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An outline of compiled weathering indices 

1. Silica-loss indices (R and IOL) 

The silica-to-alumina mole ratio (R) and index of laterization (IOL) are two weathering 

indices based on silica-loss during weathering. Ruxton (1968) examined total silicate 

analyses of fresh and derivative weathered rocks from humid regions, and found extremely 

good correlation with high level of significance between the SiO2/Al2O3 mole ratios (R) and 

total-element loss, thus quantifying the extent to which rocks were weathered. Ruxton (1968) 

noted that the reliability of this index depends on the constancy of the alumina content during 

weathering and should only be applied when R values were less than 3. IOL was introduced 

by Babechuk et al. (2014) to indicate the degree of laterization / bauxitization associated with 

extreme weathering conditions and is manifested by desilication-dominated process. This 

index, based on sesquioxides (Al2O3+Fe2O3) to SiO2 mass ratio and accompanying 

SiO2-Al2O3-Fe2O3 ternary plot, provides an alternative quantifiable chemical criterion to 

examine highly altered materials.  

2. Weathering index of Parker (WIP) 

Noting the restrictions to the use of R index, Parker (1970) focused on the individual 

motilities of the most mobile major elements (Na, Ca and K plus Mg) and proposed a 

weathering index based on element-oxygen bond strength, referred to as the weathering index 

of Parker (WIP). Since calculation of the WIP is based on the absolute concentration (molar) 

of the more mobile elements (Table. 1), this index was considered the most suitable one for in 

situ weathering profiles developed on heterogeneous metamorphic parent rocks (Price and 

Velbel, 2003). However for sediments or sedimentary rocks subject to sedimentary sorting 

and recycling, the WIP value could be markedly affected by dilution from minerals that do 

not contain mobile elements (e.g., quartz, Garzanti et al., 2013), which results in an 

overestimate of the weathering intensity for sediments rich in those minerals.  
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3. Feldspar weathering indices (CIA, CIW, PIA, CPA, and CIX) 31 
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Feldspars are the most abundant mobile components constituting the upper continental 

crust and their conversion to secondary clay minerals therefore dominates the chemical 

weathering processes at the Earth’s surface (Nesbitt and Young, 1982). The chemical index of 

alteration (CIA) is based on the removal of alkalis (Na, Ca and K) from feldspar by 

dissolution and the accumulation of alumina in the weathered product (Nesbitt and Young, 

1982). CIA, usually in conjunction with graphic representation on the derivative A-CN-K 

(Al2O3-CaO*+Na2O-K2O) triangular diagram (Fedo et al., 1995; Nesbitt and Young, 1984) is 

the most widely used geochemical weathering index in soils and sediments (e.g., Garzanti et 

al., 2013, 2014; McLennan, 1993; Rieu et al., 2007; Scheffler et al., 2003; Yan et al., 2010; 

Young et al., 2004). The index describes the amount of feldspars altered into clay minerals 

and thus provides a qualified measure of the degree of weathering of the upper continental 

crust, related to climatic conditions (Nesbitt and Young, 1982).  

Harnois (1988) emphasized that K should not be used as an index of weathering since it 

shows no consistent behavior during weathering, being either enriched in the weakly 

weathered residue or depleted under more intense weathering conditions, and could also be 

re-enriched by forming K-minerals (e.g., illite) during post-depositional, K-metasomatic 

diagenesis (Maynard, 1992). As a result, he eliminated K from the calculation of CIA and 

reported a new index for feldspar weathering as CIW (chemical index of weathering), which 

Maynard (1992) called K-free CIA. Fedo et al. (1995) suggested a correction to CIW 

calculations based on the Al content in K-feldspar, otherwise fresh K-rich rocks will have 

misleadingly high CIW values, and this is referred to as PIA (plagioclase index of alteration). 

To calculate CIA for sediments and sedimentary rocks that contain detrital or authigenic 

carbonates (e.g., bioclasts, cement or calcrete), silicate CaO correction is critical and usually 

imprecise (McLennan, 1993; Schatz et al., 2015). A modified version of CIA was proposed 

by Garzanti et al. (2014) and termed CIX, which does not consider Ca in its calculation. 

Similarly, a simplified CIW without CaO was also introduced by Cullers (2000) and termed 

Chemical Proxy of Alteration (CPA) by Buggle et al. (2011). 

4. Elemental weathering indices (αE and αAl
E) 

Weathering intensities can also be calculated using a series of weathering indices 



(Gaillardet et al., 1999) defined for each individual soluble element by comparing their 

concentrations to that of an immobile element (αE). Concentrations are normalized to those of 

the parent source rock (upper continental crust for sediments on a global scale). Paired 

mobile and immobile elements should have close magmatic compatibility (see Hofmann, 

1988) to minimize the uncertainty that exists in the protolith composition (e.g., UCC, upper 

continental crust). A value αE > 1 means a depletion and αE = 1 implies no net depletion of 

soluble element E with respect to parent rock (e.g., UCC). However, the paired mobile and 

immobile elements could be respectively hosted in minerals of different densities and denser 

minerals can be concentrated locally by hydrodynamic processes (Garzanti et al., 2013), 

resulting in a hydraulic-sorting bias of results. To avoid this, Garzanti et al. (2013) 

recommended using Al as the immobile element for all elemental weathering indices 

calculations, expressed as αAl
E. 
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5. Multiple-element weathering indices (Δ4Si%, R3+/(R3++R2++M+) and MIA) 

Some indices utilize major oxides to try and acquire more complete scenarios for chemical 

modification during weathering processes. Mafic Index of Alteration (MIA) extends the 

equation of the CIA to include the major elements Mg and Fe (Babechuk et al., 2014). 

Considering the redox-dependent weathering of Fe, the MIA index is arranged into two 

versions for oxidative (MIA-O) and reduced (MIA-R) weathering. The former prevails in 

most Phanerozoic environments and was employed in this study. This index can also be 

visualized in a variety of ternary diagrams in the Al-Fe-Mg-Ca-Na-K system (Babechuk et al., 

2014; Nesbitt and Wilson, 1992). Meunier et al. (2013) further developed this method by 

incorporating SiO2 into the index calculation and presented a weathering intensity scale 

(WIS). The WIS depicts not only the Si-accumulation dominated kaolinitization stage, but 

also the ultimate desilification-dominated baxitization/laterization stage for a general 

weathering procedure based on the co-variation between the Δ4Si% parameter and the 

R3+/(R3++R2++M+) ratio (see details in Table 1).  

6. Titanium and zirconium based weathering indices (LCWP, and τNa) 

 Instead of using Al as an immobile element in most above weathering indices, some others 

consider the more preservative Ti and Zr in mass-balance calculation. Yang et al. (2006) 

defined a loess chemical weathering proxy (LCWP) as the elemental mass ratio of 



(CaO*+Na2O+MgO)/TiO2 to reveal the weathering trends in Asian Pleistocene eolian 

deposits. Comparing with other elemental ratios including CIA, LCWP show the least 

variation among different size fractions of loess-soil sediments and can be a robust proxy for 

chemical weathering intensity by eliminating or at least reducing the influence of 

transport-driven differentiation of minerals. Zirconium is typically located in unweatherable 

and immobile zircons in granitic terrain and has widely been used in studies of modern soils 

developed on granitic landscapes (Riebe et al., 2001, 2004; Dixon et al., 2012; Rasmussen et 

al., 2011). For soils undergoing steady-state formation, erosion and weathering, their 

chemical mass loss relative to the protoliths was defined as the “Chemical Weathering 

Depletion”: CDF = 1-Zrsoil/Zrprotolith (e.g., Riebe et al., 2004, 2001). This term describes the 

ratio of the chemical weathering rate to the total denudation rate (sum of both chemical 

weathering and physical erosion rates) which can be measured based on cosmogenic nuclide 

techniques (e.g., Riebe et al., 2001, 2004; Dixon et al., 2012) over timescales comparable to 

those of soil formation (usually < 1m.y.). The chemical weathering depletion of individual 

elements, for example Na can be expressed as CDF
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Na = 1-Nasoil/Zrsoil/(Naprotolith/Zrprotolith) 

(Riebe et al., 2004), which can be rearranged as τNa = Nasoil/Zrsoil/(Naprotolith/Zrprotolith)-1 

(Rasmussen et al., 2011). The τNa values of land surface soils generally covary with local or 

regional climatic conditions: mean annual precipitation rate (MAP) and mean annual 

atmospheric temperature (MAT) (Rasmussen et al., 2011). The relationship between land 

surface soil τNa values and local MAT will be further explored in this study. 

