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We have carried out a near-infrared (J, H, and K bands) spectroscopy of
the asteroid Karin with Cooled Infrared Spectrograph and Camera for
OHS (CISCO) on the Subaru telescope. This asteroid is the brightest
asteroid among the Karin cluster group, which is thought to be remnants
of a collisional breakup only 5.8 million years ago. For different rotational
phases of Karin, we derived different spectra such as a reddened spectrum
like that of S-type asteroid and an un-reddened spectrum like that of
ordinary chondrite. Our result supports the idea that S-type asteroids
are parent bodies of ordinary chondrites.

1. Introduction

Although S-type asteroids are the most common among the inner-part main

belt asteroids as well as near-Earth asteroids, reddened reflectance spec-

tra and derived mineralogy of S-type asteroids are different from those

of ordinary chondrites, the most common meteorites. Space weathering is

thought to be able to explain these spectral mismatches between asteroid

types and meteorite classes 1,2,3. Recent asteroid surveys suggest strong link

between S-type asteroids and ordinary chondrites 4,5. Multispectral obser-

vation of Ida by Galileo spacecraft showed that relatively fresh surface such

as crater interiors and ejecta have reflectance like ordinary chondrites 1.

Moreover NEAR-Shoemaker mission revealed, thanks to X-ray and near-

infrared spectrometer measurements, an ordinary chondrite composition of

433 Eros despite a reddened S-type spectrum, suggesting once again that

the space weathering has altered the surface optical properties 6,7.
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The detailed mechanism of space weathering has been remained to be

unsolved until recently, when the laboratory experiments using high-energy

pulse laser irradiation 8 confirmed Hapke’s hypothesis 9 that the reflectance

change forming S-type spectra is caused by formation of nanophase iron

particles within vapour-deposited rim around regolith particles. It was sug-

gested that the degree of space weathering can be used to discuss the age of

asteroids 8. However, there had been no observational confirmation on the

relation between asteroid age and the degree of the surface alteration. Here

we have an excellent target. Recently, using numerical integration of aster-

oid orbits, Nesvorný et al. revealed a new-born group of asteroids named

Karin cluster group 10, which is thought to be remnants of a recent breakup

of only 5.8 million years ago 10. In the present study, we observed the bright-

est asteroids 832 Karin in this group to consider the relation between the

asteroid age and the effect of space weathering.

In this study, we observed the brightest asteroid 832 Karin (diameter

being about 19 km, and absolute magnitude being 11.18 10) in this group

in order to investigate whether the new asteroid really has fresh and un-

reddened surface.

2. Observations and Data Reductions

A spectroscopic observation of Karin was carried out on 2003 Septem-

ber 14th UT using a Cooled Infrared Spectrograph and Camera for OHS

(CISCO) 11 with the 8.2-m SUBARU telescope. The slit size was 108”×0”.8

in our observation, which led no loss of light of the asteroid. The typical

seeing size was 0.3-0.4 arcsec during the observation. A nearby G2V star

HIP3990 was observed as a spectroscopic standard. In order to obtain a

wide range near-infrared spectrum, grisms named zJ (0.88-1.40 µm), JH

(1.06-1.82 µm), and wK (1.85-2.51 µm) were used.

We obtained one-dimensional spectra of Karin by using the NOAO Im-

age Reduction and Analysis Facility (IRAF) aperture extraction package.

We obtained OH sky emission lines frames at the end of the night to deter-

mine the linear dispersion for wavelength calibration. Relative magnitudes

were computed using aperture photometry. Then, we scaled relative spectra

to be consistent with each other by this photometry.

For details refer to Sasaki et al. (2004) 12.
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3. Results

We observed Karin at 7:57 - 8:40 UT, 8:46 - 9:29 UT, and 10:45 - 11:50 UT.

The rotational period of Karin is 18.348 hours, which was derived from a

light-curve obtained by supporting observations 13. In comparison with the

light curve, rotational phases of Karin in our observation are 0.30-0.34 (the

first set), 0.35-0.38 (the second set), and 0.45-0.50 (the last set).

Figure 1 shows relative reflectance spectra of Karin. Bottom, middle

and top spectra in Figure 1 are those of the first, the second, and the last

observational sets, respectively. There is obvious difference between the top

two and bottom spectra. Near infrared (0.9-1.4µm) reflectance slope of the

bottom spectra is twice as steep as that of the top spectra. In general,

major color changes with rotation are very rarely observed on asteroids,

e.g. only a little difference in gradients of spectra at different rotational

phase was observed in Vesta 14. The present color change of Karin would

be the biggest color change ever observed with rotational phase.
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Fig. 1. Relative spectra of 832 Karin: Bottom one is the spectrum relative to the first
set, middle one is that relative to the second set, and top one is that relative to the last
set. Spectra are smoothed by running average of 5 data points. The top and the bottom
spectra are vertically shifted by +0.2 and by -0.2, respectively. We removed data in the
wavelength range where the telluric absorptions were strong and the error bars are large.

