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isfrared photometry at 1,2, 1.6, and 2.2pm (JHK) is reported
56 asteroids in the Em, Koronis and, Maria dynamiwd fami-

j. These data are consistent with a simi!ar  surface composition
all of the asteroids of each family. The infrared CO1OS-S within

:h family cluster in the region observed for the S taxonomic
SS, but Em asteroids may belong to a separable K class. Aster-

243 Ida, which was observed by the Galileo spacecraft, is a
)ical member of the Koronis family. The average infrared colors
the Maria family are slightly redder than those of the Eos and
ronis families. O 1994 Acadcmlc  Pre?s,  k.

INTRODUCTION

Eos, Koronis, and Maria are three of the first four
:eroid  families recognized by Hirayama (1918). They
t named after one of the prominent members, namely
1 Eos, 158 Koronis, and 170 Maria. Since then, addi-
nal fainter family members have been identified on the
sis of the clustering of their derived proper elements.
ere is a general consensus on the membership of these
pulous  families (e.g., Williams 1971, 1979, 1989, Carusi

\uthors are Visiting Astronomers at the ]nfmred Telescope Facility,
Ich is operated by the university of Hawtii  under contract from the
:ional Aeronautics and Space Administration.

and Massaro  1978, Valsecchi  et al. 1989, Zappala et al.

1990, and additional references in Gradie et af. 1979,
Chapman et af. 1989, Bell 1986, 1989).

Gradie (1978) and Tedesco (1979) observed asteroids in
the Eos and Koronis families and found them to have a
small range of UBV colors. This fact is notable in con-
trast to the large heterogeneity of colors seen in the main
belt (e.g., Gradie and Zellner  1977, Chapman et al. 1978).
Tedesco  (1979) found all asteroids in a small  sample of
the Maria family had similar, reddish UBV colors. Maria
asteroids tend to have UBV colors in the middle range of
the S taxonomic class. The /JBV colors of the Eos and
Koronis assemblages are concentrated toward the lower
boundary of the S class adjacent to the more neutral
range of the C class. These colors extend into the area
between the S and the. C classes. Additional .UBV  and
ECAS data have confirmed these trends (Zellner et al.
1985, Binzel  1987, Tedesco  1989). At present, more Eos,
Koronis, and Maria family members have UBV than
eight-color E;CAS observations. Thus, we use the UBV
dataset to compare with our new .fHK results. Accord-
ingly, the TRIAD definition of C and S asteroid classes is
an appropriate frame of reference in the following discus-
sion (Chapman ef al. 1975, Bowell et al. 1978, Zellner
1979).

Visual spectra of several Eos asteroids are S-1ike and
are all similar to each other (e.g., 221, 339, 513, 562, 579,
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639, 1075, 1199, and 1364). The visual spectra of a few
Koronis (i.e., 158, 167,208,243,462, and 811) and Maria
(i.e., 170,472,660,695, anti 714) members also appear S-
like (McCord  and Chapman 1975, Chapman and GafTey
1979a, b). On the other hand, the extended 52-channel
spectrum (0.8 to 2,5 ~m) of 221 Eos itself obtained by
Bell et al. (1987b)  is quite unusual. It contains a shallow
pyroxene band near 1 ~m which is mot seen in C clas;
asteroids but does not contain the expected second
pyroxene band near 2 ~m which is typically seen in S
class asteroids. Bell e~ al. (1987a) first proposed a new
“K” taxonomic class to include asteroids of this type.

Results from Gradie  (1978)  show that atbedos  of 20 Eos
asteroids tend to be darker than the S class average. Te-
desco er al. (1992) present long wavelength data from the
Infrared Astronomical Satellite (IRAS) Minor Planet Sur-
vey (IMPS) (cf. Matson 1986). These infrared data con-
firm a strong peak in the albedo distribution near a value
of 0.1 for more than 65 Eos members (Veeder et af.
1989a, 1991). This is in sharp contrast to the gap in the
albedo distribution at the same place which is observed
for larger asteroids, Small asteroids may have a relatively
flat albedo  distribution (cf. Veeder er al. 1989b  and
Tedesco et al. 1989a).

The homogeneous spectral character of the Eos family
is an important clue to the ongin of densely populated
dynamical families. Most likely, a catastrophic collision
disrupted the Eos parent body which was itself homoge-
neous throughout. The dispersion of proper elements
among the present family is consistent with plausible im-
pact velocities (Williams ef al. 1989, Chapman et al.

1989). Thus, the asteroids within the Eos family are be- ~
lieved  to be physically as well as dynamically related
(Williams 1969, 1971, Gradie et al, 1979, Tedesco 1979,
Carusi and Valsecchi  1982, Chapmanv1985, Bell 1989,
Zappala et al. 1990). lyyy,

The presence of the Eos family in the UBV color region
between and overlapping adjacent parts of the C and S

(i.e., [J-V, u-x, and albedo).  Recently, Granahan er al.
(1993) and Clark el al. (1994) have identified several new
K asteroids by means of seven-color (SCAS) infrared
spectrophotometry.

Many Eos family members are relatively faint. Thus,
for most of them, it is not practical to obtain high-resolu-
tion spectra (during the limited amount of available tele-
scope time). Veeder  and Owensby (1988) have shown
that JfJK photometry at the IRTF quickly provides ade-
quate signat to noise to characterize the infrared colors of
Eos asteroids and enable testing of the uniformity of the
Eos family. Our present study compares the Eos,
Koronis, and Maria families and explores the context of
the K taxonomic class by means of JHK photometry.

C)BSERVATIONS

JHK (1.2, 1.6, and 2.2 ~m) observations of asteroids
were obtained at the 3-m Infrared Telescope Facility
(IRTF) on Mauna Kea. The IRTF cassegrain system uti-
lizes a wobbling secondary mirror and upward-looking
dewars. An 8-arcsec-diameter aperture and a chopper
throw c)f 20 arcsec at a frequency of 9 Hz were typically
selected. The InSb detector was cooled with liquid he-
lium at ambient atmc)spheric  pressure. The asteroid was
found by setting the telescope to its predicted position
generated by the PC ephemeris software of D. Tholen.
As a further check, the expected rate of motion was con-
firmed by precise tracking.

