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1 Compilation of soil production rates, climate, topographic, vegetation, and other parameters

The formation rate of erodible material can be quantified with in situ-produced cosmogenic nuclide concentrations in regolith
material. Depending on the sampled material and the assumptions made, the rate is called a regolith (e.g., Ferrier et al., 2012)
or soil production rate (e.g., Heimsath et al., 1997). Even though the terms do not identify exactly the same process, the rates
are comparable. Not only do they often describe the same process, but the rates should be equal under steady-state conditions.
Regolith or soil production rates, from now on called soil production rates, are determined in different tectonic and lithologic
settings. In this study, soil production rates of granitic soil-mantled hillslopes are compiled (Table S6) as well as some in non-
granitic lithologies (Table S7). For all the studies at granitic point locations the following parameters were compiled (Table
S6) and the linear correlation investigated (Tables S8):
1. Latitude and longitude (Reference study)

2. Altitude (Reference study)

3. Soil depth or sample depth (Reference study)

4. Slope (Reference study)

5. Soil production rates and errors (Reference study)

6. MAP and MAT for point locations based on Karger et al. (2017).

7. MAP and MAT for present-day (PD), pre-industrial (PI), mid Holocene (MD), and Last Glacial Maximum (LGM)
extracted from Mutz et al. (2018).

8.  Maximum mean vegetation fraction from MODIS (Broxton et al., 2014).

9. Leaf area index from TERRA/MODIS (Knyazikhin et al., 1999).

10. Annual mean solar insolation (1970-2000) from MODIS (Wang, 2017).

11. Evapotranspiration from Zhang et al., 2010.

12. Net primary productivity (NPP) from Running et al., 2015. Data from 1000 m grids are listed.
13. Rooting depth from Schenk et al., 2009.

14. Soil and regolith thicknesses from Pelletier et al., 2016.

15. Local slope from GTOPO30.
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16. Frost cracking window for pre-industrial (FCW PI), mid Holocene (FCW MH), and Last Glacial Maximum (FCW
LGM) (Sharma, 2018).

In addition, chemical weathering, physical erosion, and total denudation rates from granitic soil-mantled hillslopes are

compiled (Table S9) and correlated with some climate and vegetation parameters as listed above (Table S10)

2 Calculation method for soil production rate models discussed in text

Three theoretical considerations of soil production rates were addressed in the main text and described in more detail below.
In order to simplify the considerations, only the exponential function for soil production rates with soil depth is addressed.

The humped function for soil production rates was not considered.

A) Norton et al. (2014)

Based on mass balance considerations and steady-state, maximum soil production rate SPRuma (t/(km* yr)) on

hillslopes under different climatic conditions is calculated by:

SPRinax = 0.42 MAP exp <8.314-4»5_9787>< 10-3 ((MAT+1278.15) + 273.15)) (SD),
where MAP (mm/yr) and MAT (°K) are mean annual precipitation and temperatures. For further details see Eqn,
7 in Norton et al. (2014). As the maximum soil production rate SPRuax is reduced under soil cover (e.g., Heimsath
et al., 1997; Gilbert, 1877), soil production rate SPR can be calculated following:

SPR = SPR, 4 exp(—ah) (S2),
where h is the soil depth (m) and « a rate constant (/m) considered to be 3 /m in this study (see Table 1 in Norton
et al., 2014). In addition to our calculation of SPR under 0.5 and 1.0 m of soil, we assumed a linear increasing soil

depth with increasing precipitation. The linear increase of soil depth is based on the correlation of soil depth (mm)

with MAP (mm/yr) in our study area (see Table S1). The equation used is: y = 311.7 + 0.292x (R* = 0.62).

B) Pelletier and Rasmussen (2009)

Calculation of soil production rate SPRy (m/kyr) is suggested to be a function of:

SRP, = a exp® EEMT) (S3),
where EEMT (m%/(kJ yr)) is the “Effective energy and mass transfer” of Rasmussen and Tabor (2007) and a (m/kyr)
and b (m?%(kJ yr)) are empirical coefficients. The coefficients are calibrated for granitic lithologies to be: a =0.037

m/kyr and b = 0.00003 m*/(kJ yr)) (Pelletier and Rassmussen, 2009). EEMT is given by:
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EMT = 347134 exp {—0.5 [(w)z + (M)Z]} (S4)

-10.1 1704
where MAT (°C) and MAP (mm/yr) are mean annual temperature and precipitation, respectively (Rassmussen and
Tabor, 2007). As EEMT is an empirical function of MAT and MAP, biotic controls on EEMT are included in Eqn.

S5. Based on Eqns, S5 and S6, soil production rates can be calculated.

