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INTRODUCTION: PCA82506 (PCA) is one of a group of ureilites that have whole rock 
Sm-Nd model ages of 4.55 Ga [I]. In contrast, whole rock analyses and a pyroxene separate 
from another group of ureilites ("the Kenna group") define a 3.74 Ga Sm-Nd isochron that 
intersects the 4.55 Ga chondritic evolution line at 147~m/14Nd=0.51 (Fig. 1) [I]. An attractive 
interpretation of this isochron is that it dates metasomatic introduction of LREE-enriched material 
(the infamous LREE-enriched component of ureilites) to a preexisting ultramafic assemblage 
formed at 4.55 Ga [1,2]. If those ureilites that have model ages of 4.55 Ga do not contain any 
LREE-enriched component then a relatively simple model emerges: all ureilites formed as highly 
depleted ultramafic assemblages (147~m/14~d=0.5 1) at 4.55 Ga and some of them reequilibrated 
with LREE-enriched material at 3.74 Ga. We have been studying PCA in order to investigate this 
model [2]. Two samples of PCA (,49 and ,64) were found to have whole-rock model ages of 
4.55 Ga (Fig. 2) [1,2]. These samples are highly LREE-depleted. Nevertheless, differences 
between Srn/Nd ratios of two aliquots of the supposedly homogenized ,64 powder may be due to 
inhomogenous dispersal of minute amounts of LREE-enriched component [2]. Also, one sample 
of PCA was found to have a leachable LREE-enriched component, even though no 
LREE-enrichment is evident in the bulk sample 131. We have attempted to find samples of PCA 
that contain significant amounts of LREE-enriched component in order to determine their whole 
rock and internal ages. We report results of analyses of two new samples of PCA (,6 and ,77). 

ANALYSIS AND RESULTS: Sample ,77 was more depleted in LREE than previously 
analyzed samples, so we perfomed only a whole rock analysis of this sample. Sample ,6 was 
somewhat more enriched so we performed a leaching experiment in addition to a whole rock 
analysis of this sample. After removal of the aliquot for whole rock analysis the ,6 powder was 
treated with concentrated HN03 in ultrasound for 20 minutes. The leachate was removed and the 
residue rinsed in 2MHN03 three times and triply distilled H20 twice. All rinses were pooled with 
the leachate. The weight fraction of leached material was determined by difference (between the 
original sample and the residue) to be -10%. By comparison with leaching experiments on 
Kenna [1,3] this appears to be an overleach; that is, in addition to interstitial phases readily 
soluble in HN03 some olivine must have been leached. Nevertheless, the residue is probably free 
of the leachable component. Results of the analyses are given in Table 1 and Fig. 2 (note change 
of scale from Fig. 1). Sample ,77 plots on the 4.55 Ga chondritic evolution line at higher 
147Sm/144Nd than previous samples, while ,6 plots above the 4.55 Ga line at lower 147Sm/144Nd 
than previous samples. The ,6 leachate, residue and whole rock analyses form a line, with a 
slope corresponding to an age of 4.23kO.06 Ga and a 143Nd/144~d intercept of 0.5078. This line 
intersects the 4.55 Ga chondritic evolution line at 147~m/144~d-0.51, the same point at which the 
Kenna group 3.74 Ga isochron intersects the 4.55 Ga line. 

DISCUSSION: It is not known whether the samples of PCA with whole rock model ages of 
4.55 Ga contain any LREE-enriched component. The heterogeneity seen in sample ,64 may be 
simply due to varying olivinelpyroxene ratio. Nevertheless, if these samples do contain 
LREE-enriched component then they acquired it at 4.55 Ga, and if they were subsequently 
disturbed then no change in bulk composition was involved. In contrast, sample ,6 clearly 
contains LREE-enriched component and has a model age > 4.55 Ga, indicating that it 
experienced a change in bulk composition more recently than 4.55 Ga. It is not clear whether the 
4.23 Ga line is an internal isochron or a line of mixing between unequilibrated components, 
because it is not defined by mineral separates. However, it is tempting to regard it as an isochron 
analogous to the 3.74 Ga Kenna group isochron. The observation that both the Kenna group line 
and the PCA,6 line intersect the 4.55 Ga chondritic evolution line at 147~m/144~d=0.5 1 suggests 
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that this was the composition of both proto-Kenna and proto-PCA at 4.55 GA, and that PCA 
reequilibrated with LREE-enriched material at 4.23 Ga while Kenna reequilibrated with it at 3.74 
Ga. However, this cannot be true for all of PCA, since samples with model ages of 4.55 Ga 
(presumably those that escaped the 4.23 Ga contamination) have 147sm/l*~d < 0.5 1. It appears 
that some parts of PCA ($4 ,49 ,77) acquired a LREE-enriched component at 4.55 Ga, while 
others (,6) acquired it more recently. In the case of Kenna, no samples have ages of 4.55 Ga, 
indicating that no parts of Kenna escaped reequilibration with the LREE-enriched material at 3.74 
Ga. The ,6 residue, then, must contain some LREE-enriched component that is not located at 
grain boundaries (i.e. not leachable), which implies that the LREE-enriched component at least 
partially equilibrated with the proto-PCA material and that the 4.23 Ga line is indeed an isochron 
dating a high temperature metasomatic event. It also appears that PCA acquired much less 
LREE-enriched component than Kenna: all whole rock samples of PCA are LREE-depleted while 
many samples of Kenna are LREE-enriched [I], and the ,6 leachate has a much lower Nd 
concentration (13.8 ppb) than Kenna leachates (up to 7.8 ppm). If the 4.23 Ga metasomatic 
event involved only a small amount of fluid then it is plausible that some parts of PCA did not see 
this fluid. They must nevertheless have experienced high temperatures and may have had their 
internal chronometers reset. A pyroxene separate being generaled from ,77 may test this model. 

The new data for PCA82506 have shown Table I: New Sm-Nd Data for PCAS2506 
that the simple model originally postulated 
cannot be correct, and suggest that 
LREE-enriched material was added to 
ureilites at various times throughout the 
period 4.55 -> 3.74 Ga. They have added 
an intriguing piece to the puzzle of ureilite 
evolution, but have by no means completed 
the picture. 
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[Sm] [Nd] 147~d144Nd 143NdI144Nd 

,77 1.834 2.844 0.3898 
f 0.0021 

,6 1.457 3.040 0.2897 
f 0.0006 

,6 leach 3.484 13.76 0.1530 
f 0.0004 

,6 residue 1.406 2.379 0.3572 
f 0.0026 

0.524 . PCA82506 
0.522 - 

0.520 - 

Fig. 2 
0.510 . I I I I 

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


