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This document presents 4 Figures.

Figures S1-4 describe, respectively, a typical high-resolution 3x3 SEM-EDS surface mosaic map, digital
image processing workflow, probabilistic precipitation on three randomly inspected surface locations,
and the image processing results as a function of elapsed time since the onset of experiments.
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Digital image processing

This section presents an exemplary input surface map (Figure S1 ) and the semi-automated workflow
(Figure S2 ) for digital image processing of surface mosaic maps to quantify precipitated calcium
carbonate crystals on the multi-mineral sandstone substrate.

Figure S1. A typical surface mosaic map comprised of nine regions (a 3x3 matrix) of backscatter (BSE)
scanning electron microscopy (SEM). The mosaic maps demonstrate the superimposed energy-dispersive x-ray
spectroscopy (EDS) on top of the BSE SEM to identify calcium carbonate crystals (color-coded in green).
Magnification = 100x and length-scale = 800 microns.

S2



Figure S2. Semi-automated workflow for digital image processing of surface mosaic maps to identify and
quantify precipitated calcium carbonate crystals on top of the multi-mineral sandstone substrate. (a) Surface
map of nine ordinary SEM-EDS micrographs acquired at each random location, where calcium phase maps
are color-coded in green. (b) Binary conversion of the mosaic map in part “a” after it was subjected to noise
removal, contrast enhancement, and thresholds to grayscale histogram; (c) Inverted (mask) transformation of
binary map; (d) Identification and quantification of crystals using ImageJ/Fiji open-access image processing
package. Every single crystal or crystal batch was assigned a number. For each number, properties of crystals
were quantified considering the exact linear scale of mosaic maps and length-pixel ratio; (e) An exemplary table
indicating properties of typical crystals quantified in our analysis.
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Scanning electron microscopy of surface mineral growth

For each specimen, at a given supersaturation (Ω), temperature (T), and elapsed time (t), we acquired surface
maps of precipitated calcium carbonate crystals at three random precipitation sites, similar to Figure S1 covering
an area of approximately 10.5 mm2. As an example, Figure S3 demonstrates such three random locations for
the case Ω = 50x, T = 60°C, and t = 48 hours. Figure S3 demonstrates solid deposition patterns on different
spots of the heterogeneous multi-mineral sandstone substrate. This is quantified and discussed in detail in
section 3.1 of the paper.

Figure S3. (a-c) SEM-EDS surface maps of three random locations inspected for the experiments at Ω = 50x,
T = 60°C, and t = 48 hours. It indicates the distribution and growth of crystals at randomly selected locations
for a given experiment on the heterogeneous sandstone substrate. Calcium carbonate crystals are color-coded
in green. Each subfigure contains nine subsections similar to Figure S1. Magnification = 100x and length-scale
= 800 microns.
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Image processing results

Figure S4 presents the image processing results of 27 experiments (3Ö3Ö3 sets of Ω-T-t) as a function of
elapsed time. It indicates the temporal evolution of the system for different supersaturations and temperatures.
Figure S4 also shows the computed entropy (E) of each mosaic map in the second ordinate (y-axis), quantifying
randomness within the system.

Figure S4. Total surface area coverage (%), computed Shannon entropy, and the number of the precipitated
crystals derived from image processing of three random locations within each surface mosaic map. (top) 15x
(middle) 50x, and (bottom) 130x supersaturation experiments as a function of elapsed time from the onset of
experiments.
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