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Introduction: Organic matter preserved in ancient
rocks (kerogen) is one of the primary sources of infor-
mation about the earliest life on Earth and would pro-
vide strong evidence for past life on other planets, such
as Mars. Raman spectroscopy is a common tool used
to identify the presence of organic carbon in ancient
rocks. It is also typically used to assess the level of
thermal alteration experienced by organic fossils and
their encompassing geologic units as indicated by the
kerogen molecular structure [e.g., refs 1, 2, 3]. Previ-
ous studies, however, have each focused on a single
lithology. This study provides evidence for variable
molecular structures of kerogen on millimeter scales
within primary lithologies composed of different min-
erals. This evidence comes from both naturally occur-
ring kerogen and experimentally thermally altered or-
ganic matter.

Methods: For this study, samples of Mesoprotero-
zoic kerogen-bearing chert-carbonate microbialites
from the Middlebrun Bay member of the Rossport
Formation of Ontario, Canada were used. This unit
was previously studied by Raman spectroscopy to
measure the effect of thermal alteration on the carbon
isotope composition of the kerogen by a local igneous
intrusion [4]. Slabs of chert-carbonate were placed in a
tube furnace and heated at various temperatures from
125 to 400°C for various lengths of time. Thin sections
were made from the central portion of each slab. The
molecular structure of the kerogen within individual
microbialites layers was studied via Raman spectros-
copy and the apparent level of thermal maturity was
determined via standard spectral parameters such as
D/G band intensity ratios, D-band FWHM, and Raman
Index of Preservation (RIP) [1, 2, 3].

Results and Discussion: Kerogen preserved in the
least altered cherts and carbonates have similar molec-
ular structures as measured by Raman spectroscopy
(Fig. 1, lower panels). The more thermally altered
samples possess kerogen with molecular structures that
vary with lithology/mineralogy (Fig. 1, upper panels).
The measured molecular-structural variations are pos-
sibly the result of bonding of the kerogen with the var-
ious minerals that differentially shield the kerogen
from thermal alteration.

Conventional wisdom states that a difference in
perceived thermal alteration between a kerogenous
object and the rest of the host rock is an indicator that

they are not syngenetic [e.g., refs. 3, 5]. The results
reported here, however, imply that this is not neces-
sarily true and any scale of Raman thermal alteration
(e.g., geothermometry, RIP) for kerogen must be cali-
brated to the host mineral composition. These findings
have implications for positively identifying early life
on Earth and also for the study of potential organic
matter on Mars via the Mars 2020 SHERLOC instru-
ment, which will use UV Raman spectroscopy to
search for and identify organic matter in martian sedi-
mentary rocks.
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Figure 1. Raman spectra of kerogen preserved in carbonate
(C, left panels) and chert/quartz (Q, right panels) from the
Mesoproterozoic Middlebrun Bay Member of Ontario, Can-
ada. Note that the measured degree of preservation (as indi-
cated by the Raman index of preservation, RIP) decreases
with increasing thermal alteration, but the change is not con-
sistent amongst different lithologies. Adapted from [4].
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