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ABSTRACT

Aims. Results of different polarimetric campaigns at Complejo Astronómico El Leoncito (Casleo), San Juan, Argentina are presented.
The aim of these campaigns was to search for objects exhibiting anomalous polarimetric properties, similar to those shown by the
Ld-class asteroid (234) Barbara, among members of the same or similar taxonomic classes.
Methods. The data have been obtained with Torino and CASPROF polarimeters at the 2.15 m telescope. The Torino polarimeter is
an instrument that allows simultaneous measurement of polarization in five different bands, and CASPROF polarimeter is a two-hole
aperture polarimeter with rapid modulation.
Results. The campaigns began in 2005, and we found four new asteroids with Barbara-like polarimetric properties: the L-class
objects (172) Baucis, (236) Honoria and (980) Anacostia, and the K-class asteroid (679) Pax. The polarimetric properties of the
phase-polarization curves of these objects may be produced by a mixture of high- and low-albedo particles in their regolith as a result
of the fragmentation of a substrate that is spectrally analog to the CO3/CV3 chondrites.
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1. Introduction

When unpolarized light is scattered by a rough surface it be-
comes partially polarized. The polarization produced is usually
found to be linear with its azimuth either normal or parallel to
the scattering plane, which in the Solar System is the plane con-
taining the asteroid, the Sun, and the Earth at the epoch of ob-
servation. In polarimetry, the results of observations are usually
expressed using the parameter Pr = (I⊥ − I‖)/(I⊥ + I‖), where
I⊥ and I‖ are the intensities of the scattered light polarized along
the planes perpendicular and parallel to the scattering plane, re-
spectively.

Pr is found to change with the angle between the incident
and observation rays, usually known as the phase angle, α. A
plot of Pr against α is known to produce a characteristic curve
described by some parameters whose measured values are found
to be diagnostic of the overall texture and optical properties of
the surface. For phase angles <∼20◦, Pr turns out to be negative,
reaching a minimum of polarization, Pmin, at phase angles ≈10◦.
This general behavior characterizes, with some minor differ-
ences (Belskaya et al. 2005) depending on the taxonomic class,
all asteroids observed so far. Beyond ≈20◦ of phase, the polar-
ization changes sign at the inversion angle, α0, and becomes
positive. The existence of a branch of negative polarization ex-
hibited by atmosphereless Solar System bodies is a well-known
fact, which is generally explained in terms of the occurrence
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coherent backscattering phenomena (Muinonen et al. 2002b,
2007; Tyynelä et al. 2007).

Laboratory measurements on a variety of rocks, meteorites,
lunar, and artificial samples, both solid and pulverized, have pro-
duced empirical relationships between the polarimetric param-
eters that can be understood in terms of simple physical pro-
cesses (Geake & Dollfus 1986, and references therein). It has
been demonstrated experimentally that the polarization param-
eters Pmin and α0 are related to the surface texture. Laboratory
measurements on bare chips or large fragments of rocks, from
the Moon or Earth, are confined to values around |Pmin| = 0.5%
and α0 = 13−14◦, whereas very finely divided silicaceous pow-
ders and lunar fines are grouped around |Pmin| = 1.0% and
α0 = 22−23◦. Pulverized rocks with grain sizes between 30 and
300 µm come in between these two domains. The discrimination
is clear, and such plots have been used for the remote analysis of
microtextures on the surface of planetary bodies.

Planetary surface analysis by telescopic photopolarimetry
and surface landings on the Moon and Mars have already demon-
strated that all the atmosphereless planetary objects in the Solar
System are subject to the formation on their surfaces of a thick
layer of small grains and debris. This layer, denominated the re-
golith, is produced by meteoritic impacts which accumulate a
layer of comminuted fragments, periodically gardened by new
impacts that produce further ejecta. For impacts on lunar-sized
objects with average impact velocities of several tens of kilo-
meters per second, the cumulative effect of impacts produces a
thick layer of 10 µm size grains (Gault et al. 1974; Langevin &
Arnold 1977).