C) Pelak et al. (2016)

Whereas Pelletier and Rassmussen (2009) and Norton et al. (2014) address soil production rate in the light of MAP
and MAT, Pelak et al. (2016) approach calculation of soil production rates as influenced by plant biomass density
b (kg/m?) and soil depth h (m). The so called soil production rate P, of Pelak et al. (2016) is given by:

Pipy = (Po + P,by ) exp(—ksh) (S5),
where Py (mm/yr) is the abiotic soil production rate in the absence of vegetation and soil, P, (mm*/(yr kg)) the
sensitivity of soil production to vegetation, and ks (/m) a rate for the decoupling of soil production from surface
weathering processes due to increasing soil depth. Typical suggested model parameters are Po = 0.05 mm/yr, P, =
0.4 mm®/(yr kg), and k; = 0.8 /m (see Table I in Pelak et al., 2016); note unit adjustments were needed). The plant
biomass density b (kg/m?) is a function of soil depth h (m) and is calculated with:

by = - [1— exp(—kg h)] (S6),
where r (/yr) is the vegetation growth rate, m (m?/(yr kg)) the vegetation turnover rate, and k. (/m) the vegetation
growth response to soil depth. In Pelak et al. (2016) the ratio r/m is given as 4 kg/m” and k, = 0.2 /m. The soil
production rates presented in our study reach values up to ~1000 t/(km? yr). To reach the full range of soil
production rates reported, we show r/m values of 50, 100, and 150 kg/m2 in Figure 3C. Furthermore, we convert

plant biomass density bm) into LAI based on the relationship shown in Fig. 4 of Gratani and Crescente (2000):

LAI = (10bpy—2.217) (ST).

71.813

Observed LAIs (Table S5) of ~8 m*/ m?then results in plant biomass values of ~60 kg/m*. This is in agreement

with observed values of about 50 kg/m* (Brown and Lugo, 1982).
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Figure S2: Chemical weathering rate versus mean annual precipitation for the four Chilean study areas: A) Total weathering rate.

B) Weathering rate in soil. C) Weathering rate in saprolite.
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Figure S3: Total weathering rate W) versus denudation rate Di,i: A) Four study areas investigated in this study. The weathering
rate can be approximated by the linear function Wigea = 0.5 Dyotal (r* = 0.96). B) Compilation of published data from hillslopes located

in granitic lithologies.
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Table S1:

Table S1: Location for pedons in the investigated four study areas in the Chilean Coastal Cordillera

Soil profile Location Altitude MAP MAT  Veg. cover LAI Aspect = Slope Soil depth Ave. regolith density
°N °E m mm/yr °C % m?/m? ° ° cm g/cm3

Pan de Azucar
AZPEDG60 -26.11012  -70.5492 343 8 20.1 2 0 60 5 22 1.26
AZPED50 -26.11027 -70.54922 333 0 40 20 1.47
AZPED40 -26.1102 -70.5492 326 0 33 25 1.28
AZPED21 -26.1094 -70.54907 342 180 25 20 1.31
Santa Gracia
SGPED10 -29.75633 -71.16626 727 97 17.7 31 0.52 300 2 5
SGPED20 -29.75636 -71.16721 718 240 2 30 1.53
SGPED30 -29.75702 -71.16650 705 0 25 35
SGPED40 -29.75738 -71.16635 682 0 25 50 1.48
SGPED50 -29.75794 -71.16618 652 0 25 40
SGPEDG0 -29.75826 -71.16615 638 0 20 55 1.48
SGPED70 -29.76120 -71.16559 690 180 15 35 1.55
La Campana
LCPED10 -32.95581 -71.06332 734 307 14.1 84 1.84 60 7 45 1.37
LCPED20 -32.95588 -71.06355 718 0 23 60 1.21
LCPED30 -32.95615 -71.06380 708 60 35 55 1.22
LCPED40 -32.95720 -71.06425 724 120 12 35 1.47
Nahuelbuta
NAPED10 -37.80735 -73.01285 1248 1479 6.1 95 3.16 60 5 70 0.94
NAPED20 -37.80770 -73.01357 1239 60 15 70 0.91
NAPED30 -37.80838 -73.01345 1228 0 20 90 0.88
NAPED40 -37.80904 -73.01380 1200 180 13 60 1.05
Table S2:
Table S2: Soil production rates and information for calculation

sample'” Sample depth  Density cum. Pouc Pruons. PrmuonF Prot Migtz) MgBe) °Be/’Be Error %Be cor l Soil time

cm g/cma atoms/(g(qiz)*yr;atoms/(gqtz) yratoms/(gqe)*yratoms/(gqe)"yr; g mg (meas.) % 10° atoms/gqz) (/(kmZ yr) kyr