7. Correlation between CIA and other weathering indices 

Statistical analysis suggests significant inter-correlation between the chemical index of 

alteration (CIA, Nesbitt and young, 1982) and most of the other weathering indices based on 

data from both core sections and the assumed average source composition, SNC (Table 2). 

Both R3+/(R3++R2++M+) and MIA-O have a significant positive linear correlation with CIA 

(r2 = 0.99 and 0.97, respectively). Significant negative or positive polynomial correlation 

between CIA with WIP, CIW, CPA, PIA, CIX, Δ4Si%, LCWP and τNa are observed with r2 

values of 0.85-0.99. Elemental weathering indices generally have good exponential 

correlation with CIA (r2 = 0.77-0.93). But the correlation is generally poor for CDF, R 

(silica-to-alumina mole ratio, Ruxton,1968) and for four elemental weathering indices (αCa, 



αAl
Ca, αAl

Sr and αBa) with CIA (r2 = 0.28-0.52). Index of laterization (IOL, Babechuk et al., 

2014) and two elemental weathering indices (α
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Na and αSr) display no correlation with CIA (r2 

= 0.03-0.06). Representative fitting correlations are shown in figure 4.  
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Table DR1. XRD mineralogical compositions (%) of core Zk1401 and Zk0901 samples.
Sample Depth (m) Lithology Quartz Feldspar Calcite Siderite Total clays Chlorite Illite Kaolinite

ps5 1460 mudstone 34 0 0 2 64 22 16 26

ps7 1465 mudstone 27 0 0 46 27 1 5 20

ps8 1470.5 mudstone 33 0 0 6 61 9 21 31

ps9 1471.1 mudstone 38 0 0 2 60 9 15 36

ps10 1473.9 mudstone 38 2 0 3 57 11 11 34

ps11 1476.3 mudstone 32 0 0 2 66 10 10 46

ps12 1477.2 mudstone 30 2 0 2 66 10 13 43

ps13 1479.4 siltstone 40 6 2 2 50 10 13 28

ps14 1480.5 siltstone 33 3 0 3 61 15 15 31

ps15 1482.2 mudstone 33 3 0 3 61 15 15 31

ps16 1482.4 mudstone 34 3 0 2 61 12 12 37

ps17 1483.1 mudstone 32 2 0 2 64 10 10 45

ps19 1484.7 mudstone 34 0 0 0 66 10 10 46

ps20 1488.5 mudstone 29 0 0 16 55 6 6 44

ps21 1490 mudstone 32 2 0 4 62 12 12 37

ps26 1505 mudstone 10 0 2 0 88 9 9 70

ps27 1506 mudstone 14 0 0 0 86 13 9 65

ps28 1514.7 mudstone 38 0 0 2 60 9 6 45

ps29 1518.6 mudstone 32 2 0 0 66 10 3 53

ps30 1522.8 mudstone 32 0 0 2 66 10 7 50

ps31 1524.5 mudstone 4 0 0 0 96 10 10 77

ps33 1527 mudstone 2 0 0 32 66 20 0 46

ps34 1529.5 mudstone 46 0 0 5 49 10 2 37

ps35 1529.6 mudstone 4 0 0 0 96 34 10 53

ps36 1531.5 mudstone 24 0 0 0 76 49 15 11

ps37 1532 mudstone 29 0 0 2 69 38 10 21

ps38 1535.6 mudstone 29 2 0 0 69 17 17 35

ps41 1538 fs* 26 4 2 2 66 14 14 28

ps42 1545 mudstone 39 3 0 2 56 16 16 32

ps52 1564.8 mudstone 34 2 0 0 64 13 16 36

ps53 1585 mudstone 35 0 0 0 65 8 14 34

ps54 1587.7 siltstone 40 2 0 2 56 8 16 29

ps55 1587.75 mudstone 43 2 0 2 53 6 12 43

ps58 1590 siltstone 35 2 0 2 61 23 23 20

ps60 1594.5 fs* 31 5 0 8 56 15 22 25



C14-179 916.8 mudstone 10 0 3 2 85 10 20 70

C14-178 917.3 mudstone 22 2 0 3 73 10 20 70

C14-177 918.0 mudstone 22 3 0 3 72 10 20 70

C14-176 919.0 mudstone 25 2 0 0 73 10 20 70

C14-175 920.0 mudstone 28 2 0 5 65 10 25 65

C14-174 921.0 mudstone 30 2 0 0 68 10 25 65

C14-173 922.0 mudstone 28 0 0 3 69 10 25 65

C14-172 923.0 mudstone 28 2 0 2 68 10 25 65

C14-171 923.5 mudstone 28 2 0 0 70 10 25 65

C14-170 924.0 mudstone 25 2 0 2 71 10 30 60

C14-169 924.8 mudstone 22 2 0 0 76 10 35 55

C14-168 925.0 mudstone 22 2 0 0 76 10 35 55

C14-165 931.0 mudstone 20 2 0 2 76 10 40 50

C14-164 932.0 mudstone 18 2 2 3 75 10 40 50

C14-163 932.5 mudstone 22 2 0 3 73 10 40 50

C14-162 932.6 mudstone 22 2 0 3 73 10 40 50

C14-161 932.8 mudstone 15 2 0 3 80 10 40 50

C14-160 933.0 mudstone 15 2 0 3 80 10 40 50

C14-159 933.5 mudstone 18 0 0 0 82 10 40 50

C14-158 934.0 mudstone 25 2 0 6 67 10 40 50

C14-157 934.5 mudstone 15 0 0 15 70 10 40 50

C14-156 935.0 mudstone 15 3 0 22 60 10 40 50

C14-155 936.0 mudstone 25 3 2 2 68 10 40 50

C14-154 937.0 mudstone 15 5 0 2 78 10 40 50

C14-153 938.0 siltstone 15 3 2 2 78 10 45 45

C14-152 939.5 siltstone 15 3 2 0 80 10 45 45

C14-151 940.4 siltstone 15 3 0 0 82 10 45 45

C14-150 941.4 siltstone 15 5 0 0 80 10 45 45

C14-148 942.5 mudstone 26 0 0 0 74 10 45 45

C14-147 943.0 siltstone 16 2 0 0 82 10 45 45

C14-146 943.5 mudstone 15 3 0 2 80 10 45 45

C14-145 944.0 mudstone 15 3 0 2 80 10 45 45

C14-144 945.0 siltstone 18 3 0 2 77 15 45 40

C14-143 946.0 siltstone 15 3 0 2 80 10 50 40

C14-142 947.0 mudstone 15 3 0 2 80 10 50 40

C14-141 948.0 mudstone 15 3 0 2 80 10 50 40

*: mean fine-gained sandstone.



