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XPSsurvey spectrum
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Figure S1. XPS survey spectrum with all elements and phottreles (PE) detected marked.
Additionally, traces of P could be identified wititreasing soil age (P 2s around 190 eV and
P 2p around 130 eV). The background (as given yoxi2, Kratos Analytical, Manchester,
UK) has been subtracted. The spectrum was corréctiné Si 2p binding energy of quartz (BE;
103 e\}). The PE marked in light blue were used for quimation. Additionally the Auger

electrons are indicated (dark red).



Surface elemental composition as function of soil age

at.-%

0 50 100 0 50 100

r’=0.32ns. 5 r’=0.33ns.

100 50 100 o 50 100

Soil age (yrs) Soil age (yrs) Soil age (yrs)

Soil age (yrs) Soil age (yrs)

Figure S2. Surface element contents as function of soil ape.lihes represent linear regression
fits. Significance levels: P < 0.05;” P < 0.01;" P < 0.001. The dotted line added to the plots
with no significant correlation (K, Na, Mg) indiest the general trend.



Relationship between C and mineral-derived cations
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Figure S3. Relationship between the contents of mineral-ddrzegtions and C content. The lines
represent linear regression fits. Significance leveP < 0.05;” P < 0.01;™ P < 0.001. The
correlation between C content and Mg and Na contetst not significant (Mgr? = 0.30,P =
0.161; Nar?=0.30,P = 0.164).



Bulk element content as function of soil age

As an estimate for the bulk element contents astim of soil age bulk analysis data from the
study of Bernasconi et a(Electronic Supplement) were used. They compriseepth of 5-10 cm
and did not include the youngest soil (0 yrs). Samples used in the present study were taken in
direct proximity to the sites probed by Bernascetnal?, comprising a slightly greater depth of
5-20 cm.

Soil age (yrs)
7 15 65 70 80 110 120
wt.-%
Na 30 19 28 27 28 22 28
Fe 14 13 12 19 18 15 0.9
0] 47.7 50.4 48.4 48.7 50.5 50.6 49.0
K 36 34 28 32 34 29 31
Ca 07 04 07 10 06 06 0.7
Si 351 34.1 35.1 33.7 31.8 33.7 35.1
Mg 04 03 05 07 06 04 02
Al 82 82 85 83 85 83 82
)
CIA 052 0.58 0.55 0.53 0.53 0.58 0.55

Table S1: Bulk element contents as function of soil agecépt 0 yrs) for a depth of 5-10 cm,
adopted from the study of Bernasconi et @Electronic Supplement). Additionally given is the

chemical index of alteration (CIA) as a measurdrtensity of weatherirtg



Deter mination of layer thicknesst

Inelastic scattering of photoelectrons (PE) causetic energyEx) shifts and limits the emission
depth of counted PE. The mean free pat{nm) gives the distance BRE can travel through solid
matter without losing its element-specific BE. S&bencl¥ compiled a database to calculdte
for different materials. The element content in bamtion withA thus is used to determine the
thickness of surface layets. The approach of Pantano & Wittbeayiginally was developed for
glass fibers coated by organosilanes and has trentaje of an easy-to-use formula. The layer
thicknesst (nm) here is determined from the content of amémela& X occurring only in the
underlying material but still is detected in theesfpa of the coated surface ahdf the PE used
for calculation. The content &fof the non-coated surface is derived from regoesanalysis with

a PE with similanl of an elemenY occurring only in the coating.