Pan de Azucar
AZPED60_25-30 GFTE1001G 275 + 10.0 1.48 3.128 0.011 0.035" 3.174 44.59  0.3267 1.04E-12 3.2 5.08 + 0.16 77 £ 05 207 = 7
AZPED50_20-25 GFTE10006 225 £ 10.0 1.54 3.102 0.011 0.035" 3.148 34.67 0.3274 6.14E-13 3.2 3.86 + 0.12 1.0 + 07 163 + 5
AZPED40_25-30 GFTE1001H 275 + 10.0 1.48 3.084 0.011 0.0357 3.130 47.85 0.3265 5.68E-13 3.2 258 + 0.08 168 + 1.0 107 + 3
AZPED21_35-40 GFTE10007 375 £ 10.0 1.44 3.125 0.011 0.0357 3.172 38.12  0.3271 7.86E-13 3.1 450 £ 0.14 82 £ 05 199 + 6
Santa Gracia
SGPED10_0-5 GFTE1001J 25 + 25 1.50 4.388 0.014 0.0447 4.446 3.44 0.3298 6.68E-14 5.0 419 + 0.23 178 + 13 9% + 5
SGPED20_30-35 GFTE1001K 325 + 10.0 1.54 4.357 0.013 0.0447 4.414 4463 0.3272 6.76E-13 3.2 330 = 0.11 171 = 1.0 104 £ 3
SGPED30_36-46 GFTE1001S 41.0 = 10.0 1.55 4.311 0.013 0.0447 4.368 50.31  0.3268 5.46E-13 3.2 236 = 0.08 232 + 14 81 + 3
SGPED40_60-65 GFTE10008 62.5 = 10.0 1.48 4.231 0.013 0.0437 4.287 18.17  0.3049 1.86E-13 4.0 2.07 = 0.08 224 = 14 86 = 4
SGPED50_45-50 GFTE1001L 475 = 10.0 1.55 4.129 0.013 0.0437 4.184 42.53  0.3269 3.64E-13 3.3 1.86 + 0.06 274 + 186 71 2
SGPED60_51-58 GFTE1001M 545 + 10.0 1.48 4.082 0.013 0.0427 4.137 43.43 0.3270 3.49E-13 3.4 1.75 + 0.06 280 = 17 70 = 2
SGPED70_3540 GFTE10009 375 + 10.0 1.58 4.259 0.013 0.043 4.315 26.43 0.3281 4.25E-13 3.5 352 + 0.12 149 + 09 118 + 4
L: mpan
Lg:’:gD::)iZaB-BIS GFTE1001N 30.5 £ 10.0 1.36 4.410 0.013 0.044 7 4.467 39.43  0.3274 2.92E-13 3.5 161 + 0.06 421 + 26 46 = 2
LCPED20_40-45 GFTE1000A 425 + 10.0 1.13 4.352 0.013 0.0447 4.409 31.07 0.3304 1.65E-13 3.7 120 £ 0.05 561 + 35 36 £ 1
LCPED30_50-55 GFTE1001P 525 £ 10.0 1.23 4.306 0.013 0.0437 4.362 38.76  0.3268 4.13E-14 5.0 0.22 = 0.01 2905 + 240 8 £ 1
LCPED40_40-45 GFTE10008 425 + 10.0 1.47 4.374 0.013 0.044 4.431 31.65 0.3287 1.30E-13 4.1 0.89 = 0.04 710 £ 47 29 = 1
Nahuelbuta
NAPED10_90-95 GFTE1001Q 925 £ 20.0 0.96 6.673 0.017 0.055 6.745 56.33  0.3297 3.74E-13 3.4 146 = 0.05 577 + 35 3 = 1
NAPED20_80-85 GFTE1000C 825 £ 20.0 0.89 6.626 0.017 0.0557 6.698 25.29  0.3049 2.20E-13 3.8 173 £ 0.07 515 + 33 38 = 2
NAPED30_90-95 GFTE1001R 925 + 20.0 0.92 6.569 0.017 0.054 6.640 56.99  0.3265 3.26E-13 3.6 124 £ 0.05 686 + 42 30 = 1
NAPED40_80-85 GFTE1000D 82.5 = 20.0 1.04 6.424 0.016 0.054 % 6.494 30.38 0.3268 5.34E-13 3.4 3.83 + 0.13 193 + 1.2 94 = 3

1 Samples in bold are from Schaller et al. (2018) whereas other samples are presented in this study.
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Table S3:

Table S3: Elemental concentrations in rock, saprolite, and soil based on Oeser et al. (2018)