Target asteroids were selected from Eos, Koronis, and
Maria family members identified by Williams (1979, 1989,
and private communication). Priority was given to those
with available visual colors and/or radiometnc albedos
(e.g., I’edesco  1989), but no attempt was made to select
for particular values of these parameters. More colors
and albedos  do tend to be available for brighter rather
than fainter members.

QOur rjhotometry  is presented ] Tab] Adopted J+,
classes has become- significant with respect to modern

n v
n H:A’ colors for the asteroids are-presented in ab

asteroid taxonomy. In the system developed by Bowel] , H. A typical asteroid observation run consisted o the
e~ al. (1978), sm~- variations-within the Eos fam-ily  result %er seq-uence JHKJliA’J.  Four to 10 pairs of IO-see inte-
in individual members being assigned to C, S, or “U”
(see atso Chapman et al. 1975, Zellner 1979, Bowel] er al,
1979, Tholen and Bell  1987). Tholen (1984, 1989)  enlarged
the S class so as to include all of the observed Eos aster-
oids by means of a principal components analysis of eight
color visual data from ECAS (Zellner  er al. 1985). Bell  et
al. (1987a) suggested that: “It may be desirable to erect a
new spectral class specifically y to contain the Eos famil y”
and Bell (1988, 1989) designated “K” for this class. Tho-
Ien and Barucci  (1989) mention a K class similar to 221
EO S, but Tholen (1989) does not include any K assign-
ments. Tedesco er al. (1989a,b, c) have formalized a K-

grations-were made at each wavelength. All of the mea-
surements had relatively small  statistical errors (i. e.,
SNR > 100). In order to compensate for (modest) light-
curve variations of some of the asteroids, the J magni-
tude was interpolated to the time of each observation at
H and K. This procedure yields J-H and J–K colors
directly and H–K as the difference between them. Our
experience with the IRTF suggests that the expected sys-
tematic uncertainties are less than approximately %0.05
mag for color differences.

A separate extinction correction at each filter  was de-
rived from the standard stars observed for each night.
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EOS, KORONIS,  AND MARIA ASTEROIDS

TABLE I
Infrared Photometry and Colors of I%, Koronis,  and Maria Family Asteroids

. . — . —  — .  — . _
Dak ~ J J-H H:K D*u ~ J J-H H-K [Mc ~] J J-H H-K

-—--—  ——. .

03

1S8 Komnii
9(Y  8R9.333  12.31 .35 .08
90/  W29.337 12.35
90/  W29.348  12.37  . 3 S  . 0 6
90/  8129.3S3  1 2 . 3 9  . 3 5  f%
90/  W29.358  12.42
901 8 /30 .276  12.63  .39 .07
90 /  W30.281  12.66 .42 .05
90/  800.285 12,65 .40 .07
90/  W30.290  12.66
90/ W31.299  12.34 .40 .07
90/ 8131.303 12.34
W 8i31.334  12.32 .40 .08
90! 8/31.339 12.32
901 8/31.345 12.33 .40 .07
90/ 8/31.3S0 12.33

167 UrdJ
91/ 8/13.269 12.62 .39 .01
91/  8113.274 12.60
911 W16.257  12.68 .38 .05
91/ 8/16.262 12.68

170 Marim
901 8f31.S77  12.67  . 4 4  . 0 5
90/ 8/31.581 12.67
90/  8131.586 12.68 .43 .07
90/ 8/31.590 12,67
90/ &31 .595 12.70 .43 .08
90/ 801.600 12.64
901 8/31.604 12.65 .43 .08
901 8/31.609 12.66

208 IAchm
91/ 8/12.337 12,19 .40 .W
91/ 8/12.342 12.20
91/  8/12.349 12.21 .4o .07
91/  8/12.353 12.22
91/ 8/13.302 12,46 .39 .07
91/ 8113.307 12.46
91/ 8/13.313 12.46 .39 .07
9118113.317 12.45

22)  Em
88/  7 /10 .324  11.10  38 .05
88/ 7/10.329 11.10  .38 .06
88/ 7/10.334 11.11
88/ 7/10.345 11.10 .38 .05
88/ 7/10.349 11.09  .38 .05
88/ 7/10.353 11.08
88/  7/1 1.263  11.04  . 3 7  . 0 4
88/  7111.267 11.04

88/  7111.276
8817111.281
881  Ill 1.285
88/  7112.2m
8817112.264
8817112.348
8817112.351
881 71i2.356
8817113.251
8817113.256

11.04 .38 .04
11 .05  .38  .CM
11.05
11.07 .39 .05
11.07
11 .08  .40  :05
11.08 .40 .05
11.08
11.07  . 37  . 06
11.07

90 /  W30.315  12.32 .40 .08
90 W30.319  12.33
90/ 8L11.269  12,12 .41 .04
90/  8t31.274  12.20

529  Prcziou
WI 8/2.9.4?2
90/ 8P29  .476
90/ W29.482
90/  W30.499
90/  8/30.5cM
90/  W3O.51O

90~ 8/30.515

12.78 .37 .07
12.82 .35 .07
12.76
12.83 .41 .06
12.83
12.82 .39 .07243 Ids

90/ 8C!9.403
90/  8/29408
90/  8*9.413
90/ 8R9.417
90/  8/30.399
901 8C+0.403
90/ 8/30.410
901 W30.415

12.48 .35 .07
12.56 .35 .07
12.66  . 37  . 07
12.78
12.64 .38 .08
12.54
12.40  . 38  . 08
12.31

12.82

562 SaiorN
89/  3/1 1.S69
891311 1.S74
8913111.580

14.06
14.02
13.97

.46

.46

573 k=lu
88/ 7/10.431
8817110.436
881 7/104.41
88/  7/12.371
88[  7112.375

12.24
12.24
12.21
12.29
12.28

.38

.39311 Claudia
90/ 8/29.269 13.81 .33 .08
901 8/’29.276 13.85
90/ 8/29.290 13.80 .37 .06