The shape of 0.88-2.5 µm in the first set’s spectrum with a steep slope at

shorter wavelength is consistent with an S-type object. We identified which

S subclass of the classification scheme 15,16 can best describe the Karin
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spectrum. Since the first set’s spectrum of Karin has the peak position of 1

µm band shorter than 1.0 µm and has an apparent 2 µm band, it is placed

among the range of S(III), S(IV), and S(V) classes.

Figure 2 shows normalized reflectance spectra of Karin (the first set

and the last set) along with those of S(IV)-type asteroid 584 Semiramis

and L6 ordinary chondrite Paranaiba. The first set’s spectrum of Karin

matches well the spectrum of S(IV) class asteroid. In contrast, the last

set’s spectrum (blue) of Karin, which has a relatively gentle slope at the

wavelength shorter than 1.6 micron, matches (within noise of our spectrum)

a typical normalized spectrum of L6 ordinary chondrite. The first set seems

to be the reddened spectrum of the last set by space weathering. Laboratory

simulations of space weathering also showed relatively intense reddening at

wavelength shorter than 1.6 micron 8,17.
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Fig. 2. Reflectance spectra of Karin (the first set: ×, and the last set: ◦) along with the
previous observations of S(IV)-type asteroid 584 Semiramis (denoted by squares) and L6
ordinary chondrite Paranaiba (denoted by diamonds) normalized to the unity at 1.0 µm.
The mean values for every 10 data points are plotted with their error bars of standard
deviation.

4. Discussions

Our result indicates that Karin has two different surfaces, reddened and

un-reddened surfaces, and the difference among spectra would reflect the

degree of space weathering. The mature and fresh surfaces’ spectra strongly
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stand up for the idea that space weathering is responsible for the mis-

matches between asteroid types and meteorite classes. Our result supports

the idea that S-type asteroids are parent bodies of ordinary chondrites 1.

At rotational phase of 0.35, which is the boundary between the first set and

the second set, abrupt shift in the degree of space weathering is observed.

As cross section area of Karin increases (Karin being brighter), matured

redder surface is replaced by immature fresh surface. The light-curve of

Karin has double peaks of magnitude (where phase are around 0.2 and 0.7,

respectively), and the magnitude at 0.2 is larger than that at 0.7, which

could imply that the surface around 0.2 is mature and darkened by space

weathering while the surface around 0.7 is fresh, although shape difference

might be more responsible for this peak height difference.

Let us reflect the spectral change of Karin according to rotational phase.

Around rotational phase of 0.35, which is the boundary between the first set

and the second set, rapid shift in the degree of space weathering is observed.

As cross section area of Karin increases (Karin being brighter), matured

redder surface is replaced by immature fresh surface. More reddened spectra

could be observed at phase earlier than 0.3, and the spectrum of our first set

of Karin could be an averaged data of un-reddened spectrum and much more

reddened spectrum. Actually, visible observations of Karin also suggested

that the surface at earlier rotational phase (< 0.5) is weathered compared

with that at latter phases (> 0.5) 13. They also showed the surface at

rotational pahse of 0.2 can be most matured (dark and red). Their results

are consistent with our observation.

5. Planning for re-observation

What is very puzzling in our results is that the major spectral change occurs

between sets of averaging only 50 minutes apart, which represents only

about 15 degrees of rotation of the asteroid. We verified that the standard

star’s spectra were not changed before the first set and after the second set

of Karin observation, i.e. we would remove the possibility that the spectral

change was caused by an instrumental or atmospheric effect through the

first and second sets of Karin observation 12. One hypothesis to explain the

observed rapid spectral change is that Karin is one of cone-shaped fragment

at low-velocity impact forming the Karin family 12, however, the problem

is still unsolved. It is necessary to perform spectral observation seamlessly

in full rotational phase.

Actually, we have conducted a multispectral Karin observation using the
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1 m Schmidt telescope at the Kiso observatory on 2005 January14-18 to get

the spectral data in full rotational phase. But, unfortunately, the weather

was so bad through the observation that we cannot get a meaningful data.

Now, we are planning for re-observation of the asteroid on the next year.

This will be the proof that the variation is intrinsic to the rotation of

the asteroid and not due to any other instrument, observing, atmospheric,

airmass, hour angle, or dispersion angle effect.

Acknowledgments

We thank J. F. Bell for asteroid Semiramis data and C. M. Pieters for

meteorite Paranaiba data. A review by R. P. Binzel has improved the paper.

References

1. C. R. Chapman, Meteor. Planet. Sci. 31, 699 (1996).
2. C. M. Pieters, et al., Meteor. Planet. Sci. 35, 1101 (2000).
3. B. E. Clark, et al., in Asteroid III, eds W. F. Bottke et al., 585 (2003).
4. R. P. Binzel, et al., Science 273, 946 (1996).
5. T. H. Burbine & R. P. Binzel, Icarus 159, 468 (2002).
6. L. A. McFadden, et al., Meteor. Planet. Sci. 36, 1711 (2001).
7. J. F. Bell III, et al., Icarus 155, 119 (2002).
8. S. Sasaki, et al., Nature 410, 555 (2001).
9. B. Hapke, W. Cassidy and E. Wells, Moon 13, 339 (1975).
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