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Nd ISOTOPIC ANALYSES OF UREILITES: EVIDENCE FOR MIXING OF 
A 4.55 Ga COMPONENT WITH A YOUNGER COMPONENT. *C.A. Goodrich, 
**PJ. Patchett and *MJ. Drake. *Lunar and Planetary Laboratory, **Department of Geosciences, University 
of Arizona, Tucson, AZ 85721 

Nd and Sr isotopic analyses of ureilites indicate that they have experienced some chemical event at 3.72 Ga 
or younger. Five whole-rock samples (ALHA77257, Novo Urei and 3 samples of Kenna) plot on a line (Fig. 1) 
with a slope of 3.72 f 0.1 Ga and an initial 1 4 3 ~ d / 1 4 4 ~ d  ratio of 0.5094 on an Sm-Nd isochron plot [I]. 
Ureilites appear to be heterogeneous mixtures of a volumetricaily-minor LREE-enriched component, and a LREE- 
depleted divine + pyroxene assemblage [1,2,3], and thus we have suggested that the ureilite "isochron" is actually 
a mixing line, with an old u1tr;tmafic endmember and a young, LREE-enriched endmember [I]. We predicted that 
samples which were devoid of the LREEenriched component would plot on a 4.55 Ga isochron with a solar 
system initial 1 4 3 ~ d / 1 4 4 ~ d  ratio (Fig. 2). 

Three new whole-rock analyses c o n f i  this prediction (Fig. 3). One sample of ALH82130 has a precise 
model age of 4.5539.02 Ga. Two samples of PCA82506 yielded less precise analyses because they had extremely 
low concentrations of Nd (c4 ppb), but also have model ages consistent with 4.55 Ga (4.4fl.2). All three of 
these samples have Sm/Nd ratios nearly identical to those of samples of the same ureilites shown to be devoid of 
the LREEenriched component [4]. Thus, the ultramatic assemblage that comprises the bulk of ureilites appears to 
have formed very early in the history of the solar system. If the mixing hypothesis is correct, then samples of 
these ureilites that do contain LREEenriched component should plot on a series of mixing lines connecting our 
analyses to the LREE-enriched endmember (presumably similar to K3 and K1 in Figure 1). The 3.72 Ga line 
would be the mixing line for Kenna, Novo Urei, and ALH.477257, which must have ultramafic assemblages with 
identical Sm/Nd. 

The next step of our study has been an attempt to isolate and analyze the two endmembers of the proposed 
Kenna mixing trend (Fig. 1). The success of this endeavour, from the point of view of obtaining age information 
about the two components, depends on the conditions that the two components be physically separable, and that 
they not have equilibrated Nd and Sm with one another. It has been shown that the LREEenriched component of 
ureilites can be extracted by leaching with HN03 [2,4,5], although the phase or phases (most likely interstitial) 
in which this component resides remain unidentified [6]. In addition, our work on K e ~ a  [l] showed that simply 
by blind sampling of total meteorite samples we were able to separate the two components to a considerable extent 
(see analyses K2 and K3 in Fig. 1). These observations suggested to us that the above conditions were likely to 
be met. 

We performed two leaching experiments on Kema. Sample K3 (the same sample for which the K3 whole- 
rock analysis was previously obtained) was treated with warm 13M HNO3 for 20 minutes. This treatment 
resulted in loss of 22.5% of the original material to the leachate, which indicates that in addition to interstitial 
material (metal, carbon phases, and presumably the LREE-carrier), the olivine and pyroxene were also partially 
attacked. Sample K4 was treated in cold 13M HNO3 for 5 minutes. The K4 leachate contained only 2.5% of the 
original material, consistent with estimates of the percent of interstitial material in "average" ureilites. Both 
leachates have higher Sm and Nd concentrations and lower Srn/Nd ratios than any previous samples, suggesting 
that we have come' closer to isolating the LREE-enriched component. The K4 leachate is more extreme in this 
regard than the K3 leachate, consistent with dilution of the K3 leachate by olivine + pyroxene. 

Nd isotopic analyses of the leached samples are shown in Figure 4 (compare scale with Figure 1). 'Ihese data 
held two surprises. Fit, we did not obtain the anticipated degree of separation of the two components. The K3 
residue has a 1 4 7 ~ m / 1 4 4 ~ d  ratio of 0.14, whereas we expected the LREE-depleted residue to have higher 
147~rn /144~d  than K2 (0.35). This cannot be attributed to over leaching, which would be expected to ensure a 
residue free of the LREEenriched component. Second, the data do not plot on the 3.72 Ga line. The three K3 
samples form a line with an age of 4.4M.25 Ga (indistinguishable from 4.55 Ga) with an initial 1 4 3 ~ d / 1 4 4 ~ d  
ratio of 0.5088. The 3.72 Ga line passes through the two whole-rock samples K1 and K3, but not through any 
of the samples produced in the leaching experiment. The K4 leachate does not fall on either of these lines. The 
K4 residue is expected (from mass balance considerations) to have an extremely small amount of Nd, 
unmeasureable with our current techniques, and so has not been analyzed. 

Can we inte~pret the K3 line as giving an age for Kenna? If we take the age of this line to be 4.55 Ga, then 
Kenna was derived from a source with an  EN^ value of +43. In contrast, ALHA82 130 and PCA82506 give ages of 
4.55 Ga with the solar system initial  EN^ - 0. This would imply extreme isotopic anomalies in the ureilite parent 
material at 4.55 Ga, which would have to be recorded in other Nd isotopic ratios as well. Our data do not show 
any such anomalies in 142/~d/144~d or 145~d/144~d,  which were measured simultaneously with 143~d/144~d.  
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Therefore, the possibility that Kema has been undisturbed since 4.55 Ga can be  led out. If we take the lower 
limit of the age defined by the K3 line, 4.24 Ga, then Kema was derived from a source with qqd = +18. To 
produce such a source in 300 my requires an enviroment with an implausibly high SmMd ratio (1.8) . Therefore, 
it seems unlikely that the K3 line gives any age information for Kenna This is supported by the observation that 
the K4 leachate does not plot on this line and, regardless of where the K4 residue would plot, would give either a 
different age or a different initial ratio, or both. 

It is possible that the K3 line is an artifact of differential leaching of Sm and Nd. It has been demonstrated 
that leaching with various acids can l e d  to fractionation of Sm from Nd and variable Nd isotopic ratios, and 
therefore can yield incorrect ages [7]. If this is the case leaching cannot be used to separate the LREE-enriched 
component of ureilites for isotopic analysis. We are currently attempting to separate various phases from Kenna 
by hand-picking instead 

Conclusions: Sm-Nd analyses of whole-rock samples of ureilites are consistent with the hypothesis that 
these rocks are mixtures of an ultramafic component that has an age of 4.55 Ga, and a LREE-enriched component 
that was added at 3.72 Ga or younger. Analyses of physically separated components of ureilites are needed to test 
this hypothesis. 
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