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Nd AND Sr ISOTOPIC ANALYSES OF THE UREILITE NOVO UREI: 
EVIDENCE FOR A YOUNG LREE-ENRICHED COMPONENT. *Cyrena Anne Goodrich, 
"P. Jonathan Patchett, and 'Michael J. Drake. *Lunar and Planetary Laboratory, **Department 
of Geosciences, University of Arizona, Tucson, AZ 85721. 

-: Ureilites are coarse-grained ultramafic rocks (olivine + low-Ca pyroxene) that appear to be 
igneous cumulates or partial-melt residues [1,2,3]. Goodrich et al. [2] have argued that ureilites are the product of 
multiple stages of igneous activity, possibly on a large parent body. On the other hand, Takeda [4] and Prinz [5], 
have argued that they are primitive achondrites, the products of shock partial melting and impact mixing. Rare 
earth element (REE) patterns of ureilites are V-shaped, indicating the presence of two distinct petrologic 
components [3]. The heavy rare earth element (HREE)enrichment can be attributed to the ultramafic assemblage. 
The host phase (or phases) of the light rare earth element (LREE)-enriched component is unlcnown [6], although 
leaching experiments [3,7] have shown that this component can be removed with concentrated HNO, and 
comprises at most only a few percent of the mass of the rocks. Boynton er al. [3] discussed the possibilities that 
the LREE-enriched component represents a trapped melt, or an admixture of foreign material. Goodrich et al. [21 
suggested that the LREEenriched component might be crustal, KREEP-like material. We have begun a Sr and 
Nd isotopic study of ureilites. The objectives of our study are to determine the age or ages of formation of the 
ultramafic ureilite assemblage and the isotopic characteristics of the ureilite parent material, and to &tennine the 
time of inaoducticm and geologic n a m  of the LREE-enriched component. 

Technirrues.. Three samples of Novo Urei were prepared from specimens obtained from the 
U.S. National Museum. Two samples were prepared from one specimen -- one entirely from broken interior 
pieces (1 100) and one including sawn surfaces (1 100-s) -- and a thud from a different specimen (2969). Samples 
were washed in distilled H,O before being powdered with a boron carbide mortar and pestle. Dissolution and 
chemical separation followed procedures described by [8] for this laboratory. Background contamination levels 
(blanks) for REE were reduced from those reported by [8] to 35pg Nd and 5pg Sm. Our Sr blank was -500pg. 
Separation procedures were adjusted to obtain -90% recovery of Sr and Nd. Samples were spiked with an W b -  
84Sr solution, which yields satisfactory analyses of the NBS-607 K-feldspar standard [8], and a 149Sm-150Nd 
solution, which has been checked against the solution with approximately chondritic SmINd supplied by CalTech 
191. Measurements were made according to procedures described by [8]. Isotopic results for standards are fully 
consistent with those of [8] and comparable laboratories. Graphite, which comprises a few percent of ureilites, is 
not dissolved by our standard HF-HCI treatment because conditions are never sufficiently oxidizing. The graphite 
residues from the samples were washed several times in HC1 to remove adhering sample solution, and placed in 
12M HC10, in sealed PTFE pressure vessels at 150°C. This treatment resulted in dissolution of graphite after -20 
days. The solutions were then spiked with 145Nd, separated, and analyzed to determine whether any significant 
REE were contained in the graphite, either structurally or in silicate inclusions. We had previously experimented 
with this procedure on a terrestrial graphite-bearing basalt [lo]. w: Concentrations of Rb, Sr, Sm and Nd, and isotopic ratios are given in Table 1. Nd and Sm con- 
centrations are similar to those obtained by [3] for Novo Urei; the SmlNd ratio (from 2969) is subchondritic, 
consistent with the V-shaped REE pattern determined by [3]. Nd isotopic compositions for the three samples vary 
significantly, ranging from E, = +28 (2969) to +43 (1100). The Sm-Nd model age (from 2969), relative to 
CHUR (initial 143Nd1144Nd = 0.506700), is 5.88 Ga. RbISr ratios are subchondritic, but considerably higher than 
expected for an ultramafic rock. RblSr model ages, relative to Allende (initial 87Sr/B6Sr = 0.69877 [I 11) are 2.49 
Ga (1 100), 2.67 Ga (1 100-s) and 3.57 Ga (2969). It is apparent that Novo Urei is inhomogeneous and that 
sampling has a large effect on the results. Results of the graphite dissolution have not yet been determined 

