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Weathering corrections for denudation rates

Chemical weathering can bias cosmogenic nuclide-derived denudation rates. Regolith weathering can
overestimate **Cl denudation rates because the soluble target mineral calcite may have a shorter regolith
residence time than the bulk rock due to its high solubility. We use the methods proposed by Ott et al.
(2022) to correct all alluvial denudation rates for regolith weathering. The correction requires knowledge
of the regolith or bedrock composition. In the absence of direct bedrock compositional data, we use the
reported bulk chemical composition of the samples as an estimate of regolith composition. We multiply
the weight-percent CaO by 1.4 to estimate the calcite fraction in the regolith, take the SiO, weight-percent

as fraction quartz, and assign the remainder as other insoluble minerals.

Additionally, we use the mean weathering rates for every area (Israel: 21 + 3 mm/ka, Crete: 48 + 11
mm/ka, France: 37 + 8 mm/ka) for the corrections. On Crete, we estimate 30 cm regolith thickness within
the sampled catchments from the European soil database (ESDAC) (Panagos et al., 2012). We use this
thickness in conjunction with a density of 1.5 g/cm3 to derive a soil mass of 45 g/cm2. The same value is

found in southern France, with soil depth estimated from the maps of Chen et al. (2019). For the Soreq



catchment in Israel, Ryb et al. (2014b) report regolith thicknesses between 0 and 75 cm. We take the
middle (37.5 cm) and use it with the reported regolith density of 1.4 g/cm? to derive an average soil mass
of 52.5 g/cm?.

Weathering-corrected denudation rates are similar to conventional denudation rates, with a maximum
difference of about 7% (Tab. S2). The sample compositions reported from southern France indicate
almost pure limestone. Therefore, the bias for these rocks is very small. For five samples, the weathering
correction could not be applied because the reported nuclide concentration was greater than the theoretical
maximum nuclide concentration for the provided parameter combination (Nmax, for definition, see Ott et
al., 2022). This is likely linked to uncertainties in the input parameters, such as weathering rate, regolith
mass, etc. For some samples considered here, the actual catchment weathering rate is possibly lower than
the mean weathering rate for the area. However, the distribution of water sampling stations does not allow
deriving weathering rates close to every location sampled for cosmogenic nuclides. In general, the
weathering bias in the investigated samples is low due to the low weathering rates and clean limestone
composition of many samples. Because the corrections are low and uncertainty exists in some of the

correction parameters, we chose to report uncorrected denudation rates in the main text.



Tab. S2: Output of weathering correction calculation for catchment-average denudation rates.

Location Sample Denudation | err Conventional denudation Rate difference %
rate mm/ka rate mm/ka

Crete Cl-617-2 87.3 7.0 93.8 6.9

Crete Cl-617-3 rate could not be calculated because N > Nmax
Crete Cl-617-6 108.5 54 111.9 3.0

Crete Cl-617-8 159.8 225 166.0 3.7

Crete Cl-617-10 1415 9.5 146.0 3.0

Crete Cl-617-15 142.0 134 144.7 1.9

Crete WC-616-8 521.5 117.1 | 531.8 19

France BRO1B-G 63.0 115 62.2 11

France ORMO01B-G 37.8 rate could not be calculated because N > Nmax
France ORMO02B-G 72.6 234 | 720 0.8

France ORMO02B-S 81.7 21.7 80.9 0.9

France ORMO03B-G 67.1 233 66.5 1.0

France ORMO03B-S 67.9 205 | 67.2 1.0

France PLBS-1G 56.4 8.0 56.1 0.4

France PLBS-1S 48.9 rate could not be calculated because N > Nmax
France PLBS-2S 53.9 7.3 53.7 0.3