In the case of the asteroids the situation is different. For the
larger objects, polarimetry indicates a regolithic layer made up
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of a broad mixture of particle sizes, mainly >50 µm, but mixed
and partially-coated with small particles of ≤10 µm (Le Bertre
& Zellner 1980). The depletion of small grains, compared to the
Moon, results from the escape velocity several times lower for
these objects. For the smaller asteroids, the polarimetric signa-
ture is consistent with a coarse regolith still more depleted in
the smaller particles. This depletion can be easily justified, tak-
ing into account that small ejecta from impact events on asteroid
surfaces usually achieve speeds well above the escape velocity
of their parent body (O’Keefe & Ahrens 1977).

In principle, therefore, one could expect that the polarimetric
properties of asteroids of different sizes and compositions might
be quite complex and heterogeneous. Objects of smaller sizes are
expected to be increasingly depleted in small regolith particles,
and the possible presence of albedo and texture variegation of
the surface, could be expected to produce further complications.
It is true, however, that so far the observed polarimetric behav-
ior of a large variety of asteroids of different sizes and belong-
ing to different taxonomic classes has been quite homogeneous.
The phase-polarization curves displayed by the objects tend to
have a uniform general morphology, apart from some variation
in some of the features of these curves (depth of the maximum
negative polarization; slope of the linear trend close to the in-
version angle), that are long known to be correlated with the
surface albedo. As an example, the phase-polarization curve of
the very small, near-Earth asteroid (25143) Itokawa, measured
by Cellino et al. (2005a), allowed them to derive an albedo value
for this object in agreement with the result of the subsequent in
situ measurements by the Hayabusa space probe. This, in spite
of the fact that the strange surface of Itokawa, characterized by a
small amount of regolith and by the presence of many boulders,
looks very different with respect to the surface of other larger
asteroids visited in the past by other space missions.

Recently, however, Cellino et al. (2006) discovered that as-
teroid (234) Barbara exhibits a phase-polarization curve that is
absolutely anomalous due to a strongly negative polarization at
phases larger than 20◦. Cellino et al. proposed a few preliminary
conjectures to explain this behavior, but the possible reasons of
the peculiar polarimetric properties of this asteroid remained es-
sentially unknown and finding a plausible explanation of their
observations is theoretically challenging since this object does
not have any known analogous among other atmosphereless bod-
ies of our Solar System, for which we have available polarimetric
data.

For a long time (234) Barbara has been taxonomically clas-
sified as a member of the big S taxonomic class (Tedesco et al.
1989; Tholen 1989). More recently, however, Bus & Binzel
(2002) pointed out that a number of objects previously classi-
fied as S-type can now be classified into separate classes. In
particular, the K- and L-classes are characterized by a reddish
spectral slope, followed at longer wavelengths by a slightly neg-
ative (K-class) to flat (L-class) trend. However, from the point
of view of taxonomy, (234) Barbara belongs to a further subset
of the L taxonomic class, characterized by a particularly reddish
spectral trend. There are only 12 objects known to belong to this
subclass, named Ld, and (234) Barbara is the largest of them
(Bus & Binzel 2002). As no polarimetric data were available for
the other known Ld asteroids, we did not know whether the un-
usual polarimetric behavior of Barbara might be typical of this
class.

In the present paper, we report polarimetric observations
obtained during different polarimetric campaigns on aster-
oids (172) Baucis, (234) Barbara, (236) Honoria, (679) Pax,
and (980) Anacostia, which are new cases of Barbara-like

polarimetric behavior among main belt asteroids belonging to
the K-, L-, and Ld-classes. In Sect. 2, we describe the observa-
tions and, in Sects. 3 and 4, we present and discuss our results.

2. Observations

We carried out observations during different observing runs
between September 2005 and September 2007 at the 2.15 m
telescope of Complejo Astronómico El Leoncito (CASLEO),
San Juan, Argentina, using the Torino and CASPROF polarime-
ters. A full description of the Torino photopolarimeter can be
found in Piirola (1988) and Scaltriti et al. (1989). Here we recall
that this instrument allows for simultaneous measurement of po-
larization in five bands, using separate photomultipliers and a set
of dichroic filters. CASPROF is a two-hole aperture polarimeter
with rapid modulation provided by a rotating achromatic half-
wave retarder and Wollaston prism polarizing beamsplitter. The
complementary polarized beams are detected with photomulti-
pliers operating in pulse-counting mode, and the acquisition and
guiding are accomplished with a CCD camera viewing the sky
surrounding the entrance aperture. Since the received signal is,
in general, exceedingly low in bands other than V and R in both
instruments, only data obtained in these two bands were consid-
ered. From the analysis of several standard stars, we found the
instrumental polarization fairly constant and always below 0.1%
for both instruments.

