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The asteroid 4 Vesta has generated great interest among
asteroid scientists throughout history. It is the third-largest
asteroid and has an unusually high albedo of 0.42 [1]. This
combination of factors makes it the brightest asteroid, and it is
visible to the naked eye during its most-favorable apparitions.

The surface of Vesta shows evidence of rotational spectral
variation [2]. This has been quantified and mapped using HST
data [3,4]. The variation has been interpreted both as due
to compositional differences and due to regolith maturation
processes (space weathering - see [5]). The spectrum itself
(classified as “V-class” in asteroid taxonomies [6,7] shows a
close resemblance to the howardite-eucrite-diogenite (HED)
group of meteorites [8]. These meteorites represent samples
from a differentiated parent body, and geochemical arguments
[9] as well as the discovery of a dynamical family with Vesta-
like spectra and V-class near-Earth objects [10]. has led to
a near-consensus that the HED meteorites come from Vesta
[11].

As a result, the finding of a 3- � m absorption band in the
spectrum of Vesta was unexpected [12]. The HED meteorites
are anhydrous, while a broad absorption at 3 � m on airless,
rocky bodies and in meteorites is associated with OH and H � O
[13]. The work of Hasegawa et al. suggested that Vesta’s 3-
� m band was not globally-distributed, and was weak ( � 1%).
It was interpreted as due to contamination from carbonaceous
impactors, which would be expected to have hydrated minerals.

Observations: We observed Vesta at three apparitions:
August 2001, February 2003, and August 2004. The sub-
solar and sub-Earth latitudes are presented in Figure 2. The
2001 observations were short in duration, while the 2003 and
2004 observations covered Vesta’s entire rotation. In 2003 the
coverage was relatively sparse compared to 2004.

Observations were made using SpeX, an infrared spectro-
graph on the IRTF on Mauna Kea [14]. The long-wavelength
cross-dispersed (LXD) mode was used, resulting in spectral
coverage from 2.0-4.0 � m. In practice, the longest wave-
lengths are often compromised by excessive thermal flux from
the atmosphere, leading to non-linear responses on the SpeX
chip for desired exposure times. The useable spectral region
in these data is 2.0-3.8 � m. Solar-type standard stars were ob-
served often throughout the runs, such that every Vesta obser-
vation had a standard observations available at a close airmass
and time match. The LXD data were reduced using Spex-
tool, an IDL-based package provided by the IRTF for analysis
of Spex data [15]. The final spectra were convolved with a
Gaussian to a final resolution of 250, again using a Spextool
package.

Results: We measured the 3-micron region looking for
variations with respect to longitude, with 55 LXD spectra com-
pletely sampling the portion of Vesta’s surface visible from
Earth in August 2004. These show no band depths greater

than observational uncertainties ( 0.5%) at any phase, and no
variation in the 2.95/2.5 micron reflectance ratio larger than 1%
(Figure 1). Larger variations are present at other wavelengths.
In particular, variation is seen at different longitudes beyond
3.4 microns and is interpreted in terms of thermal emission and
may arise due to albedo variation across the surface. Figure
1 also shows the 2.2/2.5 � m reflectance ratio, which varies as
the 2- � m pyroxene band depth changes across Vesta’s surface.

The 2004 observations were centered south of Vesta’s
equator. The observations of Hasegawa et al. were centered
north of the equator, as were the 2001 and 2003 observations
presented here. All of these northern-hemisphere observations
are mutually consistent, as are spectrophotometric data from
1983 [16]. While it is difficult to resolve an absorption band
greater than the uncertainties in our 2003 data, the 2001 data
seems to confirm the Hasegawa work, though the presence
and depth of a band may depend on the choice of wavelengths
where telluric influence extends. A comparison of these data
sets is in Figure 2, which shows the difference seen between
northern and southern hemisphere spectra.

Implications: The presence of a shallow 3- � m band on
Vesta allows us to address its meaning on other bodies. It
has been hypothesized that solar-wind implantation could be
responsible for this band on all asteroids [17]. Vesta provides
the most ideal conditions for solar-wind implantation in this
model, but the observed band depth of less than 1% implies
that this process is not important on this or other asteroids.
If due to impact of carbonaceous material, it is possible that
estimates of the infall rate of that material could be made using
reasonable values for the age of Vesta’s surface and the fraction
of carbonaceous material. The association of the apparent 3-
� m band with a lower-albedo area on Vesta is consistent with
an infall of carbonaceous material, although other origins are
possible. The hemispherical difference seen may be due to
different exposure ages for the different hemispheres, with the
large crater near Vesta’s south pole plausibly “resetting” the
southern hemisphere.

References:
[1] Tedesco (1992) Infrared Astronomical Satellite Minor Planet
Survey Catalog. [2] Bobrovnikoff (1929), Lick Obs. Bulletin
XIV. [3] Gaffey (1997), Icarus 127. [4] Binzel et al. (1997)
Icarus 128. [5] Clark et al. (2002)in Asteroids III. [6] Tholen
(1984) Ph.D. dissertation, U. Arizona. [7] Bus and Binzel
(2002), Icarus 158. [8] McCord et al. (1970), Science 168.
[9] Consolmagno and Drake (1977), GCA 41. [10] Binzel and
Xu (1993) Science 260. [11] Keil (2002) in Asteroids III. [12]
Hasegawa et al. (2003) GRL 30. [13] Rivkin et al. (2002)
in Asteroids III. [14] Rayner et al. (2003) PASP 115. [15]
Cushing et al. (2003), PASP 115. [16] Feierberg et al. (1985)
Icarus 63. [17] Starukhina (2001) JGR 106.

Lunar and Planetary Science XXXVI (2005) 1811.pdf



VESTA AT 3 � M: A. S. Rivkin et al.

0 30 60 90 120 150 180 210 240 270 300 330 360

Sub-Observer Longitude

0.8

0.85

0.9

0.95

1

1.05

1.1

N
or

m
al

iz
ed

 R
ef

le
ct

an
ce

2.2 µm / 2.5 µm (LXD mode)
2.95 µm / 2.5 µm (LXD)

Figure 1: Spectral ratios for Vesta. The 2.2 � m to 2.5 � m reflectance ratio shows variation in the 2- � m band depth, while the 2.95
� m ratio would show variation in any 3- � m band. This latter ratio is flat within � 1%. The 2.2 � m variation is consistent with that
seen by other workers.
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Figure 2: Comparison of Northern and Southern Hemisphere spectra. The red, solid black and open symbols all are centered
in Vesta’s northern hemisphere, seen by HST to have a lower albedo. These are all consistent with a shallow absorption in the
3- � m region, with reflectances longward of 2.9 � m � 1% less than at 2.5 � m (thin horizontal line). The southern hemisphere data,
represented by the blue points, have reflectances in the 3- � m region higher than those at 2.5 � m. The 2003 data are from Hasegawa
et al., the 1983 data from Feierberg et al. The 2001 and 2004 data have been smoothed to a resolution of 250, and high-frequency
variations are not mineralogically important.
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