
P ~ e P I N e  given by Bhandari et al. [3] we can estimate a range for the 2 1 ~ e  production rate from 
Fig.9. in Graf et al. [8]; doing so, we obtain an 21Ne exposure for Dhajala of at least 10 Ma to 
12 Ma.. "%eY1Ne and 26Alf1Ne exposure ages derived according to Graf et al. [8], range 
between 13 Ma and 16 Ma. It follows that the measured activities of 5 3 ~ n  correspond to their 
respective saturation values. Consequently, the H3 chondrite Dhajala was a fairly large object, 
possibly between 100 and 300 cm, and was exposed to cosmic rays for about 14 Ma to 15 Ma. 
Main inconsistency appears to be the uniform high 41Ca in the metal phase. 

Table 1.: Cosmogenic nuclide contents in eight fi-agrnents of the Dhajala meteorite shower. Units 
of radionuclides are [dpm/kg bulk] and [10-'cc STP/g bulk] for 21Ne, except for 41C&, in 
[dpmkg metal] and 41C4i in [dpmkg Ca]. 
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