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Introduction:  Vesta and Vesta-like asteroids 
(vestoids) have been linked, through spectral analysis, 
to a clan of basaltic achondritic meteorites – 
howardites, eucrites, and diogenites (HEDs) [1], [2], 
and [3]. The pyroxene present in the HEDs create, due 
to Fe2+ electronic transitions, two broad absorption 
features, called Band I and Band II, with minima near 
0.9 and 1.9 µm, respectively (Figure 1). Band I Centers 
(B1Cs) and Band II centers (B2Cs) are useful parame-
ters for calculating the pyroxene mineralogies of the 
HEDs.  

In a series of works, Burbine et al. established a set 
of calibration equations linking spectrally measured 
B1C and B2C values to mineral chemistry [2], [3], [4]. 
The Burbine equations rely on reflectance spectra with 
sufficient wavelength coverage to completely identify 
Band I. These equations can be used to extract miner-
alogical information from vestoid spectra. However, 
the wavelengths covered by near-infrared observations 
of asteroids are often limited. Commonly, reliable 
spectral data short-ward of 0.8 µm are not available. In 
these cases, either follow-up observations with a visi-
ble light spectrometer are required, or a new set of 
calibration equations to a more limited wavelength 
range are necessary. Otherwise, the current calibration 
equations may lead to erroneous mineralogical inter-
pretation. We refer to this as the “Blue Edge Problem.” 
The Blue Edge Problem is similar to the previously 
studied Red Edge Problem [5]. We derive new calibra-
tion equations for the molar contents of ferrosilite and 
wollastonite that can be used on the aforementioned 
spectra whose wavelength range is limited. 

We also present a band parameter analysis of Vesta 
and six vestoids, and compare the results with the 
DAWN mission [6].  

Data:  The same 13 HEDs (Bouvante, EETA79005, 
EET 87503, EET 87542, EET 90020, Johnstown, 
Juvinas, LEW 87004, Pasamonte, Petersburg, PCA 
82502, Stannern, Tatahouine) used in [4] are used for 
this analysis. The reflectance spectra came from the 
RELAB database [7], and the average pyroxene 
chemistries came from EMPA (Electron Microprobe 
Analysis) [8]. Spectra of the five vestoids: Lundia, 
Volkonskaya, Celle, Kastel, and 34706 came from [9]. 
The Kollaa spectrum came from [10]. The Vesta spec-
trum came from [11].  
Methods: The visible and near-infrared (VNIR) wave-
lengths relevant to this research range from 0.7 µm to 
2.5 µm. The short-wavelength edge of Band I, referred 
to here as the “blue edge,” has been historically de-
fined as the reflectance maximum near 0.75 µm, re-
ferred to here as the “real” blue edge. The long-wave-
length edge of Band I is defined by drawing a straight-

line continuum from the blue edge to a point that lies 
tangent to the spectrum short-ward of the reflectance 
maximum near 1.5 µm. The B1C is defined as the min-
imum of the Band I absorption feature, after having 
dividing out the straight-line continuum. Since there is 
a non-zero slope for the continuum, dividing the ab-
sorption band by the slope shifts the wavelength loca-
tion of the band minimum. Therefore, the blue edge, on 
which the continuum relies, is critically important to 
extracting the B1C. The short-wavelength edge of 
Band II is defined as the reflectance maximum near 1.5 
µm, and the long-wavelength edge (the red edge) of 
Band II has no universally and easily-determined val-
ue, so we chose three for this study which reflect 
common usage, including the ones used for the analy-
sis of the Red Edge Problem [5].  

In order to calculate new calibration equations, we 
use the real blue edge, and impose a blue edge of 0.8 
µm, to determine two separate  B1Cs, and we impose 
red edges of 2.5, 2.45, and 2.4 µm to determine three 
separate B2Cs. We use the IDL-based Spectral Analy-
sis Routine for Asteroids (SARA) [9] to determine the 
band parameters. SARA measures band centers using 
the average of 3rd-, 4th-, and 5th-order polynomial fits 
to the bottom half of Band I and the entirety of Band 
II. These results are compared to the Burbine et al. 
2009 [3] calibration equations in Figure 2.   

Results: Using the B1Cs and B2Cs for the 13 HED 
meteorites, we empirically derived 10 new calibration 
equations for asteroids with V-type spectra. The “real” 
and 0.8 µm blue edges each give two calibration equa-
tions relating B1Cs to mol% Fs and Wo. The three red 
edges each give two calibration equations relating 
B2Cs to mol% Fs and Wo. For the “real” blue edge, we 
find calibration equations almost identical to those 
derived by Burbine et al. For the Band 2 red edge at 
2.5 µm, we find a calibration equation that differs from 
the Burbine equations. The discrepancy is due to the 
Burbine equations not dividing Band 2 by its continu-
um prior to finding the band minimum. The set of 10 
equations with their R2 values are given in Table 1. 
     Figure 3 shows the distribution of B1Cs vs. B2Cs 
derived from Vesta spectra taken during the DAWN 
mission [6]. Our Vesta results plot near the center of 
Fig. 3. The six vestoids favor the Howardite and Dio-
genite region, a consequence of lower B2Cs. This po-
tentially can be attributed to differing band parameter 
analysis techniques used by De Sanctis and SARA.  
This will be further explored.  
      Conclusions: We derived ten new HED calibration 
equations for the molar contents of ferrosilite and wol-
lastonite using B1C and B2C. We plotted B1C vs. B2C 
of Vesta and six vestoids, verifying that our methods 
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are compatible with others, and highlighting the prob-
lems of using different band analysis techniques, which 
can lead to incorrect mineralogical analysis. In order to 
determine mineralogical information of vestoids, we 
suggest using the calibration equations that most close-
ly correspond to their methods used to determine B1Cs 
and B2Cs. 

Figure 1: A graphical representation of the red edge 
problem. The blue and red hued shaded areas demon-
strate how choice of of blue and red edge, respectively, 
affect the Band I and Band II straight-line continua. 
 

Figure 2: Two different calibration equations for mol% 
Fs. The red line is for the real blue edge [4], and the 
blue line is for the imposed 0.8 µm blue edge. The data 
points are 13 HEDs from [4].  

 
Figure 3: Modified from De Sanctis et al. (2012; cf. 

Fig. 3) [6]. Vesta and six vestoids, using SARA’s results 
from the “real” blue edge and a 2.5µm red edge are 
plotted over the De Sanctis plot.  
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Blue 
Edge

Mol% Fs 
Equation

R2 Mol% Wo 
Equation

R2

real y=1023.43*B1
C -913.84

0.853 y=396.13*B1
C -360.56

0.881

0.8 µm y=1451.75*B1
C -1316.13

0.808 y=585.55*B1
C -538.41

0.906

Red 
Edge

2.5 µm y=239.84*B2
C -429.74

0.911 y=90.23*B2C 
-168.04

0.889

2.45 
µm

y=250.84*B2
C -450.49

0.915  
y=93.82*B2C 
-174.76

0.882

2.4 µm y=263.07*B2
C -473.03

0.901 y=100.03*B2
C -186.42

0.899

Band I

Band II

Wavelength (µm)
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