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Introduction:  Since their initial discovery by [1], 

asteroid families have commonly been considered to be 

fragments from the collisional breakup and dispersion 

of their parent bodies. [2] drew attention to the distinc-

tion between asteroid families identified on the basis of 

their clustered similar orbital elements (dynamical fam-

ilies) and genetic families derived from a parent body 

breakup. To be considered a genetic family, the mem-

bers of a dynamical family must be shown to be com-

positionally compatible with a common parent body. 

Historically, taxonomy has been used to test the ge-

netic nature of dynamical families and to identify po-

tential interlopers within dynamical families. A number 

of investigators [3-7] have used taxonomic classifica-

tions to test family memberships. Other investigators 

have used a spectral curve matching approach and 

CCD spectra to test family memberships [e.g., 5, 7-10]. 

Using taxonomy as a tool to derive or imply mine-

ralogy and to test genetic relationships whether astero-

id-to-asteroid or asteroid-to-meteorite is fraught with 

ambiguity, both because most asteroid taxonomies are 

not based on compositionally diagnostic criteria [e.g. 

11] and because the diversity of asteroid space wea-

thering processes introduces an unconstrained variable 

into the taxonomic classification process [e.g. 12].  

Additionally, most asteroid taxonomies are based on 

spectral data with limited wavelength coverage, typi-

cally ~0.4–1.0 µm, which lacks the near-infrared spec-

tral coverage normally required to establish the true 

mineralogical nature of an asteroid. 

Similarly, comparison of CCD spectra between 

members of a putative family is suggestive, but not 

definitive. It is likely to identify interlopers with signif-

icantly different compositions than the members of a 

genetic family. However, the limited spectral coverage 

does not allow actual mineralogical characterizations 

needed to assess genetic relationships. For example, 

two S-type spectra may have nearly identical CCD 

spectra, but show significant mineralogic (and genetic) 

differences when a full ~0.4 – 2.5 µm spectrum is ana-

lyzed. In the case of asteroid taxonomic types, classifi-

cation of asteroids into different taxons almost guaran-

tees that those asteroids have different compositions, 

but classification into the same taxon is no assurance 

that they have similar compositions. A similar state-

ment can be made with respect to CCD spectra; differ-

ent spectra generally indicate different compositions, 

but similar spectra do not assure similar compositions.    

 The Maria asteroid family (MAF) examined in this 

paper borders the chaotic zone of the 3:1 Kirkwood 

gap. These locations are capable of contributing to the 

terrestrial meteorite flux, as well as a possible source 

region for the giant NEAs such as (433) Eros and 

(1036) Ganymed [13].  [14] further investigated the 

possibility of a relationship between (433) and (1036) 

using spectral coverage extending from 0.4-2.5 µm. 

Results indicated they were not genetically related and 

not derived from the same family.  This study extends 

that research to the MAF to determine if the MAF 

could be a possible source of either (433) or (1036). 

This study investigated thirteen Maria dynamical 

family members: (292), (652), (695), (714), (787), 

(875), (897), (1158), (1215), (2089), (3066), and 

(3637). The present research uses NIR spectra to iden-

tify possible links between MAF adjacent to the 3:1 

resonance and meteorites in the terrestrial collections. 

Observations and Data Reduction: NIR spectral 

observations of MAF members were obtained between 

2000-2009 at the NASA IRTF using the SpeX instru-

ment[15] in the low-res spectrographic mode. Asteroid 

& local standard star observations were interspersed to 

allow modeling of atmospheric extinction.  Data reduc-

tion was done using procedures outlined by [11,16].    

The spectra of the MAF members characteristically 

exhibit an overall reddish spectral slope with two ab-

sorption features located near 1 and 2 µm which are 

typical of anhydrous mafic silicate assemblages. The 

band centers (BCs) and the band area ratios (BAR) are 

diagnostic of the abundances and compositions of  

mafic silicates [e.g., 11, 17-24]. The BCs and BAR for 

each spectrum are measured relative to a linear conti-

nuum fitted tangent to the spectral curve outside the 

absorption feature [e.g.19]. The error was estimated 

from several polynomial fits, sampling different ranges 

of points within the Band I and II spectral intervals. 

The error was determined as half of the difference be-

tween the minimum and maximum error calculated 

from the polynomial fits. 

Analysis: BCs were plotted on the Band I vs. Band 

II plot [17,25] (Fig. 1).  The MAF either plot within or 

very close to the  HED regions of the Band I vs. Band 

II plot and either on or slightly above the OPX region 

of the pyroxene the trend line. Within the error bars, 
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these values indicate a silicate assemblage containing 

abundant orthopyroxene. Using equations outlined by 

[11], the composition of the average pyroxene on the 

surface of MAF members were calculated.  Within the 

uncertainties, the MAF members average pyroxene 

chemistries appears consistent with the chemistries of 

pyroxenes in the HED  meteorite group. Spectrally 

neutral phases such as feldspar could also be present, 

but remain undetected. The alternate spectral calibra-

tion of [23,26] were also used to derive the mineralo-

gies of the pyroxenes for each asteroid.  The results 

using the [23,26] calibration and the [11] calibrations 

are within each others, increasing our confidence in the 

derived mineralogies.   