Table DR2. Contents of major (%) and trace (ppm) elements for the core ZK1401 samples from North China 

Sample SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 MnO P2O5 LOI Total Al/Si* Rb Sr Ba Th U 

ps5 57.02 24.15 5.1 0.16 0.67 0.45 1.61 0.91 0.01 0.04 9.77 99.94 0.50  91.8 122.5 464 18.45 4.01

ps7 28.97 8.13 37.47 1.04 1.21 0.29 0.63 0.38 0.43 0.171 21.3 100.05 0.33  36.8 66.2 216 8.12 2.22

ps8 54.39 20.58 8.68 0.22 0.76 0.53 2.39 0.83 0.3 0.062 10.6 99.42 0.45  150.5 119.5 630 19.6 5.12

ps9 61.38 21.06 4.71 0.14 0.76 0.55 2.32 0.97 0.13 0.041 7.89 100 0.40  139 109.5 581 20.9 4.65

ps10 59.23 21.15 5.63 0.28 0.85 0.53 2.01 0.98 0.07 0.139 8.92 99.85 0.42  119.5 121 500 20.7 4.92

ps11 55.47 26.15 3.36 0.14 0.56 0.49 1.65 0.85 0.01 0.063 10.75 99.56 0.56  91.8 149 512 19.65 4.8 

ps12 54.45 27.14 3.16 0.15 0.52 0.52 1.46 0.79 0.01 0.054 11.65 99.95 0.59  82.9 138 503 18.4 7.54

ps13 63.8 20.58 2.77 0.35 0.73 1.07 1.77 0.94 0.01 0.074 7.37 99.53 0.38  91.7 145 471 18.85 4.93

ps14 58.79 21.45 5.02 0.35 1.06 0.84 2.23 0.88 0.09 0.083 9.07 99.95 0.43  113.5 149.5 566 18.3 4.48

ps15 59 19.83 6.07 0.57 1.06 0.89 2 0.84 0.11 0.099 9.13 99.66 0.40  99.6 138.5 489 17.1 3.96

ps16 58.3 22.2 4.03 0.31 0.93 0.8 2.23 0.91 0.05 0.083 9.23 99.14 0.45  115 157.5 573 18.75 4.56

ps17 60.29 23.96 2.32 0.17 0.61 0.58 2.16 0.99 0.01 0.043 8.76 99.95 0.47  94.2 147 510 19 4.23

ps19 56.19 27 2 0.14 0.4 0.51 1.22 0.79 0.01 0.028 11.35 99.69 0.57  50.4 149.5 419 21.6 7.37

ps20 46.74 18.9 14.79 0.38 0.86 0.57 1.49 0.82 0.19 0.139 14.55 99.49 0.48  68.6 169.5 421 14.2 3.37

ps21 58.46 20.56 5.71 0.28 0.85 0.68 1.84 0.87 0.08 0.122 10.4 99.91 0.41  84.8 169.5 457 16.1 3.78

ps26 38.09 26.81 2.48 0.2 0.43 0.41 0.54 0.53 0.01 0.029 29.6 99.17 0.83  23.1 140.5 327 13.05 2.47

ps27 41.13 28.87 2.05 0.15 0.42 0.46 0.63 0.58 0.01 0.027 24.6 98.97 0.83  26.4 156.5 373 14.85 2.45

ps28 62.11 22.58 3.29 0.1 0.45 0.45 1.12 1.05 0.01 0.053 8.57 99.84 0.43  58.6 130.5 375 14.35 3.66

ps29 53.75 30.38 1.65 0.12 0.22 0.38 0.42 0.99 0.01 0.032 12.1 100.1 0.67  19.3 140 263 20.6 11.15

ps30 58.21 25.44 3 0.08 0.37 0.3 1.17 1.03 0.03 0.054 9.8 99.56 0.52  63.6 162 319 17.8 3.42

ps31 44.5 37.33 1.33 0.08 0.24 0.31 0.95 0.99 0.01 0.061 13.85 99.69 0.99  40.6 186 385 22.9 6.82

ps33 32.22 27.56 19.32 0.13 0.34 0.16 0.18 1.01 0.16 0.033 18.25 99.39 1.01  8.2 78.4 103 19.6 3.01

ps34 67.09 18.4 4.48 0.03 0.19 0.13 0.27 0.65 0.02 0.033 7.88 99.18 0.32  11.5 74 103.5 12.6 2.25

ps35 42.34 35.51 5.65 0.26 0.22 0.22 0.33 1.35 0.01 0.243 13.5 99.67 0.99  15.2 205 273 22.4 3.65

ps36 48.17 23.79 16.36 0.18 0.81 0.33 1.15 0.86 0.01 0.196 7.72 99.65 0.58  53.6 351 374 15.75 2.77

ps37 51.02 23.73 12.35 0.14 0.68 0.25 1.11 0.84 0.02 0.12 9.09 99.41 0.55  53.1 230 312 14.9 2.4 

ps38 56.98 25.51 3.04 0.19 0.63 0.76 1.52 0.98 0.01 0.081 9.71 99.49 0.53  60 253 713 13.2 2.74

ps41 63.02 20.29 3.25 0.91 0.7 1.8 1.96 0.75 0.01 0.132 6.96 99.89 0.38  65.9 265 704 5.67 1.31

ps42 60.76 23.51 1.98 0.08 0.49 0.75 1.8 0.9 0.01 0.048 8.98 99.39 0.46  83.9 171.5 551 17.8 4.05

ps52 53.63 26.74 1.48 0.07 0.49 0.69 1.94 0.74 0.01 0.056 13.85 99.74 0.59  89.5 130.5 431 20.9 6.01

ps53 46.65 23.11 1.32 0.07 0.39 0.43 1.37 0.72 0.01 0.071 25.5 99.68 0.58  65.9 142.5 285 22.7 7.97

ps54 62.46 23.16 1.17 0.1 0.36 0.44 2.06 0.91 0.01 0.027 8.96 99.71 0.44  79.3 121 526 16.3 2.71

ps55 62.32 22.4 1.29 0.12 0.37 0.4 2.14 1.02 0.01 0.031 9.13 99.29 0.42  83.3 119.5 520 18.55 3.17

ps58 60.55 22.12 1.31 0.05 0.4 0.4 1.88 0.69 0.01 0.038 12.35 99.85 0.43  68.5 94.9 432 13.05 2.91

ps60 50.49 15.18 12.91 1.09 1.79 0.84 2.09 0.65 0.29 0.132 13.8 99.35 0.35  81.8 199 492 13.8 2.91

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Zr Hf Nb Ta 

51.4 93.3 10.85 37.5 6.16 1.08 5.21 0.83 5.06 1.08 3.12 0.46 2.95 0.47 27.8 196 5.3 18.1 1.2 



37.7 76.4 12.45 70.9 30.2 7.07 45.6 5.18 22.4 3.82 8.49 1.02 5.45 0.83 131 163 4.5 8.5 0.6 

59.1 106.5 11.85 38.7 6.07 1.04 6.05 1.06 6.48 1.41 4.04 0.61 3.98 0.62 35.6 185 5.2 17.1 1.3 

50.2 93.7 10.45 35.1 5.69 1.08 5.35 0.92 5.8 1.26 3.65 0.57 3.76 0.59 31.9 216 6 20 1.5 

58.6 108.5 12.95 46.3 9.11 2.55 10.4 1.52 8.31 1.6 4.29 0.63 3.89 0.59 43 246 6.7 20.4 1.5 

91.9 174 20.5 67.9 8.6 1.59 8.21 1.46 8.77 1.82 5.06 0.75 4.73 0.72 45.5 169 4.8 16.9 1.2 

81.7 140 15.7 50.3 6.72 1.1 7.52 1.38 8.58 1.86 5.35 0.81 5.07 0.78 48.1 165 4.8 15.6 1.1 

64.8 123.5 14.55 53.9 9.67 2.14 7.05 1.07 6.4 1.3 3.7 0.56 3.65 0.58 36.7 367 9.9 18.5 1.3 

57.6 109 12.75 47.8 9.45 1.72 6.89 1 6.01 1.25 3.51 0.53 3.38 0.54 34.8 196 5.5 17.5 1.2 

48.9 91.3 10.5 38.5 7.2 1.52 5.63 0.82 5.09 1.08 3.14 0.47 3.16 0.5 29.7 215 5.9 16.5 1.2 

58.5 110 13 47.3 8.42 1.66 5.78 0.84 5.42 1.17 3.4 0.53 3.44 0.53 31.8 216 6 18 1.3 

34.8 60.7 7.05 26.1 5.13 1.1 4.42 0.7 4.27 0.89 2.49 0.38 2.5 0.39 23.7 225 6.1 17.5 1.2 