We observed the targets during runs some weeks apart to ob-
tain measurements during the same apparition at different phase
angles. In order to check the performances of the instruments, we
observed a few bright asteroids for which polarimetric data were
already available in the literature. In these cases, the observa-
tions always fit the previously-known phase-polarization curves
of these objects.

Observing nights were generally assigned around the new
Moon to minimize the contamination of sky polarization by
moonlight when we used the CASPROF polarimeter. In all
cases, we used the smallest diaphragm allowed by the observ-
ing conditions to minimize the contribution of sky background.
Each night we observed a minimum of two zero-polarization
standard stars and one high-polarization star to determine instru-
mental polarization. The standard stars data were obtained from
Turnshek et al. (1990) and Gil-Hutton & Benavidez (2003).

We observed the targets consecutively several times each
night with individual exposure times long enough to reach ac-
ceptable signal-to-noise ratios (at least 90 s and 180 s for the
Torino and CASPROF polarimeters, respectively). The measure-
ments for each retarder position were coadded to improve the
S/N ratio and the measurement errors were evaluated assuming
a Poisson distribution. After a correction for instrumental polar-
ization, we obtained the Stokes parameters with reduction pro-
grams specially designed for each polarimeter, with some mod-
ifications to adapt the reduction to the specific needs of asteroid
polarimetry, including the computation of the position angle of
the scattering plane and the derivation of the Pr parameter.

3. Results

We present new data for (234) Barbara itself, and for the
asteroids (172) Baucis, (236) Honoria, (679) Pax, and (980)
Anacostia, which have been found to exhibit a polarimetric be-
havior similar to that of Barbara during these campaigns. The as-
teroid name, date, observing band, total integration time in sec-
onds, phase angle, position angle of the scattering plane, degree
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Table 1. Asteroids with Barbara-like polarimetric behavior observed with the CASPROF polarimeter.

Asteroid Date UT Band Tint α θ� P σP θ σθ Pr

s ◦ ◦ % % ◦ ◦ %
172 Baucis 2007 Jul. 10 V 1440 28.4 66.5 0.10 0.04 172.0 10.8 0.09

2007 Jul. 11 V 480 28.4 66.4 0.11 0.04 144.6 9.7 0.10
2007 Aug. 13 V 960 22.9 63.2 0.86 0.02 59.0 0.6 –0.85
2007 Sep. 10 V 480 12.1 48.7 1.48 0.02 46.9 0.4 –1.47

234 Barbara 2005 Sep. 04 V 720 30.4 82.2 0.72 0.04 172.2 1.4 0.72
236 Honoria 2007 Jun. 15 V 960 18.7 65.4 1.24 0.03 72.1 0.7 –1.20

2007 Jul. 10 V 960 11.3 52.6 1.24 0.02 58.3 0.5 –1.21
2007 Jul. 11 V 960 11.0 51.6 1.24 0.02 58.4 0.4 –1.21
2007 Aug. 13 V 480 7.0 114.7 1.00 0.02 110.1 0.6 –0.98
2007 Sep. 10 V 960 17.4 86.0 1.15 0.02 80.9 0.5 –1.14

980 Anacostia 2007 Jul. 11 V 480 6.7 57.9 0.98 0.02 63.5 0.4 –0.96
2007 Aug. 13 V 480 10.8 100.5 1.26 0.01 97.5 0.3 –1.25
2007 Sep. 10 V 960 21.0 89.1 0.81 0.02 85.0 0.7 –0.81

Table 2. Asteroids with Barbara-like polarimetric behavior observed with the Torino polarimeter.

Asteroid Date UT Band Tint α θ� P σP θ σθ Pr

s ◦ ◦ % % ◦ ◦ %
234 Barbara 2005 Sep. 28 V 720 25.8 93.1 0.59 0.17 102.8 6.3 –0.56

