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SUMMARY: A Sm-Nd isotopic analysis of a pyroxene separate from Kenna plots on t k  1 4 7 ~ m 1 1 4 4 ~ d - -  
1 4 3 ~ d / 1 4 4 ~ d  line previously determined by jive whole-rock analyses of Kennu, MA77257 and Novo Urei and 
originally interpreted as a mixing line. This result suggests thai t k  line, which yields an age of 3.74M.02 Ga. is 
probably an isochron aWng an event in which these ureilites were chentically and isotopically equilibrated. This 
event is likely to have been metasornutic rather than magmatic. Three other weilites (ALH82130, PCA82506, 
META78008) do not appear to have been gected by this event and have model ages of 455 Ga. One ureilite 
( m 4 4 0 )  does not plot on either the 3.74 Ga line or the 455 Ga model age line. The three ureilites that plot 
on the 3.74 Ga line all belong to the same O-isotope group [ I ] .  

INTRODUCTION: As previously reported [2] five whole-rock samples of ureilites plot on a line with a slope 
corresponding to an age of 3.72M.1 Ga and an initial 143~d/144~d  ratio  IN^) of 0.5094 on a Sm-Nd isochron 
diagram (Fig. 1). We argued that this line is a mixing line for two reasons: 1) ureilites appear to be heterogeneous 
mixtures of a volumetricalIy-minor LREE-enriched component and the LREE-depleted ulmnuflu: assemblage that 
comprises the bulk of these rocks [3,4fl; 2) samples of ureilites ALH82130 and PCA82.506 that were apparently 
devoid of the LREEenriched component [2] have model ages of 4.55 Ga (Fig. 2). Thus, we predicted that 
samples of Henna devoid of LREE-enriched component (that is, consisting of only olivine and/or pyroxene) would 
have model ages of 4.55 Ga, and that the bulk ultramafic assemblage would plot at the intersection of the 3.72 Ga 
line and the 4.55 Ga evolution line (Fig. 2). 

We attempted to isolate the two end-members of the proposed mixing trend in leaching experiments, because it 
has been shown that the LREEenriched component of ureilites can be extracted by leaching with HN03 [4,6,7]. 
We expected to obtain a leachate representing the LREEenriched end-member, and a residue representing the 
ulhamaiic end-member. The results of our first leaching experiment (K3) were surprising on tuo counts: 1) the 
leachate and residue were not widely separated in S d N d  ratio, in fact much less than different whole rock samples 
of Kenna 2) The leach, residue, and whole rock samples defined a line with a slope of 4.49 Ga, rather than 3.72 
Ga, with I~da0.5088. We argued that this line could not have any age sigMcance and may be an artifact of 
differential leaching of Nd and Sm [2,8]. 

ANALYTICAL: We therefore decided to txy to isolate the various components of Kenna by mechanical rather 
than chemical means. A pyroxene (pigeonite) separate was prepared by hand-picking from a 70-160pm grain size 
fraction of sample K5. Before dissolution the separate was subjected to a light HCI wash. This sample was 
analyzed at La Jolla. Despite the extremely small size of this sample (0.4 ng Nd) a precise analysis was obtained 
(f 1  EN^). The pyroxene plots on the previously defined 3.72 Ga line, at 147~m/144~d=0.229. From this result 
we infer that sample K2, which has 147~m/144~d=0.35 (see Fig. I), must have been dominated by olivine. The 
observation that the pyroxene separate and 3 whole-rock samples (one of which is dominated by olivine) all plot on 
the line suggests that it is not a mixing line, but rather an isochron. The Kenna samples alone yield an age of 
3.8W.07 Ga with I~d=0 .5094(&0.~6 .  If the data for Novo Urei and ALHA77257 are included, these values 
change only slightly, to 3.74kO.02 Ga and 0.50945kO.00002. 

We also analyzed whole rock samples for two other ureilites - META78008 and LEW85440. META78008 
has a model age of 4.5W.01 Ga (Fig. 2). LEW85440 (two replicate analyses) does not plot on either the 4.55 Ga 
model age line or the 3.74 Ga line, but rather between the two lines, at 1 4 7 ~ d 1 4 4 ~ d = ~ . 3 1 4  (Fig. 2). 