24.1 36.3 4.42 16.9 3.76 1.07 3.52 0.55 3.33 0.68 1.95 0.3 1.95 0.3 19.3 184 5.4 14.5 1 

51.4 96.6 11 40.3 7.52 1.61 5.78 0.87 5.31 1.17 3.36 0.53 3.54 0.58 31.7 293 7.6 15.4 1 

52.7 99.7 11.55 42.8 8.11 2.04 6.78 0.99 5.78 1.22 3.37 0.51 3.29 0.54 32.9 243 6.7 16.1 1.1 

33.1 51.8 6.07 20.8 3.62 0.82 3.31 0.59 3.68 0.79 2.19 0.33 2.03 0.33 22.2 231 6.8 11.7 0.9 

32.9 50 5.78 20.2 3.67 0.78 3.27 0.58 3.66 0.79 2.24 0.33 2.02 0.32 22.7 253 7.8 14.2 1.1 

87.4 185 22.2 80.9 15.05 2.35 11.15 1.7 9.8 1.93 5.3 0.78 5.1 0.78 44.8 374 9.7 17.6 1.2 

27.6 53.6 6.41 22 4.13 0.85 4.25 0.74 4.72 0.97 2.84 0.43 2.93 0.45 22.3 313 8.6 20 1.4 

51.7 106.5 14.95 66.7 14.6 3.19 8.47 1.18 6.8 1.4 3.87 0.59 3.78 0.59 38.2 277 7.5 18.3 1.3 

66.6 106.5 10.85 33 5.52 1.31 5.32 0.92 5.99 1.29 3.79 0.61 4.16 0.66 35 335 9.8 21.7 1.5 

22.9 40.4 4.21 13.9 2.1 0.4 1.75 0.33 2.12 0.47 1.45 0.24 1.62 0.27 12.6 411 10.7 24.5 1.5 

42.8 76.9 8.46 28.1 3.84 0.64 2.43 0.37 2.28 0.52 1.54 0.27 1.77 0.3 11.5 310 8.2 14.8 1 

109 206 22.4 72.6 11.95 2.28 6.85 1 5.3 0.95 2.51 0.37 2.59 0.42 20.5 583 14.9 31.5 2 

129.5 228 26.9 95.7 18.4 5.66 13.95 1.88 9.98 1.85 4.89 0.73 4.7 0.68 42.7 231 6 16.6 1.1 

69 146 19.05 78 22.2 7.1 17 2.22 11.75 2.21 5.82 0.84 5.37 0.82 54.1 252 6.8 16.4 1.1 

78.3 134.5 15.6 59.6 12.65 3.74 10.95 1.43 7.86 1.67 4.48 0.64 4.06 0.64 54.6 412 10.7 18.3 1.1 

45.1 83.8 9.8 35.6 6.4 2.42 5.85 0.8 4.5 0.9 2.33 0.34 2.13 0.32 23.3 207 5.3 9.5 0.5 

59.5 110.5 11.65 37.1 5.07 0.79 4.24 0.76 4.9 1.08 3.2 0.51 3.36 0.54 27.5 296 8.2 19.7 1.3 

92.5 161.5 17.5 55.1 6.74 0.88 5.32 0.97 6.44 1.44 4.31 0.66 4.41 0.7 36.7 210 6.1 18.2 1.3 

114.5 198 22.6 77.5 11.7 1.39 9.79 1.51 9.46 1.99 5.67 0.84 5.45 0.85 51.2 224 5.9 14.3 1.2 

32.6 55.7 6.17 21.4 3.71 1.56 3.31 0.48 2.77 0.58 1.7 0.28 1.88 0.32 17.4 482 12.7 22.1 1.4 

41.4 70.5 7.51 25.4 4.14 1.84 3.72 0.55 3.21 0.68 2.01 0.33 2.24 0.38 20.1 579 14.9 24.4 1.6 

76.3 137 14.6 51.9 8.91 1.69 7.63 1.16 7 1.47 4.19 0.65 4.21 0.67 38.7 279 7.2 18 1.1 

49.8 92.8 10.45 37.8 6.75 1.41 6.06 0.89 5.29 1.1 3.1 0.48 3.11 0.5 30.1 274 7.1 16.1 1.1 

Sample SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 MnO P2O5 LOI Total Al/Si* Rb Sr Ba Th U 

