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Introduction:  Main group ureilites are  ultramafic 
(olivine plus mainly low-Ca pyroxene) achondrites 
interpreted to be the residues of early partial melting 
on a common asteroid [1-4].  No basaltic ureilites are 
known, and polymict ureilites (regolith breccias) con-
tain only a few % feldspathic material [1,2,5,6].  
Hence, various authors [3-5] have speculated on the 
fate of the "missing basalts" from the ureilite parent 
body (UPB).  We suggest that this term is a misnomer, 
because the earliest melts on the UPB were Si-Al-Na-
rich, and melt extraction was fractional.  If correct, this 
model could resolve several outstanding problems re-
garding the composition of ureilite precursors. 

Constraints and Contradictions:  1) The pre-
dominant pyroxene in ureilites is pigeonite (Wo 6-14), 
whereas in the majority of planetary materials thought 
to be partial melt residues it is orthopyroxene (Wo ≤5).  
Modeling in the olivine-rich part of the system Ol-
Plag-Opx-Wo showed that ureilite-like olivine-
pigeonite residues, which have superchondritic Ca/Al, 
could only be produced by single-stage partial melting 
if the precursors had superchondritic Ca/Al [7]. How-
ever, no mix of chondritic components (e.g., matrix, 
chondrules, CAI) should have superchondritic Ca/Al, 
because all such components have chondritic Ca/Al. 
So ureilite precursors probably had chondritic Ca/Al.   

2) The dominant lithology evidenced by feld-
spathic clasts in polymict ureilites ("the albitic lithol-
ogy") consists of albitic (An ~1-25) plagioclase, FeO-
rich pyroxenes, ilmenite, phosphates, silica, and in-
compatible element-rich glass [5,6].  It is not basaltic.   

3) Modeling of trace elements (K, Ba, Sr) in pla-
gioclase from the albitic lithology indicates derivation 
by partial melting of an alkali-rich chondritic precursor 
[8].  In contrast, the modeling of [7] required alkali-
poor precursors to stabilize pigeonite and produce the 
highly alkali-depleted ureilites as residues.  

Hypothesis:  The common paradigm (based 
mainly on lunar and HED samples) is that the earliest 
stages of magmatism in the Solar System were basal-
tic. [9] suggested that a model of more Si-alkali-rich 
melt compositions and disequilibrium and/or fractional 
melt extraction may be required for smaller asteroids.  
We examine such a model for ureilites.  

Using a range of precursors from CC to OC, [7] 
showed that the high pyroxene/olivine ratios of 
ureilites required precursors with high Si/Mg ratios, 
similar to those of OC, rather than CC.  [10] also ar-
gued that the high pyx/oliv ratios of ureilites imply 
non-CC-like precursors.  However, for all composi-

tions tested by [7], the system was silica-
undersaturated, and therefore the earliest melts were 
basaltic (En-Plag-Fo peritectic in the system Ol-Plag-
SiO2), with essentially chondritic Ca/Al ratios.  Thus, 
regardless of whether melting was batch or fractional, 
Ca/Al ratios of both melts and residues remained un-
fractionated up to relatively high degrees of melting.  
However, if ureilite precursors had even higher Si/Mg, 
similar to EC, the system would have been silica-
undersaturated and the earliest melts would lie at the 
lower-T invarient point (En-Plag-SiO2 peritectic) in 
Ol-Plag-SiO2.  This composition, as found by [11] in 
melting of EH4 Indarch, is albite-rich and has sub-
chondritic Ca/Al.  Thus, extraction of such a melt 
would yield residues with superchondritic Ca/Al and 
low alkalis (even if precursors were alkali-rich), poten-
tially similar to ureilites.  The albitic lithology in po-
lymict ureilites has many of the characteristics ex-
pected for this earliest melt.  Sadly, this lithology is 
rarely (if ever) representively sampled by a single clast 
(MS-MU-011 from Almahata Sitta may provide a 
more representative sampling [12]).  Its main compo-
nents are: 1) plagioclase phenocrysts; 2) intersertal-
textured intergrowths of plagioclase, pyroxenes, phos-
phates and mesostasis; and 3) glassy areas with ilmen-
ite, phosphates and silica.  Most clasts consist of only 
one or two of these.   Using data from [5], we esti-
mated bulk compositions for each of these compo-
nents.  Plausible mixtures thereof plot near the low-T 
invarient point in Fo-Ab-SiO2 (projection of [11]).  In 
SiO2 vs. Na2O+K2O, they are trachy-andesites, similar 
to MS-MU-011 [12].  Thus, we suggest that the albitic 
lithology represents the earliest melts on the UPB.  
Their preservation may imply that melt extraction was 
fractional, consistent with physical modeling [13-15].  
This hypothesis will be tested by further analysis and 
modeling of feldspathic clasts in polymict ureilites. 
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