Pedon Number of Ti Zr Si Al Na Ca K Mg
samples % ppm % % % % % %
Pan de Azucar
rock 12 0.29 £ 0.01 206 = 8 3452 + 0.63 7.19 0.41 206 + 0.24 1.03 + 0.35 3.21 £ 0.13 036 =+ 0.16
AZPED60 saprolite 5 0.27 + 0.05 189 + 31 3196 + 2.11 6.73 * 0.64 212 + 0.32 3.94 + 3.65 2.80 + 0.27 026 + 0.16
soil 3 0.39 + 0.09 272 + 75 2835 + 3.84 7.25 + 1.21 162 + 0.25 8.01 + 8.34 3.04 + 0.62 0.65 + 0.18
AZPED50 = saprolite 6 0.31 + 0.02 217 = 11 32.82 + 041 7.07 + 0.23 166 + 0.20 253 + 0.86 2.96 + 0.21 0.21 + 0.03
soil 3 0.32 + 0.07 225 + 44 31.85 + 098 7.32 + 0.65 178 + 0.08 3.06 + 2.19 3.20 + 0.30 0.30 + 0.17
AZPED40 saprolite 5 0.31 + 0.02 214 + 12 3238 + 0.74 7.05 + 0.28 1.09 + 1.56 3.79 + 1.05 2.90 + 3.37 027 + 0.03
soil 3 0.28 + 0.02 201 + 23 3098 + 1.59 6.44 =+ 0.50 0.92 + 0.24 7.20 £ 3.50 272 £ 2.87 0.34 + 0.03
AZPED21 saprolite 4 0.28 + 0.02 198 + 15 33.42 + 123 7.00 * 0.37 041 + 0.14 1.62 + 1.82 0.20 * 0.13 0.21 + 0.09
soil 3 0.24 + 0.01 184 + 14 33.96 + 0.36 6.25 + 0.11 043 + 0.12 229 + 017 0.19 + 0.51 0.37 + 0.08
Santa Gracia
rock 8 044 + 0.10 117 = 74 26.58 + 2.65 9.43 + 0.64 3.07 + 0.57 6.72 + 2.26 0.64 + 0.56 226 + 0.98
SGPED10 saprolite
soil
SGPED20 saprolite 5 0.47 + 0.03 260 + 19 28.23 + 0.57 8.88 + 0.24 3.86 + 0.18 3.55 + 0.22 1.58 + 0.52 156 + 0.16
soil 3 0.45 + 0.06 235 + 33 28.73 + 0.70 891 #+ 0.26 3,53 + 0.25 3.25 + 0.22 1.89 + 0.20 143 + 0.19
SGPD30  saprolite 4 0.37 + 0.03 214 + 22 29.56 + 0.50 8.82 * 0.19 349 + 0.30 3.05 + 0.08 1.76 + 0.36 121 + 0.12
soil 4 0.43 + 0.02 264 + 21 29.30 + 0.12 8.78 * 0.02 3.24 + 0.05 2.85 + 0.02 1.87 + 0.15 119 + 0.05
SGPED40 saprolite 7 0.36 + 0.03 166 + 32 29.55 + 0.26 8.82 * 0.20 3.64 + 0.14 3.15 £ 0.30 126 + 0.15 143 + 0.1
soil 4 0.41 + 0.02 250 + 13 28.95 + 0.11 875 + 0.07 322 + 0.04 3.14 + 0.10 1.86 + 0.08 129 + 0.04
SGPD50  saprolite 7 0.41 + 0.03 212 + 25 29.07 + 0.35 8.92 + 0.09 3.14 + 0.18 3.15 + 0.41 2.02 + 0.21 123 + 0.08
soil 4 0.40 + 0.05 233 = 28 29.01 + 042 879 =+ 0.08 3.14 £+ 0.11 3.07 £ 0.10 212 + 0.16 121 + 0.14
SGPD60  saprolite 7 0.36 + 0.04 226 + 20 2993 + 0.69 8.81 * 0.26 3.06 + 0.18 2.65 + 0.25 248 + 0.25 0.90 + 0.12
soil 4 0.40 + 0.03 278 + 10 29.37 + 0.21 8.64 * 0.08 311 + 0.04 2.77 + 0.08 221 + 0.05 1.06 + 0.08
SGPED70 saprolite 8 0.39 + 0.04 181 + 14 29.77 + 0.29 825 + 0.23 274 + 0.06 3.03 + 0.08 256 + 0.24 133 + 0.07
soil 3 0.37 + 0.02 219 + 35 29.57 + 0.29 8.81 * 0.13 276 + 0.12 293 + 0.21 220 + 0.03 1.07 + 0.04
La Campana
rock 5 0.16 + 0.02 169 + 22 3477 + 042 7.26 * 0.15 237 + 0.27 0.98 + 0.28 3.79 £ 0.70 024 + 0.08
LCPED10 saprolite 2 0.20 + 0.03 187 + 23 34.15 + 0.44 7.47 =+ 0.12 1.86 + 0.11 0.55 + 0.24 3.77 + 0.19 0.29 + 0.09
soil 4 0.34 + 0.02 300 + 24 32.07 + 037 7.82 + 0.1 197 + 0.04 1.75 + 0.37 2.98 + 0.18 0.64 + 0.07
LCPED20 saprolite 5 0.30 + 0.05 237 + 27 3196 + 0.78 7.90 * 0.24 215 + 0.04 1.61 + 0.21 3.24 £ 0.22 059 + 0.17
soil 5 0.31 + 0.02 269 + 17 3241 + 036 7.81 * 0.28 2.02 + 0.06 1.55 + 0.20 3.27 + 0.03 0.51 + 0.05
LCPED30 saprolite 15 0.43 + 0.04 260 = 38 2995 + 0.60 822 % 0.18 268 £ 0.10 272 £ 0.24 237 £ 0.22 099 £ 0.11
soil 5 0.47 + 0.00 321 + 28 29.68 + 0.08 843 + 0.03 225 + 0.13 2.65 + 0.12 2,51 £ 0.05 1.02 + 0.02
LCPED40 saprolite 5 0.43 + 0.01 423 + 26 30.65 + 0.30 8.57 * 0.12 1.88 + 0.10 1.70 + 0.07 3.14 + 0.14 0.78 + 0.05
soil 4 0.49 + 0.00 502 + 50 30.13 + 0.09 851 #+ 0.05 1.93 + 0.04 1.89 + 0.07 299 + 0.01 0.88 + 0.02
Nahuelbuta
rock 3 0.34 + 0.01 210 + 35 31.87 + 1.29 8.44 =+ 0.59 225 + 0.31 2.60 + 0.27 191 + 0.50 0.84 + 0.12
NAPED10 saprolite 7 0.41 + 0.02 283 = 33 30.34 + 048 9.30 £ 0.51 202 + 0.16 246 £ 0.16 143 = 0.16 0.82 + 0.04
soil 6 0.47 + 0.04 297 + 17 30.09 + 0.83 10.19 + 0.49 131 + 0.08 1.70 + 0.09 1.19 + 0.06 0.73 + 0.08
NAPED20 saprolite 8 0.74 + 0.07 113+ 32 2495 + 154 11.7 + 0.60 0.71 + 0.18 210 + 1.14 223 + 0.22 242 + 0.33
soil 7 0.53 + 0.11 250 = 93 28.69 + 3.19 106 + 1.05 0.75 + 0.14 139 + 0.51 1.94 = 0.49 115 + 0.86
NAPED30 saprolite 1 0.54 + 229 28.88 8.70 + 0.95 + 3.65 + 1.80 =+ 145 + 0.00
soil 7 0.65 + 0.09 363 + 67 2895 + 0.96 9.88 + 0.36 0.89 + 0.11 1.95 + 0.32 131 + 0.25 140 + 0.1
NAPED40 saprolite 6 0.28 + 0.06 272 + 47 3474 + 119 7.17 % 075 0.62 + 0.10 0.71 + 0.23 229 + 0.21 0.60 + 0.18
soil 6 0.35 + 0.09 262 + 46 33.00 + 1.44 826 + 1.11 0.73 + 0.17 0.75 + 0.13 211 £ 0.17 057 + 0.13
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220 Table