France PLBS-3G 100.7 19.8 100.6 0.1

France PLBS-4G 84.4 14.7 84.1 04

France PLS-E1 67.4 19.3 67.2 0.3

France PLS-E2 75.1 221 74.9 0.2

France RECO01B-S 98.3 28.1 97.9 0.4

France REC02B-G 93.3 28.1 93.1 0.3

France REC02B-S 101.8 35.0 101.4 0.4

France ROQO01B-G 59.7 11.3 59.1 1.0

France ROQO01B-S 70.8 12.8 70.4 0.6

France TAPO1B-G 60.0 19.6 59.5 0.9

France TAPO1B-S 74.1 21.0 73.6 0.6

France TAP02B-G 53.5 174 53.0 10

France TAPO02B-S 56.6 17.9 56.2 0.8

France VIDO01B-S 64.7 10.6 64.3 0.7

France VID02B-S 82.5 15.3 82.1 0.5

Israel/Soreq SQSED1 415 rate could not be calculated because N > Nmax
Israel/Soreq SQSED2 60.8 1.4 63.4 4.1

Israel/Soreq SQSED3 59.6 1.3 61.1 25

Israel/Soreq SQSED4 117.3 5.3 118.7 11

Israel/Soreq SQSED5 50.5 0.4 53.1 4.9
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Tab S3: Raw and precipitation corrected water data from southern France. [Ca?*] and [Mg?*]. n — number of samples, min — minimum concentration, max — maximum

concentration measured.

National Code of

station Area Lon Lat Ca Mg cl
n min max average corrected | n min  max average corrected | n min max average

09678X0109/HY  Luberon 5.3802 43.8203 |1 91.8 91.8 91.8 91.7 1 34 34 34 31 1 51 5.1 5.1
09685X0011/F Luberon 5.4057 43.8285 |5 77.0 852 80.9 80.8 5 65 87 76 7.3 10 3.7 48 45
09681X0069/FO  Luberon 5.4622  43.8399 |2 1024 110.0 106.2 106.0 2 34 35 35 2.7 2 101 114 108
09685X0013/F Luberon 5.4171 43.7862 | 3 80.0 935 87.2 87.1 3 13 15 14 1.0 3 6.1 65 6.3
09685X0012/HY  Luberon 5.4226  43.7868 | 3 82.8 889 86.2 86.2 3 49 63 58 5.7 3 08 14 1.0
09674X0089/F Luberon 5.3852  43.8361 |3 68.0 74.0 70.7 70.4 3 26 35 30 2.1 3 139 149 143
09686X0019/F Luberon 5.5380  43.7930 | 31 1040 123.0 1127 112.6 31 70 95 81 7.8 31 41 80 5.1
09676X0053/P Luberon 51791 43.7531 |7 55.0 120.0 103.4 102.9 7 44 161 135 11.8 8 107 310 257