.39
37

WI 8129.296 13,69 .36 ,04
90/  8L?9.300  13.60
901 8/30.247 13.69 .38 .07
90/ 8130.251 13.60

88/  7/12.379
8817113.363
8S/ 7113.367
88 I 7113.3n

12.27
12.35
12.35
12.3s

. 3 6  .a
37 .0(

339 DOmlhu
91/  8/13.555
911 8113.5S9
911 W13.566
91/  8/13.s70
9118114.457
91/  8114.460
91/ 8/14.464
91/ 8/16.391
91/  8/16.395
91/  S/16.399

1 1 . 9 2  .36 .07
11.92
11.91 .36 .06
11.91
11.86  . 37  . 05
11.86 ,37 .05
11.86
1 2 . 0 0  .2? .10
11.96 .43 .01
11.95

575 Rcndc
911 8/13.594
911  8113.S99
91/  8/13.604
91/ w13.&J8
911 8f14.542
91/ 8114.546
91/ W14.550
91/ 8/14.553
91f 8f14.576
91/ 8/14.580
91/  8114.583
9118114.587
91/ 8/16.620
91/ 8/16.624
91/  8/16.628

.39 .013.79
13.72
13.62
13.57
13.64
13.70
13.77
13.84
13.63
13.62
13.64
13.68
13.53
13.51
13.54

38 .1

.431 .0

.40 .1,

.40 .1

.40 .1

.U .0

.43 .0
450 Bri~m

88/ 7/12.588 14.13  .40 .04
88/ 7/12.594 14.13 .39 .ti
88! 7/12.599 14.17
88/  7113.576 14.13 .38 .06
88J  7/13.581 14.16 .39 .06
881 7/13.587 14.16

.43 .0

.43 .0

579 Sidom
881 7f12,5T3
8817112,576
88/ 7/12.581
8817113.558

—-—.

11.94
11.94
11.95
11.80
.— ___

.39 .0

.38 .0
472 Roma

90/ 8/30.310 12.31 .40 .06
.—--—.

.38 .0
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DMC  fUTJ J J-H H-K D.(c  ~TJ J J-H H-K D,tc ~TJ J J-H H.K

——  —_ . .. ___
S79 SidOM  (continued)

88/  7t13.563  11.80 .39 .06
88/17/13 .567 11.80

616 E15y
91/ 8/12.440 13.03 .39 .07
91/ 8/12.444 13.03
91/ 8/12.451 13.00 .38 .09
9118112.453 17..99
91/ 8/13.423 13.13 .38 .09
91/ 8/13.428 13.11
91/ 8/13.433 13.06 .40 .08
91/ 8/13.437 13.02
91/  W14.395  1 2 . 9 0  .41 . 0 7
91/ 8114.398  12.94
91/ 8/14.400 12.95 .41 .06
91/ 8/14.403 1299

639 IAION
911 8 /14 .471  1072 .39 .06
91/ 8114.474 10.73
91/  8/14.493 10.74 .39 .05
91/ 8114.497 10.76 .40 .02
9118114.499 10.72
91/ 8/16.357 10.61 ,37 .05
91/ 8/16.361 10.58 ,37 .07
91/  8116.366 10.64

651 Anliklcia
89/ 3/11 .590 14.31 .39 .09
89/ 3/1 1.599 14.32 .37 ,06
891 3f11.606 14.36

653 BCrmikc
90/ 8/29,S30 12.86 .3S .10
90/  8C29.534  12.88 .40 .11
901 8/29.S39 12.96
9 0 /  W31,487  12.86  . 40  . 07
90/  8L41.492  12.86
90i8131.497 12.87  . 3 9  . 0 8
90/  W31 .502 12.90

w Cruca-lti
90 /  8t29.381  11.08 .38 .07
90/  8 /29 .385  11.11  .42 .08
90/  W29.390  11.2<
90/ 8/31 .283 11 .4? .43 .08
90/  8/31.288 11.41 .43 .05
901  8f31.292  11.51 .40 .07
90/ 8L31.297  11.50

661  Cmclia

88/  7/10.399 J 2.66 .39 .M
88/ 7/10.405 12.67 .38 .06
88t  7/10,411 12.70
88/  7 / 1 1 . 3 3 3  12,67  .46 .65
881 7/11  .338 12.89 .38 .05
88/  7/11.342 12.86
88/ 7/13.382 1:’.72  .36 .08
8817113.386 1:’.77

6S9 Kypti
91/ 8/13.321 13.56 .41  .06
91/ 8/13.325 13.58
91/  8/13.330 13.56  .41 .02
91/ 8/13.333 1352
91/  8/14.367 13.52 .38 .08
91/ 8/14.372 1350 .38 .05
91/ 8/14.374 1346

720 Bohlhii
901 8f29.572  1 3 4 4  . 3 4  . 0 2
90/  8n9.576  1 3 4 4  . 3 3  . 0 2
901 8/29.581 1343 .34 .04
9W 8/29.585  13.45

742 Edimna
88/ 7/12.329 1280 .31 .02
881  7/12.333 12.79 .34 .04
8817112.337 12 ?8
88/ 7/13.320 1270 .37 .06
88/ 7/13.326 12.”~4  .36 .07
8817113.330 12.n

761  Brmdclia
W 8t29.369  13.38 .36 .08
WI 8t29.374  13.38 .36 .0S
90/ 8L29.378  13.40
901 8f30.323  13.(4 .41 . 0 7
9 0 /  8i30.328  13.M .4 ]  . 07
90/  8!30.333  13.tA

798 RutJ
91 /  8 /12 .368  12.55  -38 .05
911 8112.3n 12.55
9 1 1 8 1 1 2 . 3 7 9  12.55  .38 .0S
91/  8/12.383 12.55
91/  8 /13 .356  12.EJ  .38 .05
91/ 8/13.364 12.61
91/  8 /13 .367  12.65  .39 .06
911 8113.3n 12.65

