Table S1: Modern examples of cyanobacterial calcification from the literature. The calcification
mechanism invoked is either direct calcification of cyanobacterial sheath (green), EPS
replacement by carbonate (bleu) or undetermined (grey).
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Transmission electron micrograph of a stained, thin-
sectioned Synechococcus cell strain GL24 showing
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the S-layer material shed from the cell surface (open
arrows) (from Thompson et al. 1997)
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Calcified sheath of Geitleria floridana, SEM. Filament
Necropolis
tomb of
Carmone Scytonema
Ital julianum - _
( ta y) Sheath calcification calcite ©)
. Geitleria
terrestrial calcarea
(tomb wall)
Cohfocal picture of a Scytonema julianum filament
Scale bar : 25pym (from Arino et al. 1997)
Papoua .
New-Guinea calcium
. carbonate
aehro phytic (various
abitas Scytonema Sheath calcification morsholog ey
(tree trunks acicular/tri e
d radiate/de W
_an ndritic) S 3%
limestone) A

SEM of calcified Scytonema filémén‘t‘(B; SQFn) (fr(;m
Hoffman 1992)




Sarine river

Phormidium T calcium
. . ] 11
(fresh running Oscillatoria SMEE) EEHTEE o carbonate (a1
water)
Jot WO |
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1995)
“Discussed
Biofilm calcification :
replacement of EPS
Lake . by carbonate (Arp et
Satonda Phorm|d|_um al.) . (13,
Calothrix Or calcium 20-
. Pleurocapsa “Periodic in vivo carbonate  23)
alkaline biofilm calcification of
(pH =8.3) surfaces of

subglobular
cyanobacterial
aggregates by Mg

. )

: { :
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sheaths.Specimen critical-point dried. (from Merz-
fontana Preiss et Riding 1999)
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Figure S1: X-ray diffractogram of the 4 m-deep microbialite sample. Peaks assigned to
hydromagnesite are marked with a black star; peaks assigned to aragonite are marked with a
white star



Figure S2: Milling of FIB foils. (A) SEM picture (backscattered electron mode) showing the
location of FIB foils A and B. (B) SEM picture (In lens mode) showing where platinum straps
were deposited. (C) SEM picture (secondary electron mode) of FIB foil A during the milling
process. The ion beam removes matter from both sides of the foil (black arrows) which is
protected by the platinum layer (Pt). Sections of Pleurocapsales cells are visible on the foil.
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Figure S3: EDX analyses of FIB foils A and B. TEM pictures of FIB foils A and B, and
corresponding EDX maps of carbon, gallium, oxygen and calcium.
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Figure S4: NEXAFS spectra at the O K-edge (A) and N K-edge (B) on organic matter
composing the cells. Spectra extracted from FIB foil A analysis, spectroscopic signature of
organic matter in the FIB foil B was identical.



Figure S5: Bright field TEM pictures of FIB slice A (panels A and B) and B (panels C and D).
The yellow dotted lines underline the putative limit of microfossil based on textural transition
from type laragonite to type 2 aragonite. The main crystallographic directions of aragonite type
1 clusters are underlined by pink dotted lines.



Figure S6: Electron diffraction pattern of Type 1 aragonite. (A) TEM picture of the area where
the diffraction pattern was measured. A preferential orientation of aragonite needles (white
arrow) is visible. (B) Diffraction pattern showing arcs of restricted angular stretch suggesting the
presence of well crystallized aragonite nanocrystals with a preferential crystallographic
orientation.
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Figure S7: Evolution of saturation index of aragonite and hydromagnesite with pH. Calculations

were performed based on the water lake chemistry published in (Kazmierczak J et al. (2011)

Hydrochemistry and microbialites of the alkaline crater lake Alchichica, Mexico. Facies)