09175X0016/HY  Lure 57888  44.1090 |3 49.0  53.5 50.8 50.8 3 05 05 05 0.3 18 08 92 2.3
09431X0010/HY  Lure 5.8374  44.0668 | > 46.0  65.5 59.4 59.3 5 05 15 10 0.8 24 23 92 33
09176X0008/TX  Lure 5.8944 441311 |3 61.0 656 63.9 63.8 3 9.2 108 99 9.6 4 25 61 4.1
09431X0013/HY  Lure 5.7859  44.0506 |1 87.0 87.0 87.0 86.9 1 19 19 19 1.6 6 38 51 4.3
09424X0015/HY  Lure 5.7059  44.0956 |1 620 62.0 62.0 62.0 1 15 15 15 1.4 5 10 31 2.1
09153X1005/HY  Ventoux 5.2895 44.1881 | 4 56.6  65.0 61.1 61.0 4 37 41 38 3.6 4 24 31 2.7
09153X1004/HY  Ventoux 52734 442056 |1 56.1 561 56.1 56.1 1 86 86 86 8.5 1 12 12 12
09154X1004/SO  Ventoux 53148 441923 |3 57.2 640 59.5 59.5 3 19 23 22 2.0 3 21 25 23
09157X0014/HY  Ventoux 5.2233  44.1895 |7 49.0 519 50.0 50.0 7 12 14 13 1.2 7 20 24 2.3
09165X1006/HY  Ventoux 5.4139  44.1248 | 8 73.0  85.0 77.8 77.7 8 51 75 62 6.0 8 28 39 3.3
09156X0074/F Ventoux 52071 44.1833 |8 645 704 67.0 67.0 8 14 21 17 1.5 9 19 24 2.2
10212X0020/HY  Sainte Victoire | 5.5752 43.5188 | 3 60.6 1396 891 88.6 3 55 276 132 11.8 3 170 279 211
10213X0051/P Sainte Victoire | 5.6411 435285 |1 1320 132.0 1320 131.7 1 31.8 318 318 30.8 1 156 156 156
10213X0050/HY  Sainte Victoire | 5.6422 43.5232 |1 119.0 115.0 119.0 118.8 1 184 184 184 17.7 1 99 99 9.9
10213X0121/HY  Sainte Victoire | 5.6013  43.5563 | 7/ 116.0 129.0 1225 122.3 7 6.7 104 92 8.7 7 62 9.0 7.9
10451X0041/F Sainte Baume 5.7711 433098 | 2 614 1180 89.7 89.5 2 208 635 422 41.4 3 7.5 17.2 109
10444X0028/F Sainte Baume | 57559  43.3016 | 3 853 1080 932 92.9 3 442 549 504 49.3 3 113 220 156
10444X0026/DA  Sainte Baume 5.7099  43.2898 |9 66.8 734 70.0 69.8 9 275 310 289 28.2 9 9.7 120 106
10443X0291/HY  Sainte Baume | 5.6600 43.2911 | 14 60.4  78.8 72.2 72.0 14 172219 19.0 18.4 14 76 102 87