875 Nymphc
91/  8 / 1 2 . 4 2 1  12.70  .41 .05

— —- —-— —

91/ 8/12,425 12,72
9 1 /  8 / 1 2 . 4 3 1  12.74  ,40  .05
91/  8/12.435 12.77
91/  8113.374 12,79 .42  .06
911 81!3.378  12,79
91/ 8/13.383 12,71  .42 .06
91/ 8/13.387 12.75

879 Ricarda
901 8!29,619  13.24 .40 .02
90/  8L29.624  13.22
90/  8f29,625  13.24 .38 .05
90/ 8/29.630 13.24
90/  8/30.620 13.S0 .42 .08
XV 8/30.624 13.50 .42 .08
901  8/30.629 13.51
90/  8/31  .533 13.85  .42 .06
90/ 8i31.538  13.85
90/  8 /31 .542  13.82  ,44 .06
90/ 8/31,547 13.84

890 WIltmu(
881  7I1O.512 13.73 .32 .06
881  7I1O.S17 13.73 32 .05
88/  7I1O.524 i3.75
88/ 7/12.450 14.02 .39 .04
881 7/12,456 j4.02 .37 .06
88/ 7/12.461 14.02
881  7/12,471 14.00 .36 .07
88/  7112.476 14.00
88/  7/13.425 13.75  .36 .05
88/ 7/13.431 13.76 .35 .08
88/ 7/13.437 13.79

897 ~ySil.1~14
91/ 8/12.395 12.13 .4o .06
91/ 8/12.399 12.14
91/ 8/12.4CM  12.16 .40 .06
91/ 8/12.410 12.16
91/ 8/13.400 12.25 ,40 .06
91/  8/13.04 12,26
91/  8113.409 12.27 .41 .06
91/ 8/13,413 12,29
91/ 8/14.431 12.25 .40 .05
9118114.434 12.25 .39 .06
91/ 8/14.438 12.25

962 Cain
90/ 8129.442 13.6S .35 .09
901 8i29.447  13.65 .36 .08
90/ 8J29.451  13.72 .47 -.03
90/  8/29.456 13.70

.— _-

1
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he ~~ J J-H H-K DtIC  ~m J J-H H-K Due [UTl  J J-H H-K
— . — .  —c _ _ _ _.

962 Cd  (continued)
90/  8/30.450 13.?2 .40 .08
90/ 8r30.454  13.69
90/  8L30.461  13.67 .41 .08
90/  8/30.465 13.66

975  Puuvcnnt
901 V29.303  13.56  . 3 6  . 0 6
WI 8/29.308 13.61
90/  8~9.322  1 3 . 6 1  .38  . 0 7
90/  8t29.326  13.58 .36 .05
901 8/29.331 13.58
90! 8/30.265 13.84 .38 .06
90/ 8/30.269 13,87 .39 .05
90/  8/30.274 13.88

1075 Hcliru
88/  7/10.444 12.61 .31 .05
88/ 7/10.450 12.62 .28 .06
88/  7/10.455 12.58
881 7/13.352 12.59 .33 .02
88/  7113.356 12.59 .33 .03
881 7/13.3fZI  12.62
88/  7/13.388 12.58 .32 .03
881 7 /13 .393  12.60  .32 .04
8$/ 7/13.397 12.61

1087 Anbil
881 7/12.301 14.65 .39 .14
88/  7/12.307 14.70 .36 .02
88/ 7/12.316 14.86
88/ 7/13.267 14.75 .31 .11
68/  7113.274 14.82 .36 .02
88/  7113.282 14.85

1105  Fmgtti
90 /  8~9.544 12.95 .33 .06
901 8i29.548  1 2 . %  . 3 3  . 0 7
901 8t29.533  12.95
90/ 8/31.505 13.04 .38 .05
90/ 8BI.51O 13.04
90/ 8/31.515 13.05 .37 .07
90/ 8/31.519 13.07

J 112 Poionh
91/ 8/14.484 12.35 .37 .04
91/  8/14.488 12.34 .36 .05
91/  8/14.491 12.34
91/ 8/16.372 12.42 .34 .13
91/ 8/16.377 12.49 .36 -.01
91/ 8/16.381 12.38

1158 Lwls
91/  6/12.565 13.78 .43 .07
91/ 8/12.569 13.80
91/ 8/12.575 13.83 .4S .07
91/ 8/12,S79 13.8j
91/ 8/13.S78 13.65  .41 .10
9118113.582 13.67
91/ 8/13.388 13.68 .46  .09
91/8113.592 13.69
91/  8114.523 13.IM .42 .07
91/ 8/14.526 13.62 .43 .07
91/ 8/14.529 13.61

1199 Gcldonia
8817110.467 13.29 .31 .05
88/  7/10.472 13.30 .33 .06
8W 7I1O.478 13.34
881 7112.4QJ  13.23 .37 .04
881 7/12.406 13.25 .38 .02
881 7/12.402 13.25
881  7/13.335 13.35 .36 .03
88J  7/13.339 13.35 .34 .03
8817113.343 13.36

1210 MomsoviI
88/ 7/11.301 13.85 .38 .06
88/ 7/1 1.307 13.87 .38 .06
88/ 7/11.312 13.89
881 7/12.281 13.85 .39 .07
88/ 7/12.285 13.85 .41 .05
881 7/12.087 13.86
88/  7/13.291 14.04 .38 .08
881 7/13.297 14.08

1289 Kuwkai
91/ 8/12.504 12.90 .39 .06
91/ 8/12.S08 12.85
91/ 8/13.S05 12.87 .37 .06
91/ 8/13.510 12.91
91/ 8/13.516 12.98 .39 .05
91/ 8/13.520 13,04
91/ 8/)4.444 12.98 .36 .06
911 8/14.448 12.93 .39 .05
91/  8/14.451 12.89

1350 Ro$dis
91/  8/14.350 13.90  .42 .08
91/ 8/14.354 14.02 .36 .09
91/ 8/14.358 14.04 .38 .08
91/ 8/14.360 14.06
91/  8 /16 .322  13.58  .38 .05
91/  8/16.327 13.63 .34 ,10