The location of MAF members on the Band-Band 

plot would indicate that olivine is either rare or absent.  

However, on the Band I center vs. BAR plot (Fig. 2), 

MAF members plot within the S(IV), S(VI), and basal-

tic achondrite zones of the S-Asteroid sub-types de-

fined by [20] . Two plot within the S(IV) region, four 

plot within the S(VI) region, and six plot within the 

basaltic achondrite region.  Olivine appears to be a 

component of the silicate assemblage in the S(IV) and 

S(VI) regions.  The surface assemblage of these MAF 

members appear to be enriched in metal with ultramaf-

ic pyroxene and olivine clasts. 

 
Figure 1 

Conclusions: Our spectral data and analyses indi-

cates that the MAF located adjacent to the chaotic re-

gion of the 3:1 Kirkwood gap appears to be a true ge-

netic family composed of assemblages analogous to 

mesosiderite-type meteorites. Dynamical models by 

[27] predicts this region should supply meteoroids into 

Earth-crossing orbits. Thus, the MAF may be the 

source of some or all of the mesosiderites in our mete-

orite collections. One of the Maria dynamical family 

members investigated, (695), was found to be unrelated 

to the genetic MAF. The parameters of (695) indicate 

an H-chondrite assemblage, and that (695) may be a 

sister or daughter of 6 Hebe.   

 
Figure 2 

 References: [1] Hirayama, K. (1918) Proc. Phys. 

Math. Soc. Japan, Ser. 2, No. 9, 354-361. [2] Farinella, 

P., et al. (1992) Asteroids, Comets, Meteors 1991, Lu-

nar Planet. Institute, Houston, 165-166. [3] Bell, J.F. 

(1989) Icarus 78, 426-440. [4] Chapman, C.R., et al. 

(1989) in Asteroids II  University of Arizona Press, 

Tucson, 386-415. [5] Carvano J. M., et al. (2001) Ica-

rus 149, 173-189. [6] Cellino A., et al. (2001) Icarus 

152, 225-237. [7] Mothé-Diniz T.,  et al. (2005) Icarus 

174, 54-80. [8] Di Martino, et al. (1997) Icarus 127, 

112–120. [9] Cellino A., et al. (2002), Asteroids III, 

633-643. [10] Florczak M., et al. (1998) Icarus 133, 

233-246. [11] Gaffey M. J., et al.(2002), Asteroids III, 

183-204. [12] Gaffey, M.J. (2010) Icarus, 209, 564-

574. [13] Zappalà V., et al. (1997) Icarus 129, 1-20. 

[14] Fieber-Beyer S. K., et al. (2010) Icarus, accepted. 

[15] Rayner J.T., et al. (2003) Publications of the As-

tronomical Society of the Pacific 115, 362‐382. [16] 

P.S. Hardersen et al. (2005) Icarus 175, 141-158. [17] 

Adams, J.B. 1974. J. Geophys. Res. 79, 4829-4836. 

[18] Adams J. B. 1975 In Infrared and Raman Spec-

troscopy of Lunar and Terrestrial Minerals,  91-116. 

[19] Cloutis E.A., et al. (1986) J. Geophys. Res 91, 

11641-11653. [20] Gaffey M. J., et al. (1993) Icarus  

106, 573-602. [21] Gastineau-Lyons H. K., et al. 

(2002) Met. & Planet. Sci. 37, 75-89. [22] Burbine T. 

H., et al. (2003) Antarct. Meteorite Res. 16, 185-195. 

[23] Burbine T. H, et al. (2009) Met. & Planet. Sci. 44, 

1331–1341. [24] Dunn T.L., et al. (2010) LPSC 

XXXXI, Abstract 1750. [25] E.A. Cloutis et al. (1991) 

JGR (Planets) 96, 22809-22826. [26] Burbine T. H, et 

al. (2007) LPSC XXXVIII Abstract 2117. [27] Farinella 

P., et al. (1993) Icarus 101, 174-187. 

Acknowledgements:  This work was supported by 

NASA HQ under NESSF Grant NNX08AW0414 

(SKF) and NASA PGG Grant NNX07AP73G (MJG). 

Portions of this work were supported by NASA PAST 

grants NAG5-12445 and NNG05GF90G. 

 

1411.pdf42nd Lunar and Planetary Science Conference (2011)