2005 Sep. 28 R 720 25.8 93.1 0.28 0.14 101.8 10.6 –0.27
2005 Sep. 29 V 720 25.5 93.7 0.44 0.16 113.3 7.2 –0.34
2005 Sep. 29 R 720 25.5 93.7 0.40 0.08 95.5 4.9 –0.40
2005 Sep. 30 V 720 25.3 94.3 0.61 0.13 111.2 4.4 –0.51
2005 Sep. 30 R 720 25.3 94.3 0.46 0.10 104.9 4.5 –0.43
2005 Oct. 01 V 720 25.0 94.9 0.57 0.10 97.7 4.5 –0.57
2005 Oct. 01 R 720 25.0 94.9 0.55 0.08 93.1 4.0 –0.55
2006 Feb. 05 V 720 24.5 74.2 0.55 0.15 79.7 6.7 –0.54
2006 Feb. 05 R 720 24.5 74.2 0.73 0.11 74.7 6.7 –0.73
2007 Mar. 15 V 720 8.4 121.1 1.61 0.18 122.2 3.1 –1.61
2007 Mar. 15 R 720 8.4 121.1 1.25 0.14 112.9 2.5 –1.20

679 Pax 2007 Sep. 03 V 720 20.0 142.9 1.34 0.04 139.7 0.7 –1.33
2007 Sep. 03 R 720 20.0 142.9 1.35 0.04 141.7 0.7 –1.35
2007 Sep. 04 V 720 20.1 144.7 1.35 0.06 146.7 1.2 –1.35
2007 Sep. 04 R 720 20.1 144.7 1.36 0.02 144.3 0.5 –1.36
2007 Sep. 05 V 720 20.2 146.6 1.35 0.07 147.4 1.4 –1.35
2007 Sep. 05 R 720 20.2 146.6 1.26 0.03 144.9 0.6 –1.26
2007 Sep. 06 V 720 20.3 148.4 1.29 0.07 146.2 1.4 –1.28
2007 Sep. 06 R 720 20.3 148.4 1.34 0.03 146.2 0.7 –1.34
2007 Sep. 09 V 720 20.7 153.8 1.14 0.04 152.6 0.9 –1.14
2007 Sep. 09 R 720 20.7 153.8 1.22 0.03 153.9 0.7 –1.22

of linear polarization and its error, position angle in the equato-
rial reference frame and its error, and Pr are shown in Tables 1
and 2.

Since normally the polarimetric observations obtained in V
and R bands agree very well with each other, measurements
for these objects in both bands are plotted together in Fig. 1,
where the few measurements already available for these aster-
oids in the literature are also included: three points for (172)
Baucis from Zellner & Gradie (1976) and Lupishko (2006),
and the V- and R-band data for (234) Barbara from Cellino
et al. (2005b). As a comparison, we also plotted polarimet-
ric data of (12) Victoria, a typical L-class asteroid. Figure 1
shows that the polarimetric properties of the objects listed in
Tables 1 and 2 exhibit remarkable differences with respect to
the more usual properties of (12) Victoria. In spite of the fact
that these asteroids belong to different taxonomic classes, from
the polarimetric point of view they exhibit a very similar be-
havior and constitute a homogeneous sample. Since previous
analysis of asteroidal phase-polarization curves showed that as-
teroids with similar surface properties have similar polarimet-
ric behavior (Penttilä et al. 2005; Goidet-Devel et al. 1995;

Gil-Hutton 2007), it is possible to obtain polarimetric parame-
ters for this peculiar group using all the observations for the five
asteroids and the semi-empirical model of phase-polarization
curves proposed by Piironen et al. (2000), M. Kaasalainen
et al. (2001), S. Kaasalainen et al. (2001), and Muinonen et al.
(2002a):

Pr(α) = A0

[
exp

(
− α

A1

)
− 1

]
+ A2α, (1)

where A0, A1, and A2 are constant coefficients. With this method,
we found a minimum of the phase-polarization curve of |Pmin| =
1.36 ± 0.13% at αmin = 13.8◦, a slope of the linear region of
the phase-polarization curve of h = 0.183 ± 0.007%/◦, and an
inversion angle of α0 = 28.4◦. As a comparison, the values ob-
tained for (12) Victoria are |Pmin| = 0.73± 0.01% at αmin = 9.7◦;
h = 0.121 ± 0.001%/◦; and α0 = 20.8◦.