— _ _ _ _ _ _  _

91/ 8/16.33S 13,65

1434 Marw\
901 8R9.459  12,85  . 3 4  . 0 5
90/  8/29,464 12.88 .35 .03
9018129.469 12.83
90/  8/30.482 12.90 .37 .04
90/ 8~0.487  12.91
90/  8/3(1.492 12.90 .31 ,04
90/  81x.497 12.89

1533 Sinui
88/ 7/10.483 14.24 .33 .08
8817110.492 14.20 .30 .10
88/  7/10.501 14.23
8817112.423 14.18 38 .06
88/ 7/12,431 14.18 .37 .06
88/ 7/12.438 14.20
88/  7/13.410 14.32 .37 .03
88/  7/13.416 14.33 .36 .10
S8/  7113,422 14.30

1604 Tomhugh
91/  8/14. @6 14,16  .38 .07
91/ 8/14.610 14.16 .36 .01
91/ 8/14,613 14.16
9 1 /  8/16,609  14.11  . 37  . 05
91/ 8/16.613 14.10 .39 .01
91/ 8/16,617 14.10

It-l] Tuu
88)  71i0.537  14.58  38 .0!
88/  7/10.547 14.53 34 .1(
8817110.556 14.47
88/ 7/12.553 14.68 .37 .0!
8817112.562 14.51
88 /  7 /13 .540  14.tXI .40 .@
88/ 7113.547 14.56 .34 .0[
88/ 7/]3.554 14.53

1723 JuunOll
891  3/11.616 13.76 .47 .0
89/ 3/1 1.623 13.88 .47 .~
89/ 3/11.628 13.85 .42 .V
891 3/1 1.634 13.99 .50 ,0
89/ 3/11.640 14.01

1767 Lampland
8 8 /  7112,525  14.81  . 41  - . 0
88/ 7112,534 14,82 .39 .0
881 7112.S42 14.84

— .  — _ _  ..—

05
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Darc~  J J-H H-K Dam ~ J J-H H-K

— — . —- —-=
1913  Seklnim  * 90/8/31.415 13.63

91/8/12.475 13.97 .3S .05
91/8/12.479 14.00 2111 Tselina
91/8/12.48S 13.92 .39 .01 91/8/14.593 14.68 .41 -.02
91/S/12.490 13.93 9118114.597  14,72  . 3 8  . 0 8
911  W13.499  13.94 .38 .04 91/8/14.603 14.79
91/8/13.503 13.93 91/8 /14 .61S 14.81  .36 .02
91/sJ14.417  13.86 .40 .01 91 /8 /14 .618  14.Q ,40 .03
91 /  W14.420  13.83 .34 .07 9118/14.622 14.83
91/8/14.424 13.84 91/8 /16 .593  14.48  .38 .03

91/8/16.597 14.4S .39 .03
2051 Chsng 91/8/16.S01 14.43

9018f29.421  “14.26 .30 .07
901 V29.426  14.29 .40 .03 2188 Oricnok
9018t29.431  14.36 9 0 / 8 0 1 . 3 5 8  13.72  .36 .05
SW/8/30.432 14.38 ‘.40 .04 90/8/31.362 13.74
90/8/30,437 14.39 90/8/31.368 13.78  .35 -.02
90/8/30,442 14.36 .38 .10 90/8/31.372 13.TI
9olmoA47  14.34

2345 Fucik
2052 Tunriko 9 0 / 8  f30.528  13.T2’  . 38  . 06

90/  W30.346  1 3 . 6 1  . 4 0  .05 90/ 8/30.533 13.T2
90/  mo.350  13.60 .40 .06 W/ 8/30.538 13.74 .37 .08
90/  S/30.354 13.59 90/  8/30,542 13.73
90/ 8/31.400 13.62 .41 .05 90/ 8/31.430 13.88 .36 .06
90/  W31.405  13.63 901 8/31 .435 13.90
90 /  &’31.410  13.63 .41 .08 901 8/31  .440 13.89 .36 ,05

— —--—-—

is similar at J, H, and
air mass. Almost all

K and often is less than 0.1 mag per
observations were made at an air

mass of less than two and the derived colors are rela-
tivel y insensitive to the adopted extinction corrections.

Magnitudes at .lHK for the standard stars were
adopted from Elias et al. (1982). These are also a subset
of the IRTF list of infrared standarcl  stars. This photo-
metric system defines alpha Lyrae as 0.0 mag for each
bandpass. Additional discussion of the infrared calibra-
tion, standard star system, and atmospheric extinction
may be found in Johnson er al. (1975), Veeder et al.
(1978), Manduca and Bell (1979), McCord and Clark
(1979), and Bessel] and Brett (1988). Hahn and La-
gerkvist (1988) discuss the conversion between several
different infrared photometry systems used for asteroids.

DISCUSSION

a

r J-H v -K color data from Table 11 are plotted
in igs. an . . he ranges for observed C and S class
aste . ndicated (Chapman and Morrison 1976,
Leake er al. 1978, Veeder et al. 1982, 1983, Hahn and
Lagerkvist  1988), Note that the C and S TRIAD taxo-
nomic class are defined on the basis of visual  albedos,
co)ors,  and &he~  spectra)  features (Chapman PI al. 1975,

Rowe]]  cf al. 197tl. Zellner 1979). Tholen  (19~4, 1989) has

r0.6  ‘—–

S Region

C).5

}

0 0 0
0.3 0

I@’1’Y

90/ 8/31,445 13.87

2928 Ernrtin
881 7/12,481
88/  7/12,491
w ?/12.sccl
881 7/12.510
88/  7/1:!  .519
88/  7/1:4.514
881 7/13,522
88/ 7/13.529

15.10 .41 .12
15.15  . 38  . 08
15.18
15.24 .38 .07
15.28
15.10  . 37  . 09
15.W .36  . 06
15.08

30t6 McFlddcn
901 8t29.587  1 3 . 8 9  . 3 9  .03
90 /  8L29.592”  13.86 .34 .06
90/  8/29.597 13.87 .38 .02
90/  8/29.601 13.88
S0/ 800.598 14.20 .39 .11
90/ 8/30.&33  14.23
90 /  8f30  608  14.20 .39 ,06
901800.613 14.19