Table S4: Chemical weathering, physical erosion, and total denudation rates in the Chilean Coastal Cordillera

Pedon IGSN Zrsap/Zrrock Zrsoil/Zrsap Zrsoil/Zrrock Fraction of Soil mass Soil Chemical weathering rate Physical Total
weathering in production rate Total in oxides erosion rate denudation rate
saprolite glem’ t(km? yr) t(km? yr) t(km? yr) t(km? yr)
Pan de Azucar
AZPED60 GFTE1001G 092 £ 0.15 1.44 + 046 132 £70.37 -0.35 £ 0.11 277 £ 128 77 £ 05 1.7 £ 08 54 = 09 71 £ 13
AZPED50 GFTE10006 1.06 + 0.07 1.04 + 0.21 1.09 +70.22 061 % 0.13 29.4 £ 151 11.0 £ 07 1.0 £ 0.1 106 + 0.7 116 £+ 1.0
AZPED40 GFTE1001H 1.04 £ 0.07 094 + 0.12 0.98 70.12 -1.60 £ 0.22 31.5 = 13.1 168 + 1.0 04 £ 02 179 = 1.0 175 £ 16
AZPED21 GFTE10007 0.96 + 0.08 0.93 + 0.10 0.89 +70.08 0.33 * 0.04 26.2 £ 13.2 82 £ 05 09 £ 041 88 + 05 79 £ 08
Site average Mean + SEM 1.00 + 0.03 1.08 £ 0.12 1.07 £ 0.09 -0.25 + 0.49 287 £ 141 109 £ 241 03 + 06 107 + 26 11.0 £+ 24
Santa Gracia
SGPED10 GFTE1001J 178 + 13
SGPED20 GFTE1001K 222 £ 141 093 + 0.14 207 + 1.33 1.06 + 0.96 459 £ 153 171 £ 1.0 19.6 + 133 183 £ 1.0 379 + 243
SGPED30 GFTE1001S 183 = 1.17 123 £ 0.16 226 + 1.44 082 = 074 63.6 + 15.6 232 + 14 237 + 124 188 + 1.5 425 + 273
SGPED40 GFTE10008 142 + 094 1.50 + 0.30 214 + 1.35 0.56 + 0.51 740 + 149 224 + 15 16.9 + 6.4 149 + 21 318 + 21.1
SGPED50 GFTE1001L 181 = 1.16 1.10 £ 0.19 199 £ 1.28 090 * 0.82 845 + 157 274 £ 16 248 + 144 249 £ 17 49.7 £ 321
SGPED60 GFTE1001M 190 = 1.21 123 £ 0.12 234 + 1.48 0.83 = 0.74 814 + 151 28.0 + 17 304 + 16.0 227 £ 1.8 53.1 + 339
SGPED70 GFTE10009 153 + 097 1.19 £ 0.19 182 + 1.18 0.77 + 0.70 543 + 156 159 + 0.9 11.0 + 54 133 £ 1.0 243 + 155
Site average Mean + SEM 179 + 0.12 1.20 + 0.08 210 + 0.08 0.82 * 0.07 673 + 6.3 217 + 19 210 + 28 188 + 1.8 399 + 44
La Campana
LCPED10 GFTE1001N 110 + 0.19 1.60 + 0.23 1.77 £0,27, 0.22 + 0.05 548 + 141 421 £+ 26 202 + 26 262 + 36 465 + 87
LCPED20 GFTE1000A 140 = 024 114 £ 0.15 159 + 0.23 0.77 % 0.17 78.7 + 203 438 + 3.4 286 + 41 484 + 36 770 + 141
LCPED30 GFTE1001P 153 + 0.30 123 + 021 1.89 £ 0.29 0.74 + 0.18 61.0 + 12,6 2905 + 24.0 2105 + 343 2352 * 26.1 4457 + 937
LCPED40 GFTE10008 244 £ 0.36 1.36 + 0.24 3.32 t 0.62 090 = 0.19 515 + 154 710 + 47 120.8 £ 17.0 521 + 57 172.8 + 28.3
Site average (n=4) Mean + SEM 162 + 0.29 133 £ 0.10 214 + 0.40 066 = 0.15 615 + 6.1 111.8 £ 59.9 95.0 + 447 90.5 + 486 185.5 + 90.8
minus LCPED30 (n=3) Mean + SEM 165 + 0.41 137 + 0.13 223 + 055 0.63 =+ 0.21 616 + 86 523 + 94 56.6 + 322 422 + 841 98.8 + 38.1
Nahuelbuta
NAPED10 GFTE1001Q 135 = 027 1.05 + 0.14 141 £ 025 089 * 0.24 658 + 16.3 577 + 35 225 + 42 551 + 35 776 * 16.5
NAPED20 GFTE1000C 054 + 0.17 222 + 1.03 119 + 049 -5.49 + 287 86.5 + 20.2 515 = 3.3 44 + 155 232 + 137 276 + 92
NAPED30 GFTE1001R 1.09 + 0.18 159 #+ 0.29 1.73 + 0.43 0.19 * 0.06 792 + 258 68.6 + 4.2 313 + 5.1 432 + 6.5 745 + 133
NAPED40 GFTE1000D 129 = 031 0.96 + 0.24 1.25 £ 0.30 115 £ 0.39 735 * 16.4 193 £ 1.2 49 £ 14 200 £ 1.2 250 + 6.2
Site average (n=4) Mean + SEM 1.06 + 0.19 145 + 0.29 1.39 £ 0.12 -0.82 * 1.57 762 + 4.4 49.3 + 10.6 158 + 6.7 354 + 83 512 + 144
minus NAPED20 (n=3) Mean + SEM 124 + 0.08 1.20 + 0.20 146 + 0.14 0.74 + 0.29 728 + 39 48.5 + 149 196 + 7.8 39.4 + 103 59.0 * 17.0

