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Abstract. Spectroscopic observations of asteroids of smaller sizes and in the near-
infrared have led to many exciting discoveries that have increased substantially our
knowledge of the mineralogy of asteroids. These discoveries include the identification
of hydrated M and E-asteroids, the mineralogical diversity of the S-class, anomalous S-
asteroids, a possible source body of the aubrites, Vesta-like objects in the main belt,
possible ordinary chondrite-like objects and one of the reddest objects in the solar system.

1. Introduction

Since the publication of Asteroids II in 1989, there has been a considerable amount
of work in asteroid spectroscopy that has increased substantially our knowledge
of the mineralogical diversity of asteroids within and beyond the asteroid belt.
Asteroid types that were just postulated to exist have been discovered in the past
few years. These discoveries coupled with the identification of some objects not
even considered to exist have led to a very exciting time in asteroid spectroscopy.
This review paper will discuss seven of these discoveries and they include

1) the hydrated M and E-asteroids,

2) the mineralogical diversity of the S-class,

3) the two anomalous S-asteroids (387 Aquitania and 980 Anacostia) with fea-
tures uncharacteristic of any other type of S-asteroid,

4) the linkage of the earth-crossing E-asteroid 3103 Eger with the aubrites,

5) the Vesta-like objects in the Vesta family and also extending out to the Jovian
3 : 1 resonance region,

6) a possible ordinary chondrite-like object in the main belt and

7) the outer solar system asteroid 5145 Pholus that is one of the reddest objects
in the solar system.
In addition to this paper, readers should also refer to more extensive recent reviews
by Gaffey et al. (1993b) and Pieters and McFadden (1994).

2. Asteroid Taxonomy and Mineralogy

The most widely used taxonomy today is the one developed by Tholen (1984) using
seven colors (normalized to the visual filter) from the Eight-Color Asteroid Survey
(ECAS) (Zellner et al. 1985), which observed 589 asteroids using eight broadband
filters from 0.34 to 1.04 pm. Tholen created fourteen asteroid classes with eleven
of the classes distinguished by their ECAS spectra alone. Three classes (E, M and
P) had degenerate ECAS spectra and could only be distinguished by visual albedo.
Later taxonomies by Barucci et al. (1987) and Tedesco et al. (1989) used different
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classification methods on the ECAS data set in conjunction with IRAS albedos. The
resulting taxonomies that they produced yielded classifications similar to Tholen'’s.

Mineralogical analysis of an asteroid’s spectrum is done by comparing it to
the spectral characteristics of laboratory measured materials. [Detailed reviews
of asteroid and mineral spectroscopy can be found in Gaffey et al. (1989) and
Gaffey et al. (1993b).] The mineralogical information that can be obtained from the
analysis of a visual wavelength spectrum is the presence or absence of an ultraviolet
absorption feature due to Fet?, the presence or absence of an absorption feature
due to olivine and/or pyroxene that appears longward of 0.7 um and is centered
approximately between 0.9 and 1.1 pm (usually called the 1 pm feature) and the
slope of the spectrum longwards of 0.55 ym that is due to presence or absence of
some reddening agent (e.g., organics, NiFe). Also the visual albedo can be used to
discriminate between different mineralogical types that have similar visual spectral
characteristics. Mineralogical analysis of ECAS spectra is hampered by the low
resolution of the spectra with reflectances at only eight wavelengths from 0.3 to
1.1 pm, the coverage of only part of the 1 um absorption feature (when present)
that can extend out into the near-infrared and the lack of any information on the
presence or absence of a 2 um absorption feature usually due to pyroxene.

The analysis of the ECAS data, in conjunction with a number of other data sets
(e.g., radar, near-infrared photometry) that were done for much smaller numbers of
asteroids, led to a picture of the asteroid belt up to 1989 that is best described by
the Bell superclass paradigm (Bell 1986, Bell et al. 1989) (Table I). This paradigm
groups the asteroid classes according to the degree of metamorphic heating that
they are believed to have received. A very general mineralogic interpretation is
given for each class plus the meteorites that are possible analogs to asteroids in
that class. However the seven discoveries that are discussed in this paper will show
that many of the asteroid classes are now known to contain very mineralogically
diverse assemblages and that Table I gives only a very general framework of the
asteroid belt. Recent revisions of the Bell superclass paradigm have been done
by Burbine and Bell (1993a, 1993b) to try to better represent the compositional
diversity within the classes.