3623 Chaplin
90/ 801.382 14.48 .39 -.04
W/ 8131.387 14.39
W/ 8131.392 14.34 .38 .01
90/  8/31.397 14.27

.-. —_— -.. —

C Region
I--i

o.,k:~
0.0 - 0.1 0.2 0,3

k

6
()$”

--———
FIG. 1. J-H -K infr-ared  colors for members of the Eos ast r-

~<

oid family. Data e rom Table II. Solar colors are approximately .3
for J-H and 0.05 for H-K. The two enclosed regions encompass hc
observed colors for C and S class asleroids (Chapman and Morrkson(w
lq?fi. T ,-a~e ~1 “/ IQ7~ I,eede,  ~! “1 lq~~ l~fil }Iahn and  1  ar!?rkvisl gy
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TABLE II
Infrared Colors of Em, Koronis, and

Maria Asteroid+  -
——

Aatcmid J-H H-K n Family c k: Nom——
158  Korrmu .38 .07 9 Koronu
167 LJrda
170 Maria

208 L4crinlom
221 Em
243 Ma
311 Claudia
339 oerOLhu
450 Brigitla
4 n  Row
529 Preziosa
562  Sderna
573 Rcchs
S75  Rmatc
579 Sidotu
616 Etly
639 L410M
651 AmikJcia
653 Bcrulike
w c — d a
661 COelia
669 Kypria
720 Behti
742 E&cm
761 Brcndelia
798 Ruth
87S Nymphe
879 Ricuda
890  Wdtmul
S97 Lysiatnts
%2 Aalog
97s Pcrscvemm

1075  Helina
1087 Anbti
1105  Fragaria
1112 POlonia
1158 LudI
1199 Gcldonu
1210 M0r0$0vi4
1289 Kumimi
1350 Ros~elia
1434 Margot
1533 Sairlm
1604 Tombtugh
16$1  Tam
1723  KJcmoh
1767  bmpiand
1913 Sekmim
2051 Chang
2052 Tlmriko
2111 Tt&M
2188 Orlcnok
2345 Fucik
2928 Epstein
3Ch%  McFadden

.39

.43

.44

.39

.38

.37

.36

.36

.39

.40

.38

.46

.38

.41

.38

.39

.38

.38

.38

.41

.40

.39

.34

.34

.29

.38

.41

.42

.35

.40

.40

.31

.31

.36

.3s

.36

.42

.35

.32

.38

.38

.36

.35

.37

.37

.47

.40

.37

.37

.40

.32

.35

.37

.38

.38
3623 Chaphn .38

.03

.07
-.0s
.07
.05
.07
.06
.0s
.02
.06
.07
.02
.07
.09
.06
.08
.05
.07
.09
.07
.06
.05
.03
.05
.07
.05
.05
.06
.C6
.C6
.06
.06
.04
.07
.06
.05
.08
.04
.66
.05
.08
.04
.07
.04
.07
.03
,04
.04
.06
.(%
.03
.02
.06
.08
.0s
.01

2 Korenis
4 Mati
2
4 Koroti
11 S01
5 Koreti
4 Komni~
s ml
4 Em
3 Mark
4 S!0$
2 F.’m
6 S01

10 Mati
4 Em
6 Maria
5 )?.0$
2 )?01
4 Ells
5 Muis
5 Em
4 S01
3 Koronis
4 EOs
4 Koronk
4 Eos
4 Mati
6 Maria
7 sol
6 Msti
5 Komni!
s Korenis
6 Eos
4 Ens
4 S0s
4 Em
6 M#rh
6 EOs
5 sol
5 Komnin
5 Kmmnti
4 Ens
6 S!01
4 Em
5 Eos
4 Ees
2 Em
5 Koronh
4 Korenis
4 Eos
6 S0s
2 Korenu
4 Eos
5 S01
5 Marit

s
s
s

s
s
s
s
s
m
s
s
s

s
s
s
s
s
s
s
s
s
s
se
hi

crG
s
s
s
s
s
ST
s

CGTP
M
s
s
s
s

EMPSC

s
EMPC

s
s

s

2 Komnk

1-3
3
4
5
6
7
3
3
8
9
3

3

3
3
3
3
3
3
7
3
3
3

6

9

3

9
6
6

3
10
9

10

3

No~es. (1) N is the number of independent values aver-
aged. (2) Class is from Tholcn (1989). (3) Bowel] er al.
(1978, 1979). (4) Chapman Cl d. (1975). (5) Veedcr et al.

h
(1983). 6) S in Gradie (1978). (7) K in ~desco ef al.

c (1989~ . (8) SK in Tedesco er al. (1989c~  (9) Visual
afbedo >0.65 (Matson 1986; Tcdcsco 1989). (10) S in Bin-
zel (1987).

0.6

[i

—--”–[  ‘“-  -–’~—

D  Koronis
S Region ;

A M a r i a

0.5

1’
1?0  Maria

~’=’.  .+f:m~

0.3

0.2;0”--[2

0.0 0.1 0.2 0.3

H-KJ/
— FIG. 2. J-H \,

??
-K infrared colors for members of the Koronis —

and Maria asteroi arnilies. This plot is comparable to Fig. 1. .+/ >

<

classes by means of a principal components analysis of
ECAS data (Zellner el al. 1985). Here the observed infra-
red rmges  for the C and S class asteroids form a provi-
sional extension for the definitions of the C and S classes
within the JHK parameter space.

</

The observed i r’ed color for the Eos, Koronis, and
Maria asteroids Table occupy a rather restricted
range in Figs. 1 an as discussed by Veeder and Te-
desco (1991). Indeed, the scatter for each family is only
somewhat IarSer than migh~ be expected from observa-
tional uncertainties alone. However, the H-K colors of
170 Maria are somewhat different than previous results
from a smaller sample (Veeder  ef al. 1983). All the aster-
oids here show similar relatively neutral (-0:05)  H-K
colors. The average J-H colors of observed Eos,
Koronis, and Maria family members are about 0.37,0.37,
and 0.41, respectively, That is, Maria members are mar-
ginally redder at J-H than EOS and Koronis members.

