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EVIDENCE FOR SORTING EFFECTS IN THE REGOLITH OF THE KAPOETA PARENT BODY. 
A.Pedroni, ETH-Ziirich, NO C 61, CH-8092 Ziirich, Switzerland. Present address: MPI fiir Chemie, 
Saarstrasse 23, D-6500 Mainz, Germany. 

Introduction: Pre-compaction irradiation features reported previously for the regolith breccia Kapoeta 
(1,2) showed that the solar gas rich matrix is a mixture of "mature regolith" and unirradiated debris. Assuming 
that the Kapoeta meteoroid was irradiated in free space for 2 Ma, the mean regolith irradiation of the matrix 
was at least 10-30 Ma. In contrast, indigenous clasts show typically 5-10 times shorter pre-compaction 
irradiation ages. This obviously suggests that clasts residing on an asteroidal surface are rapidly milled down to 
grain sizes that are typical of the matrix. The present study presents evidence for more complex clastlmatrix 
interrelation. 

Experimental procedure: A 0.788 g matrix sample of Kapoeta was crushed and separated into several 
size fractions. To minimize the breaking of single mineral grains, crushing was stopped before complete 
disaggregation of the matrix. Undisaggregated matrix lumps were removed from the coarsest fractions by 
handpicking under a binocular. The abundance of each grain size fraction was determined by weighing 
(Tab.1). The accuracy of this procedure (Tab.1) can be estimated assuming that each matrix lump removed 
prior to the noble gas analysis is composed of grains of all sizes smaller than the lump itself, and then 
comparing the grain size abundance spectrum with that obtained by Bhattacharya et al. (5). It turns out that 
the two are identical within error limits. All sawn surfaces of Kapoeta samples in the Ziirich collection were 
photographed. The relative 
abundance of matrix and 
clasts larger than 0.8 mm Fraction VolX 2 1 ~ e c  3 ~ e  413 2 0 ~ e  20/22 22/21 3 6 ~ r  36/38 4 0 ~ r  

was determined by the 
point counting procedu- 
re. Counting statistics 
applied on the number of 
clasts visible in the slabs 
provide an estimate of 
the accuracy of this 
procedure. Noble gases 
(Tab.1) were extracted 
pyrolytically and measu- 
red by conventional static 
mass spectrometry. 

< 1 0  pin 3*1 
10- 25 p 4 i l  
25- 50 p 6 i 2  
50-100 p 1422 

100-200 pn 13i2  
200-400 p 10i2 
400-800 p 8 i 2  

matrix ( t o t )  58k4 
0.8- 2.5 mn 7 i 1  
2.5- 5 n 10i2 
5 -20 n 2525 

c lasts ( to t )  42k4 

0.9r0.2 (average of 5 c lasts)  
0.7i0.2 (average of 4 clasts)  
0.8k0.2 (average of 6 c lasts)  

Tab.1 Relat ive abundances of c lasts arid mineral fragments i n  the matrix of 
Kapoeta and t h e i r  noble gas contents. Cosmogenic neon given for  c lasts i s  the 
average of sarrples presented ear l ier (1 ,ZI .  

Results and discussion: Neon was decomposed into a solar and a cosmogenic component with 
( ' O N ~ / ~ ' N ~ ) ~  = 12.26, = 0.85 and ( 2 1 ~ e / U ~ e ) c =  0.835. For the cosmogenic component the most 

21 noteworthy result is the constant, grain size independent concentration of Nec in both matrix and clasts that, 
furthermore, is 2-3 times lower in the clasts. Whatever small variations of the "Ne, (and radiogenic 'OA~) are 
present among the matrix size fractions can be attributed to variations in the plagioclase/pyroxene ratio. The 
different concentration of 2 1 ~ e c  in mineral fragments (c0.8 mm) and dasts (generally >0.8mm) is due to the 
fact that clasts, being assemblages of minerals, are less cohesive and possibly are disintegrated by impacts on a 
timescale 5-10 times shorter than the residence time in the irradiated regolith. Assuming a "steady state" 
regolith, where clasts are ground down to matrix and are replaced by new, unirradiated clasts the matrix/clast 
mass ratio should be equal to the matrix/clast residence time (lifetime-) ratio. The matrix/clast abundance 
ratio observed for Kapoeta is however only 58/42, i.e. at least 5-10 times lower than expected from such a 
simple "steady state" regolith model. An exceptional event immediately preceeding compaction is not a good 
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solution for this dilemma, since clast-supported textures commonly observed in meteorites suggest that clasts 
arc abundant in astereoidd brecciae. It is thus resonable to assume that the residence time in the uppernlost 
rcgolith is strongly influenced by mechanisms discriminating between fragments of differing mass/surfacc 
ratio. 
A candidate for such a sorting mechanism is the 
hydrodynamic drag during ejection of impact o5 

a debris described by Rehfuss et al. (3). This 
mcchanism tends to place the clasts within thick 
ejecta blankets, in the vicinity of crater rims, ' 1 o4 
whereas fines are spread over a larger area and I 
have thus a greater chance to be irradiated. The o 
differing precompaclion ages observed for - l o 3  

V) 
Kapocta are thus not only a consequence of the e, 

V) 
lower cohesiveness of the clasts. The Rehfuss o 

cn 
mcchanism has further implications: fines, having 1 02 
on average higher final ejection velocities, are - 

0 
more easily lost into the space. In fact, compared v, 

to lunar soils and breccias (4,5), the grain size 10 
suite prcsentcd hcre (Fig.1, lower pancl) shows a 
remarkable under-abundance of fractions smaller 
than 0.1 mm. A sclective loss of fines to space is 
also apparent in the concentration of implanted 10 

solar gases: For grains larger than 0.1 mm there 
L 

is approx. a l / r  dependency for the solar gases 
concentrations (Fig.1, upper panel). This means 2 1 
that each size fraction resided on average the u 

same time at the surface (6). However, grains 
<0.1 mm do not fit the l / r  dependency reflecting .1 

a shorter average exposure of thc grain surfaces 
to the solar wind and thus a shorter lifetime on .01 .1 radius (mm) 
surlacc. 

Fig.1 The stra ight  l ines (upper panel) f i t t e d  t o  the 
solar gas concentrations of coarse fractions of 

Conclusion and outlook: Tlic residence time Kapoeta show approx. a l / r  dependency. ~ i n e  fractions 
do not f i t  these l ines, have a lower surface loading of lithic lragments in the topm0st rego1ith layer of implanted so[ar gases, and the i r  abundance i s  

seems to be influenced by the cohesiveness and depleted, as shown by the d i f f e r e n t i a l  grain size 

the mass/surface ratio -of the fragments. If abundance spectrm i n  the lower paneL- 

confirmed, this has important consequences: 
-Complex relationships between comminution and sorting effects must be taken into account to modcl the 

evolution of the fine fraction in the regolith. Since thc Housen model (7) ignores sorting effects, in its prcscnt 
form it should be applied only ir, cases were sorting is negligible. 
-Because of thc diffcring density of metal and silicates, a metal/silicate ratio differing from source rocks is 

expected to occur in mature regoliths of chondrite parent bodies. Whether this can be confirmed by studies of 
mctcoritc matrices and asteroidal reflectance spectra is the subject of further studies. 
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