3. Asteroid Spectroscopy

In addition to the progress in mineralogic analyses, substantial advances have been
made in the observational techniques for asteroid spectroscopy at both visual and
near-infrared wavelengths. The primary factor in these advances has been the in-
corporation of charge-coupled devices (CCDs) into asteroid spectroscopic observing
programs. Because CCDs are area detectors with high quantum efficiencies, com-
plete visual spectra within all or part of the range from 0.4 to 1.0 um can be
recorded in a single exposure with a much higher spectral resolution (~10 A) than
filter photometry. Simultaneous recording of all parts of the spectrum (as well as
the sky) makes the measurements insensitive to flux variations caused by the irre-
gular shape of a rotating asteroid. At visual wavelengths, several researchers have
led the movement into using CCDs for asteroid spectroscopy (e.g., Luu and Jewitt
1990, Vilas and McFadden 1993). Improved quantum efficiencies at near-infrared
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TABLE 1

Bell Superclasses

Superclass Class Inferred Minerals Analogous Meteorites
Primitive D clays, organics (none)
P clays, organics (none)

C clays, C, organics CI, CM chondrites

K ol, pyx, carbon CV and CO chondrites

Metamorphic T ? ?
B+G+F clays, opaques altered carb. chondrites

Q PYyX, ol, gray NiFe H, L, LL chondrites ?

Igneous A\ plag, pyx, ol basaltic achondrites
R ol, pyx ol-rich achondrites?

S PYX, ol, red NiFe pallasites, lodranites, irons ?

A ol ~ brachinites

M NiFe irons

E Fe-free pyx aubrites

wavelengths have allowed some important asteroid discoveries (discussed below)
and have facilitated observations being pushed to fainter and smaller asteroids
(e.g., Clark 1993).

The Small Main-Belt Asteroid Spectroscopic Survey (SMASS), initiated at the
Massachusetts Institute of Technology in 1990 (Binzel and Xu 1990, Xu et al. 1993,
Xu 1994) provides an example of the potential for asteroid spectroscopy using
CCDs. Figure 1 shows the approximate size limits for asteroids that were well-
sampled by previous surveys, such as the Eight-Color Asteroid Survey by Zellner
et al. (1985). Use of CCDs with modern spectrographs on two-meter telescopes
allows the limit for visual spectra to be pushed to well below 10 km diameter
asteroids in the inner main-belt. The effective limit for SMASS, which utilizes the
2.4 m Hiltner telescope of the Michigan-Dartmouth-MIT Observatory, is shown in
Figure 1. This new capability to spectroscopically sample nearly all of the numbered
asteroids has lead to several important discoveries (discussed below) and promises
a tremendous potential for further advances during the 1990s.

Another important observational technique is rotationally resolved spectroscopy
where spectra are taken at different times throughout the asteroid’s rotational
period. These rotationally resolved spectra allow for compositional differences to be
measured across an asteroid. This technique has been used to make a compositional
map of Vesta (Gaffey 1983), to determine the igneous nature of 8 Flora (Gaffey
1984) and to characterize compositional differences across 243 Ida (Barucci and
Lazzarin 1993).
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Fig. 1. Orbital distribution of asteroids plotted versus their diameters. The top line
depicts the approximate limit where previous surveys have obtained reasonable sampling
statistics among the larger asteroids. With the advent of CCDs, programs such as the
Small Main-Belt Asteroid Spectroscopic Survey (SMASS, lower dashed line) can routinely
sample the spectral properties of main-belt asteroids having diameters of about 10 km or
less.

4. Hydrated M and E-asteroids

Spectra from approximately 2.5 to 3.5 pm allow the determination of the presence
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or absence of a broad absorption feature centered at approximately 3 pm that is
due to hydrated silicates on the surface of an asteroid. The presence of hydrated
silicates indicates that the original parent bodies, believed to have been composed
of anhydrous silicates and ice, underwent aqueous alteration due to a mild heating
episode that raised temperatures in the interior above the freezing point of water.
The most detailed observational work in this area was done by Jones et al. (1990),
who analyzed 3 pm observations of 46 asteroids. They found that approximately
two-thirds of the C-type asteroids had hydrated silicate surface compositions.

