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JntroductBon: Ureilite meteorites have enigmatic v-shaped rare-earth 
element patterns that represent at feast two distinct components in the 
petr-ogenesis of these rocks. The heavy rare-earth element (HREE) enrichment 
has been attributed to the major silicate phases of olivine and pyroxene (1) 
but the host phase of the light rare-earth element (LREE) remains 
unidentified. Acid-leaching experiments on the Kenna ureilite (2) indicated 
that the LREE host phase lies in an area susceptible to leaching by 
concentrated HMO3: acid-leached residues presented LREE-depleted patterns 
and the leachates displayed either LREE-enriched or flat patterns. This 
acid-leaching attacked the major silicates (olivine and pyroxene) to a 
limited extent, did not remove the interstitial silicate and vigorously 
attacked the carbon-rich areas. These results lent credibility to the 
proposals (1,3) that the LREE host was in the carbon-rich areas rather than 
in the interstitial silicate areas as suggested by Goodrich et al. (4,5). 
We have begun a study using the Caeca IMS 3f ion microprobe of Washington 
University to locate specifically the LREE host phase in ureilites. 

We have examined selected areas of a polished slab of Kenna and thin 
sections of Rsosevelt County (RC)027 and AWA78019. Analysed phases include 
the major silicates (olivine and pyroxene), interstitial silicate material 
(pyroxene), sulfides, vein metal, euhedral graphite crystals (AM78019 
only) and fine-grained carbon-rich areas. The ion microprobe techniques 
used axe similar to those described by Crozaz and Zinner (6,7). The number 
of masses analyzed in the KEE region was greatly reduced, however, to 
either shorten the counting time of the major silicates or to measure only 
LREE (La, Ce, Nd and Sm) in the other phases. The primary beam current 
ranged from 2 to 45 nA and the counting times from el0 minutes to 7 hours. 
S P  was the reference element for most analyses. Because the Si02 content of 
the carbon-rich areas is difficult to determine, the LREE absolute 
abundances in these areas should be considered tentative. 

Results: The sulfides and vein metal in Kenna and RC027 and the 
graphite crystals in ALHA78019 show no detectable REE. REE patterns 
displayed for the major silicates are as expected from the leaching 
experiments and knowledge of olivine and pyroxene BEE distribution 
coefficients: they are LREE depleted [Figure 11. The REE concentrations 
are very low: one olivine grain from ALHA78019 and two from RC027 have the 
same REE pattern and respective 'Nd values of 25, 24 and 13 ppb. The pattern 
rises from La-.001 x CI to Tw.038 x CI. Pyroxene areas in ALHA78019 show 
more variation: five have very low REE concentrations and two have higher 
REE concentrations and a positive Ce anomaly. Such an anomaly also occurs 
in most fine-grained carbon-rich areas of the RC027 thin section but not for 
those on the Kenna slab. For this reason, we believed that the Ce anomalies 
might be an artifact of the analysis process - perhaps reflecting the 
abundances of the substrate of the thin section rather than the rock itself. 
However, no Ce anomaly was detected in an olivine analysed under identical 
conditions and the ratio of counts at masses 140 and 142 was about the same 
as the ratio of abundances of I4Oce and 142~e. We cannot exclude the 
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possibility that the Ce anomaly is indigenous to the rock. 
The fine-grained carbon-rich areas do give signals for LREE indicating 

that the host phase is likely to be found in these areas [Figure 21. These 
areas contain carbon (graphite, diamond and amorphous carbon in varying 
proportions), metal, sulfide, fine-grained silicates (probably mostly 
pyroxene), and possibly unidentified phases. The analysed areas are about 
20 m in size and include variable proportions of these phases. REE 
patterns measured for these areas are quite variable both among ureilites 
and withfn a given area. Absolute abundances also appear to vary, but are 
somewhat ambiguous because the SiO2 contents are poorly known. The variety 
of REE patterns observed suggests that the W E E  host phase(s) is (are) small 
and inhomogeneously distributed. Preliminary attempts to correlate LREE 
with other elements have not been successful but are intriguing: the 
elements which are expected to correlate in silicate, sulfide or metal 
minerals do so; yet the LREE do not correlate with any of these elements. 

Conclusionq: The fine-grained carbon-rich areas are the only ones yet 
analysed where we observed LREE enrichment but the measured abundances 
appear insufficient to account for bulk rock abundances. For example, to 
account for the bulk La of the rocks (0.05xCI in Kenna, 0.lxCI in RC027), 
the areas would have to have values that are greater than the measured 
abundances of the carbon-rich areas of Kenna and RC027 (4,8) by a factor of 
2. It is unlikely that the Si content of the carbon-rich areas was 
underestimated to the extent necessary to explain the discrepancy. 
Neverthless, the early element correlation results do seem to argue that the 
LREE may be associated with a phase or phases other than silicates, sulfides 
or metal within these areas. These preliminaky results indicate that the 
continued search for the LREE host phase should concentrate on the carbon- 
rich areas of ureilites. 
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