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Introduction The discovery of fullerenes (a third form of pure carbon besides diamond 
and graphite consisting mainly of the molecules C60 and ~ 7 0 )  raises many interesting 
questions about the importance of this unique form of carbon on the Earth. Fullerenes have 
been detected in deposits associated with two separate events involving the impact of a large 
bolide (asteroid or comet) with the Earth. Fullerenes were detected in shock-produced breccias 
(Onaping Formation) associated with the 1.85 billion-year-old Sudbury Crater [ 11, and in clay 
sediments within the 65 million-year-old Cretaceous/Tertiary (K/T) boundary [2]. Fullerenes 
in the Sudbury Crater were apparently synthesized within the impact plume from the carbon 
contained in the bolide and fullerenes in the K/T boundary clays may have been a product of 
global wildfires triggered by the impact event. A serious problem for the wildfire hypothesis 
for the origin of C60 in the K/T boundary clays, is that the atmosphere a t  this time had the 
same oxygen content as  the present day Earth [3]. Fullerenes are known to degrade quickly in 
the presence of oxygen and light [4,5]. The low concentrations of fullerenes in the K/T 
boundary clays (1 to 5 ppb), in comparison to the Sudbury impact deposits (1-10 ppm), may 
simply be the result of a higher oxygen content 65 myr ago compared to the 1% of present day 
oxygen levels 1.85 byr ago. Alternatively, fullerene synthesis in flames may be a less efficient 
mechanism then post-impact plume synthesis. Although fullerenes have been detected in 
high-temperature benzene flames, burning toluene and candle flames 121, fullerenes have, so 
far, not been detected in residues associated with modem day wildfires. 

Analysis/Results In order to test the wildfire theory for the origin of fullerenes in the 
K/T boundary clays we examined several soot samples using laser desorption (reflectron) mass 
spectrometry (LDMS) [I]. Soot from burned wood associated with the 1993 Malibu Fires and 
burned crude oil were analysed. Mass spectra of these extracts (Figure la,b) revealed several 
mass peaks between m/z=100 and m/z=300 amu that were identified as  polycyclic aromatic 
hydrocarbons [PAHs; Figure la,b]. Among the PAHs identified are naphthalene (m/z=128 amu) 
and its methyl derivatives (m/z= 142, 156, 170 m u ) ,  phenanthrene/anthracene and its methyl 
derivatives (m/z=178, 192, 206, 220 m u ) ,  pyrene/fluoranthene (m/z=202 m u ) ,  chrysene 
(m/z=228 m u ) ,  benzopyrene/perylene and its methyl derivatives (m/z= 252, 266, 280, 294), 
and coronene and its methyl derivatives (m/z=300,314,328 m u ) .  No mass peaks were detected 
for C60+ and C70+ suggesting that soot production from these burnt materials does not yield 
significant amounts of fullerenes. 

Discussion It is possible that the fullerenes found in the K/T boundary clays were a 
product of an impact event. If we assume, for example, that the bolide was 10 krn in diameter 
and contained 1 weight % of organic carbon (the organic carbon content of an average 
carbonaceous chondrite), then the total organic carbon present in the bolide would have been 
about 1016 g. If we assume a world-wide fullerene concentration of 1 to 5 ppb for the K/T 
boundary clays, then roughly 10l0 g of C60 were deposited globally at the time of the KIT 
impact event. Therefore, the conversion of only % of the total bolide carbon into C60 
could account for the fullerenes in the K/T boundary deposits. Thus it would appear that the 
fullerenes deposited at the K/T boundary could have been synthesized during the impact event. 
In the case of Sudbury, the efficiency of C60 synthesis was much greater than in K/T boundary 
times. According to the C60 content of the Sudbury deposits, (1 to 10 ppm) 0.1- 1 % of the bolide 
carbon may have been converted to fullerenes during the Sudbury event. The much higher 
synthesis efficiency associated with the Sudbury impact could have been due to the lower 
atmospheric oxygen level in comparison to that present during K/T boundary times and/or the 
deposits at Sudbury are better preserved. 

If the fullerenes found in the K/T sediments were not the result of biomass burning or 
post-impact plume synthesis, then perhaps the fullerenes were present in the bolide before 
impact. Previous studies of fullerenes in meteorites have yielded negative results, but recently, 
fullerenes (C6() and C70) have been detected in trace amounts in the AUende meteorite [61. The 
C60 content for the AUende meteorite was determined to be 0.1 ppm. This is considerably less 
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than the fullerene concentrations reported for both the 1.85 billion year old Sudbury Impact 
deposits [I] ,  but comparable to the levels reported in sedimentary deposits associated with the 
K/T impact event [2]. The amount of fullerenes that could be supplied directly from an Allende- 
like bolide 10 krn in diameter would have been roughly 2x101 g. This amount of C6() can 
easily account for the total amount of fullerenes detected in the K/T sediments but is much less 
than the total amount of fullerenes detected in the Sudbury impact deposits. Thus, the 
possibility that the fullerenes in the K/T sediments were derived directly from the impacting 
bolide cannot be ruled out. Another source is necessary to account for the Sudbury C60 and the 
likely source is impact driven shock synthesis. 
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