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Introduction:  Up until the new millennium M-

asteroid spectra were generally considered featureless.  
In the early 2000’s the first definitive mineral absorp-
tion features were found for several M-asteroids [1,2].  
Spectra of six M-asteroids were analyzed and reported 
as having iron-poor orthopyroxenes on their surfaces 
[1], which confirmed the presence of an ~0.9 µm ab-
sorption for several M-asteroids [3]. Now that it is 
known that at least some M-asteroids exhibit miner-
alogically diagnostic absorption features, we can begin 
to delve into the bigger picture of assessing the M-
asteroid population and formulating interpretations to 
give insight into the beginnings of our solar system. 
By constraining the mineralogical composition of M-
asteroids we can better understand conditions present 
in the late solar nebula and the early solar system. In 
particular we hope to obtain a better understanding of 
the nature and heliocentric distribution of the strong 
heating event that affected the early inner solar system.  
For this current study, one M-asteroid (755 Quintilla) 
was observed and analyzed. 

 Observations/Data Reduction:  755 Quintilla 
was discovered April 06, 1908 by J.H. Metcalf.  
Tholen classified Quintilla as a member of the M taxo-
nomic class [4]. Quintilla has a rotational period of 
4.552 +/- 0.001 hours [5].  Quintilla is located in zone 
III of the mainbelt at 3.17 AU [6].    Quintilla’s diame-
ter is 36.04 +/- 2.1 km with a mean albedo of 0.1621 
+/- 0.021 [7]. 

Observations of 755 Quintilla were obtained using 
the NASA Infrared Telescope Facility on Mauna Kea 
in Hawaii.  Data was collected on the nights of August 
19 and 20, 2005.  The spectra were obtained using 
SpeX in the low-resolution spectrographic mode 
(~0.7-2.5 µm) [8].  A total of 70 spectra of Quintilla 
were obtained.  Of these, 61 spectra were used in the 
analysis.  The first spectrum of each set was discarded 
due to residual charge from previous standard star ob-
servations.  Two other spectra in this set were dis-
carded due to excess noise indicated by the point-to-
point scatter. 

Asteroid and standard star observations were inter-
spersed within the same air mass range to give optimal 
modeling of atmospheric extinction.  The asteroid 
spectral observations were generally 120 seconds long 
and taken consecutively in sets of ten.  Standard (i.e., 

extinction) star HD 195137 spectral observations were 
2-2.5 seconds long and taken in sets of ten.   

Extraction of spectra and determination of the 
wavelength calibration were done using IRAF standard 
procedures.  The data were then converted to SpecPR 
format for further analysis [9,10].  Extinction coeffi-
cients (starpacks) were derived from observations on 
each night, and each asteroid observation was divided 
at each wavelength by the star flux calculated from the 
starpacks which encompassed the asteroid in air mass, 
and the correction which most effectively removed the 
1.4 and 1.9 µm water vapor features from the spectrum 
was selected.  After asteroid/standard star division for 
each observation, each night’s spectra were averaged 
to obtain a single spectrum of 755 Quintilla for each 
night.  Since HD 195137 was used as standard star for 
both nights and both night’s averaged spectra were 
equivalent, a single spectrum was made by averaging 
all 61 spectra together from both nights.  This average 
spectrum was produced by deleting points that devi-
ated by more than two standard deviations from the 
mean.  See Figure 1. 

Figure 1.  The average spectrum for 755 Quintilla for 
the nights of August 19 and 20, 2005. 
  

Analysis:  Analysis shows the presence of three 
absorption features.  After dividing the spectral inter-
val including each absorption band by a straight line 
continuum, the band centers were determined by fit-
ting a polynomial to the feature. The first absorption 
feature was located in the ~0.9 µm region and the band 
center was calculated to be 0.933 +/- 0.01 µm and is 
~5% deep.  See Figure 2.  
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Figure 2.   Polynomial fit to the continuum-removed 
~0.9 µm feature for 755 Quintilla. 
 

The second absorption features band center was de-
termined to be 1.594 +/- 0.005 µm and is ~3% deep.  
See Figure 3. 
 

Figure 3. Polynomial fit to the unidentified continuum-
removed absorption for 755 Quintilla in the ~1.6 µm 
region. 
 

A third feature begins near 1.5 µm and extends to 
or beyond 2.4 µm depending on what continuum is 
assigned. If a continuum is fit at ~1.5 and ~2.5 µm, an 
asymmetric pyroxene-like band is isolated, with a band 
center located near 1.7 µm. If a steeper continuum is 
used, a spinel-like absorption band is isolated.  

Mineralogical characterization of 755 began with 
interpretation of the 0.933 µm feature as either a py-
roxene or spinel.  Using the adaptation of Figure 2 
from Adams (1974) [11], a pyroxene with a band I 
center located at 0.933 µm should have a band II cen-
ter between 1.8-1.9 µm.  755 Quintilla’s band II center 
(~1.7 µm) is outside that range indicating that this fea-
ture is not due to an orthopyroxene. Additionally, the 
short wavelength edge of the feature is significantly 
shorter than that of a 2 µm pyroxene band.  A similar 
argument is made for the clinopyroxenes.  Assuming 
the band I center at 0.933 µm, the band II center 

should be located between 1.8-2.0 µm if a major type-
B clinopyroxene phase is present. (Type A clinopyrox-
enes do not exhibit a 2 µm absorption.)  Again, the 
Quintilla band II center falls significantly below that 
range, indicating that this feature is not due to clinopy-
roxene.   

Evidence suggests this feature is due to a spinel.  A 
0.933 µm band center is consistent with the derived 
compositional trends for spinels [12].  [12] shows that 
the feature is relatively constant (~0.915-0.935 µm) up 
to ~13 wt% FeO.  With higher iron contents, the band 
center shifts to significantly longer wavelengths [12].  
A band center of 0.933 +/-0.01 microns would indicate 
a spinel with no more than ~13 wt% FeO.  The spec-
tral data is consistent with an Mg- and Fe2+-rich 
aluminous spinel.  Data suggests this is not a chromite 
spinel due the absence of an expected 1.3 µm feature.  
The short wavelength edge of the third feature extends 
to 1.5 µm and the long wavelength edge does not lie 
within our spectral range (i.e. >2.4 µm).  [12] indicates 
the band II center for an aluminous spinel is located 
around 2.8 microns, which is beyond the spectral range 
of the present data. 

The nature of the feature located at 1.594 µm is 
currently unknown, but it is repeated on two nights 
and it is not seen in other asteroid spectra from those 
two nights which suggests that it is real.  Currently, the 
mineralogical analysis of this feature is ongoing. 

Conclusions:   Based on the data we can conclude 
that the surface assemblage of 755 Quintilla contains a 
spinel phase in addition to any other metal or silicate 
phases.  Further analysis is necessary to substantiate 
the 2.8 µm band center for the proposed spinel phase.  
Ongoing interpretation is being conducted into the 
origin of the 1.594 µm band center. 
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