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Asteroid 5261 Eureka, a Mars Trojan, was observed in both visible and near-infrared wavelengths 
to determine its composition and constrain its origin. The existence of meteorites from Mars indicate 
that impact ejecta can be put into heliocentric orbit, and might be captured into Mars Trojan points 
by mechanisms discussed by Shoemaker et al. [I]. Alternatively, Mars crossing asteroids could also be 
captured under favorable conditions. We compare the spectra of 5261 Eureka, the Mars surface and two 
different compositional types of asteroids. Although the spectrum bears a resemblance to both the Mars 
surface and to S type  asteroids, there are important differences in both cases. The overall spectral slope is 
too red in the near-infrared, but not red enough between 0.4 and 0.6 microns. The absorption band near 
1-pm indicates both olivine and pyroxene, whereas this band is generally not as strong in Mars surface 
spectra. Unless the albedo of this asteroid is unusually low, it is a small object, a few km in diameter. 
Different surface processes on small asteroids than on larger ones has been suggested to explain the deeper 
absorption bands and redder continuum slope in the near-infrared. Whether 5261 Eureka is a piece of Mars 
or an olivine-rich S-type asteroid, these same spectral differences exist and must be explained. 

The top portion of Figure 1 shows the composite spectrum of 5261 Eureka. The broadband photometry, 
shown as solid dots with errorbars, was obtained simultaneously at the Catalina 1.54111 telescope, and the 
Steward Observatory 2.lm telescope on 10 November 1994. The CCD spectrum, covering 0.45-1.0 pm, 
was obtained at the Michagan-Dartmouth-MIT 2.4m telescope on 16 November. The CCD spectrum is 
normalized to  1.0 a t  V (0.55 pm), matching the photometry. Several images obtained concurrently with the 
near-infrared photometry indicate that any changes in brightness with cross section, are less than 0.05 mag 
during this time. Several mineralo@cal features are apparent. The CCD spectral slope between 0.7 and 
1.0 pm is due to the 1-pm pyroxene absorption band possibly combined with the olivine absorption band 
centered near 1.2 pm. The low reflectivity at J (1.25 pm) suggests a strong olivine component, making 
band asymmetric. The strong positive slope between photometry at 1.65 and 2.16 pm does not show any 
absorption a t  2 pm, which also favors olivine as a major component of the 1-pm band. 

In comparing the spectrum of 5261 Eureka with spectra of the Martian surface, shown at the bottom 
of Figure 1 [2], several differences are apparent. The near-infrared spectral slope is much redder than that 
of Mars. The spectra shown have C 0 2  features removed using an atmospheric model, but the model does 
not change the continuum slope. In contrast, the spectrum of 5261 Eureka is very strongly red. However, 
the spectral slope in the near-UV, between 0.45 and 0.7 pm is less red than either bright or dark regions of 
Mars. Less reddening could be due to less oxidized iron on 5261 Eureka, or lower albedo, and therefore less 
spectral contrast, or a combination of both. However, the deep absorption band at 1 pm argues against 
low spectral contrast from a low albedo. Olivine is not seen in most Mars surface spectra, although more 
olivine would be expected if this object has been excavated from depth in a large cratering event. 

Figure 2 shows the 5261 Eureka spectrum together with two asteroid spectra. These spectra are shown 
at the same scale, normalized to  1.0 at 0.55 pm, but are offset for clarity. The upper spectrum is A-type 
asteroid 289 Nenetta, while the lower one is near-Earth asteroid (NEA) 1627 Ivar, both taken as part of 
the 52-color asteroid survey [3]. These objects represent reasonable analogs for 5261 Eureka, though not 
necessarily the best ones in any rigorous sense. A-type asteroids appear to be nearly pure olivine. This 
spectrum matches reasonably well between 0.8 and 1.5 pm, but is too red at shorter wavelentghs, and not 
red enough a t  longer wavelengths. The 1627 Ivar spectrum matches well shortward of 0.7 pm, and has 
almost enough spectral contrast in the 1-pm band, but is not nearly red enough longwards of 1.4 pm. 
Neither of these spectra, nor even the reddest main belt D-type asteroids, are as strongly red sloped as 
5261 Eureka between 1.2 and 2 pm. Some observations of small NEAs suggest that the continuum slope 
may be redder for smaller asteroids [4]. Some as yet unexplained process may make the surface material 
of small asteroids red in the near-infrared, yet allows deep bands to persist. Such an effect would help 
explain many longstanding problems in linking meteorites and asteroids together. The alternative is that 
5261 Eureka is neither a piece of Mars nor a captured main belt asteroid, but instead contains some 
reddening agent not seen on other objects in that vicinity. 

References: [I] Shoemaker et al., Asteroids 11, UA Press, 1989, p 487. [2] McCord et al., JGR 87, 
1982, p 3021. [3] Bell et al., LPSC XIX, 1988, p 57. [4] D. Rabinowitz et al., BAAS 26, 1994, p. 1173. 
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Figure 1.01~ mmposite spectrum of 5261 Eureka is shown at the same d e  as spectra of bright and 
dark Man, surface regions from McCord et 4. ( 1 W ) .  The albedo of 5261 Eureka is unknown, but if it is 
scaled to makh either Msrs spectrum at 0.7 mi-, the near - inhd  region is much redder than either. 
Removal of C& absorptions does not change the amtinuam dopa of the Mara spectra. 
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Figure 2. The spectrum of 5261 Eureka is compared to the spectra of 289 Nentttd (A-type ashroid) and 
1627 Ivar (S-type asteroid). The absorption band of 5261 Eureka near 1-gm sugbats an olivine-rich S-type 
asteroid, but the near-infrared slope is too large. 
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