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Introduction. Three polymict ureilites, EET83309, Nilpena and North Haig, contain a 
variety of unusual clasts not seen in other ureilites 11-51. Among the various types are: black car- 
bonaceous chondrite matrix clasts similar to those in Allende [I]; clasts similar to Angra dos Reis 
121; chondrules [2]; and feldspathic melt rocks [3]. In a study of clasts in North Haig, we showed 
that an Angra dos Reis-like clast was similar in trace element abundances to phases in Angra dos 
Reis, that REE levels were quite high in a plagioclase-augite-apatite clast and that monornineralic 
plagioclase clasts were enriched in Eu, but contained low levels of other REE 161. In recent work 
[3] feldspathic melt clasts have been subdivided into three types: group 1, highly reduced; group 
2, highly aluminous; and group 3, oxidized feldspathic melt clasts. 

Experimental. 44 elements were determined in each analysis spot by ion microprobe. 
The data were collected by magnetic peak switching at low mass resolution (M/AM=500). Energy 
filtering was used to suppress molecular interferences. Calcium-normalized ion yields and inter- 
ferences were determined from a variety of silica~e minerals and glasses. Phosphates and silicates 
are known to have similar calcium-normalized ion yields [7,8]. 

Results and Discussion. One cryptocrystalline and one radiating pyroxene chondrule 
were found in Nilpena. The cryptocrystalline chondrule, Nilpena 4540- 1 clast 8, was analyzed by 
ion microprobe. It is quite high in refractory elements, with 7.9% A1203, 5.7% CaO and 0.35% 
Ti@ , but is low in volatile elements, with 400 ppm Na and 130 ppm K. REE and other refractory 
lithophile trace elements are enriched by factors of 4 to 6 relative to C1 chondrites. This chondrule 
is richer in refractory elements and poorer in volatile elements than any of the chondrules in the 
Allende C3V and Ornans C30 chondrites analyzed by Rubin and Wasson [9,10], although they 
did not analyze any cryptocrystalline chondrules. Cryptocrystalline and radiating pyroxene chon- 
drules are extremely rare in C3V chondrites, but have been found in C2 and C30 chondrites [ l  11. 

Although Nilpena 4540- 1 clast 1 was classified as a group 2 feldspar-rich melt clast, it has 
a REE pattern quite unlike other feldspathic clasts. Light REE are fairly uniformly enriched by 15- 
20xC1, Eu is enriched by 30xC1 and REE enrichments of heavy REE fall from Gd to Lu, with the 
exception of Tm, which is enriched by 40xC1. This pattern is similar to the group I1 REE pattern 
found in fine-grained Ca,Al-rich inclusions in Allende [12] and in some hibonite- and perovskite- 
rich inclusions in C2 chondrites [13,14] and results from gas-solid fractionation of REE. The bulk 
composition of the clast is somewhat different from fine-grained inclusions: it is higher in Na, Si 
and Fe and lower in Mg, A1 and Ca. It is unlikely the clast is simply a melted fine-grained inclu- 
sion, but it may have incorporated a fine-grained inclusion during melting. 

One group 1 clast, EET83309.17 clast 11, was analyzed. Glass in this object was fairly 
uniformly enriched in REE by 10-12xC1 with no Eu anomaly. A relict ureilitic pigeonite grain was 
low in REE, with enrichment increasing from 0.2-0.5xC1 for La and Ce to 3-5xC1 for Y, Yb, Lu; 
this grain has a negative Eu anomaly. 

One group 2 clast, Nilpena 4540-2 clast 14, was analyzed. A feldspar-rich area is enriched 
by 3-5xC1 with Eu enriched by 25xC1. In a pyroxene-rich area REE increase from 2xC1 for La to 
lOxCl for heavy REE. There is no Eu anomaly. 

Five group 3 clasts were analyzed. Glass in Nilpena 4540-1 clast 504 was enriched in 
REE by 10-20xC1 with a slight enrichment in HREE relative to LREE. In Nil~ena 4540-2 clast 4 
whitlockite is enriched by 500-600 in LREE, with slight drop-off to HREE and 8-fold negative Eu 
anomaly; glass has REE enrichments that increase from lOxCl for La to 30xC1 for Lu with no Eu 
anomaly; plagioclase was not analyzed, but is likely to have a positive Eu anomaly. This clast is 
quite small and the whitlockite makes up a significant fraction of the clast. If whitlockite is over- 
represented in the section through the clast, the individual REE patterns could be combined to pro- 
duce a bulk composition with uniform enrichments of REE. Glass in Nilpena 4540-2 clast 5 is 
fairly uniformly enriched in REE by -6xC1 with Eu -10xC1. A plagioclase (An6-10) grain is ex- 
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tremely low in REE, -1xC1 with Eu -10xC1. A feldspar-rich area in Nilpena 4540-2 clast 19 has 
fairly uniform REE enrichments of 8xC1 with a Eu enrichment of 20xC1. Nil~ena 4540-2 clast 12 
is coarse-grained clast. Chloroapatite contains -2% F, is enriched in REE by 50-60xC1 with a 
drop off to 10-20xC1 for Yb and Lu and has a small negative Eu anomaly (30xC1). Feldspar is 
enriched by 1-3xC1 in REE with Eu at 20xC1. Pigeonite is low in REE, with enrichments that in- 
crease from <0.2xC1 for La and Ce to 2-5xC1 for heavy REE. 

Although more analyses must be made in order to reconstruct bulk REE patterns of felds- 
pathic clasts from mineral analyses and bulk major element compositions, it appears that most of 
them have fairly uniform enrichments of REE by -10-xC1. This is rather unusual, since these 
clasts might be expected to have fractionated REE patterns if they are related to monomict ureilite 
compositions by igneous fractionation processes. This suggests that the feldspathic clasts may be 
a nebular component, although nebular components of this sort have not previously been identi- 
fied. 

Conclusions. Prinz et al. [3] suggested that polymict ureilites contain a number of neb- 
ular components, including black matrix, Angra dos Reis-like clasts and chondrules and that felds- 
pathic clasts are fractionated from ureilites. The trace element work presented here confirms that 
the cryptocrystalline chondrule is a nebular component and adds a melt clast with a vapor-fraction- 
ated group I1 REE pattern to the list of nebular components. The relatively uniform enrichments of 
REE in glass in feldspathic clasts suggests that they may also be nebular components. Further 
work will be necessary to c o r f i i  the latter suggestion. 
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