Observations were also done on “igneous” asteroids (asteroids whose surface mi-
neralogies are believed to have formed from a melt) to try to confirm that 3 pm ab-
sorption features are not characteristic of these supposedly “anhydrous” asteroids.
Observations of three S-asteroids and 4 Vesta confirmed the absence of hydrated
silicates on the surfaces of these asteroids. However two of the three M-class aste-
roids observed (55 Pandora and 92 Undina) were found to have 3 pm features
that seem to indicate the presence of hydrated silicates and not the metallic iron
compositions that are the mnemonic corresponding to the classification letter “M.”
[Undina was originally given the designation of X (EMP) by Tholen (1984) due to
the asteroid’s lack of a visual albedo at that time, but was given the designation of
M based on its IRAS albedo of 0.20 in other taxonomies (Barucci et al. 1987, Tede-
sco et al. 1989).] The 3 um observations of these two asteroids have been repeated
to try to confirm or reject the presence of hydrated silicates (Howell personal com-
munication, Rivkin et al. 1994). Preliminary observations of 55 Pandora (Howell
personal communication) are not consistent with the observations of Jones et al.
(1990) and appear to indicate an anhydrous assemblage. However observations of
92 Undina (Rivkin et al. 1994) confirm the presence of hydrated silicates on this
asteroid. The observed M-asteroid without a 3 ym feature is 16 Psyche, which is
generally thought to have a considerable metallic iron component due to its high
radar albedo (Ostro et al. 1985).

Observations were also made of the E-type asteroid 44 Nysa. Nysa and other
E-type asteroids have been thought to have surfaces dominated by a nonabsor-
bing, spectrally neutral phase such as enstatite, forsterite or some other iron-poor
silicate due to their high albedos and relatively featureless spectra (Gaffey et al.
1989). These asteroids are believed to have surfaces that are the crusts or exposed
mantles of differentiated parent bodies with E-chondrite bulk compositions (Zell-
ner et al. 1977). Nysa also has a weak 0.85-0.90 pm pyroxene feature, not evident
in other E-type asteroid spectra, that is consistent with low-iron enstatite seen in
some meteorites (Gaffey et al. 1989). However 3 pm observations of Nysa (Howell
personal communication, Rivkin et al. 1994) appear to indicate the presence of
hydrated silicates on this asteroid. Either the E or M-types with 3 pm features are
not igneous or some currently unknown post-igneous aqueous alteration processes
have operated on these asteroids. Thus, these observations appear to indicate that
some percentage of the classified M and E-asteroids may have compositions similar
to the C-type asteroids. Just as importantly, the apparent discovery of hydrated
silicates among asteroids classified as “M” and “E” reminds us that taxonomy is
based on the characteristics of spectral features and does not automatically carry
with it an interpretation of the mineralogy.
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5. Diversity of the S-class

High-resolution spectra from 0.8 to 2.5 um allow for a better determination of the
1 pm feature, the degree to which the spectrum is reddened, the identification of
the presence or absence of absorption features such as the 1.1 pm feature due to
feldspar, a 2 pm feature (due to minerals such as pyroxene and spinel) and a 2.2
um feature attributed to organics (Cruikshank et al. 1991a). The most extensive
observing program in this wavelength range was done by Bell et al. (1988) who
observed 119 asteroids (predominately of the S-class) as part of the 52-channel
(also known as the 52-color) survey. Analyses of the 52-channel data have led
to the creation of the K-class (Bell 1988), which are objects with S-like ECAS
spectra but flat reflectances in the near-infrared, and the creation of a preliminary
asteroid taxonomy using a neural network (an artificial intelligence program that
will recognize patterns in a data set) (Howell et al. 1994). This taxonomy supports
the separation of the K-class from the S-class and also defines two sub-classes within
the S-class (So and Sp). So-asteroids are olivine-rich with a red continuum slope
while Sp-asteroids are pyroxene-rich with a less red continuum slope. The remaining
S-asteroids show intermediate olivine-pyroxene compositions with a moderately red
continuum slope.

