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     Introduction:  Most howardite-eucrite-diogenite (HED) 
meteorites were likely samples excavated from asteroid 4 
Vesta’s giant Rheasilvia basin [1], a section of crust and 
mantle that no longer exists. Regardless, similar rocks can be 
recognized and mapped on the basin floor and its ejecta 
blanket, and elsewhere on Vesta based on data from the 
Dawn spacecraft, providing geologic context for these mete-
orites. VIR reflectance spectra [2] and GRaND chemical 
compositions [3] are used to define these lithologies. 
     A plot of band center positions for the 1 µm (BI) versus 2 
µm (BII) bands in reflectance spectra can distinguish basal-
tic/polyict eucrites, diogenites, and howardites + cumulate 
eucrites (Fig. 1). Also shown on this diagram is a cloud of 
values of BI and BII derived from Vesta spectra obtained by 
VIR [2]. The highest proportion of pixels corresponds to 
howardite (or cumulate eucrite), but some Vesta spectra also 
plot in the basaltic/polymict eucrite and diogenite fields. In 
interpreting VIR spectra, it is important to note that the map-
ping resolution was fairly coarse, ~ 800 m/pixel. 
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Fig. 1. Band I and II center positions can partially discrimi-
nate HED lithologies. Boxes enclose HED spectra, based on 
well characterized meteorites each having at least 30 spectral 
measurements. The VIR data cloud of Vesta spectra [2] is 
superimposed. 
 
     Eucritic Crust:  No recognizable lava flows occur on 
Vesta [4] and, given Vesta’s extensive impact history [5] it 
seems improbable that any would have survived to the ~1 Ga 
time of formation of the Rheasilvia impact. Thus the eucrite 
meteorites, like the present eucrite terranes on Vesta, must 
represent blocks in a basalt-rich regolith. This is consistent 
with the preponderance of eucrite breccias among HEDs. 
Areas mapped as basaltic/polymict eucrite (Fig. 2) occur in 
the equatorial region and northern hemisphere of Vesta, gen-
erally in areas distinguished as cratered highlands materials 

(chm) and cratered plains materials (cpm) on Vesta’s geo-
logic map [6], and away from Rheasilvia’s thick ejecta blan-
ket. The distribution of eucrite shown in Fig. 2 is consistent 
with a GRaND map based on neutron counting rates [8]. 
     Only a portion of the basaltic/polymict eucrite box in Fig. 
1 is actually populated by VIR pixels. Vestan data mostly 
overlap the cumulate eucrites and howardites, and basal-
tic/polymict eucrites have longer BI and BII band centers. If 
cumulate eucrites were actually more abundant than basaltic 
eucrites, it might suggest that plutonic igneous rocks are 
more abundant than volcanic rocks in the Vestan crust. This 
explanation, however, seems inconsistent with the high pro-
portion of basaltic (63%) and polymict (34%) eucrites rela-
tive to cumulate (3%) eucrites among HED in the Antarctic 
collection. Thus it seems more likely that howardites domi-
nate the Vestan surface. 
 
     Diogenitic Mantle:  Diogenites, identified by both their 
VIR spectra [2] and GRaND neutron counting rates [3], oc-
cur near the south pole, at the base of the central uplift and 
on the walls of Rheasilvia and as a major component of its 
ejecta blanket [2,3,9]. Estimates of Rheasilvia’s excavation 
depth [10] are at least twice the likely crustal thickness [11], 
so Vesta’s mantle should have been exposed and sampled as 
HEDs. 
     Similar to eucrites, the diogenite box in Fig. 1 is only 
partially populated by VIR pixels. Most diogenite spectra in 
this box show slightly shorter BI and BII centers than Vestan 
data. The explanation is likely the same as for eucrites: areas 
mapped as diogenite are contaminated with some eucrite at 
VIR mapping resolution. 
     Although diogenites have been suggested to be either 
lower crustal or mantle samples, the preponderance of dio-
genites within Rheasilvia or in its ejecta, coupled with mod-
els indicating excavation to mantle depths, are most consis-
tent with diogenites as mantle materials on Vesta. 
     Despite the occurrence of some diogenites having 
harzburgite mineralogy [12], olivine has not yet been identi-
fied in Rheasilvia spectra. However, olivine is not spectrally 
discernable in harzburgite with <30% olivine [13]. 
 