Tab. S4: Weathering rates calculated using estimated recharge areas from topography (Fig. S1) together with average P and AET

values for the entire mountain range of the sampled spring, well or river.

Mountain range averages
Estimated recharge areas
P AET Dissolution rate P AET Dissolution
Location Country N [°] E[°] [Ca?*] | [Mg*] [mm/a] [mm/a] [mm/a] [mm/a] [mm/a] rate [mm/a]
Agurl Israel 31.7207 | 34.9162 61 35 490 291 0.021 £ 0.005
Agur2 Israel 31.7241 | 34.9139 56 35 490 291 0.02 +0.004
Agur3 Israel 31.7074 34.9399 59 33 490 291 0.02 +0.004
Agurd Israel 31.6842 | 34.9803 62 32 490 291 0.02 +0.004
Agur5 Israel 31.6796 34.9890 91 34 490 291 0.026 + 0.006
Aguré Israel 31.6796 | 35.0088 58 29 490 291 0.019 £ 0.004
Agur?7 Israel 31.6789 35.0276 57 29 490 291 0.018 + 0.004
Agur8 Israel 31.7116 | 35.0106 70 30 490 291 0.021 £ 0.005
EnKarem1 Israel 31.7795 35.1557 48 14 490 291 0.013 +£0.003
EnKarem13 Israel 31.7434 | 35.1531 53 24 490 291 0.016 + 0.004
EnKarem14 Israel 31.7986 35.1697 61 27 490 291 0.019 +0.004
EnKarem15 Israel 31.7877 | 35.1622 65 30 490 291 0.02 £ 0.005
EnKarem16 Israel 31.7447 35.1762 60 25 490 291 0.018 + 0.004
EnKarem17 Israel 31.7422 35.1643 36 21 490 291 0.012 +0.003
EnKarem3 Israel 31.8002 | 35.1251 62 33 490 291 0.02 £ 0.005
EnKarem9 Israel 31.8052 35.1716 55 24 490 291 0.017 +0.004
Karem9+1 Israel 31.8052 | 35.1716 61 26 490 291 0.018 + 0.004
Eshtaoll Israel 31.7769 | 35.0103 68 37 490 291 0.022 £ 0.005
Eshtaol2a Israel 31.7770 | 35.0126 66 39 490 291 0.023 £ 0.005
Eshtaol3 Israel 31.8155 | 35.0232 74 35 490 291 0.023 £ 0.005
Eshtaol4 Israel 31.7995 | 35.0120 85 38 490 291 0.026 + 0.006
Eshtaol5 Israel 31.7772 | 35.0255 59 31 490 291 0.019 £ 0.004
Eshtaol6 Israel 31.8097 | 35.0151 85 37 490 291 0.026 + 0.006
Eshtaol7 Israel 31.7681 35.0122 52 29 490 291 0.017 + 0.004
Eshtaol8 Israel 31.8028 | 35.0189 65 29 490 291 0.02 +0.004
Eshtaol9 Israel 31.7892 | 35.0161 69 31 490 291 0.021 £ 0.005
Hartuv3 Israel 31.7605 | 35.0085 61 37 490 291 0.021 £ 0.005
Hartuv4 Israel 31.7505 | 35.0001 68 35 490 291 0.022 £ 0.005
Modieenl Israel 31.8605 | 35.0330 80 40 490 291 0.026 + 0.006
Modieen2 Israel 31.8505 | 35.0435 81 30 490 291 0.023 £ 0.005
Modieen3 Israel 31.8266 | 35.0307 66 29 490 291 0.02 +0.004
Modieen4 Israel 31.8402 | 35.0361 60 27 490 291 0.018 + 0.004
Uriya2 Israel 31.7958 | 34.9491 58 36 490 291 0.02 +0.005
Uriya3 Israel 31.8005 | 34.9576 66 39 490 291 0.023 £ 0.005
Uriya4 Israel 31.8159 | 34.9178 76 44 490 291 0.026 + 0.006
Uriyab Israel 31.8016 | 34.9508 80 37 490 291 0.025 + 0.006
Uriya7 Israel 31.7621 | 34.9643 77 37 490 291 0.024 + 0.005
Uriya8 Israel 31.8252 | 34.9428 88 40 490 291 0.027 £ 0.006
Uriya9a Israel 31.7950 | 34.9754 78 38 490 291 0.025 + 0.006
09678X0109/HY | France 43.8203 5.3802 91.7 3.1 794 424 0.035 +0.008 773 433 0.032 £ 0.007
09685X0011/F France 43.8285 5.4057 80.8 7.3 802 443 0.032 +0.007 773 433 0.03 +0.007
09681X0069/FO | France 43.8399 5.4622 106.0 2.7 833 337 0.054 +0.012 773 433 0.037 £ 0.008