C14-179 49.3 35.6 1.32 0.09 0.30 0.49 0.54 0.61 0.03 0.03 12.12 100.4 0.85  19.5  151  325 14.1 11.0 

C14-178 54.7 29.8 1.76 0.08 0.26 0.29 0.35 1.09 0.01 0.09 10.84 99.3 0.64  14.7  187  259 16.2 3.61 

C14-177 55.3 29.0 2.01 0.09 0.27 0.30 0.36 1.14 0.01 0.08 10.50 99.1 0.62  15.1  172  252 16.6 4.21 

C14-176 56.5 28.8 1.72 0.07 0.26 0.28 0.34 1.18 0.01 0.07 10.13 99.4 0.60  14.8  167  238 15.7 3.21 



C14-175 56.7 26.4 3.75 0.10 0.28 0.27 0.34 1.12 0.05 0.09 10.38 99.5 0.55  14.5  155  243 15.1 3.66 

C14-174 61.9 25.1 1.86 0.11 0.31 0.31 0.47 1.02 0.01 0.08 8.70 99.9 0.48  19.8  163  300 13.8 3.35 

C14-173 58.0 26.8 2.55 0.08 0.29 0.28 0.37 1.10 0.02 0.07 9.83 99.4 0.54  17.0  161  260 15.2 3.46 

C14-172 59.8 26.1 1.84 0.09 0.31 0.34 0.54 0.99 0.01 0.08 9.10 99.2 0.51  21.3  171  333 14.9 3.38 

C14-171 61.0 25.4 1.86 0.09 0.30 0.35 0.51 1.04 0.01 0.07 8.78 99.4 0.49  20.1  161  321 14.7 3.36 

C14-170 63.9 23.0 1.93 0.09 0.29 0.32 0.49 1.01 0.01 0.06 7.99 99.1 0.42  18.7  158  289 13.7 2.94 

C14-169 60.8 25.8 1.50 0.07 0.26 0.34 0.49 1.08 0.01 0.07 9.02 99.4 0.50  19.2  163  307 14.6 3.61 

C14-168 58.3 27.3 1.51 0.08 0.25 0.30 0.41 1.10 0.01 0.07 9.68 99.0 0.55  16.2  171  252 15.4 3.66 

C14-165 56.8 27.5 3.29 0.09 0.57 0.48 1.30 0.84 0.01 0.02 9.14 100.0 0.57  55.3  135  389 19.9 2.28 

C14-164 54.6 29.0 2.74 0.08 0.49 0.41 1.08 0.72 0.01 0.02 9.81 99.0 0.63  46.6  126  337 19.4 2.21 

C14-163 59.2 24.8 3.07 0.11 0.61 0.51 1.44 0.83 0.01 0.09 8.26 98.9 0.49  67.2  210  497 15.7 3.85 

C14-162 58.4 25.1 2.86 0.10 0.53 0.52 1.11 0.89 0.01 0.06 9.40 99.0 0.51  46.7  138  381 12.5 5.30 

C14-161 56.9 26.6 2.91 0.09 0.61 0.52 1.26 0.93 0.01 0.05 9.33 99.2 0.55  56.8  157  413 16.1 3.81 

C14-160 57.6 25.3 3.98 0.12 0.79 0.58 1.80 0.85 0.01 0.06 8.14 99.2 0.52  83.4  190  575 15.7 4.78 

C14-159 60.7 23.1 4.72 0.11 0.47 0.38 1.12 1.12 0.01 0.03 7.45 99.2 0.45  54.8  142  375 14.1 2.84 

C14-158 62.5 22.9 2.39 0.09 0.49 0.38 1.14 1.16 0.12 0.02 8.89 100.1 0.43  51.3  134  377 13.1 2.51 

C14-157 46.6 18.30 16.79 0.29 0.67 0.41 1.00 0.80 0.60 0.18 13.34 99.0 0.46  45.1  123  389 9.33 2.37 

C14-156 43.9 17.20 20.12 0.26 0.80 0.45 1.06 0.73 0.57 0.20 14.60 99.9 0.46  45.0  185  429 8.52 2.71 

C14-155 60.5 23.9 3.18 0.12 0.75 0.57 2.17 0.98 0.01 0.14 7.48 99.8 0.47  99.5  220  638 13.3 3.55 

C14-154 61.6 22.7 3.47 0.12 0.68 0.66 1.48 0.99 0.01 0.04 7.58 99.3 0.43  67.1  185  487 11.1 2.74 

C14-153 61.4 23.0 2.68 0.15 0.57 0.73 1.25 1.01 0.01 0.07 8.71 99.6 0.44  51.5  202  430 11.5 2.93 

C14-152 61.5 24.2 1.82 0.13 0.54 0.68 1.48 1.03 0.01 0.07 8.51 100.0 0.46  58.7  203  479 11.9 3.03 

C14-151 60.8 24.5 1.80 0.12 0.52 0.73 1.47 1.05 0.01 0.06 8.31 99.4 0.47  62.9  198  495 11.8 3.12 

C14-150 58.7 25.4 2.55 0.14 0.55 0.67 1.50 1.05 0.08 0.06 8.97 99.7 0.51  65.3  213  479 14.3 3.27 

C14-148 67.6 20.5 1.47 0.08 0.34 0.38 1.02 1.40 0.01 0.04 6.57 99.4 0.36  46.4  139  334 20.0 4.45 

C14-147 61.5 24.4 2.28 0.09 0.40 0.38 1.07 1.08 0.14 0.03 8.33 99.7 0.47  49.5  132  336 18.5 3.60 

C14-146 57.3 25.0 5.14 0.15 0.85 0.56 1.65 0.80 0.01 0.04 8.78 100.3 0.51  79.5  159  468 17.3 2.37 

C14-145 57.4 25.0 5.51 0.13 0.87 0.61 1.35 0.84 0.01 0.04 8.77 100.5 0.51  69.0  172  415 20.6 5.88 

C14-144 70.0 17.20 3.56 0.08 0.56 0.38 1.16 0.99 0.01 0.02 5.46 99.4 0.29  60.4  127  362 15.1 3.44 

C14-143 56.8 24.4 4.95 0.14 0.87 0.57 1.89 0.75 0.01 0.06 8.66 99.1 0.51  89.9  195  574 17.8 3.53 

C14-142 61.8 21.4 4.38 0.14 0.77 0.71 1.78 0.70 0.01 0.05 7.35 99.1 0.41  80.1  214  560 12.3 2.12 

C14-141 59.6 23.1 4.65 0.15 0.78 0.87 1.88 0.61 0.01 0.07 7.68 99.4 0.46  84.8  264  625 13.2 3.32 

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Zr Hf Nb Ta 

25.0  49.8  5.97  21.7  3.76  0.70  3.37 0.66 4.53 0.95 3.12 0.51 3.31  0.51  27.9  244  6.52 15.9 1.06 

75.6  143  16.9  62.8  14.1  2.54  11.4 1.85 11.5 2.32 6.92 1.05 6.66  1.03  67.0  494  12.5 26.2 1.57 

60.2  113  13.3  51.2  10.9  1.89  8.98 1.52 9.22 1.81 5.51 0.82 5.44  0.86  55.7  506  12.7 27.5 1.62 

56.6  105  12.6  48.0  10.0  1.80  8.52 1.43 8.52 1.72 5.19 0.79 5.11  0.78  51.9  547  13.8 27.9 1.66 

56.1  105  12.2  46.1  9.77  1.71  7.88 1.32 7.93 1.58 4.74 0.71 4.61  0.74  49.9  516  12.7 26.1 1.56 

58.2  106  12.5  47.4  9.87  1.78  8.72 1.44 8.54 1.73 5.00 0.78 4.97  0.78  54.1  450  11.3 23.1 1.40 



58.0  104  12.3  45.9  9.27  1.64  7.85 1.28 7.89 1.62 4.91 0.73 4.67  0.76  47.8  573  14.5 26.2 1.55 

60.7  110  13.1  49.4  10.3  1.84  8.45 1.40 8.51 1.69 4.92 0.77 4.78  0.75  52.0  469  11.8 23.3 1.36 

57.9  106  12.0  45.0  9.40  1.68  7.81 1.27 7.79 1.55 4.62 0.70 4.49  0.71  49.4  502  12.4 24.8 1.45 

57.1  105  12.2  45.9  9.49  1.67  7.79 1.33 8.07 1.64 4.88 0.74 4.82  0.75  51.2  537  13.4 23.2 1.35 

62.9  113  13.0  48.8  9.95  1.75  8.45 1.44 8.86 1.79 5.37 0.82 5.12  0.78  56.1  523  12.8 25.1 1.45 

55.7  103  12.0  44.8  8.85  1.62  7.62 1.28 7.66 1.58 4.72 0.72 4.75  0.75  48.6  573  14.2 26.0 1.53 

19.2  32.4  4.06  14.4  2.83  0.71  2.93 0.57 4.10 0.88 2.85 0.43 2.59  0.40  28.4  324  8.35 24.5 1.55 

18.5  30.7  3.61  12.3  2.37  0.63  2.55 0.49 3.43 0.76 2.35 0.36 2.36  0.35  22.4  268  7.36 27.3 1.79 

205  334  34.5  106  15.9  2.40  10.8 1.69 10.1 2.03 6.54 1.04 7.16  1.11  61.5  335  8.42 21.7 1.28 

82.7  162  19.6  76.4  14.6  2.25  10.8 1.78 11.1 2.28 6.95 1.11 7.06  1.09  62.7  365  9.15 22.2 1.22 

77.9  147  15.8  55.3  9.04  1.15  6.65 1.20 8.16 1.68 5.10 0.80 5.01  0.76  50.8  396  9.82 24.8 1.42 

132  233  25.6  92.0  16.5  2.43  12.7 2.15 13.4 2.93 9.27 1.47 9.77  1.47  94.7  347  8.79 22.3 1.28 

17.7  44.0  5.57  25.0  4.65  0.89  3.67 0.60 3.40 0.65 1.85 0.29 1.73  0.28  20.6  412  10.2 21.7 1.14 

16.0  28.2  3.49  15.7  4.68  1.31  3.97 0.60 3.02 0.57 1.57 0.23 1.70  0.24  19.1  360  9.05 19.8 1.07 

16.6  29.2  3.32  12.4  3.27  1.42  3.34 0.49 2.65 0.53 1.65 0.27 1.83  0.31  17.5  270  6.74 13.9 0.77 

102  205  21.3  66.1  8.54  1.63  5.60 0.97 6.32 1.33 4.19 0.66 4.47  0.69  39.8  240  5.95 12.4 0.71 

341  714  86.5  367  71.5  10.8  47.5 6.25 30.4 5.42 14.7 2.17 12.8  1.88  133  306  8.05 18.1 1.07 

60.8  100.0  11.4  39.6  5.13  0.85  4.43 0.92 6.17 1.38 4.35 0.64 4.12  0.65  45.2  319  7.89 16.9 0.97 

56.4  105  11.6  43.9  8.59  2.29  6.78 1.08 6.16 1.22 3.44 0.51 3.20  0.50  35.6  313  7.87 16.7 0.93 

46.2  93.8  10.7  41.0  7.80  1.43  5.52 0.90 5.40 1.06 2.98 0.47 2.86  0.44  26.9  317  8.14 18.3 1.08 

33.2  74.8  8.65  32.9  6.45  1.35  4.49 0.80 4.73 0.91 2.70 0.41 2.51  0.39  21.3  352  8.85 19.4 1.13 

