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PrCcis: Ureilites are a large class of igneously differentiated meteorites, most likely formed as mantle 
partial melt residues on C-rich asteroids. A newly analyzed ureilite, LEW88774, is remarkably enriched 
in Al, Sc, Ca, V, Ga , rare earth elements (REE), and especially Cr (4.3 wt%), compared to all previously 
known ureilites. These enrichments might have been inherited from a refractory-enriched carbonaceous 
chondritic precursor material, or reflect trapping of a small amount of basaltic matter, or reflect local 
accumulation of Cr-spinel and pyroxene within a relatively melt-rich region undergoing partial melting. 

We have used INAA to determine the bulk composition of LEW88774 [1,2] along with two other unusual 
ureilites: EET87511, which is unusually rich in orthopyroxene [3], arid contains minor augite [4]; and 
Y791538, which is among the most magnesian (FogI2) of ureilites [5]. Results (Table 1) are generally 
unremarkable in the case of Y791538. The EET87511 composition is more unusual, with unprecedentedly low 
concentrations of the four most volatile siderophile elements determined: Ni, Co, Au and Se (Fig 1; volatilify 
increases to the right). The correlation with volatility is not necessarily as significant as the correlation with 
"siderophility." However, volatile lithophile elements K, Na and Ga are also extremely low in EET875 11. 

Results for LEW88774 are bizarre, even by ureilite standards. The Cr content, 4.3 wt%, is high, but modal 
recombination of microprobe data [2] similarly implies roughly 3-4 wt%. Several other elements are also 
greatly enriched compared to all previous ureilite data: Al, Sc, Ca, V, and Ga (and to a lesser degree, Na). REE 
are also at uncommonly high levels (Fig. 2). Among possibly monomict ureilites, only FRO90054 [3] appears 
similar. However, FRO90054 (reportedly 60% augite) is so C-poor that Grady et al. [7] have doubts as to 
whether it is truly a ureilite. Plots of Cr vs. A1 and vs. V (Fig. 3) provide some perspective on the magnitude of 
these enrichments, showing them in relation to the limited dispersion amongst previously analyzed ureilites. 

Several possible scenarios may be envisaged to engender the strange composition of LEW88774. Most of 
the enriched elements are refractory (vs. nebula gas; Figs. 1-2), so conceivably LEW88774 simply inherited its 
strangeness from a strange variety of chondritic precursor. On a plot of Ca vs. Sc (Fig. 4), ureilites form a trend 
that parallels the trend of carbonaceous chondrites, with both trends extending towards LEW88774. Chromium 
is seldom refractory, but Cr valences are so complex that conceivably, under temporary (and local) oxidizing 
conditions it might become refractory. Still, it is hard to rationalize the enrichment of Ga this way. Spitz [8] 
suggested that ureilites divide into two distinct groups, one of which trends toward CI chondrites, on a plot of 
Ga vs. It-. However, a few of Spitz's [I9921 ICP-MS Ga data seem spuriously high. An up-to-date literature 
compilation, including most of her data (but not for PCA82506, as her Ga is 2x higher than three literature 
analyses, including one by Spitz and Boynton [9]), shows no significant clustering within the ureilites, and no 
coherent trend in the direction of LEW88774 or CI (Fig. 5). 

Some of the enriched elements (Al, Ca, Na, Ga) are plagiophile, and the REE might correlate, assuming 
that LEW88774 has retained slightly more basaltic matter than other ureilites (which are remarkably depleted 
in Al). However, Cr, V and Sc are neither plagiophile nor incompatible. Another possibility is that the weird 
composition was engendered by accumulation of a Cr-spinel and pyroxene in the presence of melt. Such an 
accumulation process requires the proportion of melt to be (locally) unusually high, at least in comparison to 
the general ureilite formation conditions, so that crystals move about, as opposed to being locked in a rigid 
crystal framework that limits them to interacting with tiny pockets of interstitial melt. This model should not be 
mistaken for an appeal to the venerable, but probably incorrect, cumulate model for ureilite genesis [lo]. No 
layered intrusion is implied, only a slight degree of localized heterogeneity (one out of 40(+) partial melt 
residues significantly affected) at the end of the partial melting process. This model, too, has a notable 
drawback. Siderophile elements in LEW88774 show the classic ureilite pattern of high CI-normalized Os, Ir 
and Ru, in comparison to Ni, Co, Au, As, Sb and Se, and a low NiICo ratio. The near-chondritic siderophile 
abundance levels in ureilites distinguish them from most other ultramafic igneous rocks [ 5 ] ,  and LEW88774 is 
especially siderophile-rich. In a ureilite that has interacted with an uncommonly high proportion of melt, 
siderophiles should be depleted by segregation into sinking blobs of metal. 

Conceivably, all three of these models are partially correct. LEW88774 greatly extends the range of ureilite 
composition, and it may have formed by a process that was unusual, even by ureilite standards. 
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Table 1. Bulk-mkmmpositions of ureilites determined by INAA. 

Na Mg A1 K Ca Sc V Cr Mn Fe Co Ni Zn Ga As Se Ru La Sm Eu Yb Lu Hf 0s Ir Au 

mdg mdg mdg vdg mqig ~ d g  vg/g mdg mdg mqig ~ g / g  ~ ~ d g  ~ g / g   gig ~ d g  ~ g / g  ndg ndg nqig nq'S ndg nqig nqig nqig ndg ndg 

EET87511 0.28 198 3.1 3.9 7.5 7.9 99 4.80 3.14 99 26.5 276 227 1.42 <0.18 0.24 4 6 0  <51 10 <11 37 9 <47 105 93 5.3 

LEW88774 2.70 142 13.0 121 33.4 21.5 430 43.0 3.83 147 146 1690 301 28.7 0.43 1.48 570 168 146 40 380 62 80 480 480 34 

Y791538 0.27 190 2.7 22 12.8 11.2 100 4.33 3.10 75 103 1280 243 2.54 0.32 0.60 360 <70 16 <12 104 18 4 1  250 230 32 

References: [I] Satterwhite C. et al. (1993) Antarctic 
Meteorite Newsl. 16(1), 15. [2] Warren P. H. and 
Kallemeyn G. W. (1994) LPS X X V ,  this volume. [3] 
Berkley J. L. (1990) LPS XXI ,  69-70. [4] Score et al. 
(1988) Antarctic Meteorite Newsl. 11(2), 18. [5] Goodrich 
C. A. (1992) Meteoritics 27, 327-352. [6] Boynton W. V. 
and Hill D. H. (1993) LPS XXN, 167-168. 171 Grady M. 
M, and Pillinger C. T. (1993) LPS X X I V ,  551-552. [8] 
Spitz A. H. (1992) LPS XXIII,  1339-1340. [9]. Spitz A. H. 
and Boynton W. V. (1991) Geochim. Cosmochim. Acta 55, 
3417-3430. [lo] Berkley J. L. et al. (1980) Geochim. 
Cosmochim. Acta 44, 1579-1597. 
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