SEM = Standard error of the mean
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Table S5:

Table S5: Chemical weathering rates and chemical depletion fraction in Chilean soil and saprolite

Pedon IGSN Chemical weathering rate Wsap Wsoil Total CDFtotal CDFsap CDFsoil
Total in oxides denudation rate
t/(km? yr) t/(km? yr) t/(km2 yr) t/(km? yr)

Pan de Azucar

AZPED60 GFTE1001G 174 + 0.77 -0.61 *+ 0.11 235 + 0.76 710 * 1.26 0.24 * 0.12 -0.09 £ 0.02 0.33 * 0.12

AZPED50 GFTE10006 1.00 + 0.10 061 + 0.05 0.38 + 0.08 116 + 1.0 0.09 + 0.01 0.05 + 0.01 0.03 + 0.01

AZPED40 GFTE1001H 044 =+ 0.17 0.7 0.1 -1.14 + 0.16 175 + 1.6 -0.03 + 0.01 0.04 + 0.01 -0.07 + 0.01

AZPED21 GFTE10007 -0.93 + 0.08 -0.30 + 0.03 -0.63 + 0.08 786 + 0.83 -0.12 + 0.02 -0.04 + 0.01 -0.08 + 0.01

Site average Mean + SEM 0.34 + 0.62 0.10 + 0.33 0.24 + 0.77 11.01 * 2.37 0.05 + 0.08 -0.01 + 0.03 0.05 =+ 0.10
Santa Gracia

SGPED10 GFTE1001J

SGPED20 GFTE1001K 19.60 + 13.32 20.82 + 13.32 -1.22 + 0.20 37.92 + 2427 0.52 + 0.48 0.55 + 0.50 -0.03 + 0.02

SGPED30 GFTE1001S 23.68 + 12.44 19.34 + 12.42 434 + 0.61 4251 + 27.30 0.56 + 0.46 0.45 + 0.41 0.10 * 0.07

SGPED40 GFTE10008 16.93 6.44 9.43 + 6.25 750 + 1.56 31.83 + 21.10 0.53 + 0.41 0.30 * 0.28 0.24 =+ 0.16

SGPED50 GFTE1001L 2476 + 14.38 2229 + 14.38 248 + 0.44 49.68 + 32.05 0.50 + 0.43 0.45 =+ 0.41 0.05 =+ 0.03

SGPED60 GFTE1001M 30.35 + 16.04 25.07 + 16.03 528 + 0.60 53.06 + 33.93 0.57 + 047 0.47 + 0.43 0.10 + 0.06

SGPED70 GFTE10009 10.28 5.07 790 + 5.05 238 + 041 22.78 + 14.56 0.45 + 0.36 0.35 =+ 0.31 0.10 * 0.07

Site average Mean + SEM 2093 +£ 2.84 1747 + 290 346 + 1.22 39.63 + 4.61 0.52 + 0.02 043 + 0.04 0.09 + 0.04
La Campana

LCPED10 GFTE1001N 20.23 + 2.63 436 + 0.81 15.88 + 2.50 46.47 =+ 8.66 0.44 + 0.10 0.09 =+ 0.02 0.34 =+ 0.08

LCPED20 GFTE1000A 28.62 + 4.14 2190 + 4.02 6.72 + 0.96 77.02 + 14.13 0.37 + 0.09 0.28 =+ 0.07 0.09 =+ 0.02

LCPED30 GFTE1001P. 21045 + 34.25 1565.19 + 32.63 55.26 + 10.41 445.66 + 93.69 0.47 + 0.13 0.35 + 0.10 0.12 + 0.04

LCPED40 GFTE10008B 120.83 + 16.99 99.41 + 16.68 1891 + 3.21 172.88 + 28.30 0.70 * 0.15 0.58 + 0.13 0.11 + 0.03

Site average (n=4) Mean + SEM 95.03 + 44.71 70.22 + 35.05 2419 + 10.68 185.51 + 90.80 0.49 =+ 0.07 0.33 + 0.10 0.17 + 0.06

minus LCPED30 (n=3) Mean + SEM 56.56 + 32.22 41.89 + 29.20 13.83 + 3.66 98.79 + 38.08 0.50 + 0.10 0.32 + 0.14 0.18 + 0.08
Nahuelbuta