09685X0013/F | France 43.7862 | 5.4171 87.1 1.0 806 697 0.01 + 0.002 773 433 0.03 +0.007
09685X0012/HY | France 43,7868 | 5.4226 86.2 5.7 823 701 0.011 +0.003 773 433 0.032 +0.007
09674X0089/F | France 43.8361 | 5.3852 70.4 2.1 761 398 0.026 +0.006 773 433 0.025 + 0.006
09686X0019/F | France 43,7930 | 5.5380 | 112.6 7.8 793 418 0.046 +0.01 773 433 0.041 +0.009
09676X0053/P | France 437531 | 51791 | 102.9 | 118 707 484 0.026 +0.006 725 445 0.033 +0.007
09175X0016/HY | France 44,1090 | 5.7888 50.8 0.3 1081 647 0.022 +0.005 923 500 0.022 + 0.005
09431X0010/HY | France 44,0668 | 5.8374 59.3 0.8 962 644 0.019 +0.004 923 500 0.025 + 0.006
09176X0008/TX | France 441311 | 5.8944 63.8 9.6 894 184 0.054 +0.012 923 500 0.032 +0.007
09431X0013/HY | France 44,0506 | 5.7859 86.9 1.6 975 613 0.032 +0.007 923 500 0.038 +0.008
09424X0015/HY | France 44,0956 | 5.7059 62.0 1.4 1004 586 0.027 +0.006 923 500 0.027 +0.006
09153X1005/HY | France 44,1881 | 5.2895 61.0 3.6 1046 399 0.042 +0.009 912 444 0.031 +0.007
09153X1004/HY | France 44.2056 | 5.2734 56.1 8.5 999 345 0.043 0.01 912 444 0.031 £ 0.007
09154X1004/SO | France 441923 | 5.3148 59.5 2.0 942 342 0.037 +0.008 912 444 0.029 + 0.006
09157X0014/HY | France 44,1895 | 5.2233 50.0 1.2 963 259 0.036 +0.008 912 444 0.024 + 0.005
09165X1006/HY | France 44,1248 | 5.4139 77.7 6.0 904 493 0.035 +0.008 912 444 0.04 + 0.009
09156X0074/F | France 441833 | 5.2071 67.0 1.5 891 394 0.034 +0.008 912 444 0.032 +0.007
10212X0020/HY | France 43,5188 | 5.5752 88.6 11.8 744 378 0.038 +0.008 738 366 0.038 + 0.009
10213X0051/P | France 435285 | 5.6411 | 131.7 | 308 776 336 0.074 +0.017 738 366 0.063 +0.014
10213X0050/HY | France 435232 | 5.6422 | 118.8 | 17.7 735 381 0.05 +0.011 738 366 0.052 +0.012
10213X0121/HY | France 435563 | 5.6013 | 122.3 8.7 758 340 0.055 +0.012 738 366 0.049 +0.011
10451X0041/F | France 433098 | 5.7711 89.5 41.4 794 464 0.046 + 0.01 773 423 0.049 £ 0.011
10444X0028/F | France 433016 | 5.7559 92.9 49.3 790 439 0.054 +0.012 773 423 0.053 +0.012
10444X0026/DA | France 43.2898 | 5.7099 69.8 28.2 795 516 0.029 +0.006 773 423 0.036 + 0.008
10443X0291/HY | France 43.2911 | 5.6600 72.0 18.4 748 488 0.025 +0.005 773 423 0.033 +0.007
Kournas Lake | Greece | 35.3310 | 24.2801 | 118.8 | 40.9 908 355 0.093 +0.021 900 287 0.103 £ 0.023
Vrysses | Greece | 35.3764 | 24.2010 | 62.8 9.2 892 345 0.04 +0.009 900 287 0.045 +0.01

Agia Fotini | Greece | 35.1396 | 24.5288 | 1553 | 39.7 984 248 0.15 +0.033 962 397 0.115 +0.026
Preveli | Greece | 35.1635 | 24.4742 | 86.7 24.5 940 460 0.056 +0.012 962 397 0.066 + 0.015

Plakias | Greece | 35.1930 | 24.3948 | 64.0 16.7 917 370 0.046 +0.01 962 397 0.048 +0.011

Lyttos | Greece | 35.2279 | 253620 | 45.5 8.4 877 350 0.029 +0.007 799 347 0.025 + 0.006

Samaria | Greece | 35.4371 | 24.1267 | 29.4 14.6 876 315 0.026 + 0.006 900 287 0.029 +0.006

Selena | Greece | 35.2905 | 255310 | 29.8 10.8 847 292 0.024 +0.005 799 347 0.019 + 0.004

Lentas | Greece | 34.9518 | 24.9276 | 517 30.0 847 226 0.055 + 0.012 770 215 0.049 +0.011

Rouvas | Greece | 35.1381 | 24.9606 | 19.7 13.0 1011 263 0.027 +0.006 900 287 0.022 + 0.005

Stylos | Greece | 35.4353 | 24.1274 | 236 12.0 876 315 0.021 +0.005 900 287 0.023 +0.005

