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Samples from 3 achondrites recovered recently from the Allan Hills 
region of Antarctica have been studied by us with a view to determining 
their degree of shielding in space, using cosmic ray track measurements and 
possibly their cooling histories using fission track measurements. We 
report here some preliminary results. 

The three achondrites were: 77005,14, a unique achondrite; 77256,20, 
a diogenite; and 77257,19, a ureilite. Our allocations were ".I gm in each 
case. 

From the documentation supplied by the curators we estimate the depths 
of our samples below the nearest surfaces of the present fragments of the 
meteorites to be Q3 cm; Q3 cm; and Q2 cm, respectively. 

Experimental Procedures 
Small aliquots (a few mg) were chipped off our samples, crushed and 

transparent grains selected. The latter were mounted, ground and polished 
in the usual way. Also two 'bulk mounts' of Q500 grains each were prepared 
from the unique achondrite. 

The etchants used were standard, viz. 60% NaOH for pyroxene, and WN 
solution (1) at pH 8 for olivine. A trial experiment, in which maskelynite 
from 77005 ,I4 was irradiated with 5 2 ~ f  fission fragments, revealed that 
10% HF at room temperature for 30 sec provided a satisfactory etching 
treatment. The bulk mounts were etched for 20-30 sec in 2.5% HN03 at 
20(+0.5)O~ and searched for etched-out phosphates. 

achondritic exposure age of 20 Myr is assumed then the pyroxene track 
densities in conjunction with the track-production rate vs depth-profiles of 
Fleischer et al. (2) yield an estimated minimum shielding depth of Q4 cm. - 
Ablation for this meteorite may be quite small. - 

Tracks in the olivine are rather short (mostly <5 pm) compared to Fe 
ion calibration track lengths in terrestrial olivines of Q12 pm (3). Many 
olivines show high densities of etched dislocations: presumably a result 
of the severe shock experienced by this meteorite (4). The heat from a 
shock event late in the cosmic ray exposure period could produce the 
shortening of tracks in the olivine. 

Maskelyni te reveals fission tracks produced by the 2 ~ f  bombardment 
but etches out with an unusually large cone angle (>400). No obvious 
candidates for fossil tracks have yet been observed by us in this phase. 
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A surprisingly high fraction (Q1%) of phosphates were found on the 
bulk mounts. SEM X-ray analysis shows no C1 signal. The phosphates may, 
thus, be whitlockite. Track densities of %5 x lo6 cm-2 were observed in 
these phosphates although highly degraded etching characteristics were shown 
by most of these crystals, with tracks considerably shortened (<3-4 pm). 
One crystal showed tracks etched out clearly with cone angles of only 1-Z0 
and lengths up to Q10 urn. Comparison with the pyroxene suggests a fission- 
track density of %1.6 x lo6 ~ r n - ~ .  Uranium determination in these crystals 
remains to be done. 

77256,20 (diogenite) 
The cosmic-ray track density is shown in Table 1, and considerations 

similar to those for the unique achondrite (assuming a 20 Myr exposure age) 
yield a minimum shielding depth of Q5 cm. 

77257,19 (ureilite) 
Cosmic-ray track densities are shown in Table 1. From the pyroxene - - 

data we infer a minimum shielding depth of Q8 cm. 
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Table 1. Summary of track density data. 
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Etch conditions 

6 hr; WN pH8 
1 hr; 60% NaOH 
30 sec; 2.5% HNO 
30 sec; 10% HF 3 

1 hr; 60% NaOH 

1 hr; 60% NaOH 
5 hr; WN pH8 

Meteorite 

Unique 
Achondrite 
77005,14 

Diogenite 
77256,ZO 

Ureilite 
77257,19 
- - 

Mineral 1 Track Density (cm-') 
I 

Olivine 
Pyroxene 
Phosphate 
Maskelyni te 

Pyroxene 

Pyroxene 

s1.7 x lo6 
3 x lo6 
4.6 X lo6 

? 

2 x lo6 

~9 x lo5 
Olivine 6 x lo5 I 


