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Ureilites are a very large and diverse group of man-

tle-peridotite meteorites. For the initial bulk composi-

tion of the ureilite asteroid (Downes et al. [1] make a 

plausible case for a single ultimate parent body) iso-

topic constraints offer great insight but also intriguing 

ambiguity. Oxygen data [2,3,1] suggest affinity with 

so-called carbonaceous chondrites (CC). However, 

chromium isotopes, in particular ε
54

Cr, indicate that the 

parental matter was distinct from known types of chon-

drites and especially from carbonaceous chondrites [4]. 

Bulk ureilites average about 3 wt% carbon. However, 

among “carbonaceous” chondrites only CI have carbon 

contents about as high as ureilites; many have similar 

(CV,CO) or even lower (CK) bulk carbon in compari-

son to the least altered (type 3) ordinary chondrites 

(OC), which have ~0.4 wt% [5]. In any event, the O 

isotopic data also show that the starting materials were 

highly diverse, and this diversity survived through the 

ureilite anatexis such that ∆
17

O shows a diffuse but 

highly significant correlation with the ureilites’ great 

overall compositional diversity, most obvious from 

mafic silicate mg data [e.g., 1]. 

In this work, I apply major-element compositional 

constraints to the problem of the initial aggregate par-

ent-body’s compositional affinity. Like the Cr isotopes 

[4], this approach leads to an inference that the aggre-

gate starting material was quite dissimilar to known 

carbonaceous chondrites. Assuming ureilites represent 

the combined residue left after removal of basaltic 

melt, we can compare the average ureilite composition 

with any proposed starting material to dervive an im-

plied composition for the lost basaltic component. In 

this simple model, the only remaining variable is the 

weight fraction of lost melt in comparison to the initial 

total system’s mass, i.e., the final “f” of the anatectic 

episode. The mass balance equation is B = f L + (1 – f) 

U, which leads to L = (B – [1 – f] U) / f ; where B is the 

starting bulk composition (for any given oxide), U is 

the average ureilite composition, and L is the implied 

aggregatee lost basalt composition. Based on moder-

ately incompatible elements, f was probably close to 

0.3 [e.g., 6]. The implied L composition should appear 

generally “reasonable” and may be compared versus 

the compositions of known ureilite-related melts found 

as feldspathic glasses and basaltic lithic clasts within 

polymict ureilites [7,8,9]. 

I applied this model using a variety of chondritic 

compositions. In all cases, the chondritic matter was 

assumed to be modified by mechanical separation (or 

chemical inertia) of its metallic, sulfide, C, and H2O 

components; i.e., only the oxides SiO2, TiO2, Al2O3, 

Cr2O3, FeO*, MnO, MgO, CaO Na2O, K2O and P2O5 

were used, and these were normalized to 100%. 

“FeO*” is the total Fe-oxide component, including 

“translated” Fe2O3. For nearly all chondrite classes, I 

used the averaged data of [10]. Diverse literature 

sources had to be used for CK and CR. Note that this 

approach differs from a series of models constructed by 

Kita et al. [8]; in their work, FeO was calculated unlike 

all the other oxides, and treated as a free parameter 

matchable to any choice of bulk mg ratio (i.e., Kita’s 

“chondritic” compositions were very significantly fur-

ther modified from the correpsonding reported analyti-

cal data). The average ureilite composition was derived 

mainly from the data of [10] for 3 unweathered 

ureilites plus data from [11] for 4 additional meteorites 

(data from [11] for Al2O3 were ignored; and as a means 

to keep the mg ratio close to the average known from 

the far more numerous cases of ureilite mineral analy-

ses, the magnesian sample Y-791538 was excluded 

from this average), which gave (in wt%): SiO2 41.5, 

TiO2 0.08, Al2O3 0.36, Cr2O3 0.64, FeO 16.4, MnO 

0.42, MgO 38.7, CaO 1.62, Na2O 0.11, K2O 0.01 and 

P2O5 0.11. 

The results (Fig. 1) from such modeling indicate 

that the carbonaceous chondrites (CC, grey symbols) 

are far too FeO-rich and SiO2-poor to make suitable 

ureilite precursors. The implied lost basalt melt com-

ponents assuming CC starting materials are not close to 

the known ureilite feldspathic glasses and basaltic lithic 

clasts (red and purple symbols). A model that assumes 

a starting material closer to ordinary chondrites (OC; 
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blue symbols) in major-element composition appears 

more suitable. Models for f < 0.30 are not shown for 

most carbonaceous chondrites, because for these com-

binations of low f and I the U composition cannot be 

derived without implying a phyisically impossible 

negative MgO for L. 

A similar difficulty is indicated if the Ca/Al ratio is 

plotted against the mg ratio, or (Fig. 2) the simpler 

MgO/FeO ratio. The known ureilite feldspathic glasses 

and basaltic lithic clasts form a trend that is missed by 

the implied L compositions if CC-like starting materi-

als are assumed. Fe-Mg partitioning between ureilitic 

mafic silicates (Fo at least 75, and correspondingly 

magnesian pyroxene) suggests that L compositions 

ought to have MgO/FeO at least >0.5. 

Fig. 3 shows a variant of the same model in which 

for the carbonaceous chondrites 10 wt% of FeO* is 

assumed to be somehow removed from the system; 

e.g., for the CI version of I, FeO is diminished from 28 

wt% to 18 wt%, with all the other oxides enriched to 

take up the balance. The mechanism for FeO removal 

might, in principle, be smelting [6], and this variant 

might, in principle, allow derivation of both the 

ureilites and a plausible complementary basalt compo-

nent starting from a CC-like initial composition. How-

ever, the modeling of [6] indicates that smelting does 

not even begin, for a typical or average ureilite 

(Fo~81), until more than half of the basaltic melt has 

already been removed. Moreover, the smelting scenario 

has been shown to lead to various severe difficulties 

[12, 13]. It is far more plausible that, as the Cr isotopic 

evidence also suggests [4], the ureilite precursor me-

lange was dominantly a type of chondritic material not 

precisely matched by any known chondrite. 
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