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Introduction: The relatively young technology of
NanoSIMS is unlocking an exciting new level of infor-
mation from organic matter in ancient sediments. We are
using this technique to characterize Proterozoic organic
material that is clearly biogenic as a guide for interpreting
controversial organic structures in either terrestrial or
extraterrestrial samples.

NanoSIMS is secondary ion mass spectrometry for
trace element and isotope analysis at sub-micron resolu-
tion. In 2005, Robert et al. [1] combined NanoSIMS
element maps with optical microscopic imagery in an
effort to develop a new method for assessing biogenicity
of Precambrian structures. The ability of NanoSIMS to
map simultaneously the distribution of ‘organic’ elements
with a 50 nm spatial resolution provides new biologic
markers that could help define the timing of life’s devel-
opment on Earth. The current study corroborates the
work of Robert ef al. and builds on their study by using ! S .
NanoSIMS to map C, N (as CN), S, Si and O of both bottom. of Fig. 1. A-B, OV§W1eW images. C-F, ngh
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Fig. 2. NanoSIMS maps of walls between pair of cells in

Results: We used the NanoSIMS 50 of the National e NanoSIMS maps of C, N (as CN), S, Si and O mirror
Museum of Natural History in Paris to characterize optical microscopic images of spheroidal (Figs. 1-2)
spheroidal and filamentous microfossils (Figs. 1-3) as and filamentous (Fig. 3) microfossils.

well as an organic lamina (Fig. 4) that appeared nearly
amorphous by both optical and scanning electron micros-
copy (SEM). Specific results are as follows:

e At high resolution, C, CN and S maps show nearly
identical spatial distributions (Figs. 2C-E), whereas Si
and O distributions are quite distinct (compare Figs.
2E-F; oxygen not illustrated here).

e The NanoSIMS data reveal internal structures in the
lamina previously thought to be amorphous (Fig. 4).

e 2C"N/'’C ratios are distinctive for filaments, sphe-
roids, and the “amorphous” lamina.

Discussion: The Bitter Springs microbiota is excep-
tionally well preserved and contains a diverse biota of
cyanobacteria and algae [2]. Although 3-dimensionally
permineralized spheroids and filaments are common in
the section analyzed, most of the kerogen is less well
preserved, occurring as non-descript organic laminae.
However, there is no question that the laminae also are
biogenic, as the abundance of microfossils in the forma-
tion argues that all the kerogen has had a biological deri-
vation, regardless of its preservational state.

The coincidence between optical images of the micro-
fossils and NanoSIMS maps of C, CN and S (Figs. 1, 3),
coupled with the virtually identical spatial distributions of
C, CN and S in high resolution (Fig. 2), suggests a bio-
logical origin for these elements. C, N, and S are likely

Fig. 1. Spheroidal microfossils in polished thin section
of Bitter Springs chert. A, Optical photomicrograph -
transmitted light. B-F, NanoSIMS maps of area in A.
Arrows point to same cells. Scale in A applies to all.
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Fig. 3. Filamentous microfossils in polished thin sec-
tion of Bitter Springs chert. A-C, Optical photomi-
crographs - transmitted light; B-C, Focal planes be-
low surface illustrating sinuosity of the filaments. D-
F, NanoSIMS maps of area in A. Arrows in A, D-F
point to the same filaments (seen as cross sections).

to derive from remnants of cellular constituents, espe-
cially membranes, walls, and sheaths. The S maps may
include, additionally, organic sulfur incorporated during
degradation of the organic matter by sulfate-reducing
bacteria. Si and O also mimic the morphology of the
microfossils (Fig. 1), and this most likely has resulted
from nucleation of silica-rich phases on organic surfaces
during permineralization [3-6]. The spatial alternation of
Si and C globules (Figs. 2E-F) may reflect this process.
Si in the chert matrix generally has a less intense
NanoSIMS response as can be seen in Fig. 2F, to the
right and left of the Si globules associated with cell walls.
Slight differences between optical and NanoSIMS images
are due to the fact that NanoSIMS examines only the very
top of a sample, whereas the optical photomicrographs
were taken slightly below the topmost focal plane.

Figure 4 demonstrates the potential of NanoSIMS to
elucidate structure in an organic lamina that otherwise
appears amorphous. Neither optical microscopy nor
SEM showed significant structure within this lamina, but
NanoSIMS maps reveal morphologies reminiscent of the
spheroids and filaments and suggestive of compressed
microfossils. This result is particularly important, as the
preponderance of organic matter in most Precambrian
sediments occurs as similarly “amorphous” kerogen, even
in the best preserved deposits. Therefore, it may be that
NanoSIMS will provide new insights into a large body of
previously uninterpretable organic material.

2CYN/PC ratios are quite distinct for the filaments
(0.015 - 0.04) and the spheroids (0.12 - 0.22), possibly
reflecting original variations in their chemical make-up
(mucilaginous sheath material for the filaments versus
cell wall compounds for the spheroids). If such ratios do
reflect different biochemical precursors, they may be
helpful for interpreting poorly preserved organic frag-
ments in older or even extraterrestrial samples. The or-
ganic lamina shows a much greater range of '*C'*N/"*C
values (0.12 — 1.0), likely indicating a mixture of micro-

Fig. 4. Organic lamina in polished thin section of Bitter
Springs chert. A, Optical photomicrograph - transmitted
light. B-D, NanoSIMS maps. Arrows and white ovals are
for reference; scale in A applies to all.

bial constituents (e.g., filaments, spheroids, other algae
and bacteria). In fact, a large range of CN/C values may
be a characteristic of a natural biological community and
could - in itself - be a biosignature useful for discriminat-
ing abiotic from biological organics.

Conclusions: Our understanding of the development
of earliest life on Earth continues to be challenged by the
problem of distinguishing bona fide microfossils from
various non-biogenic organic materials [7-11]. Results
presented here suggest that “nano” morphology and ele-
ment chemistry revealed by NanoSIMS may provide new
biosignatures that will aid in assessments of poorly pre-
served and problematic organic materials. This should
provide fresh insight into the origin and potential bio-
genicity of controversial Archean structures and any or-
ganic materials that may occur in Martian or other extra-
terrestrial samples.
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