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Abstract Asteroid Data

We present a comparative study of F-type asteroids, 2008 Almahata Sitta Meteorite Spectra
TC3, the Almahata Sitta meteorites, and lab mixtures of
simulated ureilites. We are attempting to use these data to
connect the Almahata Sitta meteorites and their parent — AS stone#7
asteroid, 2008 TC3, with a specific class of asteroids. We
prepared mixtures of olivine, pyroxene and graphite in the
lab as simulated ureilite meteorites and measured their
spectral properties. We have processed spectra of twelve F-
type asteroids that are potential sources of 2008 TC3.

. Binned Visible and IR data for 1139_Atami
Spectra of seven main-belt, F-type, low albedo T T T T

asteroids were observed with the 2.2m telescope
at Calar Alto using the CAFOS low resolution
spectrograph in R-400 (0.47-1.1 um) and B-100
(0.32-0.58 um) modes. Three of these spectra
are plotted here in black.

A slonei Additionally, eight spectra were taken with IRTF

and the SpeX low-resolution spectrograph in the
near-infrared (1-2.5 um) region. These data are
plotted in red.
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On the right are reflectance spectra of several Almahata —— AS stone#27
Sitta meteorite samples (from Hiroi et al. 2010 ). These . ! Al oo
spectra contain 1 and 2 um bands that are characteristic of T T T T ' ' wﬂvel;';h ()
olivine and pyroxene spectra.
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On the three surrounding plots, the orange line

. . + ] indicates where the black and red spectra are
I\/I I n e ra I M IXt u re S [ j both normalized to one. The blue line is at 0.475

i um and shows the cutoff of the Bus & Binzel

(2002) classification system. Atami (top),
Astronomia (middle), and Eugenia (bottom) all
exhibit a 0.35 um absorption feature which
distinguishes the F (Tholen) and B (Bus & Binzel
2002) classes.

Reflectance vs Wavelength for Olivine Pyroxene Mixtures Olivine, Pyroxene, Graphite Mixtures
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The data reduction of the visible spectra
collected with 2.2m/CAFOS is still in progress
L o since they were collected recently in May-July
1.5 : : : : 1.5 : : 2010. Instrumental errors (fringing) and
Wavelength (um) Wavelength (um) .. . . ce .
limitation in sensitivity at wavelengths larger

. The Almahata Si . . than 0.7 um need to be fully characterized
Olivine and pyroxene were ground to < 125 pum e Almahata Sitta meteorite spectra are muc before reaching conclusions and being able to

af“?' e together Oy UElignt (i alifferent = Hes. eI than'the spectra of.t-he 2lliine gne _ classify these asteroids into the DeMeo et al.
Visible/Near-infrared (VN) r.eflectance spectra of py.roxene mixtures. In adqlltlon to thgse TEE , (2009) taxonomic classes. Additional data of 5 F-
each sample were taken using an ASD sp.ectrom- mlnera|§, the Almahata Sitta meteorites contain e Esiarela (Rek slenh here) were tElen wid
eter at 2 nm spectral sampling. Three mixtures fm.e-gramed carbon. In order ’Fo tes.t the eff.ect.of he TETAST specimserEah in 2008 &g wil le
and the two endmember spectra are shown with this component, carbon graphite with a grain size nduded i eur anelEs o
error bars in the plot above. The spectra are offset <45 um was mixed with the 1:1 olivine to . . wovee S Gy
for clarity. These data show nonlinear trends in pyroxene mixture (gold spectrum). The mixture

the character of the 1 and 2 um bands, illustrating with ~¥3% C reduced the average reflectance by

the need for lab mixtures in order to interpret ~25% (orange spectrum) and the mixture with

spectra of meteorites such as Almahata Sitta. 5% C reduced it by ~40% (red spectrum). A Principle Component Analysis (PCA) Object slope PC2’ PC3’ ?e:tsu‘::‘ ge:tsu‘::: Type  Type

was performed on the spectra of reflectance/ 1pm Higher  (Hiroi et Tholen or This
asteroids collected in the visible region, hame wavelength feature Order  al 1996) Y/N BB 2002 work

