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We report Xe isotopic measurements and 4 0 ~ r - 3 9 ~ r  ages for four basalt clasts (A,B,C and p) from the Kapoeta 
howardite which have been mineralogically, chemically and petrographically characterized [ I ]  and studied by Rb-Sr 
[2,3].  Kapoeta is a breccia of mineral and lithic clasts. The presence of solar flare tracks, trapped solar wind and 
micrometeorite craters on individual grains show Kapoeta to be assembled from the regolith of its parent body. The 
clasts record individual histories on the Kapoeta parent planet (KAPP) and together provide a glimpse of an 
extensive parent-planet history. Comparison of lunar history to that of KAPP emphasizes the similarities and 
disparities of the igneous and metamorphic processes on each, and places both bodies in a wider context. In 
particular it is of importance to  establish whether a heavy, late-stage bombardment correlative with the terminal 
lunar cataclysm is evidenced in achondrites and whether lunar impact history is characteristic of the whole inner 
solar system. 

Previous Rb-Sr work showed the recrystallized clasts A and B to be young (Table I), giving evidence for magmatic 
and/or metamorphic events on KAPP as late as 3.6 AE [2] .  The presence in the unrecrystallized clast p of 

4 4  Pu-fission Xe and ' Xe from ' I decay [4] required either a wide spread in clast ages or the presence of 
trapped radiogenic Xe. Subsequent measurement of a 4.5 AE Rb-Sr age for the unrecrystallized clast C demonstrated 
a wide spread in clast ages [ 3 ] .  

The Xe measurements on A,B, and C are presented with data on p [4] in Fig. 1 ,  with separation in Table 1 into 
spallogenic ' ' Xes, ' 44~u-f iss ion ' Xef, ' XeI from ' ' I decay and trapped Xe of air composition. All clasts 
contain significant fission Xe from 2 4 4 ~  decay. In Fig. l a  the data lie on the correlation line for 244Pu-fission Xe 
addition well away' from the trapped Xe composition. B and p retain definite ' 9XeI excesses, with a suggestion of 
' ' 9XeI excess also in A and C. These Xe anomalies represent either Xe from in situ decay of Pu and I, or possibly 
Xe inherited from ancient parent material incompletely degassed during remelting. If from in sia decay, the 
variations in ' Xef among clasts reflect differences in 2 4 4  PU abundance due either to  differences in formation age 
or variations in Pu content at a common reference time. Ar data show that all clasts have the same cosmic-ray 
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Fig. l(a) ' 34Xe/' 3 2 ~ e  vs. 3 6 ~ e / '  3 2 ~ e .  All points lie well away 
from the composition of trapped Xe indicating the presence of 
significant 4~u-fission Xe. (b) ' Xe/' Xe vs. ' 6Xe/' 'Xe. 
The good correlation indicates the relative amounts of spallation 
l Z 6 X e  and 244Pu-fission Xe are constant within a factor of two. 

Fig .  2. 4 0 ~ r - 3 9 ~ r  ap- 
parent age spectra 
vs. extraction tem- 
perature. Clasts re- 
veal distinct Ar- 
retention histories 
w i t h  h i g h -  
temperature ages 
-4.6 AE for p,B, 
and C and -3.5 AE 
for A. Kapoeta was 
assembled  after 
3.45 AE and pos- 
sibly as late as 2.2 
AE. 
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exposure, so 126Xes  is an indirect measure of the relative REE and Ba contents of the clasts. Fig. l b  and Table 1 
show the very good correlation of ' ' Xes and ' Xef; ' Xefl1 ' Xes is the same to within a factor of two for all 
clasts. Recognizing the geochemical coherence of Pu with Nd and Sm [5] , and using ' 26Xes to scale the REE 
abundances, we conclude that the factor of two agreement of ' 36Xef/REE or 2 4 4 P u / R E ~  implies a common 
formation time of the clasts (or parent material) within 0.1 AE. A 0.5 AE later formation time would yield a 7 0  
times lower ' 6Xef/REE, which should be readily apparent. Metamorphic events have not strongly degassed 136Xef 
from any of the clasts except possibly the most recrystallized clast A which has the lowest '36Xef/ '26Xes. 
Measurements of Ba, REE, U and Th  are required to confirm these conclusions. 

4 0 ~ r - 3 9 ~ r  apparent age spectra of neutron-irradiated plagioclase from clasts A,B and C and a whole sample of p 
are shown in Fig. 2 versus release temperature. The clasts reveal a variety of 4 0 ~ r  retention histories. Comparatively 
high ages at 700°C in all samples are artifacts. The 4 0 ~ r - 3 9 A r  ages of plagioclase from the extensively recrystallized 
clast A increase from 2.2 AE to an intermediate plateau of 3.48 AE, then increase to >3.9 AE at  the highest 
temperatures. Apparent ages >3.48 AE may reflect redistfibution or incomplete degassing of 4 0 ~ r ,  but correlate 
with increased trapped or atmospheric 36Ar release and are discounted. The low initial ages reflect more recent 4 0 ~ r  
losses. The 40Ar-39Ar age spectrum of plagioclase from the moderately recrystallized clast B shows initially high 
ages of -4.5 AE, then decreases anomalously to  4.3 AE and increases thereafter to  a reasonably well-defined age of 
4.55 AE at high temperatures. The 4.55 AE Ar retention age is compatible with an origin of the large excess of 
' 19Xe and fission Xe by in situ decay of ' 2 9 1  and 244Pu. The Ar age spectra of unrecrystallized basalt clasts C and 
p behave regularly. The spectra of both begin with young ages, showing recent 4 0 ~ r  loss. Low temperature 
(<900°C) ages for p are relatively constant, suggesting a strong degassing at -4.2 AE. The ages of both samples 
increase at high temperatures to 4.6 AE, an age compatible with the presence of ' 36Xef and ' 29XeI from in situ 
decay in both clasts. 

