
1975 C
Carbonaceaous

S
Stony / Silicaceous

[1]

1976 C*
(1) Ceres

M E
EnstatiteMetal-rich

(16) Psyche (44) Nysa
[2, 3]

1977 T O
Ordinary-chondritic (?)

(149)Medusa

Trojan

(588) Achilles
[4]

1978 R (349) Dembowska [5]
Reddest UBV

1979 RD
Reddish
and
dark

[6, 12]

1980

1981 XpV < 0.065 [7]

1982 FFlat Ppseudo-M S
i
-
a [8, 9]D

1983

EC
A
S

IR
A
S A

(446) Aeternitas
[10, 13, 16]

1984 B
Bright C

(2) Pallas
G
(1) Ceres

F C D T P M E X
E|M|P - no pV

”tentative”

(308) Polyxo (87) Sylvia
VQ S R A
(4) Vesta(1862) Apollo

[11]

1985

1986

198752
C
A
S

B
3
2
1
0

G0 C0 D
3
2
1
0

E0M0 S
3
2
1
0

V0A0 [14]

1988 K
Between C and S

(221) Eos
[15]

1989 G CF
(142) Polana

D T KP EM S A [17, 18]
1990

1991 SpSo [19, 26]
1992 Z

(5145) Pholus

[20]
1993

SM
A
SS

I

O
Ordinary Chondrite

(3628) Boznemcova JS
(I)
-

(VII)

(2442) Corbett

[21–23, 28]
1994 B+F BCv CxCv D KP EM RS So SpT A V [24]
1995 WWet M

(201) Penelope
[25]

1996 [31]
1997

1998 [43]
1999

2000 B G C D EM S A V [27]

2001

S3
O
S2

2M
A
SS

2002

SM
A
SS

II

B Cg Cgh C Ch Cb D T Xc XXk Xe Ld K L O Q Sq Sl S Sk Sr Sa R A V [28]
2003

2004 Caa
Aqueous alteration

E
III
II
I [29, 30]

2005

2006

2007

2008

2009

SD
SS

B Cg Cgh C Ch Cb D T Xc XXk Xe K L O Q Sq S Sr Sa Sv R A V [33, 39]

2010 Cp Op Qp Sp ApLpDp Xp VpMm
High radar albedo

[34, 35]

2011 [36]W
IS
E

2012

2013 B C D P M E X K L S A V [32, 37, 40]

2014

2015 B C D X L S A VO Q [38]

2016

2017

2018 Bk Cgx C Ds KlXt S VAd [41]
2019 Xn

(3671) Dionysus

[42]

2020

2021

2022

G
ai
a

N
EO

W
IS
E

VI
ST

A
VH

S

B C Ch D Z
(269) Justitia

P
e
k
·
M

e
k
·

E
e
k
·

X
e
k
·

K L O Q S R A V [44]

1



References
[1] C. R. Chapman, D. Morrison, and B. Zellner. “Surface properties of asteroids: A synthesis of polarimetry, radiometry, and spectropho-

tometry”. en. In: Icarus 25 (1 May 1975), pp. 104–130.
[2] C. R. Chapman. “Asteroids as meteorite parent-bodies: the astronomical perspective”. en. In: Geochimica et Cosmochimica Acta 40 (7

July 1976), pp. 701–719.
[3] B. Zellner and J. Gradie. “Minor planets and related objects. XX. Polarimetric evidence for the albedos and compositions of 94 asteroids.”

In: AJ 81 (Apr. 1976), pp. 262–280.
[4] B. Zellner and E. Bowell. “Asteroid compositional types and their distributions.” In: IAU Colloq. 39: Comets, Asteroids, Meteorites: Inter-

relations, Evolution and Origins. Jan. 1977, pp. 185–195.
[5] E. Bowell, C. R. Chapman, J. C. Gradie, D. Morrison, and B. Zellner. “Taxonomy of asteroids”. In: Icarus 35.3 (Sept. 1978), pp. 313–335.
[6] J. Degewij and C. J. van Houten. “Distant asteroids and outer Jovian satellites.” In: Asteroids. Ed. by T. Gehrels and M. S. Matthews.