NAPED10 GFTE1001Q 2250 + 2250 19.92 + 4.22 258 + 0.37 77.57 + 16.45 0.29 + 0.30 0.26 + 0.08 0.03 + 0.01

NAPED20 GFTE1000C 436 + 1552 -23.94 + 7095 28.29 + 13.32 2760 + 9.17 0.16 + 0.56 0.87 +F0.41 1.03 £ 0.59

NAPED30 GFTE1001R 31.30 +£ 5.08 585 + 1.04 25.44 + 497 74.45 + 13.27 0.42 + 0.10 0.08 + 0.02 0.34 + 0.09

NAPED40 GFTE1000D 493 1.42 565 + 1.41 -0.72 = 0.18 2496 = 6.22 0.20 + 0.08 0.23 + 0.08 -0.03 = 0.01

Site average (n=4) Mean + SEM 15.77 + 6.67 187 + 9.23 13.90 + 7.54 51.15 + 14.38 0.27 + 0.06 -0.08 + 0.27 0.34 + 0.24

minus NAPED20 (n=3) Mean + SEM 19.57 + 7.75 1047 + 472 9.10 + 8.23 59.00 + 17.04 0.30 + 0.06 0.19 * 0.05 0.12 + 0.1

SEM = Standard error of the mean
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Table S7:

Table S7: Published soil production rates from non-granitic soil-mantled hillslopes and parameters

Reference Sample ID Sample type Latitude Longitude Altitude Soil depth Slope Soil production rate MAP MAT Veg. cover Leaf area index
Karger et al., 2017 Broxton et al., 2014 NEO
N E m cm ° t/(km? yr) t/(km? yr) mm/yr °C % m?/m?

Larsen et al., 2014 Karangarua 1 saprolite -43.64850  169.84660 1030 40 24 830 70 4557 7.4 96 214

highly fractured schist Karangarua 2 saprolite -43.64930  169.84990 1082 21 28 430 30 4851 6.3 96 2.14

Karangarua 3 saprolite -43.64860  169.85210 1112 15 37 310 20 3605 0.5 0 214

Karangarua 4 saprolite -43.64800  169.84580 959 21 29 1030 80 4557 7.4 96 214

Karangarua 5 saprolite -43.64790  169.84580 961 10 44 830 60 4557 7.4 96 214

Fox 1 saprolite  -43.49430  169.99840 932 32 25 610 40 5381 7.4 97 2.14

Fox 2 saprolite  -43.49440  169.99880 942 20 27 310 20 5381 7.4 97 2.14

Alex Knob 2 saprolite -43.41680  170.15740 846 41 36 430 30 4772 8.3 98 2.48

Alex Knob 3 saprolite -43.41990  170.15340 947 15 35 500 40 4829 6.9 98 2.48

Alex Knob 4 saprolite -43.41690  170.15770 836 31 29 410 30 4829 6.9 98 2.48

Alex Knob 4 saprolite -43.41690  170.15770 836 31 29 380 30 4829 6.9 98 2.48

Alex Knob 4 saprolite  -43.41690  170.15770 836 31 29 50.0 20 4829 6.9 98 2.48

Gunn 1 saprolite -43.40400  170.40460 866 254 25 1410 110 2322 8.0 93 1.96

Gunn 2 saprolite -43.40470  170.40500 832 25 32 980 80 2322 8.0 93 1.96

Gunn 3 saprolite -43.40440  170.40480 856 29 40 1000 80 2322 8.0 93 1.96

Gunn 4 saprolite -43.40270  170.40270 953 39 26 520 40 2322 8.0 93 1.96

Gunn 5 saprolite  -43.40340  170.40370 910 30 25 690 60 2322 8.0 93 1.96

Gunn 6 saprolite  -43.40460  170.40480 838 27 31 1000 80 2322 8.0 93 1.96

Gunn 7 saprolite -43.40500  170.41020 555 34 31 700 50 2204 9.9 93 1.96

Rappid Creek 1 saprolite -43.02940  171.01750 966 40 35 1020 80 2903 7.8 97 3.52

Rappid Creek 2 saprolite -43.02820  171.01730 897 30 44 1930 160 2903 7.8 97 3.52

Rappid Creek 3 saprolite -43.02670  171.01700 856 16 0 2600 200 2903 7.8 97 3.52

Rappid Creek 4 saprolite -43.02890  171.01750 946 12 50 6390 1110 2903 7.8 97 3.52

Rappid Creek 5 saprolite -43.02730  171.01730 832 15 28 2910 240 2903 7.8 97 3.52

Bestland et al., 2016 -35.0833 138.7 405 1 19.8 1.7 943 13.8 88 2.50

Australia, Lofty Ranges -35.0833 138.6833 396 1 32.8 2.6 835 14.3 90 2.50

Meta-shales, sandstone-quartzite -35.0833 138.7 381 9 6.6 0.6 943 13.8 88 2.50

-35.0833 138.6833 300 0 6.8 0.6 835 14.3 90 2.50

-35.0833 138.6833 331 0 15.8 13 835 14.3 90 2.50

Heimsath et al., 1997 37.9000  -122.6000 135 0 8 62.4 12.8 934 12.9 97 1.26

California, Tennesse Valley 37.9000 -122.6000 120 15 10 75.2 24.0 934 129 97 1.26

