
Figure 7 – Papineau et al. (2017)

Figure 7: Examples of spheroidal structures in granules between columns of stromatolitic black chert from the
Gunflint Fm (sample GF-7). a-c) granule with spheroidal and filamentous structures composed of OM, d) mixed
spheroidal and filamentous structures in the chert matrix, e) spheroidal structure similar to Huroniospora
macroreticulata in the matrix, f-h) granule with spheroidal structures and dolomite inside. i) Raman image of
spheroidal structures composed of OM and carbonate in the granule in g), j) Raman spectra of the different
phases in the Raman image.
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Figure 8 – Papineau et al. (2017)
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Figure 8: Petrography of stromatolitic and granular jasper from the Biwabik Fm (sample ME-B1 – Mary Ellen locality) in
all panels except c-d, which are from sample AG1108 (Thunderbird locality). a) Polished slab of stromatolitic and
granular jasper chert, b) thin section image of an area with intercolumnar granules and stromatolitic chert layered with
microscopic red haematite showing the location of microscopic Mn-carbonate (blue circles) and apatite (green circles),
c) polished slab of jasper with jasper and magnetite concretions, d) millimetre-size haematite-magnetite concretion
amongst granules with fine internal disseminations of haematite forming wavy and spheroidal patterns, e) haematite
granule with a grain of monazite, f) haematite granule with stilpnomelane core and anhedral carbonate (red arrows), g)
haematite granule with fine concentric laminations, h) magnetite granule with blades of yellow-brown apatite, i)
subhedral Mn-siderite in a coarse-grained haematite granule, j) anhedral Mn-siderite with poikilitic texture, k) euhedral
apatite with nanoscopic inclusions of quartz and haematite inside a stromatolite column. Spot numbers (in red in panels
e and m) are for EDS analyses listed in Table 2. Abbreviations: mon = monazite, hem = haematite, qtz = quartz, carb =
carbonate, apa = apatite, stl = stilpnomelane.
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Figure 9 – Papineau et al. (2017)

Figure 9: Detailed examples of occurrences of micron-size particles of OM in the Biwabik jasper-chert. (a-c)
Apatite associated with carbonate and organic matter inside magnetite-haematite granule shown in inset.
(d-g) Magnetite-haematite granule with coarse grained interior of quartz, magnetite, and haematite and
with a rim of micron-size carbonate grains. (h-i) colour-coded masks corresponding to Raman image in (g)
for micron-size particles of organic matter inside magnetite and related to their spectra in (i), most having
low signal-to-noise ratio. Colours in Raman images are same as before along with yellow = magnetite,
turquoise = apatite, and purple = haematite. mag = magnetite.
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Figure 10 – Papineau et al. (2017)
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Figure 10: Filamentous structures in granular and stromatolitic jasper from the Biwabik
Formation. a-c) Filamentous structures composed of haematite inside granules (with insets
showing detailed view), d) Raman image of a section of the granule showing micron-size
particles of OM, e) Raman spectra of the main minerals associated with this granule, f)
diversity of Raman spectra for OM associated with haematite (numbers refer to OM
particles circled in d).
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Figure 11 – Papineau et al. (2017)
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Figure 11: Spheroidal structures in granular and stromatolitic jasper from the Biwabik Formation. a-f)
Spheroidal structures composed of haematite inside granules shown with zoomed-in insets, g) coarse grained
chert interlayer in stromatolite column with micron-size spheroidal structures (shown in inset), i-j) Raman
images of haematitic spheroidal microfossils associated with micron-size particles of OM, k) Raman spectra of
the main minerals associated with spheroidal structures, i) range of Raman spectra for OM associated with
haematite (numbers refer to those in i). colours in Raman image are same as in Fig. 9 with white =
stilpnomelane.
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Figure 12 – Papineau et al. (2017)

Figure 12: Petrographic context of apatite in phosphatic chert and carbonate from the Michigamme
Fm. a-b) transmitted and reflected light images of sampleMA0708 (Huron River Locality) with arrows
pointing to dark concretionary apatite structures, c) sample MMTU-9.5 (Dead River Basin).
Photomicrographs (d-o) are for MA0708: d-i) apatite granules with OM forming regular patterns
shown in greater detail in inset for d), j-k) two examples of compartmentalized spheroidal structures
composed of apatite and OM in intergranular matrix, l-o) sub-hexagonal granule of apatite-graphitic
carbon along with muscovite-sericite rosettes (white arrows) and surrounded by rounded equidistant
laminations of nanoscopic anatase (best seen in n and o (yellow)). Sample MMTU-9.5: p-s) zoned
carbonate granules with concentric rounded equidistant laminations (white arrows) around a center
of nanoscopic OM, and intergranular pyrite and Fe-oxide. Abbreviations same as before with mus =
muscovite (sericite). Colours in Raman image are blue = quartz, red = graphitic carbon, turquoise =
apatite, yellow = anatase. Spot number in panel l) is for an EDS analysis listed in Table 2.
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Figure 13 – Papineau et al. (2017)d)
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Figure 13: Filamentous structures composed of apatite with OM and associated with haematite and rutile in a
granule from the Michigamme phosphatic chert (MA0708). a-f) Groups of filamentous structures composed of
apatite and OM inside an apatite granule, g) Raman image of the apatite granule with filamentous structures
(inset shows the 670 cm-1 filter for rutile in the same field), h) Raman spectra of the major minerals in this chert,
along with detected contaminant diamonds. Colours are same as before and correspond between the
hyperspectral image and the spectra, with purple = haematite and yellow = rutile. Spot number in red (in panel
f) is for an EDS analysis listed in Table 2.
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Figure 14 – Papineau et al. (2017)d)
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Figure 14: Spheroidal structure in a granule from the Michigamme phosphatic chert. a-c) Images of a granule that
contains spheroidal structures composed of OM with apatite and that form an hexagonal shape (red dotted line
in (c)), d-f) images of a muscovite rosette with a rim of apatite located near the center of the granule, g) Raman
image of the different phases in this granule based on major peaks in Raman spectra shown in h). Spot numbers
in red are for EDS analyses listed in Table 2. Mineral abbreviations and Raman colour codes are the same as
before, and mus = muscovite. Colours in Raman image are same as Fig. 12 with pink = muscovite.
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Figure 15 – Papineau et al. (2017)

Figure 15: Chemostratigraphic profile of the MMTU drill core from the Michigamme Fm with carbon isotope
composition of acid-insoluble OM, total organic carbon (TOC), and carbon and oxygen isotope compositions of
carbonate. Vertical lines show averages (light gray) and 1s standard deviations (black). Stratigraphic details modified
from IMR drill core log (Mulligan Plains, Sec. 15, R28W, T49N, Marquette County, Michigan).
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Figure	16	- Papineau	et	al.	(2017)

Figure 16: Proposed models for the diagenetic growth of granules from the non-biological oxidation of organic matter in
a) organic granular chert (e.g. in Gunflint Fm), b) haematite-rich chert (e.g. in Biwabik Fm), and phosphatic and clay-rich
granular chert (e.g. in Michigamme Fm).
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