53.3  96.2  10.4  36.9  6.27  1.46  4.55 0.80 4.91 1.01 3.02 0.45 2.69  0.42  28.9  326  8.68 20.3 1.19 

31.6  64.5  6.59  23.4  3.76  0.97  3.66 0.77 4.75 1.04 3.24 0.49 3.24  0.54  29.0  465  11.8 32.2 1.90 

16.1  44.1  3.72  13.2  2.32  0.71  2.42 0.39 2.48 0.56 1.78 0.28 1.89  0.31  13.4  346  9.17 25.9 1.53 

39.9  91.0  10.2  36.4  6.68  0.99  4.67 0.81 5.09 1.01 2.88 0.42 2.64  0.39  24.2  293  7.77 22.2 1.43 

32.7  78.9  8.91  34.5  6.13  1.07  3.80 0.63 3.52 0.68 2.09 0.32 2.04  0.32  19.0  352  9.41 24.3 1.51 

29.6  53.2  5.21  17.6  3.37  0.65  4.11 0.91 6.28 1.33 4.09 0.62 3.87  0.64  40.2  357  9.06 22.8 1.38 

115  283  32.7  113  20.7  2.66  11.8 1.73 9.03 1.68 5.01 0.78 4.91  0.74  40.3  269  7.22 21.5 1.41 

63.0  97.0  10.3  41.3  7.54  1.37  4.68 0.73 4.13 0.83 2.42 0.36 2.26  0.37  24.7  303  7.95 15.5 0.93 

106  167  17.4  67.9  13.7  2.43  8.52 1.35 7.65 1.45 4.10 0.58 3.83  0.57  45.8  228  6.21 14.7 0.95 

    Al/Si* represents the Al/Si molar ratio. 



Table DR3. Calculated values of various chemical weathering indices for the core Zk1401 and
Zk0901samples
Sample R IOL CIA WIP CIW PIA CIX CPA MIA-O R3+/(R3++R2++M+) Δ4Si% LCWP τNa