Kiliaris River | Greece | 35.4604 | 24.1551 | 39.8 5.3 785 435 0.016 +0.004 900 287 0.028 + 0.006
Zaros | Greece | 35.1415 | 24.9065 | 28.0 14.0 1013 257 0.034 +0.008 988 282 0.032 +0.007
Aposelemis | Greece 35.3298 25.3333 112.4 23.9 795 415 0.054 +0.012 799 347 0.064 +£0.014
Kourna Lake | Greece | 353304 | 24.2753 | 1016 | 43.3 908 355 0.085 +0.019 900 287 0.094 +0.021
Kourtaliotis | Greece | 35.1548 | 24.4730 | 723 24.9 940 460 0.049 +0.011 962 397 0.058 + 0.013




Tab. S5: Pearson’r and p values for the correlation of topographic and climatic variables from catchments with

alluvial samples.

, . Mean Mean Mean Mean Mean local Mean

Pearson’sr Denudation . e .
elevation precipitation  AET runoff relief slope
Denudation 1.000 0.470 0.684 0.357 0.387 0.652 0.503
Mean elevation 0.470 1.000 0.249 -0.335 0.631 0.338 0.024
Mean precipitation 0.684 0.249 1.000 0.577 0.509 0.773 0.797
Mean AET 0.357 -0.335 0.577 1.000 -0.409 0.372 0.648
Mean runoff 0.387 0.631 0.509 -0.409 1.000 0.473 0.207
Mean local relief 0.652 0.338 0.773 0.372 0.473 1.000 0.872
Mean slope 0.503 -0.024 0.797 0.648 0.207 0.872 1.000
. Mean Mean Mean Mean Mean local Mean
p-values Denudation elevation precipitation AET runoff relief slope
Denudation 1.000 0.002 0.000 0.020 0.011 0.000 0.001
Mean elevation 0.002 1.000 0.112 0.030 0.000 0.029 0.879
Mean precipitation 0.000 0.112 1.000 0.000 0.001 0.000 0.000
Mean AET 0.020 0.030 0.000 1.000 0.007 0.015 0.000
Mean runoff 0.011 0.000 0.001 0.007 1.000 0.002 0.187
Mean local relief 0.000 0.029 0.000 0.015 0.002 1.000 0.000
Mean slope 0.001 0.879 0.000 0.000 0.187 0.000 1.000



Tab. S6: Pearson’s r and p values for the correlation of topographic and climatic variables from catchments with

weathering rates.

, Weathering Mean Mean local Mean Mean

Pearson’s r . s
rate slope relief precipitation runoff
Weathering rate 1.000 0.382 0.517 0.522 0.503
Mean slope 0.382 1.000 0.944 0.671 0.687
Mean local relief 0.517 0.944 1.000 0.769 0.833
Mean precipitation 0.522 0.671 0.769 1.000 0.851
Mean runoff 0.503 0.687 0.833 0.851 1.000
Weathering Mean Mean local Mean Mean

p-values . S
rate slope relief precipitation runoff
Weathering rate 1.000 0.000 0.000 0.000 0.000
Mean slope 0.000 1.000 0.000 0.000 0.000
Mean local relief 0.000 0.000 1.000 0.000 0.000
Mean precipitation 0.000 0.000 0.000 1.000 0.000
Mean runoff 0.000 0.000 0.000 0.000 1.000
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@ Water Sampling

Fig. S1: Hypothetical recharge areas used to calculate the water flux required for the carbonate dissolution rate
calculation for wells and springs. (a) and (b) show recharge areas for southern France, (c) for Israel, where the

Western Mountain Aquifer provides the water for most wells in the coastal plain (Sheffer et al., 2010).
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Fig S2: Correlations between catchment average 36CI denudation rates, carbonate weathering rates, and
topographic and climatic metrics for samples from Crete. Values of correlation coefficient and p-values
displayed for catchment-average denudation and weathering rates.
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