The 52-channel data, in conjunction with ECAS and/or 24-filter data, yield co-
verage of both the 1 and 2 pm absorption features thereby allowing much better
mineralogical analyses of asteroids (A, S and V-classes) that have features predo-
minately due to olivine and/or pyroxene. From the initial classification by Tholen
(1984), the S-asteroids were known to be a very compositionally diverse spectral
class, but no subdivision of the S-class was attempted. The spectral range and
resolution of the 52-channel data allow for a much better determination of the
mineralogic characteristics of the olivine and/or pyroxene absorption features that
appear to be crucial for sub-dividing the S-class. For olivine-orthopyroxene mixtu-
res, the relative areas of the 1 and 2 um features (called the band area ratio) and
the center of the 1 um feature (called the band I center) have been found to be
related to the olivine-orthopyroxene abundance (Cloutis et al. 1986). Gaffey et al.
(1993a) used these parameters to group 39 S-asteroids with 52-channel spectra
into seven compositionally distinct subtypes [S(I)-S(VII)]. The reflectance spectra
of S(I)-asteroids are indicative of monomineralic olivine assemblages, the spectra of
the S(II) to S(VI)-asteroids are indicative of varying olivine/pyroxene abundances
and the spectra of S(VII)-asteroids are indicative of pyroxene or pyroxene- feldspar
assemblages.

These spectral parameters (band area ratio and band I center) were also com-
pared to the spectral parameters derived from the analysis of the spectra of ordi-
nary chondrites. Except for the S(IV)-subclass, the S-asteroids have very different
spectral parameters from the ordinary chondrites, which implies different silicate
(olivine and pyroxene) mineralogies and no relationship between these two sets of
objects. The S(IV)-asteroids (e.g., 3 Juno, 6 Hebe, 7 Iris) have silicate mineralo-
gies consistent with ordinary chondrites and appear to be the only viable ordinary
chondrite parent body candidates among the large main-belt S-asteroid population.
However the silicate mineralogies of the S(IV)-asteroids are also consistent with the
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mineralogy of objects that have undergone small degrees of partial differentiation
(primitive achondrites), so these objects need to be more intensely studied before
any definite conclusions can be made. It is interesting to note that the S(IV)-
asteroids appear to cluster at semimajor axes between 2.3 and 2.6 AU (Gaffey et
al. 1993a), just where the Jovian 3 : 1 and v secular resonances both provide viable
dynamical routes to Earth-crossing orbits (e.g., Farinella et al. 1993).

6. Anomalous S-asteroids

The 52-channel data also have allowed for the identification of some asteroids that
appear distinctly different when compared to other S-types. Burbine et al. (1992)
identified S-asteroid 387 Aquitania and SU-asteroid 980 Anacostia as having ab-
sorption features not characteristic of assemblages of olivine and/or pyroxene. The
reflectance spectra of assemblages of olivine and/or pyroxene always have a 1 ym fe-
ature stronger than the corresponding 2 pm feature. In contrast, these two asteroids
each have a 2 pym feature stronger than the corresponding weak to non-existent 1
pm feature. This feature has been interpreted as being either due to spinel (Burbine
et al. 1992) or chromite (a member of the spinel group) (Cloutis and Gaffey 1993).
The presence of spinel would appear to indicate a surface composed of CO/CV
carbonaceous material enriched in calcium-aluminum (CAI) inclusions while the
presence of chromite would indicate an achondritic surface enriched in chromite
that maybe similar to the composition of two unique chromite-rich achondrites
that have just been recently described (Meteorite Working Group 1993, Takeda et
al. 1993).

7. E-asteroid 3103 Eger and the aubrites

As stated before, E-asteroids, because of their high albedos and relatively feature-
less spectra, have been interpreted as having surfaces dominated by a nonabsorbing,
spectrally neutral phase such as enstatite or forsterite. These E-asteroids have been
thought to be the probable parent bodies of the aubrites or enstatite achondrites
(e.g., Zellner et al. 1977). The Hungaria asteroid region, which is located between
1.79 AU and 1.98 AU, is dominated by E-types and contains approximately half of
all E-types known in the asteroid belt.

The only Earth-crossing E-type asteroid known is 3103 Eger (provisionally de-
signated as 1982 BB), which was classified as an E-type (Veeder et al. 1989) due
to its relatively neutral visual colors (Wisniewski 1987) and high albedo (0.53-
0.63) (Veeder et al. 1989). Observations by Gaffey et al. (1992) in the visible and
near-infrared confirmed that Eger has a featureless spectrum consistent with its
classification as an E-type. Gaffey et al. (1992) have proposed that this object is
the actual near-Earth parent body of the aubrites. The lines of evidence include the
rareness of E-type asteroids in Earth-approaching orbits, the time of day of aubrite
falls that indicates a limited range of source orbits with many of those orbits similar
to Eger, the clustering of cosmic ray exposure ages (which records the time that
a meteorite spent within a meter of the surface of its original parent body or as a
meter-size fragment in interstellar space) for the aubrites and similarities in mine-
ral compositions that suggest that most aubrites are derived from a single parent
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body (e.g., Keil 1989). The aphelion distance of Eger (1.905 AU) falls within the
Hungaria zone and this fact, in conjunction with this asteroid’s designation as an
E-type, appears to indicate that Eger was most probably derived from that region.
These results represented the first plausible direct link between a meteorite group
(aubrites) and a particular source region of the asteroid belt.

