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Introduction:  In the 1960s, prior to the 

widespread use of TEMs, several papers described 
rounded, micron-sized organic particles from 
carbonaceous chondrite (CC) meteorites [1-3]. Some of 
these particles were hollow. Except for two early TEM 
studies [4, 5], the rounded structures were essentially 
neglected until similar material was discovered in the 
Tagish Lake meteorite [6]. We subsequently examined 
such nanospheres in a broad range of CI and CM 
meteorites [7, 8]. Here we report on their occurrence in 
additional CC meteorites, suggest they are widespread 
constituents of carbonaceous meteorites, and review 
their physical and chemical properties.  

Materials and Methods: We found carbonaceous 
nanospheres in all CCs that we examined, which 
include the Alais, Ivuna, and Orgueil (CI), Tagish Lake 
(C2-Ungr), Bells, Cold Bokkeveld, Murray, 
Murchison, and Mighei (CM2), GRA95229 (CR2), and 
Acfer 214 (CH) meteorites. This is the first report of 
their occurrence in almost half these meteorites. 
Samples were examined as: disaggregated 
submillimeter- pieces, the insoluble organic material 
(IOM) in HF-HCl acid residues, and in an ion-beam-
thinned section. Material for TEM and EELS were 
gently disaggregated and dispersed onto lacey TEM 
grids. Images were acquired with a Topcon 002B TEM 
operated at 200 kV. EELS data were acquired with a 
GATAN 766 DigiPEELS spectrometer attached to a 
Philips 400-ST field-emission-gun (FEG) TEM 
operated at an accelerating voltage of 100 kV.  

Results: The nanospheres are recognized by their 
rounded outlines and low contrast (Fig. 1). They 
constitute up to 10% of the residues. Nanospheres 
occur both singly and clustered. Hollow cores occur in 
nanospheres with diameters >100 nm and range from 
single and spherical to complex and vesicular. Hollow 
nanospheres are spherical to subrounded and <1000 nm 
in diameter. Micron-sized clusters of nanospheres 
occur in the Tagish Lake and GRA95229 (CR2) 
meteorites. GRA95229 is distinct in that the IOM 
contains a higher proportion of large solid nanospheres 
(Fig. 1d). HRTEM images and electron diffraction 
patterns of the nanospheres show that they are poorly 
ordered, and this lack of crystalline structure suggests 
that they had not been significantly heated.  

The nanospheres are dominated by C, with 
subordinate amounts of S, N, and O. Hydrogen is 
excluded from our analyses since EELS cannot detect 
bonded H. The average compositions from the different 
meteorites are similar, with ca. 90 at% C, although 
there are significant particle-to-particle variations.  

The C K edges from the nanospheres are 
intermediate in shape to those from amorphous C and 
graphite, but distinct from structurally dissimilar C-
bearing materials in the meteorites. The C K edges of 
all nanospheres exhibit similar shapes, with a sharp 
peak at 285 eV that represents transitions to 
unoccupied  states and confirms the high degree of 
aromaticity. 

Discussion:  Our results show that nanospheres 
are ubiquitous in CCs. There are at least three 
possibilities for where the nanospheres formed: a) they 
were present in the presolar molecular cloud and have 
to various extents been altered prior to their 
incorporation into the meteorite parent bodies, b) they 
are preaccretionary and are the result of nebular 
processes, and c) they formed on the meteorite parent 
bodies, possibly as a result of aqueous processing. 
Possible formation mechanisms include heating of UV-
irradiated, organic-rich interstellar ices or hydrothermal 
processing of UV-irradiated organics in interstellar ices 
on the primitive asteroid [6, 9]. These two alternative 
models are not exhaustive, and the literature illustrates 
an abundance of methods by which solid and hollow 
carbon spheres can be synthesised.  

The widespread occurrence of the carbonaceous 
nanosphere together with their anomalously high 

15
N 

[10, 11] raises the possibility that they were 
incorporated into the meteorite, rather than having 
formed on the meteorite parent body. The high 

15
N 

values are suggestive of a primitive origin, which can 
be explained if some of the organic matter comprising 
the spheres is nebular or presolar.  

The nanospheres are associated with the products of 
aqueous alteration, which is pervasive in the CIs and 
CMs and localized in the CR2 and CH meteorites. 
There are differences in abundance, sizes, shapes, and 
vesicularity of the nanospheres among the various 
meteorite groups, suggesting either sampling of a 
heterogeneous reservoir or differences in the degree 
and character of aqueous alteration on separate 
meteorite parent bodies.  

Conclusions:  A novel type of carbonaceous 
particle is widespread in CC meteorites. Unraveling the 
timing and formation conditions of the nanospheres 
from the meteorites has the potential to provide 
important new information on the pathways for 
organosynthesis in space.  
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