ps5 4.01 0.34 90.0 20.1 96.3 96.0 90.7 97.0 0.86 0.88 60.2 1.35 -0.85

ps7 6.05 0.61 83.2 14.0 89.5 88.6 87.5 94.5 0.87 0.87 23.6 4.64 -0.88

ps8 4.48 0.35 84.7 27.8 94.8 94.1 85.6 95.9 0.82 0.84 47.6 1.72 -0.81

ps9 4.95 0.30 85.5 27.2 95.2 94.6 86.0 95.9 0.81 0.84 54.1 1.44 -0.83

ps10 4.75 0.31 86.8 25.0 95.3 94.8 87.4 96.0 0.82 0.84 53.2 1.51 -0.86

ps11 3.60 0.35 90.7 20.4 96.6 96.4 91.0 97.0 0.87 0.89 59.9 1.30 -0.81

ps12 3.40 0.36 91.3 19.0 96.5 96.2 91.8 96.9 0.88 0.90 61.0 1.42 -0.79

ps13 5.26 0.27 83.3 27.8 90.3 89.4 84.8 92.1 0.79 0.81 51.9 2.18 -0.81

ps14 4.65 0.31 83.5 30.5 92.2 91.3 85.0 93.9 0.78 0.81 45.0 2.43 -0.72

ps15 5.05 0.31 81.7 29.6 89.8 88.6 84.5 93.1 0.77 0.80 43.6 2.84 -0.73

ps16 4.46 0.31 84.4 29.7 93.0 92.2 85.6 94.4 0.79 0.82 46.9 2.12 -0.76

ps17 4.27 0.30 87.3 25.8 95.4 94.9 87.9 96.2 0.83 0.85 56.0 1.32 -0.83

ps19 3.53 0.34 92.0 16.5 96.3 96.2 92.6 97.0 0.89 0.91 66.0 1.28 -0.82

ps20 4.20 0.42 86.7 21.2 93.6 93.0 88.1 95.3 0.85 0.86 46.5 1.98 -0.87

ps21 4.83 0.31 86.1 25.0 93.9 93.3 86.9 94.8 0.82 0.84 52.2 1.90 -0.82

ps26 2.41 0.43 94.5 10.1 96.5 96.4 95.5 97.5 0.91 0.93 63.5 1.89 -0.88

ps27 2.42 0.43 94.6 11.1 96.8 96.7 95.3 97.4 0.92 0.93 64.7 1.71 -0.88

ps28 4.67 0.29 91.8 15.2 96.6 96.4 92.0 96.8 0.89 0.90 70.6 0.89 -0.92

ps29 3.00 0.37 96.1 8.0 97.5 97.5 96.6 98.0 0.95 0.95 79.0 0.68 -0.92

ps30 3.88 0.33 93.5 13.9 98.0 97.9 93.5 98.1 0.91 0.92 72.0 0.66 -0.93

ps31 2.02 0.46 96.0 11.8 98.7 98.6 96.0 98.7 0.95 0.95 69.9 0.56 -0.94

ps33 1.98 0.59 97.8 4.3 98.5 98.5 98.4 99.1 0.96 0.97 73.5 0.58 -0.97

ps34 6.19 0.25 97.3 4.1 98.9 98.8 97.3 98.9 0.96 0.96 90.7 0.49 -0.97

ps35 2.02 0.49 98.0 6.1 99.0 99.0 98.0 99.0 0.97 0.96 75.7 0.33 -0.98

ps36 3.44 0.45 93.0 15.5 97.8 97.6 93.0 97.8 0.90 0.92 59.4 1.33 -0.91

ps37 3.65 0.41 93.6 14.0 98.3 98.2 93.6 98.3 0.90 0.92 65.2 1.11 -0.94

ps38 3.79 0.33 89.3 22.1 94.8 94.5 89.8 95.3 0.86 0.87 56.8 1.50 -0.88

ps41 5.27 0.27 76.0 37.5 82.5 80.9 80.0 87.3 0.73 0.75 37.4 4.31 -0.43

ps42 4.39 0.30 88.0 23.8 94.9 94.5 88.1 95.0 0.85 0.86 59.5 1.40 -0.83

ps52 3.40 0.34 89.2 24.4 95.9 95.6 89.2 95.9 0.86 0.87 55.2 1.59 -0.79

ps53 3.43 0.34 91.3 16.9 97.0 96.8 91.3 97.0 0.88 0.89 61.8 1.14 -0.87

ps54 4.58 0.28 88.3 22.8 96.5 96.1 88.7 97.0 0.86 0.87 63.2 0.95 -0.94

ps55 4.72 0.28 87.8 23.2 96.5 96.2 88.3 97.1 0.85 0.86 62.6 0.83 -0.95

ps58 4.65 0.28 89.1 20.9 97.1 96.8 89.1 97.1 0.86 0.87 64.8 1.16 -0.91

ps60 5.64 0.36 75.1 33.2 84.6 82.4 80.6 91.7 0.71 0.74 25.8 5.22 -0.80

αNa αCa αMg αK αSr αBa αRb αAlNa αAlCa αAlMg αAlK αAlSr αAlBa αAlRb

7.44 33.78 7.76 3.03 3.16 3.46 1.53 11.44 48.30 7.76 2.79 4.71 3.19 1.41



56.57 2.17 1.45 3.40 11.06 3.27 1.68 5.97 2.50 1.45 2.40 2.93 2.31 1.18

6.22 22.41 5.83 2.17 3.34 2.71 0.99 8.27 29.94 5.83 1.60 4.11 2.00 0.73

5.62 41.16 5.97 2.38 3.31 3.13 1.14 8.16 48.14 5.97 1.69 4.59 2.22 0.81

9.34 20.79 5.36 2.72 3.95 3.60 1.32 8.50 24.17 5.36 1.96 4.17 2.59 0.95

9.53 36.07 10.06 3.15 4.71 3.34 1.63 11.37 59.78 10.06 2.95 4.19 3.13 1.52

7.02 31.28 11.24 3.33 3.76 3.18 1.69 11.12 57.90 11.24 3.46 4.69 3.31 1.75

4.91 15.95 6.07 2.81 3.84 3.48 1.56 4.10 18.82 6.07 2.16 3.39 2.68 1.20

6.11 14.94 4.36 2.17 3.30 2.81 1.22 5.44 19.61 4.36 1.79 3.42 2.32 1.01

4.39 8.75 4.03 2.26 2.87 3.04 1.30 4.75 11.13 4.03 1.84 3.42 2.49 1.06

5.72 17.44 5.14 2.22 3.10 2.85 1.24 5.91 22.92 5.14 1.85 3.36 2.37 1.03

4.80 34.59 8.46 2.32 1.83 3.24 1.53 8.80 45.11 8.46 2.06 3.89 2.88 1.36

4.00 33.52 14.54 4.68 1.17 4.49 3.25 11.28 61.72 14.54 4.12 4.31 3.95 2.86

7.17 12.82 4.73 2.52 2.46 2.94 1.57 7.07 15.92 4.73 2.36 2.66 2.75 1.47

6.48 18.46 5.21 2.31 2.61 3.07 1.44 6.44 23.50 5.21 2.08 2.90 2.76 1.30

4.80 15.74 13.43 6.38 1.53 3.47 4.29 13.93 42.90 13.43 9.23 4.55 5.03 6.21

4.33 22.97 14.80 6.23 1.33 3.47 4.27 13.37 61.60 14.80 8.52 4.40 4.74 5.85

18.17 62.37 10.81 3.38 6.40 3.33 1.86 10.69 72.26 10.81 3.75 4.13 3.69 2.06

5.90 49.01 29.74 12.96 1.62 6.82 8.11 17.04 81.02 29.74 13.45 5.18 7.08 8.42

26.44 76.48 14.81 4.02 4.25 4.86 2.13 18.07 101.77 14.81 4.04 3.75 4.89 2.14

9.67 73.51 33.50 6.37 1.83 5.18 4.28 25.66 149.33 33.50 7.31 4.79 5.94 4.92

7.13 46.15 17.46 28.77 1.83 16.57 18.15 36.71 67.85 17.46 28.48 8.39 16.40 17.97

16.04 128.70 20.86 12.33 3.92 10.60 8.32 30.16 196.29 20.86 12.68 5.94 10.90 8.55

