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Organic Matter on Asteroid 130 Elektra 

Infrared absorption spectra of a low-albedo water-rich asteroid appear to show a weak 
3.4-micrometer carbon-hydrogen stretching mode band, which suggests the presence 
of hydrocarbons on asteroid 130 Elektra. The organic extract from the primitive 
carbonaceous chondritic Murchison meteorite shows similar spectral bands. 

T HE CARBONACEOUS CHONDRITIC 
meteorites are known to contain or- 
ganic matter. Aliphatic and aromatic 

polymers constitute about 6% of the mass of 
the volatile-rich CI chondrites, which are 
among the most primitive samples of matter 
in the solar system. These meteorites repre- 
sent a low-temperature condensate from the 
solar nebula and contain all of the stable 
elements in solar proportions except for the 
highly volatile major elements hydrogen, 
carbon, nitrogen, and oxygen, and the noble 
gases (1-3). The parent body or bodies of 
the CI carbonaceous chondrites have been 
affected by liquid water, as evidenced by the 
clays and other aqueous alteration products 
found in the meteorites. 

Several investigations have shown the ap- 
parent connections between various kinds of 
meteorites and certain classes of asteroids 
(4-6) in the main belt, and more recently 
the connection has been drawn even closer 
by finding meteorite analogs among the 
planet-crossing asteroids (7, 8). This latter 
step is important in understanding the de- 
tails of transport of material from apparently 
stable asteroid orbits to Earth (9, 10). 

Although the carbonaceous chondrite 
parent bodies are presumed to exist among 
the outer asteroids, the evidence is based on 
their mutual low albedos and, in some cases, 
reddish color. Lebofsky et al. (11) have 
shown that some, but not all, low-albedo C- 
type asteroids have a broad absorption in 
their spectra at 3 pm that is attributable to 
bound water in the mineral lattices. This 
finding is consistent with the bound water 
in the CI and CM carbonaceous chondrites. 
The strength of the ultraviolet absorption, 

D. P. Cmikshank, Institute for Astronomy. Honolulu, 
HI 96822. 
R. H. Brown, Jet Propulsion Laboratory, Pasadena, CA 
91109. 

attributed to charge-transfer transitions in 
iron and titanium, is related to the amount 
of water represented by the 3-pm absorp- 
tion 112). 

> r 

In the primitive carbonaceous chondrites, 
such as Orgueil (CI), Murray (CM), and 
Murchison (CM), a complex of very shallow 
bands at 3.4 pm is superimposed bn the 3- 
pm bound-water band seen in diffuse reflec- 
tance. These features are caused by the C-H 
stretching mode and are common to all 
organic matter, although the exact positions 
and band shapes vary among compounds. 
Other classes of carbonaceous chondrites, 
such as Allende (CV), do not show the C-H 
band clearly, nor do they have significant 
bound water evident in their reflectance 
spectra. 

We have sought to carry the connection 
between the most primitive carbonaceous 

Fig. 1. Reflectance spectra of asteroid 130 Elektra 
and an organic extract from the Murchison carbo- " 
naceous chondrite meteorite. Curve a is the spec- 
trum of Murchison with two times vertical exag- 
geration to emphasize the weak features between 
3.35 and 3.55 pm. Curve b is the telescopic 
spectrum of 130 Elektra (no exaggeration) with 
error bars (lo) as shown. This spectrum is the 
ratio of the asteroid to the spectrum of the 
standard star. Curve c is the Murchison spectrum 
with the continuum slope removed computation- 
ally, and curve d is the Elektra spectrum similarly 
flattened (and with two times vertical exaggera- 
tion). Curve e is the standard star spectrum 
(corrected for extinction). At wavelengths shorter 
than 3.35 pm, atmospheric extinction is very 
strong and cannot be entirely removed, as shown 
in the star spectrum (curve e). The portions of the 
spectra in the hatched area are, therefore unreli- 
able. At wavelengths longer than 3.35 pm, as seen 
in the very clean stellar spectrum, correction for 
atmospheric extinction is very good, and spectral 
features in the asteroid data can be judged on the 
basis of their correspondence with similar features 
in the laboratory spectrum of the meteorite sam- 
ple. The ordinate scale on the left pertains to 

