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ABSTRACT
We report the detection of living colonies of nano-organisms (nanobes) on Triassic and
Jurassic sandstones and other substrates. Nanobes have cellular structures that are strikingly
similar in morphology to Actinomycetes and fungi (spores, filaments, and fruiting bodies)
with the exception that they are up to 10 times smaller in diameter (20 nm to 1.0 mm).
Nanobes are noncrystalline structures that are composed of C, O, and N. Ultra thin sections
of nanobes show the existence of an outer layer or membrane that may represent a cell
wall. This outer layer surrounds an electron dense region interpreted to be the cytoplasm
and a less electron dense central region that may represent a nuclear area. Nanobes show
a positive reaction to three DNA stains, [49,6-diamidino-2 phenylindole (DAPI), Acridine
Orange, and Feulgen], which strongly suggests that nanobes contain DNA. Nanobes are
communicable and grow in aerobic conditions at atmospheric pressure and ambient temperatures. While morphologically distinct, nanobes are in the same size range as the controversial fossil nannobacteria described by others in various rock types and in the Martian
meteorite ALH84001.

INTRODUCTION
The identification and existence of nannobacteria have
been proposed (Folk 1993; Sillitoe et al. 1996; Pedone
and Folk 1996; McKay et al. 1996; Vasconcelos and
Mckenzie 1997; Folk and Lynch 1997) but remain controversial (Clarke 1997; Volke 1997) and the subject of
intense scientific debate (Maniloff 1997; Nealson 1997;
Psenner and Loferer 1997; Harvey 1997). Until now, the
evidence for the existence of sub-bacteria sized organisms
has been based solely on the morphological similarity of
fossil (mineralized) structures to living bacteria. The diameter of bacteria ranges from 150 nm to 50 mm, whereas
the proposed ‘‘nannobacteria’’ are an order of magnitude
smaller with diameters reported to range from 20 nm to
150 nm in diameter (Folk 1993, 1997a, 1997b). ‘‘Nannobacteria’’ are therefore considered by many to be too
small to contain the enzymatic and genetic material essential for life (Maniloff 1997; Nealson 1997; Psenner
and Loferer 1997; Harvey 1997). It remains unresolved
whether ‘‘nannobacteria’’ are fossilized remnants of autonomous life-forms, artifacts of sample preparation, or
unusual mineral deposits.
Although a biological origin of mineralized ‘‘nannobacteria’’ has not been confirmed, other micro-organisms
termed ‘‘nanobacteria’’ have been isolated and cultured
from fetal bovine serum (Ackerman et al. 1993; Ciftcioglu et al. 1997; Kajander et al. 1994; Kajander et al. 1994).
These ‘‘nanobacteria’’ are generally larger than those described in rocks, ranging from 200 to 300 nm in diameter.
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Molecular analysis indicated that the ‘‘nanobacteria’’ isolated from fetal bovine serum are members of the alpha2 subgroup of the Proteobacteriaceae and are closely related to the genus Brucella.
This paper describes various organic features that were
observed as unusual growths on sandstone samples and
other substrates. These growths correspond in size to the
mineralized structures referred to by Folk and others as
‘‘nannobacteria.’’ We do not follow Folk’s convention of
spelling, nor do we relate the organisms we describe to
bacteria until their phylogeny has been established. Instead, we refer to these features as nano-organisms or
nanobes to indicate their significant difference in size to
Eubacteria and Archaea, loosely following SI convention.
This paper describes these organic features and documents their morphology, elemental composition, and
structural detail by various electron optical, spectroscopic, and molecular analysis techniques. Based on this evidence, our thesis is that nanobes are biological organisms. Future DNA analyses will determine whether these
organisms are related to bacteria or fungi or belong to a
different phylogenetic tree altogether.

MATERIALS

AND METHODS

Samples
Sandstone samples with observed in situ nanobe
growths comprised both full diameter core and sidewall
core taken from low permeability, extensively quartz
overgrowth-cemented Triassic and Jurassic sandstones
from petroleum exploration wells offshore western Australia. Sample depth ranged from 3400 to 5100 m below

1541

