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Supplementary Figures
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Figure S1. Resolution estimation by Fourier shell correlation (FSC) yielding a three-dimensional resolution of 59 nm for Schreiber Beach and 52 nm for Mink Mountain. The FSC curve is calculated between two independent 3D reconstructions, each from half of the data. The point in which the FSC curve intersects the half-bit threshold curve determines the effective half-pitch spatial resolution (21, 42, 48).
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[bookmark: _Toc18473630]Figure S2. Microfossil in Schreiber Beach sample identified as Huroniospora. a,b, 2D virtual tomographic slices showing carbonaceous cell walls with a saw-tooth pattern resulting from taphonomic alteration. c, 3D rendering after removal of the structures in the back of the fossil to ease observation of cell wall structure. d, 3D view of the complete specimen. Scalebar 1 m. 
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[bookmark: _GoBack]Figure S3. Microfossil with a structural pattern similar to Eosphaera.  The outer margin of the cells is characterized by large, distinct spheroidal objects with diameters approximately 20-25% of that of the main body of the cell, morphologically most consistent with Eosphaera. a, intersection of 2 tomographic images in different planes (indicated by the dashed lines) showing the presence of tubercular small spheroids of different sizes in both planes surrounding a large central spheroid. b, detail of the distribution of tubercular spheroids surrounding a larger spheroid and optical micrography (upper left) showing the same pattern with visible light. c, 3D rendering of a section of the specimen showing its hollow aspect forming a large spheroid. d, 3D rendering of the complementary part presented in c showing the “bottom” of the specimen, i.e., the closing of the spheroid. Scalebar 1m. 
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Figure S4. Histogram of pixel intensity (electron density) of the sample from Schreiber beach (a,c) and Mink Mountain (b,d), in logarithmic scale. a, b, Total histogram of the samples. In the Schreiber Beach sample (a), due to the small dimensions of the carbonaceous structures (green) a strong partial volume effect with the contribution of the surrounding silica matrix (grey) is observed, instead of a normal distribution. A similar effect can be seen in the Mink Mountain sample (b) between the kerogen (green) and the non-solid material phase within it (blue). c, Schreiber Beach and d, Mink mountain histograms of carbonaceous material after segmentation with their respective fitted gaussians (green).
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Figure S5. Curves of remanence acquisition at room-temperature on two sections from the same sample of Mink Mountain analyzed by PXCT. a, Anhysteretic remanent magnetization (ARM) demagnetization curves (upper) and the coercivity spectra with adjusted skewed generalized Gaussian function (51) (lower), indicating the presence of a low-coercivity phase (~20 mT, log10 value of 1.3, as seen in graph) interpreted as maghemite. b, Isothermal remanent magnetization (IRM) acquisition curves (upper), and their respective coercivity spectra (lower) indicating two magnetic components (~24 mT and ~343 mT, log10 values of 1.3 and 2.5), with the low-coercivity phase interpreted as maghemite and/or partially oxidized magnetite, the high-coercivity phase interpreted as hematite.

[image: A close up of a map

Description automatically generated] Figure S6. First-order reversal curve (FORC) diagram of one section of the same sample of Mink Mountain analyzed by PXCT. a, FORC diagrams contour map of the mixed partial second derivative from a class of partial magnetic hysteresis, with Bc (x-axis) representing the coercivity, and Bi (y-axis) representing the interaction. b, Profile along the Bi = 0 line. The FORC is typical of pseudo-single domain particles (52) with the coercivity between 10 mT and 20 mT, (lower than 40 mT, typical of single domain particles (53)) which for maghemite range it is between 1 and 20 m (54-55).
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Figure S7. Raman point spectra of filament in the Mink Mountain locality sample adjacent to the filaments sampled for PXCT analysis. The bands (227, 247, 294 412, 499, 612 and 1319 cm-1) are characteristic of hematite and quartz is identified by the band at 465 cm-1.  The kerogen D band is not visible due to overlap with the hematite 2LO band at 1319 cm-1, but the G band can be seen at 1542 cm-1. Bands of maghemite and magnetite are not observed (35-37). 
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Figure S8. Profile of the sample of Mink Mountain after the vertical mass fluctuations alignment (2). The vertical sample mass profile is constant along the 1100 projections. Radiation damage would result in a modification of this sample mass vertical profile, which is not observed here. 
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Figure S9. Petrographic characterisation and sample selection (Mink Mountain) from within the limb of a pseudocolumnar stromatolite. a, Macro-scale structure in thin section, comprising irregularly spaced stromatolitic columnar structures separated by troughs in which spherical oolites accumulate. Red arrows indicate microfossil-rich zones. The area marked with a white arrow is magnified in b,c and indicates the location from where the studied sample was selected. b Microfossil-rich region from which a pillar was extracted for analysis by PXCT. c, Photomicrographs showing the filamentous Gunflintia sp. Barghoorn microfossils (arrowed) studied herein by PXCT (see Fig. 1).







Supplementary Videos

Video S1. Detailed view of Mink Mountain specimens. Overview of sample volume, tomographic slices and 3D rendering of the microfossils immersed in the rock. The kerogenous material (rendered in green) has an irregular aspect, with inner fractures (rendered in blue) from its geochemical maturation. The maghemite crystals (rendered in orange) have anhedral and euhedral morphologies, some displaying cubic and octahedral morphologies. 

Video S2. Detailed view of Schreiber beach specimens. Overview of the tomographic slices showing different morphologies within the sample volume and 3D rendering of the microfossils immersed in the rock. All the microfossils are composed of only kerogenous material outlining thin and discontinuous cell walls. 
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