DISCUSSION: Let us consider the interpretation of the 3.74 Ga line as an isochron for Kenna, Novo Urei, and 
ALHA77257. The V-shaped REE pauerns of ureilites are not typical of igneous mks and it seems likely that two 
distinct events are required to produce these patterns - 1) crystallization of the ulmmafic assemblage, and 2) 
addition of the LREE-enriched component. Could the ultramafic assemblage of Kenna have crystallized from a 
magma at 3.74 Ga? We cannot rule out this possibility. However, the fact that other ureilites appear to have 
formed at 4.55 Ga leads us to consider it more-likely that the ultramafii assemblage of K e ~ a  formed near 4.55 Ga 
(protoureilite material) and the 3.74 Ga event was a metasornatic event in which the LREE-enriched component 
was introduced and total isotopic reequilibration occurred (the fact that no whole rock analyses of Kenna have model 
ages of 4.55 Ga indicates that the 3.74 Ga event involved a change in bulk composition). In this interpretation the 
3.74 Ga line can still be thought of as a mixing line, but in a different sense from our original interpretation in 
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which no chemical equilibration between the protoureilite and introduced material occurred and the line had no age 
significance. 

The initial Nd isotopic ratio of the isochron for h a ,  Novo Urei and ALHA77257, I~d4.50945, is much 
higher than that of chondritic material at 3.74 Ga (I~d=0.5078), which indicates that the parent material was 
differentiated long before 3.74 Ga. If differentiation occumd at 4.55 Ga, a 147~m1144~d ratio of 0.51 is required 
to produce 143~d/144~d=0.50945 in 810 Ma (this is reflected in the fact that the 3.74 Ga line and the 4.55 Ga line 
intersect at 147~m/144~d=0.51 (Fig. 2)). This suggests the formation of extremely LREE-depleted rocks early in 
the history of the ureilite parent body or bodies, as later formation would require still higher SmNd ratios. 

The ratio 143~d/144~d=0.50945 must represent a mixture of the 1 4 3 ~ d / 1 4 4 ~ d  ratios of the protoureilite and 
of the metasornatic fluid, What does this tell us about the material from which the metasomatic fluid was 
generated? The less depleted the protoureilite material (and hence the lower its 1 4 3 ~ d / 1 4 4 ~ d  ratio) the more 
depleted the source of the fluid (and hence the higher its 143~d/144~d)  needs to have been, and vice versa Thus, 
the two materials combined in their proper proportions must on average have had 147~m/144~d=0.51 in the 
interval 4.55->3.74 Ga. The simplest scenario might be that they both had 147~m/144~d==0.51; in other words, 
the enriched fluid phase was generated by a small degree of partial melting of material similar to the protoureilite 
itself. This scenario eliminates the problem of postulating the existence of material with 147~m/144~d>0.51 
(which is already extreme compared to known solar system rocks), but requires that an extremely LREE-enriched 
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fluid be generafed from an extremely LREE-depleted rock. 
Given a scenario along these lines for Kenna and the other two ureilites on the 3.74 Ga isochron, how can we 

explain the ureilites that have model ages near 455 Ga? The main difference between these samples and the 
"Kenna group" is that these samples 1) are consistent with an essentially closed system evolution since 4.55 Ga, 
and 2) were derived from a parent with Sm-Nd characteristics close to chondritic. Although at least two of these 
ureilites (ALH82130 and PCA82506) are known to contain LREE-enriched component (V-shaped REE patterns), 
whatever their crystallization age, this component originates from the same parent as the ultsmx&ic assemblage. 
Therefore, this unusual component was generated and introduced into the two sets of samples at two distinct 
times. The intermediate position of LEW85440 in Fig. 2 may indicate a similar event at some time between 4.55 
and 3.74 Ga, involving a fractionated protolith already evolved in a manner similar to that of the "Kenna group". 

All the ureilites which plot on the 3.74 Ga line belong to the same 0-isotope group (group 2), within which a 
fractionation relation is possible [I]. Otherwise, there is no clear correlation between apparent history of ureilites, 
as inferred from our Sm-Nd dam, and 0-isotope group [I]. 
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