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Supplementary information (SI)

Thickness calculation from sputtering.
For 100 s of sputtering,
Q=1*t

I is the current, which is 10 nA in this study, and the time (t) is 100 s.
Thus,

Q =100*10*10°A*6.25*10'%/(2.5 mm*2.5 mm) =1*10'*ions cm

To determine the sputtering thickness, the sputtering efficiency is needed. We

compared published data reporting similar measurement conditions(1), and the
sputtering efficiency (slope) is correlated with the voltage (Figure S9). We used the
fitting equation to determine that the efficiency at 4 eV is 0.22 pm *10°5 ions™! cm?.
Therefore, the thickness can be assessed as followed:

Thickness|gps = 0.22 um*10-'3 ions-'em?*1*10'#ions cm2= 20 nm
Considering the distinct difference between the organic leucine film and the soil
mineral-OM associates, we roughly assessed the thickness removed by 100 s, 600 s

and 1300 s of sputtering as approximately 20 nm, 130 nm and 280 nm, respectively.



Molecular component modelling of the OM

Composition modelling of the OM at the SWI was based on C Is speciation
carried out by XPS and principally described by Gerin (1993)(2). Briefly, the
components of the OM were simplified as protein, glucans and lipid substances.
Because the N s component was mainly amides, the N/C ratio was a measure of the
protein content. The C=0/C and C-(O, N)/C ratios resulted from proteins and glucans,
and the C=0/C and C-(O, N)/C ratios resulted from glucans. Minorly modified
equations established by using the atom concentration ratios relative to carbon are as
follows: (N/C)opserved = 0.27 Chprotein (1); [C-(O, N)/Clobserved = 0.32 Cprotein + 0.833
Calucans (2); Ciipia = 1 - Cprotein = Catucans (3)- Cprotein» Celucanss and Cripg are the

proportions of the total surface carbon associated with each molecular constituent.
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Figure S1: Dynamics of main elements O, Si, Al, Fe, Mg, Ca, K and P at the Mollisol

surface during the 21 days of incubation.
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Figure S2: Depth profile of C/N ratio in OM during the formation of the new SWIs.
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Figure S3: Dynamic profiling of C (a), N (b) and the C/N ratio (c) at the sterile soil

interface by 100 s, 600 s and 1100 s of sputtering during the 18 days of incubation.
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Figure S4: Depth profiles of the C 1s spectrum at the sterile soil interfaces at the start
and after 21 days of incubation. The interfaces were exposed by continuous sputtering
(surface, 20 nm, 130 nm, 280 nm) and XPS measurement. Four typical carbon species

(aliphatic C, alcoholic C, ketonic C and carboxylic C) were identified.



Figure S5: Microorganisms at the Mollisol BGI. (a) and (b) Backscatter electron

imaging of the soil dots on the SoilChip at 10 pm and 2 pum scales, respectively. The
black stick-like objects are carbon-rich microorganisms. (¢) Scanning electron
microscopy (SEM) image of the stick-like objects on the soil surface, confirming that

these objects are microorganisms.



013 21000
) 711.
| } 1 709.8 ' 8
18000 _NSO nm
0.12
E g | ! \ Below 130 nm
- % / 3 15000 '
% 0114 — :; : \ elow 20 nm
- ] £ ] s 21 day surface
‘€ 12000 - Lo
0.10 = \
E 1
E I below 20 nm
9000 I e
o< — o) 1 initial surface
0 5 10 15 20 705 710 715 720
Time (day) B.E.(eV)

Figure S6 Changes in the Fe/Si ratio and the Fe 2p spectrums during the formation of

the soil-water interfaces.
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Figure S7: 3D-EEM spectra of a solution on the SoilChip. EEM maps were divided
into five regions(3, 4): region I (Ex 200-250 nm, Em 250-330 nm) was related to
tyrosine-like protein, region II (Ex 200-250 nm, Em 330-380 nm) was related to
tryptophan-like protein, region III (Ex 200-250 nm, Em 380-500 nm) was related to
phenol or polysaccharides-like organics, region IV (Ex 250-280 nm, Em 200-380 nm)
was related to soluble microbial by-product-like materials, and region V (Ex 250—400
nm, Em 380-500 nm) was related to modified lignin-like organic matter. (a) The
spectra of original DOM extracted from the Mollisol. (b), (c) and (d) are the spectral

maps of the solution after 1, 9 and 21 days of incubation.
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Figure S8: Correlation between sputtering efficiency (um (10 ions cm?)!) and
voltage. Data is from the K. Ichiki et al. (2008). The sputtering efficiency is calculated
as the slope between the sputtering depth of leucine films and sputtering fluence with

5-30 keV Ar cluster ions.
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Tables

Table S1: Percentage of four fitted carbon species at the BGI surface after 21 days

and 600 s of sputtering.

Sputtering time Os 600s
aliphatic C 33.8% 41%
alcoholic C 47.9% 37.7%

ketonic C 14.7% 14%
carboxylic C 3.5% 7.2%
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Table S2: Composition of the OM at different depths after 21 days of incubation.

depth (nm) C (%) N (%) P (%) C/N C/p
surface 16.5 1.3 0.7 12.5 22.7

20 11.1 0.9 0.3 12.7 37.1

60 9.6 1.0 0.6 10.1 15.0

130 8.9 0.9 0.5 9.9 16.5

240 7.9 1.2 0.9 6.6 10.2

280 8.0 0.9 0.7 8.8 11.0
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