Greenstone, greywacke sandstone, chert 37.9000 -122.6000 275 0 15 32.0 8.0 934 129 97 1.26

37.9000 -122.6000 275 0 0 240 6.4 934 12.9 97 1.26

37.9000 -122.6000 105 35 15 41.6 4.8 934 12.9 97 1.26

37.9000  -122.6000 100 58 20 336 4.8 934 12.9 97 1.26

37.9000  -122.6000 115 51 17 384 6.4 934 12.9 97 1.26

37.9000 -122.6000 120 0 21 171.2 36.8 934 12.9 97 1.26

37.9000 -122.6000 116 30 15 96.0 25.6 934 12.9 97 1.26

37.9000 -122.6000 140 49 18 41.6 8.0 934 12.9 97 1.26

37.9000 -122.6000 135 20 15 76.8 12.8 934 12.9 97 1.26

37.9000  -122.6000 133 35 20 52.8 8.0 934 12.9 97 1.26

37.9000 -122.6000 133 60 25 43.2 8.0 934 12.9 97 1.26

37.9000 -122.6000 137 0 15 145.6 38.4 934 12.9 97 1.26

18



235 Table S8:

Table S8: Correlation R of soil production rate with selected location parameterrs

19

Unit SPR _AItitude[ CMAP  CMAT  VegCov LAI Solar  ET NPP D50 D95  LocSlope FCWPI FCWLGI

Soil prduction rate SPR t(km2 yr) " 016 033 000 -003 -027 007 -012 -015 -019 037 015 010
Altitude Altitude m . -0.72 -015 014 -022 000 -0.16 0.05 -0.05 060 039 041
Mean annual precipitation CMAP mm/yr -0.16 3 0.53 0.64 0.40 0.63 -0.02 0.37 0.44 0.11 0.18 0.06
Mean annual temperature CMAT °C -0.33 -0.72 . -0.28 0.69 0.21 0.22 0.31 0.43 -0.57 -0.61 -0.68
Vegetation cover VegCov % 0.00 -0.15 0.53 A -0.03 0.51 -0.30 0.07 0.07 0.01 0.05 0.14
Leaf area index LAI m?/m? -0.03 014 064 -0.28 ! -0.09 007 004 012 027 026
Solar irraditaion Solar (kJ/m?)day -0.27 -0.22 0.40 0.69 -0.03 . 0.66 0.76 -0.36 -0.50 -0.50
Evapotranspiration ET kg/m?/day -0.07 0.00 0.63 0.21 0.51 0.53 0.41 -0.12 -0.39 -0.32
Net primary productivity NPP gC/m?/day -0.12 -0.16 -0.02 0.22 -030 -0.09 L -0.07 -031 -0.28
50% rooting depth D50 m -0.15 0.05 0.37 0.31 0.07 0.07 0.66 L -0.09 -0.17 -0.05
95% rooting depth D95 m -0.19 -0.05 0.44 0.43 0.07 0.04 0.76 0.41 -0.36 -0.23
Local slope LocSlope ° 0.37 0.60 0.11 -0.57 0.01 0.12 -036 -0.12 X 0.47 0.37
Frost-crackoing window (pre-industrial) FCWPI days/yr 0.15 0.39 0.18 -0.61 0.05 0.27 -0.50 -0.39 -0.31 -0.17 b ? 0.75
Frost-crackoing window (LGM) FCWLGM days/yr 0.10 0.41 0.06 -0.68 014 026 -050 -032 -0.28 -0.05 -0.23 0.37

L1 p>o00s

[1 Rr0t003,p<0.05

[ R03t0050p<005

[ ] Ro05t07,p<005

I R0.7t01.0,p<0.05
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Table S10:

Table S10: Correlation R of chemical weathering, physical erosion, and total denudation rates with location parameters

w E D CDF { MAP | MAT | VC LAI ET FCI

Chem. weathering rate W 035 -010 003 -004 014 0.14 -0.14
Physical erosionrate  E -0.29 -0.10 -021 -0.19 0.16 -0.12 0.27
Denudation rate D 0.10 0.03 -0.11 015 0.10 -0.09
Chemical depletion CDF 0.35 -0.29 0.10 0.24 0.27 0.18 0.46 -0.40
Annual precipitation  MAP -0.10 -0.10 -0.12 -0.02 -048 054 052 027 0.26
Annual temperature MAT 0.03 -0.21 0.03 0.24 0.14. -0.70
Vegetation cover VC -0.04 -0.19 -0.11 0.27 -0.09
Leaf area index LAI 0.14 016 0.15 0.18 0.52 -0.38 0.32
Evapotranspiration ET 0.14 -0.12 010 046 0.27 0.14 -0.53
Frost cracking index  FCI -0.14 027 -0.09 -0.40 0.26i -0.70 -0.09 032 -0.53

p >0.05

R20t0 0.3, p <0.05

[ 1]
[ 1
|:| R20.3 10 0.5, p < 0.05
]
[ ]

R?0.5t0 0.7, p < 0.05

R?0.7 to 1.0, p < 0.05
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