The asteroids (172) Baucis and (234) Barbara have enough
measurements (7 and 22 observations, respectively) to calculate
a phase-polarization curve for each one. Using the same ap-
proach as for the whole group of asteroids, the values obtained
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Fig. 1. Polarimetric observations of asteroids with Barbara-like polarimetric properties. Data for (172) Baucis are indicated by circles, for (234)
Barbara by squares, for (236) Honoria by triangles, for (679) Pax by diamonds, and for (980) Anacostia by inverted triangles. Filled symbols
indicate data taken during our present campaign. For a comparison, data for the L-class asteroid (12) Victoria are displayed by crosses, together
with the corresponding fit of its phase-polarization curve.

for the polarimetric parameters that characterize the phase-
polarization curve of these objects are |Pmin| = 1.48 ± 0.03%
at αmin = 13.6◦, h = 0.200 ± 0.002%/◦, and α0 = 28.0◦ for
Baucis; and |Pmin| = 1.52 ± 0.08% at αmin = 13.2◦, h =
0.206 ± 0.005%/◦, and α0 = 27.3◦ for Barbara. These values
are similar to those found for the whole group.

It is possible to use these parameters to find the polarimet-
ric albedo p applying two empirical relations linking it with h
or Pmin. These relations are expressed by means of very simple
mathematical forms:

log p(h) = C1 log h +C2, (2)

log p(Pmin) = C3 log Pmin +C4, (3)

where C1, C2, C3, and C4 are constants. In this paper we use
the set of constants proposed by Cellino et al. (1999), namely:
C1 = −1.118±0.071,C2 = −1.779±0.062,C3 = −1.357±0.140,
and C4 = −0.858 ± 0.030. Using these empirical relations
with the polarimetric parameters found previously, we obtain
p(h) = 0.11±0.02 and p(Pmin) = 0.09±0.01 for all the asteroids
in the group, p(h) = 0.10 ± 0.02 and p(Pmin) = 0.08 ± 0.01 for
(172) Baucis, and p(h) = 0.10 ± 0.02 and p(Pmin) = 0.08 ± 0.01
for (234) Barbara. It is clear, however, that the above albedo val-
ues have to be taken with some care because we are applying
here the usual relations to find the albedo to objects which dis-
play an unusual polarimetric behavior, and we cannot be sure a
priori that these relations also hold in this case.

4. Discussion

Since our polarization measurements for these objects have been
obtained on different nights during different observing runs, and
they agree well with each other with reasonably small error bars,
we conclude that the observed behavior is real and represents
new cases of asteroids exhibiting a strongly negative polarization
at phases larger than 20◦.

In Table 3, we list a summary of our current knowledge of
the dynamical and physical parameters for these asteroids. They
are objects distributed along the main belt, having typical sizes
and albedos. The only physical parameter in common is that all
of them have similar taxonomic classes: four asteroids belong to
the L-class and the other one to the K-class. These taxonomic
classes were proposed by Bus & Binzel (2002) and are subsets
of the old broad S-class defined by Tholen (1989). The differ-
ences between them are a change in the UV slope shortward of
0.75 µm from moderately steep (K-class) to very steep (L-class),
and a subtle change in the spectral slope longward of 0.75 µm.
Since their sizes do not allow them to support a developed re-
golith of fine particles and the only agreement in their physical
properties is their similar taxonomic class, the broad negative
branch of their phase-polarization curves must be explained by
a physical property of the asteroid surface, its composition, or a
combination of both.

The first clue comes from the work of Zellner et al. (1977)
on laboratory polarimetry of meteorites. These authors found
peculiarly large values of the inversion angle for the carbona-
ceous chondrites, especially for the C3 samples, reaching α0

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20078965&pdf_id=1
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Table 3. Dynamical and physical properties of asteroids with Barbara-like polarimetric behavior.

Asteroid Orbital elementsa Hb Rot. Periodc Sized Geom. albedoe Tax. Class f

a (AU) e i (deg) (mag) (h) (km)
172 Baucis 2.38 0.11 10.0 8.79 27.417 62.4 0.14 ± 0.01 L
234 Barbara 2.39 0.24 15.4 9.02 26.500 43.8 0.23 ± 0.01 Ld
236 Honoria 2.80 0.19 7.7 8.18 12.333 86.2 0.13 ± 0.01 L
679 Pax 2.59 0.31 24.4 9.01 8.452 51.5 0.17 ± 0.02 K
980 Anacostia 2.74 0.20 15.9 7.85 20.117 86.2 0.17 ± 0.01 L

a From ftp://ftp.lowell.edu/pub/elgb/astorb.html. b See Tedesco et al. (2002). c From http://cfa-www.harvard.edu/iau/lists/
LightcurveDat.html. d See Tedesco et al. (2002). e See Tedesco et al. (2002). f See Bus & Binzel (2002).

