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Background incl. aims:

The Isua Supracrustal Belt in Southwest Greenland contains rocks which are at least 3.7
billion years old, and are among the oldest rocks on Earth. Sediments found here display
contiguous horizons of carbonaceous material parallel with sedimentary bedding planes
(Rosing 1999). This material, present as graphitic carbon, has been proposed to be some of
the oldest remnants of life on Earth, inferred based on its mode of occurrence, carbon
isotope ratios, its association with heteroatoms such as nitrogen, oxygen, phosphorous and
iron, and from the nanoscale crystal structure (Ohtomo et al. 2014, Hassenkam et al. 2017),
evidence which is all compatible and together suggestive of an origin of the graphitic material
as biogenic pelagic detritus.

In certain places, the graphite is enclosed in secondary metamorphic minerals such as
garnets. This graphite occurring as inclusions has been targeted by previous studies, which
also identified certain viscous fluid inclusions. The study presented attempts to characterize
the chemistry of these fluid inclusions occurring alongside the graphitic material within
garnet porphyroblasts.

Methods:

In this study, the liquid inclusions are accessed by breaking open the garnets and their
residues are subsequently characterized using atomic force microscopy (AFM), as well as
infrared spectroscopy coupled to AFM (NanolR). Optical photothermal infrared spectroscopy
(O-PTIR) and time-of-flight secondary ion mass spectrometry (ToF-SIMS) are also used to
characterize the chemistry of the inclusion residues and to assess their association with the
solid graphitic inclusions.

Results:

Using AFM-based infrared spectroscopy, we obtain infrared absorption spectra from just the
inclusion at a high spatial resolution. The liquid inclusion residues are ubiquitously
characterized by infrared absorption at wavenumbers 1280 cm-1 and 1660 cm-1, interpreted
as the C-N and C=0 vibrational absorption from amide-like functional groups. Similarly, ToF-
SIMS shows secondary species containing C, N and O from the inclusion residues. O-PTIR
shows how the amide-like infrared absorption signal can be traced along horizons of graphitic
material.

Conclusion:

This study shows how infrared spectroscopical methods coupled to optical and scanning
probe microscopy methods can be used to characterize the chemistry of minute domains of
ancient carbonaceous material occurring as inclusions in garnet porphyroblasts. The
observations from NanolR were corroborated by ToF-SIMS analyses. Together, these
methods indicate that the carbonaceous material consists of C, N, and O-rich material in an
amide-like configuration.
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The chemistry of the inclusions is consistent with that which would be expected from
degraded biogenic matter. Together with previous studies, this is highly suggestive of a
biological origin for the carbonaceous material found in the oldest sediments on Earth.
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