-: The large positive values of present-day E, for Novo Urei indicate that for most of its history 
its Nd isotopic composition evolved in an environment with superchondritic SmlNd. This can be attributed to the 
HREE-enriched ultramafic assemblage that comprises the bulk of the rock. However, the present-day bulk SmINd 
ratio of Novo Urei is subchondritic. This can be ataibuted to the presence of the LREE-enriched component, 
which dominates bulk Sm and Nd concentrations of ureilites, despite comprising only a small percent of their 
mass [3,7]. It follows that the L R E E e ~ c h e d  component could not have had a negative value of E, when it was 
introduced to the ultramafic proto-ureilite. That is, it could not have been derived from enriched material, but rather 
must be an extreme fractionate of depleted material, perhaps similar to the proto-ureilite material. Thus, the 
suggestion of [2] that the LREE-enriched component could be crustal, KREEP-like material cannot be correct. 
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The following model yields an estimate of the time of introduction of the LREE-enriched component We 
assume that the ultramafic proto-ureilite formed 4.55 Ga ago, either as a residue of partial melting or an igneous 
cumulate. 147Sm11uNd ratios for this material, estimated from the leaching experiments of [3,7], range from = 
0.32-0.39. Single-stage evolution for this material yields present-day E, values from +72 to +I14 (paths labelled 
"proto-ureilite" in Fig. 1). At time t in the past a LREE-enriched component with an %value the same as that of 
the prom-ureilite was introduced and the present-day SmINd ratio of the sample m e .  The bulk rock then evolved 
to its present-day E, value of +28 along the path labelled "ureilite" in Figure 1. The time, t, given by the 
intersection of the 2 paths, ranges from 2.6 to 3.3 Ga. 

The RbISr ratios of Novo Urei are much higher than what would be expected for a rock consisting almost 
entirely of olivine and pyroxene. It seems probable that the LREE-enriched component is generally enriched in 
incompatible elements and that it is responsible for the high RbISr ratio of the bulk rock. If this assumption is 
correct, then the Rb-Sr model ages are upper limits for the time of introduction of the LREE-enriched component. 
This is so because the RbISr ratio of the proto-ureilite can be considered to have been nearly zero, so that the 
87Sr/86Sr ratio of the rock would have been nearly unchanged until the time the LREE-enriched component was 
introduced The Rb-Sr model ages (2.5 to 3.6 Ga) are in the same range as those given by the above calculation, 
which is an indication that the LREE-enriched component did not have an E, value greater than that of the proto- 
ureilite. The data do not, however, rule out the possibility that the LREE-enriched component was introduced at a 
much younger time than this model suggests. The younger its time of introduction, the lower its E, must have 
been. For example, one possibility is that it is a shock-produced partial melt of chondritic material (E, = O), 
introduced by a recent impact (t = 0). This requires that it accounts for 60-7596 of the Nd of the bulk rock, which 
is not inconsistent with estimates of its abundance. 

These calculations are, unfortunately, not wellconsaained because our bulk-rock data are apparently dependent 
on sampling, we do not know the abundance of the LREE-enriched component, and because we lack specific data 
for the HREE-enriched and LREE-enriched components. The next step of our study will be to separate and analyze 
these two components of ureilites, and to obtain whole-rock analyses of other ureilites. Despite the preliminary 
nature of our conclusions, it appears that the LREE-enriched component of Novo Urei must be significantly 
younger than the ultramafic assemblage. 
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TABLE 1. 
Sample Rb Sr Sm Nd mRb/86Sr 87Sr/86Sr 147Srn11uNd 143Nd/1'Wd 
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