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By their very nature, paleobiologic studies are broadly interdisciplinary, requiring a merging of 
the data and techniques of biology, chemistry, and geology.  However, such studies of 
permineralized (petrified) organic-walled microfossils, like those to be sought in Mars rock 
samples, have long been hampered by two major deficiencies, (1) an inability to document 
accurately their three-dimensional organismal morphology and cellular anatomy at high spatial 
resolution, and (2) a lack of means to analyze directly the chemistry of the coaly matter 
(kerogen) of which they are comprised.  These needs are met by two techniques recently 
introduced to paleobiology [1-4]: three-dimensional confocal laser scanning microscopy (CLSM) 
and two- and three-dimensional Raman imagery.   
 Applicability of CLSM and Raman imagergy:  Applicable to specimens in 
petrographic thin sections, cellulose acetate peels, or acid-resistant macerations, CLSM and 
Raman imagery, together, can provide data by which to characterize, in three dimensions at 
micron-scale resolution, a one-to-one match of the cellular structure and kerogenous and/or 
mineralic composition of permineralized microscopic fossils while also documenting the 
geochemical maturity of their carbonaceous components and identifying the minerals in which 
they are embedded.  Particularly useful for studies of Precambrian microbes and comparably 
minute Phanerozoic organic-walled fossils, used together the two techniques provide insight into 
the structure and composition of fossilized cells and their embedding mineral matrices 
unavailable by any other means.  Unlike standard two-dimensional optical photomicrographs, the 
digitized three-dimensional images provided by CLSM and by Raman can be rotated and 
visualized (e.g., in video presentations) from multiple perspectives, such images of microscopic 
fossils being obtainable in translucent thin sections of cherts, carbonates, phosphorites and 
sulfates to depths greater than 100 microns.   
 Specimens analyzed:  The usefulness of CLSM and Raman imagery in studies of ancient 
microorganisms is demonstrated here by results of studies of four disparate types of fossils 
preserved in differing mineralogical matrices: (1) a "comb jelly" embryo permineralized in 
lowermost Cambrian (~540-Ma-old) phosphorites of China, the oldest evidence of this primitive, 
very early-evolving animal phylum (the Ctenophora) now known; (2) microscopic scale fossils 
(Characodictyon), biomineralized by apatite, preserved in Neoproterozoic (~720-Ma-old) cherts 
of the Yukon Territory, Canada, evidently the oldest biomineralized fossils yet reported; (3) 
organic-walled unicellular phytoplankton and cyanobacteria, permineralized in Neoproterozoic 
cherts of Australia (~800-Ma-old) and Kazakhstan (~775-Ma-old), so exquisitely preserved as to 
provide firm evidence of their genetically determined mode of cell division; and (4) planktonic 
and benthic microfossils permineralized in sulfates of the uppermost Miocene (Messinian, ~5-
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Ma-old) of Italy, particularly notable as the first fossils to be discovered in ancient sulfates, a 
mineralogy prevalent on the surface of Mars. 
 Studies of ancient rocks on Earth and Mars:  Together, CLSM and Raman imagery 
have demonstrated the organic-walled cellularity of ancient microscopic fossils in numerous 
deposits [1-8], including those among oldest known -- cellular fossil filaments of the ~3,465-Ma-
old Apex chert of Western Australia [1, 6, 7].  In even older terrains, a combination of 3-D 
Raman imagery and analyses by secondary ion mass spectrometry has established the presence 
of isotopically light carbon in graphite included in apatite grains of a ~3,830-Ma-old quartz-
pyroxene supracrustal rock from Akilia Island, southwest Greenland, widely regarded as the 
oldest hint of life now known from the geological record [9].  Because the two techniques can 
yield definitive information about the morphology, cellular anatomy, taphonomy, and 
geochemical maturity of populations of minute rock-embedded fossil-like structures, CLSM and 
Raman imagery can provide compelling evidence of the biogenicity of such microscopic objects.  
Moreover, they can be used effectively to study exceedingly small rock samples, as has been 
shown by their use to document the existence of abundant and diverse microscopic fossils in 
minuscule samples of a Precambrian deposit from the Lesser Himalaya, two tiny rock chips 
having a total weight of ~0.1 gm studied in thin sections occupying an area of ~5cm2 -- the size 
of a single U.S. postage stamp -- and having a volume of ~0.04 cm3, less than half that of a grain 
of rice [8].  Because both techniques are non-intrusive and non-destructive, both can be used to 
analyze precious specimens archived in museum collections and -- in this context, even more 
importantly -- rock samples to be returned from Mars.   
 
[1] Schopf J. W., Kudryavtsev A. B., Agresti D. G., Wdowiak T. J. and Czaja A. D. (2002) 

Nature, 416, 73-76. 
[2] Schopf J. W. and Kudryavtsev A. B. (2005) Geobiology, 3, 1-12. 
[3] Schopf J. W. and Kudryavtsev A. B., Agresti D. G., Czaja A. D. and Wdowiak T. J. (2005) 

Astrobiology, 5, 333-371. 
[4] Schopf J. W., Tripathi A. B. and Kudryavtsev A. B. (2006) Astrobiology, 1, 1-16. 
[5] Chen J. Y., Schopf J. W., Bottjer D. J., Zhang C-Y., Kudryavtsev A. B., Tripathi A. B., Wang 

X-Q., Yang Y-H., Gao X and Yang Y. (2007) Proc. Nat. Acad. Sci. USA, 104, 6289-6292. 
[6] Schopf J. W. and Kudryavtsev A. B. (2009) Precam. Res., 173, 39-49. 
[7] Schopf J. W., Kudryavtsev A. B., Czaja A. D. and Tripathi A. B. (2007) Precam. Res., 158, 

141-155. 
[8]Schopf J. W., Tewari V. C. and Kudryavtsev, A. B. (2008) Astrobiology, 8, 735-746. 
[9] McKeegan K. D., Kudryavtsev A. B. and Schopf J. W. (2007) Geology, 35, 591-594. 
 

5288.pdfAstrobiology Science Conference 2010 (2010)


