
LITHOLOGICAL MAPPING OF VESTA USING 
DETAILED DISTRIBUTION OF PYROXENE 
COMPOSITIONS IN HOWARDITIC BRECCIAS 
Jeremy S. Delaney.  Earth & Planetary Sciences, Rutgers Univer-
sity, Piscataway, New Jersey,  NJ08854: jsd@rci.rutgers.edu 

 
Introduction:  The howardites and other polymict breccias 

have distribution patterns of pyroxene composition that are 
equivalent to spectral variation on the Vestan surface.  If the IR-
spectral signature of a mixture of pyroxene compositions, that 
has some average composition, can be distinguished from the 
signature of a discrete pyroxene of the same composition[1-2], 
then the observed composition distribution patterns (CDP) in the 
howardites may be matched with spectral variations on the sur-
face of Vesta observed by the Dawn spacecraft. 

H.E.D. Pyroxene: The range of pyroxene compositions in 
the howardites is well known[3], but the CDP within that range 
in individual breccias is weakly constrained[4]. Pyroxene com-
positions reflect abundant diogenitic orthopyroxene (En80+Wo0-3), 
and eucritic pigeonite (En50-30 Wo5-15), and other components[5]. 
Lithologies from peridotite to basalt and beyond are recognized 
as clasts in the HED suite.  Mixing models, using diogenite and 
eucrite end members of various sorts are used to approximate the 
geochemical variations within the breccias, but such models of-
ten imply that chosen end members are the only significant com-
ponents even though discrete components with intermediate 
compositions are present[6].  Observed patterns (CDP) in pyrox-
ene composition space may be uniform, uni-, or multi-modal. 
Bimodal patterns (eucrite-diogenite) are common but not ubiqui-
tous. Several howarditic breccias (Frankfort, Pavlovka, Hughes 
005) have pyroxene distribution patterns that contain abundant 
intermediate compositions but have very minor diogenite and 
eucrite contents. Howardites sample source regions on Vesta 
with differing pyroxene distribution patterns and the patterns 
measured need to be matched to spectral compositional data to be 
returned from Vesta by the Dawn mission in 2011. The minera-
logical variations from sample to sample presumably reflect both 
location and temporal differences on Vesta.  

Vestan Pyroxene: Near to mid-IR spectroscopy of the 
Vestan surface is dominated by the pyroxene group and increas-
ingly shows compositional variations typical of howardite pyrox-
ene with lesser contributions of diogenitic and eucritic material1.  
The dichotomy between the southern crater province of Vesta 
(diogenite enriched lowland) and the presumably older surfaces 
of northern howarditic-eucritic uplands province of Vesta is re-
flected in the distribution of pyroxene compositions.  The indi-
vidual howardites may therefore be paired with specific regions 
on Vesta. Howardites without Vestan matches may reflect Ves-
toid samples. The modal CDP of howardite breccias are being 
remapped to constrain the relative abundance of different pyrox-
ene compositions within each breccia sample.   

Summary: Patterns of pyroxene distribution in howardites 
reflect the provenance of their source regions on Vesta (or ves-
toids) and need to be documented in detail for comparison with 
the anticipated spectral mapping by Dawn. 
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