1979, pp. 417–435.
[7] B. Zellner, E. F. Tedesco, and D. J. Tholen. “Highlights from the Eight-Color Asteroid Survey.” In: Bulletin of the American Astronomical

Society. Vol. 13. June 1981, p. 717.
[8] M. A. Feierberg, H. P. Larson, and C. R. Chapman. “Spectroscopic evidence for undifferentiated S-type asteroids”. en. In:The Astrophys-

ical Journal 257 (June 1982), p. 361.
[9] J. Gradie and E. Tedesco. “Compositional Structure of the Asteroid Belt”. In: Science 216.4553 (June 1982), pp. 1405–1407.
[10] G. Veeder, D. Matson, and E. Tedesco. “The R asteroids reconsidered”. en. In: Icarus 55 (1 July 1983), pp. 177–180.
[11] D. J. Tholen. “Asteroid Taxonomy from Cluster Analysis of Photometry.” PhD thesis. University of Arizona, Tucson, Sept. 1984.
[12] B. Zellner, D. Tholen, and E. Tedesco. “The eight-color asteroid survey: Results for 589 minor planets”. en. In: Icarus 61 (3 Mar. 1985),

pp. 355–416.
[13] D. Matson, G. Veeder, E. Tedesco, L. Lebofsky, and R. Walker. “IRAS survey of asteroids”. en. In: Advances in Space Research 6 (7 Jan.

1986), pp. 47–56.
[14] M. A. Barucci, M. T. Capria, A. Coradini, and M. Fulchignoni. “Classification of asteroids using G-mode analysis”. en. In: Icarus 72 (2

Nov. 1987), pp. 304–324.
[15] J. F. Bell. “A probable asteroidal parent body for the CO or CV chondrites”. In: Meteoritics 23 (Sept. 1988), pp. 256–257.
[16] J. F. Bell, P. D. Owensby, B. R. Hawke, and M. J. Gaffey. “The 52-Color Asteroid Survey: Final Results and Interpretation”. In: Lunar and

Planetary Science Conference. Vol. 19. Lunar and Planetary Science Conference. Mar. 1988, p. 57.
[17] E. F. Tedesco, J. G. Williams, D. L. Matson, G. J. Weeder, J. C. Gradie, and L. A. Lebofsky. “A three-parameter asteroid taxonomy”. In:

The Astronomical Journal 97 (Feb. 1989), p. 580.
[18] D. J. Tholen and M. A. Barucci. “Asteroid taxonomy”. In: Asteroids II. Jan. 1989, pp. 298–315.
[19] E. S. Howell, E. Mer{é}nyi, and L. A. Lebofsky. “Using neural networks to classify asteroid spectra”. In:Meteoritics 26 (Dec. 1991), p. 347.
[20] B. E. Mueller, D. J. Tholen, W. K. Hartmann, and D. P. Cruikshank. “Extraordinary colors of asteroidal object (5145) 1992 AD”. en. In:

Icarus 97 (1 May 1992), pp. 150–154.
[21] R. P. Binzel and S. Xu. “Chips off of Asteroid 4 Vesta: Evidence for the Parent Body of Basaltic Achondrite Meteorites”. en. In: Science

260 (5105 Apr. 1993), pp. 186–191.
[22] R. P. Binzel, S. Xu, S. J. Bus, M. F. Skrutskie, M. R. Meyer, P. Knezek, and E. S. Barker. “Discovery of a Main-Belt Asteroid Resembling

Ordinary Chondrite Meteorites”. en. In: Science 262 (5139 Dec. 1993), pp. 1541–1543.
[23] M. J. Gaffey, J. F. Bell, R. Brown, T. H. Burbine, J. L. Piatek, K. L. Reed, and D. A. Chaky. “Mineralogical Variations within the S-Type

Asteroid Class”. en. In: Icarus 106 (2 Dec. 1993), pp. 573–602.
[24] E. S. Howell, E. Merenyi, and L. A. Lebofsky. “Classification of asteroid spectra using a neural network”. In: J.~Geophys.~Res. 99.E5

(May 1994), pp. 10847–10866.
[25] A. S. Rivkin. “3-µm Spectrophotometric Survey of M- and E-Class Asteroids”. In: Icarus 117 (1 Sept. 1995), pp. 90–100.
[26] S. Xu, R. P. Binzel, T. H. Burbine, and S. J. Bus. “Small Main-Belt Asteroid Spectroscopic Survey: Initial Results”. en. In: Icarus 115 (1

May 1995), pp. 1–35.
[27] M. Fulchignoni. “The Extension of the G-Mode Asteroid Taxonomy”. en. In: Icarus 146 (1 July 2000), pp. 204–212.
[28] S. J. Bus and R. P. Binzel. “Phase II of the Small Main-Belt Asteroid Spectroscopic Survey. A Feature-Based Taxonomy”. In: Icarus 158

(1 July 2002), pp. 146–177.
[29] M. J. Gaffey and M. S. Kelley. “Mineralogical Variations Among High Albedo E-Type Asteroids: Implications for Asteroid Igneous