‘/

TABI.E III
Average Infrared Colors of Asteroids

—..—— ——. . .
J - H H - K Reference

—-_-. — _.—— .-— —
Eos Family 0.37 0.0s
Koronis Family 0.37 0.05
Mfia Family 0.41 0.07
s 0.42 0.07 Hahn and Lagerkvis! 1988
s 0,49 0.02 Veeder t-{ al. 1982,  1983
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The J-H colors of these families are somewhat less than 0.s5
the average J-H of 0,42 for S asteroids observed more
than once by Hahn and Lag&kvist (1988) and an average
J-1-l of about 0,49 for the sample  of S asteroids (with
slightly redder visual colors) observed by Veeder et al.
(1982, 1983). The results shown in Fig. 1 confirm that the
Eos family is well within the range of the S taxonomic 0.5
class and that all but two members are in the infrared “’
color region where the C and S classes overlap as noted
by Veeder and Owensb y (1988) and Veeder  and Tedesco
(1991 ). Figure 2 shows that the Koronis family is entirely
within the same region. Mm”a family members tend to
have somewhat redder J-H colors, with 170 Maria itself
just outside this overlap region.

Y Available U-B v , –
PQ

ors of Koronis and Maria
members are plotte in i .3 Gradie 1978, Gradie er al.
1979, Bowel] et al. 1979, ner et al. 1985, Binzel 1987,
Tedesco 1989). The boxes outline the defined ranges of
TRIAD C and S classes. The visual colors of members of
the Maria family are similar to those of S class asteroids.

0.6

0.5

m

5
0.4

0.3

n Koronis

A Maria

r
S Class

I
C Class

/

L__7  ❑

=L.._L.—
0.8 0.9

;7 B-V

~ FIG. 3. U-B V
A

-V visual colors for members of the Koronis and
Maria asteroid f mi es. This figure updates previous presentations
(e.g., Gradie and Zcllner 1977; Gradie 1978; Tedesco 1979; Gradie Cl al.
1979) wi[h the addition of data from Bow~ll cl d. (1979), Zellner  e/ al.
(1985), Binze[  (1987)  and TedescO  (1989).  ~hc solid iines mark defined
hn,,nd{rir< for the TRI .ID C and S a~leroid  taxonon]ic  classes (Chap.

co
5

0.4

0.3

FIG. 4.

——~_ ---

—

/’”-

I

/“YS Class

.-.-
●● ☛ ✎

●

● ☛● ● * e
● ●  * *(fll’/●  **

● *
● ●*** ● ● ●—

221 E,., ● ●

●
●

●

● ● ●

/

●

● ☛

C Class

/1

.

_---. ._-_._.. J_. I I
0,7 0.8 0.9

B-v

U-B vs. B-V visual colors for members of the Eos asteroid
family. ~his figure collates data from Gradie and Zellner  (1977), ZeUner
et al. (1977), Gradie (1978), Degewij ef al. (1978), Tedesco (1979), Gra-
die c-r al. (1979), Bowell er al. (1979), Zellner et a/. (1985), Binzel (1987)
and Tedesco (1989). This plot is comparable to Fig. 3.

Koronis asteroids tend to be somewhat bluer especially
in B–V such that many of them plot outside the S zone.
Almost all Koronis asteroids wi(h available ECAS data
are classified as S by Tholen (1984, 1989).

Available U–B v~LV colors of Eos asteroids are plot- —
ted in l;ig,  4 (Gradie and Zellner  197.7,  Zellner  et al. 1977,
Gradie 1978, Degewij et al, 1978, Tedesco 1979, Gradie
et al. 1979, Bowel] et al. 1979, Zellner  et al. 1985, Binzel
1987, I“edesco  1989). The U–B colors of all three families
are sinlilar. However, the B-V colors of Eos asteroids
tend to be bluer than the S class average to the extent that
more than half of them plot outside the TRIAD S zone.
Again, many Eos asteroids with available ECAS data are
classified as S by Tholen (1984, 1989).

The UBV colors of Eos family asteroids cluster tightly
(i.e., f 0.05 mag) on the boundary of the S field and are
near to that of the C field (Gradie and Zellner  1977, Gra-
die 1978, Degewij et al, 1978, Tedesco 1979, Gradie et al.
I!XW. Furthermore, their radiometric  albedos  tend to be
in the lower range observed for S class asteroids (Gradie,,, ,,. .,.
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chondrites  implies that as near-IR  observations are ex-
tended to fainter objects some other nonfarnily asteroids
currently classed as S on the basis of visual spectra alone
will turn out to be K. For example, Granahan ef al. (1993)
have identified six new K asteroids. It is possible that the
proportion of K asteroids may increase at smaller sizes as
suggested by the scenario of Bell et uf. (1989). Clark et a/.
(1994) suggest that five small main belt asteroids should
be reclassified from S to K. Near-infrared observations
may also reveal whether some of the Earth-approaching

,.
ET AI.

BELL. J. F., B. R. HAWKE,  P. D. OWENSBY.  ANLI M. J. GAFFEY 1987b.
Atlas of Asreroid  Infrared Reflection Speclro  (0.8-2.5 Microns). Uni-
versity of Hawaii, Honolulu.

BELL, J. F., P. D. OWENSBY, B. R. HAWKE, AND M. J. GAFFEY  1988.
The S2-color  asteroid survey: Final results and interpretations. Lunar
Plant’! Sci. XIX, 57-58.

BESSES.  L, M. S., AND M. J. BRETT 1988. JHKLM photometry: S[andard
systems, passhrrds  and intrinsic colors. Pub/. Aszrorr.  Sot. Pac.  100,
1134-1151.

BINZEI,  R. P. 1987. A phomelectric survey of 130 asteroids. Icarus 72,
135-? 08.

asteroids now classified w S (on the basis of {ikd  spec:
tra only) are actually K.