     Howarditic Megaregolith:  Howardite is widespread on 
Vesta (Fig. 2), but it is not the most abundant HED meteorite 
lithology. Either the Rheasilvia event primarily sampled sub-
regolith materials, or eucrites and diogenites occur in the 
areas mapped as howardite as blocks much smaller than the 
resolution of VIR maps. Both explanations are probably 
correct. The position of the howardite box, situated between 
the boxes of diogenite and basaltic/polymict eucrite, suggests 
that these are the admixed components. This accords with the 
conclusion from chemical mixing diagrams that cumulate 
eucrite is an uncommon component of howardites [14]. 
     Impact melts are not commonly observed within Vestan 
craters [4], consistent with their scarcity in howardites and 
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attributable to modest collisional velocities in the asteroid 
belt. 
     Regional diversity in the proportions of eucrite and dio-
genite is apparent in VIR maps, and is reflected in the vary-
ing compositions of howardites. There is no apparent global 
homogenization of the regolith. Rare constituents of howard-
ites, such as K-rich glasses proposed to represent a KREEP-
like lithology [15] and ferroan symplectites interpreted as 
highly fractionated melts [16], are not seen in GRaND data, 
but the spatial footprints of GRaND are very large and small 
exposures would be overlooked. Exogenic carbonaceous 
chondrite clasts like those in howardites can account for the 
dark, H-rich materials with OH spectral signatures on Vesta 
[3,17]. 
 
     Implications for HED Petrogenesis:  Magma ocean 
models are popular for HEDs [18,19,20], although it is diffi-
cult to explain the trace element compositions of diogenites 
as forming from a common magma [14] and Main-group and 
Stannern-group eucrites require different origins [21]. The 
~20 km depth to diogenite exposures in Rheasilvia is consis-
tent with the crustal thickness in some magma ocean models, 
but the lateral extent of diogenite is not well constrained. 
Consequently, emplacement of diogenite plutons near the 
crust-mantle boundary [12], as opposed to a solidified 
magma ocean, cannot be ruled out. 
     Some models predict an unmelted carapace on early Ves-
ta. Relics of a surviving chondritic protolith should be 
recognizable from GRaND data and have not been detected 
[3], nor do they occur as clasts in howardites. 
     The high proportion of basaltic/polymict eucrite and un-
derabundance of cumulate eucrite among HED meteorites 
and as a component of howardites suggest the crust in the 
Rheasilvia region is dominated by volcanic rather than plu-
tonic rocks. This may imply that the crust was built sequen-
tially of flows, with less entrapment of magmas to form 
chambers within the crust. 
     The chronology of Vestan surface units, as determined 
from crater counting, is consistent with radiogenic crystalli-
zation ages and 40Ar-39Ar shock ages in HEDs [14], suggest-
ing representative sampling of magmatic events. 
 
     Conclusions:  The occurrence and distribution of HED 
lithologies on Vesta are consistent with their petrologic prop-
erties, but do not unambiguously distinguish between magma 
ocean and serial magmatism models. Nevertheless, the geo-
logic context provided by Dawn makes these meteorites even 
more valuable. The absence of discernable lithologies on 
Vesta not already represented as whole HED meteorites im-
plies that the large number of HEDs in our collections ade-
quately sample the magmatic and geochronologic complexity 
of this diffrentiated parent body. 
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Fig. 2.  Map of BII center positions for Vesta [7]. Areas near 
the equator with white/gray coloration correspond to eucrite, 
areas near the south pole with red/blue coloration correspond 
to diogenite, and other regions with yellow color are howard-
ite. 
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