8. Vesta-like Asteroids

Asteroid 4 Vesta is unique in being the only large main-belt asteroid in the V-
class. Vesta’s reflectance spectrum also is known to be very similar to the spectra
of basaltic achondritic meteorites (McCord et al. 1970, Feierberg et al. 1980, Feier-
berg and Drake 1980). This spectral similarity argued for Vesta being the source of
the basaltic achondrites, however cratering mechanics argued against Vesta being
the source due to the belief (Wetherill 1987) that ejection velocities would not be
high enough to allow fragments to reach some of the dynamically favored meteorite
source regions such as the Jovian 3 : 1 and v secular resonances. But the identi-
fication of a statistically robust family around Vesta (Zappald et al. 1990) showed
that fragments could be ejected from Vesta’s surface at velocities well exceeding the
escape velocity (300 m/s) and could obtain velocities (> 600 m/s) that were high
enough to reach the Jovian 3 : 1 resonance (Farinella et al. 1993). Three basaltic
Earth approaching asteroids were also found to exist (Cruikshank et al. 1991b),
however it was still very difficult to persuasively argue that Vesta was the source
of the basaltic achondrites.

Recent CCD spectroscopy of small asteroids (diameters < 10 km) near Vesta ap-
pears to have established Vesta as indeed being the source of the basaltic achondrite
meteorites. These asteroids were part of a spectroscopic survey of Xu (1994) whose
goal was to determine the spectral characteristics of these small main-belt aste-
roids so as to reveal possible difference in composition between the large and small
asteroid populations and hopefully establish new links in the asteroid-meteorite
connection. Binzel and Xu (1993) identified twenty-one main-belt asteroids that
have CCD spectra from 0.5 to 1.0 um that are distinctly similar to Vesta. Thirteen
of these asteroids were found within the previously predicted Vesta family, while
the other eight bridge the orbital space between Vesta and the Jovian 3 : 1 reso-
nance (Figure 2). It appears very likely that all of these fragments were initially
derived from Vesta through one or more impact excavations.

Binzel and Xu (1993) noticed that fifteen of these asteroids had spectra very
similar to Vesta (and to eucrites) with absorption band centers near 0.94 ym and
classified them as V-types (Figure 3). However the remaining six asteroids had
spectra that peaked more sharply at a shorter wavelength and showed a much
deeper and less broad 0.90 pym absorption band (Figure 4). These characteristics
are suggestive of diogenites and these asteroids were classified with the letter J
(mnemonic for the diogenite Johnstown). A principal component analysis (Burbine
and Xu personal communication) shows that the J class does indeed separate from
the V class. A true mineralogical distinction between the V and J classes requires
near-infrared spectral data. Specifically, diogenites are distinguished from eucrites
by the lack of a weak feldspar absorption band near 1.2 ym.
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Fig. 2. Distribution of asteroids in proper orbital element space in the inner main belt
for (A) semimajor axis versus sin ¢ (inclination) and (B) semimajor axis versus eccentric-
ity. Vesta’s position is denoted by X. The symbol e indicates the positions for the thirteen
Vesta family asteroids that we have observed to display basaltic achondrite spectra. Posi-
tions for asteroids that we have also observed, but which do not have basaltic achondrite
spectra are denoted by o. Eight additional discovered basaltic achondrite asteroids (filled
squares), bridge the region between Vesta and the Jovian 3 : 1 resonance (2.50 AU).
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Fig. 3. Optical reflectance spectra for fifteen asteroids that display a deep absorption
band near 0.9 pm, characteristic of basaltic achondrites. A spectrum of Vesta, obtained
with the same instrumentation, and spectra of eucrites Bereba and Pasamonte (solid lines)
(Gaffey 1976) are included for comparison. All spectra have been normalized to unity at
0.55 pm and have been offset vertically for clarity.
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Fig. 4. Optical reflectance spectra for six additional basaltic achondrite main-belt aster-
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0.9 pm absorption bands centered at a shorter wavelength. Their spectral properties are
more analogous to the diogenites. A spectrum of the diogenite Johnstown (Gaffey 1976)
is included for comparison. All spectra have been normalized to unity at 0.55 ym and
have been offset vertically for clarity.
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9. Possible Main Belt Ordinary Chondrite Asteroid