The Ar ages are compared with Xe data, Rb-Sr ages and petrologic observations in Table 1. The data support the 
conclusion that clasts C and p were formed during magmatic events -4.5 AE ago, and contain radiogenic Xe from in 
situ decay. The Xe data also support the assignment from Ar data of a -4.6 AE formation age to  the moderately 
recrystallized clast B. The lower Ar and Rb-Sr ages of A have been interpreted as reflecting metamorphism and 
extensive recrystallization of this clast [ I ] .  The presence of 2 4 4 ~ u - f i s s i o n - ~ e  and possibly lZ9XeI  argue against 
formation in a late (<4.0 AE) magmatic event. There is no firm evidence for magmatic events on KAPP significantly 
later than 4.5 AE. This suggests that magmatism on KAPP was apparently restricted to -4.5 AE ago and was 
followed by rapid cooling of the parent body. This cooling history implies a small size (5100 krn radius) for KAPP. 

The Ar-retention and Rb-Sr ages give evidence of a prolonged series of metamorphic events affecting the clasts. 
Clast p suffered Ar loss at -4.2 AE, and clast B redistribution of Rb-Sr at -3.6 AE without major Ar or Xe loss. 
Clast A is either a -4.5 AE old igneous rock that was severely degassed of Ar and partially of Xe at 3.48 AE, or a 
3.48 AE old basaltic impact melt formed from ancient, incompletely-degassed parent material. The clast A Rb-Sr age 
of 3.9 AE can represent a partial reequilibration during the 3.45 AE degassing event or an earlier metamorphism. 
Since magmatism on KAPP seems restricted to 24.5 AE ago, we infer that the thermal metamorphic events leading 
to Ar loss in clasts p and A are associated with impacts. Rare gas and Rb-Sr systems have responded differently to  
the metamorphic events affecting clasts A and B. Contrary to experience with lunar basalts, Rb-Sr appears the more 
disturbed system in clast B. Whether the Rb-Sr redistributions in clasts A and B are due to impact metamorphism or 
some other metamorphic process is not known. 

Table 1. Summary of information on  Kapoeta basalt clasts' 

' 3 6 ~ e f  1 2 6 ~ e s  lZ9XeI  l J 2 x e t  Ar-Ar Rb-Sr 
Clast age, AE age ,AE texture 

A 1.4 0.07 0.25.14 4 .6 ,  3.48 3.89 extensively recrystallized 
B 18.7 0.44 1.6k.5 12 4.55 3.63 moderately) granular 
C 3.0 0.1 1 1 .0*.7 2 6 4.6 4.54 subophitic 
p [4]  10.6 0.28 3.3 11 4.6 -- porphyritic 

' Xe in 1 O F 1  ccSTP/gm. Absolute amounts in A,B, and C subject to  possible downward revision. 
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Kapoeta is a regolith breccia. Comparisons of all Ar release patterns and age spectra show that clast A cannot have 
been degassed in the presence of the other clasts, implying that Kapoeta was assembled certainly after 3.48 AE and 
possibly later than 2.2 AE. Cosmic-ray exposure ages determined from 3 6 ~ r / 3 7 ~ r  are -3 m.y. and are the same for 
all clasts. The clasts have received no significant differential preirradiation. The very low exposure ages and 1-2 AE 
interval between clast formation and lithification of Kapoeta contrast with the few hundred million year exposure 
ages typical of samples from the -3.5 AE old lunar regolith. 

The Ar retention age distribution of the Kapoeta clasts contrasts strongly with lunar basalt and breccia ages which 
range from -3.0 AE up to -4.0 AE with very few'older ages. The -4.0 AE boundary is associated with the intense 
bombardment of the moon ending -4.0 AE ago. K-Ar ages may be reset either by impact-induced metamorphism or 
by continuous degassing during burial at elevated temperatures prior to excavation by impact [6,7,8]. If the 
principal age-resetting mechanism is impact metamorphism, then the prolonged bombardment history on KAPP 
revealed by the low ages of metamorphosed clasts must have been less intense than on the moon. If degassing during 
burial is the major age-resetting mechanism, then either little material in Kapoeta was excavated from depth, or 
deeply-seated samples were not degassed because of the absence of a significant thermal gradient in KAPP. If the 
bombardment history of KAPP paralleled that of the moon in time and intensity then the observed ages imply a low 
thermal gradient in KAPP after -4.5 AE. Since we expect burial metamorphism to have most likely played an 
important role in resetting ages of lunar samples [cf.8] , our preferred interpretation of the Kapoeta data is that they 
indicate a low thermal gradient in KAPP as also implied by a magmatic evolution limited to times in the 
neighborhood of 4.5 AE. 

Ref: [ I ]  G.C. Acta 40 (1976) 11 15, [2] Lunar Science V (1974) 583, [3] Lunar Science VII (1976) 665, [4] G.C. 
Acta 34 (1970) 1019, [ S ]  Lunar Science VII (1976) 443, [6] G.C. Acta 37 (1973) 887, [7] G.C. Acta, Supp. 4, 
V.2 (1973) 1889 [8] G.C. Acta, Supp. 5, V.2 (1974) 1451 
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