SUMMARY

All available data show that each of the observed E“os,
Koronis, and Maria asteroid subpopulations appear to be
homogeneous with respect to surface composition. 243
Ida is a typical member of the Koronis  family. Within the
Eos family, a unique combination crf moderately red vi-
sual colors, neutral near infrared colors and intermediate
albedos strengthens the justification for the definition of a
separate K class which is near the S class in the three-
parameter taxonomic  system. JHK colors of (faint) Eos
members are consistent with higher resolution spectra of
three bright ones which appear similar to CV or CO car-
bonaceous chondrites.
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tradictory  situation in which the Eos family was thought have similar spectra to that of K class asteroids and might
to be homogeneous in composition, white the individual therefore be related to them. The only differentiated me-
objects were classed as C, S, or “U” based on small teorites which would be candidates based on spectral
variations in color and albedo  (Bowel] et al. 1978, 1979). constraints alone are the ureilites, which combine dark
Tholen (1984, 1989) and Barucci et al. (1987) have ex- carbonaceous material with olivine.  While they are an
panded their S class to include all members of the Eos approximate spectral match, ureilites  are inferred to have
family as well as those with similar colors. Asteroid tax- difTerentiated  within their parent body. This appears to
onomy continues to evolve. (see also Tholen  and Bell be inconsistent with the lack of major differences among
1987, Bell 1989, Bell et al. 1989, Chapman et al. 1989, : the colors of the Eos asteroids and the location of the Eos
Tholen and Barucci 1989). ~ family at the inner edge of the undifferentiated region of

Geometric visual albedos  and diameters for family as- i the belt. That is, the observed similar colors of its family
teroids from the IMPS are included in Tedesco et al, members suggest that the Eos parent body was relatively
(1992; cf. Matson 1986). The albedos  of Eos asteroids are homogeneous before its breaku~ and uerhars  remained
concentrated near a value of 0.1 in a sparsely populated
gap in the distribution of large main belt asteroids be-
tween the dark (mostly) C and moderately bright (mostly)
S taxonomic classes. Koronis and Mm-a asteroids have
zdbedos similar to other S class asteroids (Veeder et al.
1989a, 1991).

Bell et al. (1987a,b, 1988) discovered that the asteroid
221 Eos exhibits a flat near infrared reflectance curve
with very shatlow “siticate  absorption bands. Fifty-two-
chamel  spectra of the family members 653 Berenike and
661 Cloelia  are similar to that of 221 Eos (Bell, unpub-
lished). Fifty-two-channel spectra are not available for
any Koronis or Maria asteroids. These three Eos member
spectra are unlike those of other S asteroids such that
they more closely resemble classical C spectra. Our JHK
data suggest that a significant number of Eos famil y mem-
bers possess near-infrared spectra that are similar to the
three obtained so far. Thus, in the following, we will
implicitly assume that the spectrum of~steroid  221 Eos
characterizes typical Eos members as well as the original
parent body which was broken up to form the family.

The combined visual and infrared data sets suggest that
the parent body of the Eos family was not a typical mem-
ber of either the C, the S, or any other previously defined
taxonomic class. Bell (1988, 1989) proposed that the
unique and tightly clustered properties of the Eos family
asteroids should be recognized by creating a new asteroid
class,  “K”, for them. This choice was intended to pho-
netically suggest their apparent identity with CV or CO
carbonaceous chondntes  and that their telescopically ob-
served parameters are intermediate to the classical C and
S asteroids (cf. Tholen and Bell 1987, Tholen and Barucci
1989). This class was provisionally defined to include ob-
jects with albedos near 0.09, S-like spectral curvature at
visual wavelengths, weak absorption bands near 1 pm, :
and flat reflectance from 1,1 to 2.5 pm. A three-parame-
ter taxonomy has been defined by Tedesco el al.
(1989a,b,c)  which includes a K class exhibiting the fol-
lowing ranges: 1.12< U-V <1.21, 0.07< u-x <0.18,
and 0.091 < pu <0,17.

It is of particular interest to consider what meteorites

undif&entiatcd  despite its size. ‘Relati~ely mild forms of
metamorphism, such as hydrothermal activity, may have
occurred without producing obvious effects detectable in
our current data. In any case, the Eos family would ap-
pear to provide an example of (relatively primitive) mate-
rial that has survived the process of accretion into a plan-
etesimal as well as one or more stages of breakup. In this
context, the model for asteroid evolution of Bell et al.

(1989), implies that many larger K protoasteroids  were
destroyed by an early heating episode.

Comparison of the spectral and albedo data for Eos
famit y asteroids with the available undifferentiated mete-
orite spectra does reveal a close similarity with CV and
CO chondntes  while  other meteorites with similar inter-
mediate albedos  such as “black chondrites” (highly
shocked ordinary chondrites) appear to be much less
likely candidates (Bell 1988, 1989), It seems possible that
the Eos family may provide a source for either CV or CO
chondrites.

The identification of CV or CO chondrites  with aster-
oids formerly classed as S mriy appear inconsistent since
“carbonaceous chondntes”  have been traditionally asso-
ciated with the class C asteroids. In fact this association
is only strictly true for CI and CM chondrites.  The aster-
oidal al%liations  of the anhydrous CV and CO chondntes
have been muctl  more obscure. They have moderate al-
bedos and shallow olivine/pyroxene bands, inconsistent
with the low albedos  and fiat near infrared spectra of the
traditional C class asteroids. Indeed, over a decade ago
CV/CO mineralogies (then lumped together as “C3”
chondrites) were specifically associated with certain S
class asteroids on the basis of visual-wavelength spectra
alone (GatTey and McCord 1979, Gaffey et al. 1989,
Lipshutz et al, 1989). Thus the current recognition of the
K class can be viewed as a return to some “traditional”
interpretations which were obscured by rigid and some-
what arbitrary boundaries within the original C-S-M as-
teroid taxonomy (Bowell  et al. 1978, 1979, Zellner 1979).

Tedesco et al. (1989b,c) have identified a few K class —
asteroids which are not members of the EOS family (e.g.,
181, 402, and 5 19). The existence of both CV and CO
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