Processes”. In: Lunar and Planetary Science Conference. Lunar and Planetary Science Conference. Mar. 2004, p. 1812.
[30] D. Lazzaro, C. Angeli, J. Carvano, T. Mothe-Diniz, R. Duffard, and M. Florczak. “SOS: the visible spectroscopic survey of 820 asteroids”.

en. In: Icarus 172 (1 Nov. 2004), pp. 179–220.
[31] D. Lazzaro, C. A. Angeli, J. M. Carvano, T. Mothe-Diniz, R. Duffard, and M. Florczak. “Small Solar System Objects Spectroscopic Survey

V1.0”. In: NASA Planetary Data System (Apr. 2007), EAR-A-I0052-8-S3OS2–V1.0.
[32] P. Tanga, D. Hestroffer, M. Delbò, J. Frouard, S. Mouret, and W. Thuillot. “Gaia, an unprecedented observatory for Solar System dy-

namics”. en. In: Planetary and Space Science 56 (14 Nov. 2008), pp. 1812–1818.

2



[33] F. E. DeMeo, R. P. Binzel, S. M. Slivan, and S. J. Bus. “An extension of the Bus asteroid taxonomy into the near-infrared”. en. In: Icarus
202 (1 July 2009), pp. 160–180.

[34] J. M. Carvano, P. H. Hasselmann, D. Lazzaro, and T. Mothé-Diniz. “SDSS-based taxonomic classification and orbital distribution of
main belt asteroids”. In: Astronomy and Astrophysics 510 (Feb. 2010), A43.

[35] M. K. Shepard, B. E. Clark, M. Ockert-Bell, M. C. Nolan, E. S. Howell, C. Magri, J. D. Giorgini, L. A. Benner, S. J. Ostro, A. W. Harris,
B. D. Warner, R. D. Stephens, and M. Mueller. “A radar survey of M- and X-class asteroids II. Summary and synthesis”. en. In: Icarus
208 (1 July 2010), pp. 221–237.

[36] J. R. Masiero et al. “Main Belt Asteroids with WISE/NEOWISE. I. Preliminary Albedos and Diameters”. In: The Astrophysical Journal
741.2 (Oct. 2011), p. 68.

[37] F. E. DeMeo and B. Carry. “The taxonomic distribution of asteroids from multi-filter all-sky photometric surveys”. en. In: Icarus 226 (1
Sept. 2013), pp. 723–741.

[38] P. H. Hasselmann,M. Fulchignoni, J. M. Carvano, D. Lazzaro, andM.A. Barucci. “Characterizing spectral continuity in SDSS<i>u</i>′<i>g</i>′<i>r</i>′<i>i</i>′<i>z</i>′
asteroid photometry”. In: Astronomy & Astrophysics 577 (May 2015), A147.

[39] M. Popescu, J. Licandro, D. Morate, J. de León, D. A. Nedelcu, R. Rebolo, R. G. McMahon, E. Gonzalez-Solares, and M. Irwin. “Near-
infrared colors of minor planets recovered from VISTA-VHS survey (MOVIS)”. In: A&A 591 (June 2016), A115.

[40] J. R. Masiero, C. Nugent, A. K. Mainzer, E. L.Wright, J. M. Bauer, R. M. Cutri, T. Grav, E. Kramer, and S. Sonnett. “NEOWISE Reactivation
Mission Year Three: Asteroid Diameters and Albedos”. In: The Astronomical Journal 154 (4 Sept. 2017), p. 168.

[41] M. Popescu, J. Licandro, J. M. Carvano, R. Stoicescu, J. de León, D. Morate, I. L. Boacă, and C. P. Cristescu. “Taxonomic classification of
asteroids based on MOVIS near-infrared colors”. In: Astronomy & Astrophysics 617 (Sept. 2018), A12.

[42] R. P. Binzel et al. “Compositional distributions and evolutionary processes for the near-Earth object population: Results from the
MIT-Hawaii Near-Earth Object Spectroscopic Survey (MITHNEOS)”. en. In: Icarus 324 (May 2019), pp. 41–76.

[43] A. V. Sergeyev and B. Carry. “A million asteroid observations in the Sloan Digital Sky Survey”. In: Astronomy & Astrophysics 652 (Aug.
2021), A59.

[44] M. Mahlke, B. Carry, and P.-A. Mattei. “Asteroid taxonomy from cluster analysis of spectrometry and albedo”. In: Astronomy & Astro-
physics 665 (Sept. 2022), A26.

3