values of 25◦ or larger with Pmin values around 1.2−1.5%, in
good agreement with the polarimetric parameters observed for
the asteroids in our sample. Later, Burbine et al. (1992) sug-
gested that the asteroid (980) Anacostia, one of the objects we
found with Barbara-like polarimetric properties, could be a frag-
ment of a spinel-bearing body with CO3/CV3 affinities; Burbine
et al. (2001) found a compositional analogy between K-class
asteroids and CO3/CV3 chondrites; and Sunshine et al. (2007)
identified the asteroid (234) Barbara as an spinel-rich object sim-
ilar to Anacostia. These results suggest that the asteroids with
these unusual polarimetric properties are mineralogically related
with the carbonaceous chondrites and this meteorite type could
be used as an analog for the K- and L-classes.

How does the mineralogy of CO3/CV3 chondrites pro-
duce this peculiar phase-polarization curve? The spinel is an
aluminum-magnesium oxide mineral (MgAl2O4) that commonly
incorporates small, but spectrally important amounts of transi-
tion metal cations such as iron and chromium, usually present in
inclusions within a dark matrix in these meteorites. However,
even though spinel is an important accessory mineral in the
CO3/CV3 meteorites, its physical abundance seldom exceeds a
few percent. In spite of the fact that it probably makes up only a
small percentage of the surface assemblage in these asteroids, its
spectral effect may be enhanced by the spinel presence in fine-
grained white inclusions in the asteroid regolith (Burbine et al.
1992). In an immature regolith composed primarily of coarsed-
grained crystalline fragments of their substrates (McKay & Basu
1983) with white inclusions in a dark matrix, the inclusion frag-
ments consist of aggregates of numerous transparent crystals that
scatter photons efficiently. The contribution of the white inclu-
sions to the net flux at a given wavelength is proportional to
their relative abundance multiplied by a factor equal to the ra-
tio of the spectral albedos of the white inclusion and dark matrix
at that wavelength, contributing disproportionately to the total
reflectance of the surface (Burbine et al. 1992). It is important
to mention that this effect has some ressemblance with the ef-
fect proposed by Moretti et al. (2005, 2006) and produced by
the presence of nanostructured metal particles on asteroid sur-
faces. These authors found that metal phases, which are usually
reported in chondrites, produce a reddening of the reflectance
spectrum. Since the spectra of L- and Ld-classes objects are
strongly reddened, it might be that the polarimetric behavior and
the reddening are parts of a same effect.

Then, due to its analogy with CO3/CV3 chondrites, it is
highly probable that these polarimetric anomalous asteroids have
coarsed-grained regoliths formed by dark particles, coming from
the matrix of the substrate, mixed with fine-grained white in-
clusions. In this scenario, it is important to note that a mixture
of two components with different geometric albedo produces
a negative polarization branch significantly more pronounced,

and also a larger inversion angle, than the angle observed for
a compositionally homogeneous surface of equivalent albedo
(Shkuratov et al. 1994). This could affect the value observed for
Pmin, and perhaps also the slope h, making it difficult to obtain
reliable polarimetric albedos using the empirical relations link-
ing this parameter with h or Pmin (Eqs. (2) and (3)) which hold
for the large majority of objects not exhibiting a Barbara-like
behavior. In fact, the polarimetric albedos obtained in this paper
are considerably smaller than those obtained by IRAS for these
asteroids (Tedesco et al. 2002, and Table 3), which is consistent
with an interpretation based on the proposed scenario.

Petrographic studies of chondrules and inclusions in the
CV3 Allende meteorite (McPherson et al. 1988) reveal highly-
refractory minerals similar in composition to those predicted to
have condensed early in a gas of solar composition (Grossman
1972). This led to the suggestion that such inclusions might be
some of the oldest materials found in meteorites (Tilton 1988). If
the scenario proposed here to explain the anomalous polarimet-
ric properties observed in some asteroids is valid, these objects
also have very old material in their substrate and then must be
among the oldest accreted bodies in the Solar System. Since they
are distributed along the main asteroid belt from 2.38 to 2.80 AU,
they are not fragments of an unique parent body and could rep-
resent localized accretion events throughout the asteroid belt.
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