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4 VESTA: A THICK-SKINNED PARENT FOR BASALTIC ACHONDRITES 
Delaney, Jeremy S., Dept Geological Sciences, Wright Labs, Rutgers University, Piscataway, NJ08855 

The regolith lithologies on the surface of the asteroid 4 Vesta probably sample most of the crust 
and possibly parts of the Vestan mantle as a result of extended impact processing. If the diogenites, 
eucrites and howardites are indeed samples of Vesta, and if as seems likely they represent several 
ejection events from Vesta, the suite of meteorites should provide representative sampling of the 
lithologies present at, or near, that asteroid's surface. The combination of the small size of Vesta 
(radius-265 km) with the reasonable cratering rates for the past 4.5 Ga implies that the regolith of the 
asteroid should be a globally mixed sample of the asteroid crust. The lack of young magmatic ages 
among achondrites further implies the crust of their parent body should be a well mixed breccia relatively 
unmodified by later magmatism. The lithologic composition of the howardites and polymict eucrites 
indicates that the eucrites and diogenites are the dominant lithologies in the crust of their parent body with 
volumetrically minor contributions from other lithologies such as cumulate eucrites and pigeonite rich 
rocks. Olivine bearing lithologies, especially magnesian olivine, are rare. Since the meteorites believed to 
sample Vesta have so few olivine bearing lithologies, the crust of Vesta, if derived by magmatic activity in 
a chondrite like precursor, must have thoroughly differentiated from an olivine dominated mantle that is 
essentially unsampled by the meteorites. The depth to that olivine rich mantle is presently unclear but 
must be sufficient that most impacts on Vesta did not excavate the mantle. To estimate the thickness of 
the crust we consider the structure of a Vestan planetoid derived from petrological and cosmochemical 
models of diogenite and eucrite genesis. 

Oxygen is by far the most abundant element (-45% wt) in the achondritic meteorites, with Si the 
next most abundant element only about half of the remainder (-23-25% wt) ['I. The ratios of the oxygen 
isotopes are, therefore, fundamental parameters that must be reproduced in any model of the bulk 
composition of the source planetoid of these meteorites[*]. There is no known chondritic meteorite with 
oxygen isotopes matching the basaltic achondrites. We may assume: (i) that the chondritic precursor 
has never been sampled as a meteorite, or (ii) that the known variety of chondritic materials is 
representative of the early solar system and that the achondrite precursor was actually a mechanical 
mixture of two or more of these known chondritic components. Assumption i) has no useful predictive I power. Using the oxygen isotope signatures of bulk chondritic meteorites 13v4, assumption (ii) has been 
shown [1,2] to provide a useful modeling constraint for estimating the bulk composition of the basaltic 
achondrites. A mixture of 65% H-chondrite with 35% CM-chondrite produces a bulk oxygen isotope 
signature on the AMP mass fractionation line 15], that satisfies this fundamental constraint on the 
composition of the basaltic achondrite planetoid (BAP). The fundamental differentiation of the planetoid 
into metallic core and oxidized mantle + crust is further constrained by the FeIMn ratio of the silicates. Mn 
acts as a redox insensitive analogue of Fe so that the variation of the ratio of these elements, can be 
used to estimate the amount of Fe reduction from the silicate fraction involved in forming the core of the 
parent planetoid 14]. 

Several experimental studies of achondrites have demonstrated fairly successfully that eucrite like 
materials can be produced by partial melting of carbonaceous chondritic precursors [4t6,n. Most 
experiments do not however apply the constraints provided by the oxygen isotope data. Only [4] have 
used starting materials based on the mixing model summarized above. Experimental constraints on 
diogenites are less well defined, although [7] has produced liquids that may be capable of producing 
diogenites by melting LL chondrites. Preliminary data [41 suggest that high temperature melt fractions of 
H-C chondritic mixtures may also be capable of yielding diogenite precursors but further study remains to 
be done. Unfortunately comparison of the experimental data for diogenite precursors and eucrite 
precursors is not rigorously possible as the chondritic precursors in each case have different oxygen 
isotope signatures. [cf. 4,7]. It is unlikely that a thoroughly differentiated planetoid could preserve the 
gross oxygen heterogeneity needed to permit the formation of eucrites and diogenites from isotopically 
distinct reservoirs. Until consistent experimental data, that permits both eucrites and diogenites to be 
derived from a common source composition, are available we can only work with model compositions to 
calculate the structure of Vesta. We, therefore, apply the bulk composition of the basaltic achondrite 
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planetoid calculated by [3,4] based on oxygen isotope constraints This model strongly resembles the 
trace element based EPB composition of [8]. 