Also part of the CCD spectroscopic survey of Xu (1994) was the discovery of the
spectrally anomalous characteristics of asteroid 3628 Boznémcové (diameter =~ 7
km) (Binzel et al. 1993). As shown in Figure 5A, Boznémcova has a CCD spectrum
significantly different than the spectra from 0.5 to 1.0 pm of all other known types
of asteroids. The figure clearly shows that its spectrum is distinct from the Q-
type asteroid 1862 Apollo. However the CCD spectrum of this asteroid appears
very similar to the corresponding spectra of ordinary chondrites (Figure 5B). The
only near-infrared data available for this object are from JH (1.2 and 1.6 um)
photometry that appear roughly consistent with the ordinary chondrite spectra
within the 1 o error bars. Much higher resolution near-infrared data are needed to
confirm the existence of an ordinary chondrite-like surface for this asteroid.

In addition to Boznémcova’s spectral similarity to ordinary chondrites, it is also
located near the Jovian 3 : 1 resonance, a location which many researchers have
predicted as an ordinary chondrite source region. It has been argued that many
more ordinary chondrite-like objects should exist in this region and have not been
seen only because of their small sizes (Bell et al. 1989). These postulated “small”
ordinary chondrite asteroids could either be primordial objects or the relatively
young fragments from larger precursor objects. However of the approximately 70
small asteroids (diameters < 20 km) observed in this region, only one of them had
any spectral similarity to ordinary chondrites. Thus at present, the discovery of one
possible ordinary chondrite asteroid does not resolve the problem for identifying
the source(s) for this most common meteorite type.

10. 5145 Pholus

Another spectrally anomalous asteroid is 5145 Pholus, which was discovered on
1992 January 9 just inside the orbit of Saturn (Scotti 1992). Pholus has a perihelion
distance of 8.7 AU and an aphelion distance of 32.3 AU. CCD spectra from 0.5 to
1.0 pm (Fink et al. 1992; Binzel 1992), BVRI colors (0.43 to 0.8 ym) (Mueller et al.
1992) and JHK colors (1.2, 1.6 and 2.2 um) (Davies and Sykes 1992) show Pholus
to be one of the reddest objects in the solar system. Its spectrum is unlike the
spectrum of any known asteroid.

The spectrum of Pholus is best matched by the spectra of tholins (Cruikshank
et al. 1991a), which are the nonvolatile residues produced by the irradiation of C-
bearing ices and gas mixtures. Due to its anomalous spectrum and distance from
the surn, it has been postulated that Pholus is a “comet” that has yet to have
“turned on” and started cometary activity (Fink et al. 1992, Mueller et al. 1992,
Binzel 1992). Pholus has been tentatively classified as a Z-type asteroid (Mueller
et al. 1992)

11. Future Work

The exciting new discoveries in asteroid spectroscopy and taxonomy within just the
last few years appear to foretell of a promising and interesting future for the 1990s.
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Fig. 5. Visible and near-infrared reflectance spectrum of the main-belt asteroid 3628
Boznémcovd compared with (A) spectra of other asteroids and (B) spectra of ordinary
chondrites. Error bars are affixed to the points denoting simultaneous measurements at
0.67, 1.26 and 1.64 pm. The spectral features of Boznémcova are presently unique among
all measurements of main-belt asteroids. In comparison with meteorite spectra (B), the
measurements of Boznémcova are most consistent with L6 and LL6 ordinary chondrites.
All spectra have been normalized to unity at 0.55 pm.
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Continued directions toward surveying smaller asteroids and for obtaining spec-
tra out into the near-infrared promise to illuminate many of the current problems
in the field. Importantly the trend appears away from just assigning a taxonomic
letter to individual asteroids. Instead, the trend is toward more thoroughly under-
standing the mineralogy of individual asteroids and making comparisons based on
mineralogy. We are taking our first steps toward what might be called “asteroid

geology.”
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