The mean free path is determined frBgas
A = 0087E,*° (1)

Ex = kinetic energy (eV)
The layer thicknessthen i$

t=-A ln(:%)% . )

X

Ix = content of elemerX determined for the coated surface (at.-%)
Ix- = content of elemerX of the non-coated surface as determined from ssgme analysis
with elementy (at.-%)

The term 2frwas added by Pantano & Wittbetg correct for the curved surface of the analyzed
glass fibers and was used here as well to consideroundish surface of soil particles. The
regression analyses, i.e.,\8i C and Alvs. C (Fig. S3), resulted for O yrs in greater cadted Si
and Al contents than measured (18.4 at- % vs.d4-% and 7.6 at.-%s. 5.9 at.- %, respectively;
Table 1, main text). As the regression assumes rhareral surfaces for the initial stage of soil
formation (i.e., 0 yrs) this result fits with thetaally measured C content (Table 1, main text) tha

indicates C components already present at thig &g main text).
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Figure S4. Mean layer thickness(determined frontsi andta; n = 6) as function of soil agd.he line

Fkk

represents a linear regression fit. Significangelte™ P < 0.001.
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Figure S5. The contact angle (CA) as function of the mearidahickness (n = 6). The line

Fkk

represents a linear regression fit. Significangelte™ P < 0.001.
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Figure S6. Mean layer thicknesss(n = 6) as function of surface C (a) and N (b) cont&he lines

represent linear regression fits. Significancellevé P < 0.001;” P < 0.01.



Differentiation between O bound to C (Oc) and O bound to mineral-derived cations (Ocation)
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Figure S7. Content of O bound to C ) and O bound to mineral-derived cationsa) as

function of soil age. The lines represent linegression fits. Significance levelsP < 0.05," P
< 0.001.
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Figure S8. Relationship between C and O bound to @)(&hd C and O bound to mineral-derived
cations (Qaion). The line represents a linear regression fitnicance level™ P < 0.001. The

dotted line added for {{no significant correlation with @& > 0.05) indicates the general trend.
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Figure S9. The contact angle (CA) as function of the amodr® dound to C (@) and O bound
to mineral-derived cations (&on). The solid line represents a linear regressibrSignificance
level: ™ P < 0.01. The dotted line added foe @o significant correlation with CA? > 0.05)

indicates the general trend.



Characterization of the C species present by a general differentiation of total C in polar
(Cp) and non-polar (Cnp) C species
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Figure S10. The amounts of polar cand non-polar () C species as function of soil age. The
lines represent linear regression fits. Signifi@lavels” P < 0.05;" P < 0.001. The amounts of

Cp and Gp were determined by least squares fitting of tHes@eak”.

Remark: The amount of gbasically only increased between 0 and 7 yrs,caleith a distinct
increase of total C content and the transition hid twetting properties from hydrophilic to
subcritically water repellent (s. Table 1, maint}eConsidering only the interval between 7 and
120 yrs, G content did not show a significant correlationhngbil age 12 = 0.49,P> 0.05).

10



Full width at half maximum (FWHM): comparison between ideal (smooth) and non-ideal
(rough) surfaces

XPS analysis sensu stricto (like contact angle yamal only is applicable to smooth (“ideal”)
surfaces as surface roughness can affect the ityt@fishe XPS signdP. As an estimate for a
possible influence of roughness, the Si 2p photte’s full width at half maximum (FWHM)
from smooth glass slides was used as a refererttecgmpared with the respective Si 2p FWHM
of rough surfaces, comprising the samples of thuslysand further soil and mineral samples
ranging in texture from clay to coarse sand. Theam8i 2p FWHM of the glass surfaces was
3.05 eV +0.131f = 6), the mean Si 2p FWHM of all other surfacestdad was 2.95 eV +0.38 €
183). The absolute values thus were very similkhoagh the Mann-Whitney rank sum test
indicated a statistically significant differencetween both groups. However, the meaning of this
result probably is limited given the considerabigsomilarity in the number of data points (&
183, derived from two and 61 samples, respectivaaty) thus should not challenge the use of XPS
on rough surfaces, especially when referring tanthé elements. However, roughness may be of
influence for the detection and quantification t#fneents that are not evenly distributed and are
present in only low amounts as must be assumef iimicase of the chronosequence samples. The
increase in phospholipid fatty acids (PFFA) witli age'®thus could not be related to P content.
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