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Introduction: The proposed connection between the 
howardite, eucrite, and diogenite meteorites (HEDs) and asteroid 
4 Vesta is a primary reason that Vesta was chosen as a target for 
the Dawn mission. The instrumentation onboard will provide in-
formation about Vesta’s surface morphology and composition, 
providing a geologic context for the HEDs [1].  More impor-
tantly, Dawn should provide us with a better understanding of the 
processes that form a large, differentiated asteroid.   

Mineralogic information from Dawn will be derived primar-
ily from the VIR (visible-infrared) spectrometer [1]; however, 
this requires an understanding of the relationship between the 
spectra and petrology of basaltic to pyroxenitic meteorites.  This 
study quantifies the petrologic information that can be extracted 
from the VISNIR (visible-near infrared) spectra (0.3-2.5 µm) of 
the unbrecciated eucrites by analyzing the spectra of petrologi-
cally well-characterized HEDs.  

Linking Spectra and Petrology: VISNIR spectra were col-
lected and then analyzed using the Modified Gaussian Model 
[2,3].  The features in each spectrum (i.e. spectral contrast, band 
centers, widths, and strengths) were compared to detailed petro-
logic data collected earlier in this study to see if any relationship 
between the two could be established. Relative abundances of 
high and low-Ca pyroxene (HCP and LCP) were predicted to 
within ±15% of the actual values and four primary spectral fea-
tures that serve as petrologic indicators were identified:  
(1) Position of band 1 and band 2 centers, reflecting pyroxene 

composition and relative abundances of HCP and LCP [4,5].  
The basaltic eucrites have longer band centers than the cumu-
lates, reflecting primarily their higher modal abundance of 
HCP. 

(2) The strength of the 1.2 µm band is directly related to the 
amount of Fe2+ in pyroxene and the modal abundance of HCP 
relative to LCP and not to the presence of plagioclase.  The 
basaltic eucrites have both higher HCP contents and more Fe-
rich pyroxenes relative to their cumulate counterparts and 
consequently have a stronger 1.2 µm band. 

(3) Strength of the 0.6 µm band.  This can be attributed to Cr3+ in 
pyroxene, which is preserved in early-crystallizing, fast-
cooling eucrites that have not undergone later high-degree 
metamorphic reequilibration. 

(4) Reduced spectral contrast is seen in eucrites with a higher 
modal abundance of metals and sulfides, as well as those with 
widespread fine-grained opaque minerals. 
Implications: Information on not only the mineralogy, but 

also the magmatic history (e.g. fast cooling vs. slow-cooling, 
early crystallization from melt vs. late, highly metamorphosed 
and equilibrated eucrites vs. unequilibrated) can be obtained from 
the spectra of the unbrecciated eucrites.  Therefore, the informa-
tion returned by Dawn can be used to not only extract informa-
tion about the mineralogy of the surface units, but also to map the 
processes that formed them.   

References: [1] Russell C.T. et al. 2006. Adv.Space Res. 38:2043-
2048. [2] Sunshine J.M. et al. 1990. JGR 95:6955-6966. [3] Sunshine 
J.M. and Pieters C.M. 1993. JGR 98:9075-9087. [4] Adams J.B. 1974. 
JGR 79:4829-4836. [5] Burns R.G. 1993. In: Mineralogical Applications 
of Crystal Field Theory. 

71st Annual Meteoritical Society Meeting (2008) 5107.pdf