chondrites and the asteroids hrther by 
searching for the C-H organic band in 
asteroid spectra. In August 1986, we used 
the cooled-grating array spectrometer 
(CGAS) at the NASA Infrared Telescope 
Facility at Mauna Kea, Hawaii, to obtain 
spectra of asteroid 130 Elektra. Figure 1 
shows the asteroid spectrum in the region of 
the 3.4-pm band. In Fig. 1, curve b, the 
spectruni is shown as the simple ratio to the 
spectrum of a solar-type star (Fig. 1, curve 
e) (13). For comparison, the laboratory 
reflectance spectrum of the insoluble organic 
extract from the Murchison C1 carbona- 
ceous chondrite is shown (Fig. 1; curve a). 
The complex of bands at 3.4 pm in the 
meteorite sample is due to the G H  stretch- 
ing mode in the organic compounds in the 
extract. The spectrum of the bulk Murchi- 
son meteorite also shows the C-H band, as 
well as the 3-pm bound-water absorption. 
Depending on the particle size and packing 
of the laboratory samples, the band 
strengths in the bulk meteorite can appear as 
strong as those in the concentrated organic 
residue (14). Figure 1, curves c and d, shows 
the same two spectra, but with the continua 
removed computationally by means of a 
cubic spline fit to points on the spectrum 
that were assumed to represent the local 

I ' I 0 5  
3 2  3 3  3 4  3 5  36 3.7 

Wovelength Ipm)  

spevtrum b, whereas that on the right pertains to 
spectrum d. The other spectra have been offset 
vertically for clarity. 
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continuum. Removal of the continua aids in 
assessing the similarity and coincidence of 
the absorption features in the laboratory and 
asteroid spectra (15). 

Error bars on the individual points in the 
asteroid spectrum are i. lu ,  and are collected 
in the coaddition of 14 individual 5-second 
integrations. The point-to-point dispersion 
in the data is less than the error bars would 
suggest, and in comparing the two data sets 
the main features of the C-H band in 
Murchison appear to be repeated in the 
spectrum of 130 Elektra, though the precise 
strengths and the shapes are distorted by the 
lower sampling frequency (resolution) and 
statistical noise. Note that the C-H band is 
broader than the spectral resolution of the 
spectrometer, so that the postulation that 
there is a CrH band in the asteroid rests 
mainly on the general correspondence of its 
spectrum to that of Murchison and not on 
individual data points. Note also that the 
band is at best very weak: in concentrated 
organic material from Murchison it amounts 
to only about 5% absorption strength. Be- 
cause the band strength depends on particle 
size and packing as well as the mass fraction 
of organics, it could be as strong or stronger 
in the asteroid spectrum as in the laboratory 
concentrate from the meteorite. The maxi- 
mum absorption depth in the 130 Elektra 
spectrum is about 4%. 

Asteroid 130 Elektra was chosen for this 
measurement because it is classified as a 
"wet" C type on the basis of its deep ultravi- 
olet absorption band (16). The 3-ym spec- 
tral region has not been investigated for the 
study of the bound water on Elektra, but its 
presence is inferred on the basis of the 
ultraviolet absorption (12). Most of the 
candidate asteroids with deep bound-water 
bands are not sufficiently bright to study by 
means of reflectance spectroscopy in the 3- 
ym region, but in 1986 130 Elektra reached 
a very favorable apparition. 

Although a detection of the 3.4-ym C-H 
baud would be diagnostic of the presence of 
hydrocarbons, from this band alone it is not 
possible to determine just what molecules 
are involved. Murchison contains a vast 
array of complex organics, including al- 
kanes, alkenes, purines, amino acids, and so 
forth (3, 13, any and all of which exhibit 
the C-H band we have found on the aster- 
oid. We cannot identiq which, if any, of 
these specific compounds might occur on 
the asteroid, but none of the mentioned 
compounds can be eliminated on the basis 
of these new data. Furthermore, because the 
band strength depends on so many parame- 
ters (14), it is not possible from these data 
alone to estimate the carbon content of the 
asteroid surface. 

The presence of the C/-H band on an 

asteroid does not alone Drove that all of the 
primitive carbonaceous chondrites originate 
from this or any other asteroid, for comets 
are known to have this spectral signature as 
well. Most recently, the organic signature at 
3.4 pm has been found in the spectrum of 
the nucleus and coma of comet PiHalley 
(18, 19). With the detection of the 3.4- ym 
signature on a low-albedo asteroid, we have 
shown that bodies of this type are a plausible 
source of at least one class of carbonaceous 
chondrites. 

The occurrence of the organic signature in 
the asteroids further attests to the wide- 
spread distribution of organic matter 
throughout the solar system and to the fact 
that complex organic molecules have been 
transported from remote locations to Earth 
and other planets. The study of additional 
asteroids in the context of the organic signa- 
ture will shed further light on the nature of 
the solar nebula in the zones of asteroid 
formation, as well as on the dynamical mix- 
ing and chemical evolutionary phenomena 
that have occurred since condensation of the 
parent planetesimals. 
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