Using the 35%CM + 65% H chondrite mixture we can calculate approximate proportions of 
eucrite, diogenite, olivine rich mantle and Fern,,,,-FeS core that would be produced by complete 
differentiation of these components from one another. The core contains all the Fe metal and the sulfide 
components originally present in the chondritic precursors (-18%wt; mostly from the H-chondrite 
component) and 2%wt Fe from reduction of the silicates. The core of BAP represents -20% of the 
anhydrous mass of the planetoid and has a radius of -125km if Vesta is that body. In the simplest case, 
the silicate fraction may be assigned to the crust and mantle by assuming that all AI,O, is in the 
plagioclase fraction of typical eucrites. The eucrites would, therefore, account for 20-25% (mass) of the 
silicate fraction. The remainder of the silicates is essentially pyroxene and olivine and from the 
(FeO+MgO)ISiO, ratio (-1.5-1.6) the olivinelpyroxene ratio is approximately 5545. Thus the basaltic 
achondrite planetoid might be considered to contain 20% metal core, 20-25% eucrites, 25-30% diogenite 
and 30-35% olivine (by mass). These are simplistic values based on extreme assumptions, but they 
provide a framework for applying the data to Vesta. In a layered crust model of Vesta, these values 
would represent a eucritic crust 25 km thick overlying a diogenite layer -40 km thick and a deep olivine 
mantle -70km thick. In this scenario, approximately 50% of the mass of Vesta would be eucritic and 
diogenitic material. If we assume that all the normative pyroxene in the bulk composition is diogenitic 
crustal material (after extraction of the eucrite fraction), we are left with a eucrite+diogenite crust 65 km 
thick representing 57% of the volume of the planetoid! With such a thick crust, sampling of the olivine rich 
mantle would require an extremely large impact event, perhaps large enough to disrupt Vesta. On the 
other hand, even fairly large impacts would produce breccias of only diogenitic and eucritic components. 
Large impacts on Vesta are necessary to produce the kilometer scale asteroidal objects observed 
between Vesta and the 3: l  resonance ['I. Such extreme differentiation of the olivine and pyroxene layers 
seems far fetched but even if only 10% of the pyroxene component actually represents the diogenites with 
the remainder locked into the mantle, the thickness of the crust is only reduced to 30 km and the eucrites 
and diogenites still represent 30% of the volume of the planetoid. If this modification were true, however, 
then the petrological composition of the howardites, the most representative regolith samples available to 
us, becomes difficult to explain. With most pyroxene still trapped in the mantle, samples of the Vestan 
crust should be dominated by eucrites with diogenites as a lesser component. However, the abundances 
of lithologic constituents in the howardites, eucrites and diogenites do NOT suggest that eucrites are 
significantly more abundant than diogenites. In many howardites, diogenites are as abundant as, or more 
abundant than, eucrites and no criterion yet exists to imply that deep seated diogenitic material would be 
preferentially sampled by meteorite ejection events. Lithologic mapping of the surface of Vesta suggests 
that there is only one area that may contain significant olivine on the surface [Io1. This is presumably the 
site of a large impact crater. 

The formation of a thick (65 km) crust on Vesta containing roughly equal proportions of eucrite 
and diogenite is difficult to accept. A very high temperature event, in the early history of the body might 
have promoted the efficient crystal-liquid separation required in a Vesta sized magma sphere of low 
viscosity, chondritic liquid. The mixing of known chondritic types to satisfy the oxygen isotope 
constraints on the body also implies a very large scale mixing event in the early history of the basaltic 
achondrite planetoid (BAP). If Vesta and BAP are indeed the same body, then the role of very large 
impacts as the mechanism responsible for the onset of planetoid differentiation must be considered. A 
"small giant impact" could have mixed ordinary chondrite and carbonaceous chondrite asteroids into a 
single magma sphere that cooled and differentiated to form the thick skinned asteroid 4 Vesta. Clearly, 
large impacts capable of producing such an outcome should be rare. There is only one candidate known 
to represent this class of impact produced, differentiated asteroid -- 4 Vesta. The convergence of the 
several independent types of evidence reviewed, however, suggests that a thick-crusted Vesta as the 
parent body of the basaltic achondrites may be plausible. 
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