: and the results are in the table to the i _ _ _ _ ?
Mid-Infrared reflectance spectra were also | . 1154 Astronomia 13.98 -0.99999 -0.00217 -0.363Y :
right. We were able to assign a type to

measured of the mixtures at RELAB and are shown , = ,
i e alle o dhe i (eslermeasied o e Vi iiéiiéi’é’fi’;s,,m three prewously uncla55|f|§d asteroids
: according to the Bus and Binzel (2002)

spectra above). A shift in the Christiansen : . e
taxonomic classification. We quantified 3888 Hoyt -0.32 -0.00077 0.00092  -1.150Y

frequency is observed from near 1180 cm™ for the debth of the 0.35 feature i _
enstatite (pyroxene) to near 1130 cm™! for 1€ GEPLI OT THE .32 HIM Tedrlre 1n < 1796 Riga 545 0.00047 0.00107 DA/
similar fashion to Hiroi et al. (1996). For

A A
forsterite (olivine). This reflectance minimum is ~ /M\,,WM PC2’ and the 0.35 um feature, a smaller 45 Eugenia

\ Archival data (Bus 2002)

2287 Kalmykia -1.40 -0.00233 0.00420 -0.0297? ?

1655 Comas Sola -16.76 -0.00216 0.99999 1.873N?
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-0.04 -0.00012 0.00015 -0.237Y

shifted towards that of pyroxene for only 25 wt.% number indicates a larger absorption 1139 Atami 0.15 -0.00007 -0.00004 -0.237Y
enstatite. Additional features are observed here
ol N AN feature. 2261 Keeler 71.27 0.00029 0.00037 -0.043N?

due to Si-O stretching and bending vibrations. 1400 1200 1000 _ 800 600 400 200
Wavenumber (cm™)

Conclusions Future Work Works Cited Works Cited Acknowledgements

Lab mixt i d first ord Aoplv Modified G ian Modeli Bus, Schelte J. and Binzel, Richard P. . “Phase Il of the Hiroi et al. “Thermal metamorphism of the C, G, B,
2l LIRSS | PIOATO IS el XSRS AR 2ty tigtelyise el sz by Miehe sy Small Main-Belt Asteroid Spectroscopic Survey: The and F asteroids seen from the 0.7 um, 3um, and UV

match to the Almahatta Sitta meteorite Prepare additional olivine/pyroxene/c Observations”. Icarus 158,1. 2002. absorption strengths in comparison with
Bus, Schelte J. and Binzel, Richard P. . “Phase Il of the carbonaceous chondrites”. M&PS.31.321H. 1996 Jill Tarter — organizing the ATA/Lassen

Carbon i ded h th flactivi Small Main-Belt Asteroid Spectroscopic Survey: A Jenniskens P et al. The Impact and recovery of trip.
arbon Is needed to match the reflectivity Acquire more spectral data of F-type and Feature-Based Taxonomy”. Icarus, 158, 1. 2002. asteroid 2008 TC3. Nature, 458, 485-488. 2009.

Telescopic data shows 0.35 um absorption other asteroids DeMeo et al. “An extension of the Bus asteroid Rayner, J. T., Toomey, D. W., Onaka, P. M., Denault, A.

. . i i - J., Stahlberger, W. E., Vacca, W. D., Cushing, M. C., and
that differentiates F and B tvpes . . ) taxonomy into the near-infrared”. Icarus 202, 1. 2009 ) ) ) ) ) ) )
yP Bin pixels to reduce noise (BB2002) Hiroi T. et al. Bidirectional visible-NIR and biconical Wang, S. "SpeX: A Medium-Resolution 0.8-5.5 micron Thanks to NSF for the REU program

Classified using PCA: 2-F, 1-B, 2-C, and 3-S Investigate other methods of reducing noise FT-IR reflectance spectra of Almahata Sitta meteorite Spectrograph and Imager for the NASA Infrared funding and support.
samples. MAPS, in press, 2010 Telescope Facility." PASP 115, 362. 2003.

Nolsy c.:Iata I_S maklng classifying and Apply UV absorption analysis to Kast data D.J. Tholen and M. A. Barucci. “Asteroid Taxonomy”.
analyzing difficult 1989 Contact email: billfreeman44@yahoo.com

Cynthia Phillips - organizing the SETI
REU program.

data mixtures with varying abundances

My wonderful mentors and everyone
who helped on this project!