29.50 30.84 34.76 17.93 3.66 7.14 11.19 34.40 43.71 34.76 20.01 4.13 7.97 12.49

30.29 28.38 6.33 3.62 2.82 3.67 2.23 15.36 42.30 6.33 3.85 1.62 3.90 2.37

48.23 35.64 7.52 3.55 3.50 4.16 2.13 20.23 54.25 7.52 3.98 2.46 4.66 2.39

9.04 30.64 8.72 2.29 2.43 1.61 1.67 7.15 42.97 8.72 3.12 2.41 2.19 2.27

1.93 4.90 6.24 0.76 1.39 0.70 0.65 2.40 7.14 6.24 1.93 1.83 1.77 1.65

3.67 66.83 10.33 2.61 2.23 2.81 1.61 6.68 94.05 10.33 2.43 3.27 2.62 1.50

5.31 62.80 11.75 2.85 4.36 4.22 1.77 8.26 122.25 11.75 2.56 4.89 3.80 1.60

14.78 61.10 12.76 4.38 5.62 6.93 2.62 11.45 105.66 12.76 3.14 3.87 4.97 1.87

4.58 54.06 13.85 2.09 1.83 2.70 1.56 11.22 74.12 13.85 2.09 4.57 2.70 1.56

5.62 50.49 13.04 2.29 2.19 3.11 1.69 11.93 59.74 13.04 1.95 4.47 2.64 1.44

12.10 81.97 11.91 1.83 5.65 2.63 1.45 11.78 141.58 11.91 2.19 5.56 3.14 1.73

4.36 3.54 1.83 1.74 1.96 2.44 1.28 3.85 4.46 1.83 1.35 1.82 1.89 0.99

Sample R IOL CIA WIP CIW PIA CIX CPA MIA-O R3+/(R3++R2++M+) △4Si% LCWP τNa

C14-179 2.35 0.43 96.0 10.2 97.5 97.5 96.2 97.8 0.94 0.95 73.1 1.38 -0.87

C14-178 3.11 0.37 97.2 6.6 98.4 98.4 97.2 98.4 0.95 0.96 82.3 0.50 -0.96

C14-177 3.24 0.36 97.0 6.8 98.3 98.3 97.0 98.3 0.95 0.96 81.8 0.50 -0.96

C14-176 3.33 0.35 97.2 6.4 98.4 98.4 97.2 98.4 0.95 0.96 83.3 0.46 -0.97

C14-175 3.64 0.35 97.0 6.4 98.3 98.3 97.0 98.3 0.95 0.96 82.6 0.49 -0.97



C14-174 4.18 0.30 96.1 8.0 98.0 97.9 96.1 98.0 0.94 0.94 81.2 0.61 -0.95

C14-173 3.67 0.34 96.9 6.7 98.3 98.3 96.9 98.3 0.95 0.95 82.7 0.52 -0.97

C14-172 3.89 0.32 95.8 8.8 97.9 97.9 95.8 97.9 0.93 0.94 79.6 0.66 -0.95

C14-171 4.08 0.31 95.7 8.6 97.8 97.7 95.7 97.8 0.93 0.94 80.3 0.63 -0.95

C14-170 4.71 0.28 95.5 8.1 97.7 97.6 95.6 97.8 0.93 0.94 81.9 0.61 -0.96

C14-169 4.00 0.31 95.9 8.2 97.9 97.8 95.9 97.9 0.94 0.95 81.5 0.56 -0.96

C14-168 3.62 0.33 96.7 7.1 98.2 98.2 96.7 98.2 0.95 0.95 82.5 0.50 -0.97

C14-165 3.51 0.35 92.2 17.3 96.8 96.6 92.6 97.2 0.89 0.91 64.9 1.33 -0.90

C14-164 3.19 0.37 93.7 14.5 97.4 97.3 94.0 97.7 0.91 0.92 68.3 1.32 -0.90

C14-163 4.05 0.32 91.2 18.9 96.7 96.5 91.2 96.7 0.87 0.89 63.5 1.35 -0.90

C14-162 3.95 0.32 92.3 15.9 96.6 96.4 92.4 96.7 0.89 0.90 67.2 1.20 -0.91

C14-161 3.63 0.34 92.2 17.4 96.7 96.6 92.3 96.9 0.88 0.90 64.3 1.24 -0.91

C14-160 3.86 0.34 89.5 23.1 96.1 95.8 89.7 96.4 0.85 0.87 56.5 1.66 -0.89

C14-159 4.46 0.31 92.2 14.6 96.8 96.7 92.6 97.4 0.89 0.91 70.7 0.82 -0.94

C14-158 4.63 0.29 92.1 14.8 96.9 96.7 92.5 97.3 0.88 0.90 71.4 0.80 -0.93

C14-157 4.32 0.43 90.8 14.9 96.0 95.7 91.2 96.4 0.89 0.90 58.5 1.42 -0.90

C14-156 4.33 0.46 90.1 16.0 95.9 95.6 90.1 95.9 0.88 0.90 54.2 1.71 -0.88

C14-155 4.30 0.31 87.9 26.1 96.2 95.8 87.9 96.2 0.83 0.85 55.6 1.35 -0.88

C14-154 4.60 0.30 89.0 20.8 94.9 94.6 89.4 95.4 0.85 0.87 61.4 1.42 -0.86

C14-153 4.53 0.29 89.6 19.3 94.6 94.3 90.0 95.0 0.86 0.87 63.1 1.34 -0.85

C14-152 4.31 0.30 89.7 20.7 95.3 95.0 89.9 95.6 0.86 0.87 62.4 1.22 -0.86

C14-151 4.21 0.30 89.5 21.0 95.1 94.7 89.8 95.3 0.86 0.87 61.8 1.23 -0.86

C14-150 3.92 0.32 90.0 20.8 95.4 95.1 90.3 95.8 0.86 0.88 60.7 1.22 -0.87

C14-148 5.60 0.25 92.0 13.3 96.8 96.6 92.2 97.0 0.89 0.90 76.1 0.53 -0.95

C14-147 4.28 0.30 92.9 13.9 97.1 97.0 93.2 97.5 0.90 0.91 72.7 0.77 -0.93

C14-146 3.89 0.34 89.7 21.9 95.8 95.5 90.2 96.4 0.85 0.87 56.9 1.88 -0.88

C14-145 3.90 0.35 90.6 19.8 95.6 95.4 91.0 96.1 0.86 0.88 59.0 1.85 -0.89

C14-144 6.91 0.23 89.7 15.1 96.0 95.7 90.1 96.5 0.85 0.88 73.2 1.00 -0.93

C14-143 3.95 0.34 88.7 24.1 95.9 95.5 89.1 96.3 0.84 0.86 54.4 2.00 -0.86

C14-142 4.90 0.29 86.9 24.1 94.3 93.7 87.4 94.8 0.82 0.85 57.2 2.22 -0.85

C14-141 4.38 0.32 86.6 26.5 93.8 93.2 87.0 94.2 0.82 0.85 53.1 2.80 -0.75

αNa αCa αMg αK αSr αBa αRb αAlNa αAlCa αAlMg αAlK αAlSr αAlBa αAlRb

4.17 40.26 25.56 6.91 1.48 3.79 5.50 15.48 126.59 25.56 12.26 5.62 6.71 9.75

26.42 80.93 24.68 12.25 3.47 5.46 8.39 21.90 119.21 24.68 15.84 3.81 7.06 10.85

19.74 75.24 23.13 12.17 3.07 5.73 8.32 20.60 103.12 23.13 14.98 4.03 7.05 10.24

19.44 100.13 23.86 12.21 2.97 5.75 8.09 21.92 131.67 23.86 15.75 4.11 7.43 10.44

19.65 66.53 20.31 11.72 3.07 5.40 7.89 20.84 84.49 20.31 14.44 4.07 6.65 9.72

17.29 55.08 17.44 7.76 3.01 4.01 5.29 17.25 73.03 17.44 9.93 3.68 5.13 6.78

17.98 81.68 19.90 10.87 2.94 5.10 6.80 20.40 107.21 19.90 13.47 3.97 6.32 8.42

16.45 65.34 18.13 7.30 2.98 3.90 5.33 16.36 92.81 18.13 8.99 3.64 4.81 6.57



14.59 68.64 18.23 7.63 2.89 4.00 5.56 15.47 90.32 18.23 9.26 3.77 4.85 6.75

16.11 66.66 17.08 7.40 3.00 4.13 5.57 15.32 81.79 17.08 8.73 3.48 4.87 6.56

15.90 91.65 21.37 7.88 3.09 4.14 5.79 16.17 117.95 21.37 9.79 3.78 5.14 7.20

16.02 81.68 23.52 9.92 2.70 5.32 7.22 19.39 109.21 23.52 12.38 3.80 6.64 9.02

3.21 55.44 10.39 4.05 1.10 4.46 2.73 12.21 97.79 10.39 3.93 4.86 4.34 2.66

3.13 53.46 12.75 4.75 1.02 5.03 3.17 15.07 116.01 12.75 4.99 5.51 5.28 3.33

16.92 44.82 8.76 2.88 5.21 2.75 1.77 10.36 72.15 8.76 3.20 2.82 3.06 1.97

15.29 52.87 10.20 2.97 5.70 2.85 2.03 10.29 80.33 10.20 4.21 4.33 4.04 2.87

9.44 61.38 9.39 3.38 3.64 3.40 2.16 10.90 94.59 9.39 3.93 4.04 3.95 2.50

15.47 42.08 6.90 2.30 5.00 2.37 1.43 9.30 67.47 6.90 2.61 3.18 2.69 1.62

6.64 60.48 10.58 3.32 1.81 3.27 1.95 12.95 67.21 10.58 3.84 3.88 3.77 2.25

6.69 76.56 10.06 3.04 1.21 3.03 1.94 12.84 81.43 10.06 3.74 4.07 3.72 2.38

4.33 16.39 5.88 2.47 1.04 2.09 1.57 9.51 20.20 5.88 3.40 3.55 2.89 2.17

10.31 16.68 4.63 2.12 3.69 1.73 1.44 8.15 21.17 4.63 3.02 2.22 2.46 2.04

68.10 48.51 6.86 1.63 17.27 1.82 1.02 8.94 63.74 6.86 2.05 2.60 2.30 1.28

4.22 49.01 7.19 1.98 2.22 1.98 1.26 7.33 60.54 7.19 2.85 2.94 2.86 1.81

6.39 40.00 8.69 2.42 2.25 2.32 1.69 6.71 49.07 8.69 3.42 2.72 3.28 2.39

6.23 47.06 9.65 2.12 2.09 2.17 1.54 7.58 59.57 9.65 3.04 2.85 3.10 2.20

4.80 51.98 10.15 2.11 1.72 2.07 1.42 7.15 65.34 10.15 3.10 2.96 3.03 2.08

5.08 44.55 9.95 2.52 1.78 2.60 1.66 8.08 58.06 9.95 3.15 2.84 3.25 2.08

5.37 103.95 12.99 5.17 1.74 5.21 3.27 11.50 82.01 12.99 3.74 3.51 3.76 2.36

3.32 71.28 13.14 4.56 1.03 4.79 2.83 13.68 86.76 13.14 4.24 4.42 4.46 2.63

6.48 31.68 6.33 2.77 2.36 3.21 1.65 9.51 53.34 6.33 2.82 3.75 3.27 1.68

5.46 38.38 6.19 4.04 2.07 4.33 2.27 8.73 61.54 6.19 3.44 3.48 3.69 1.94

4.82 73.51 6.61 3.44 1.43 3.63 1.90 9.65 68.81 6.61 2.76 3.22 2.91 1.52

19.75 31.82 6.04 2.48 5.96 2.69 1.50 9.12 55.78 6.04 2.40 2.98 2.60 1.45

5.76 29.70 5.99 1.82 1.99 1.91 1.16 6.42 48.92 5.99 2.24 2.39 2.34 1.43

8.52 24.16 6.38 1.86 2.66 1.84 1.19 5.66 49.28 6.38 2.29 2.09 2.26 1.46



Table DR4. Contents of Na and Zr for surface soils and their parent rocks in compiled nonglacial granitic landscapes and the corresponding climatic and weathering characteristics  

Landscape Location 
MAP＃

(mm/yr) 

MAT§

(℃)
Sites 

E * 

(m/m.y.)
± 

Zr-R￥

(ppm) 
± 

Zr-S￥

(ppm) 
± 

Na-R￥

(%) 
± 

Na-S￥

(%) 
± τNa

〒 ± 
Number of  

R samples 

Number of 

S samples 

Rio Icacos, Puerto Rico; Riebe et al., 2004                 

 4200 22 RI-1 13 3 85 9 205 10 1.26 0.02 0.12 0.01 -0.96 -0.14 6 18 

 
18°18′N 67°48′W

4200 22 RI-4 14 2 90 2 232 8 1.28 0.01 0.13 0.02 -0.96 -0.15 5 30 

McNabb Tack, New Zealand; Riebe et al., 2004                 

 4000 8 MT-3 40 7 270 6 492 44 0.97 0.02 0.4 0.02 -0.77 -0.08 17 9 

 4000 8 MT-4 44 10 270 6 531 53 0.97 0.02 0.42 0.03 -0.78 -0.10 17 8 

 

41°00′S 172°08′E

4000 8 MT-5 27 4 270 6 487 31 0.97 0.02 0.49 0.03 -0.72 -0.07 17 9 

Chiapas Highlands, Mexico; Riebe et al., 2004                 

 15°25′N 92°30′W 3500 19 SS 33 4 183 2 254 11 1.35 0.02 0.3 0.07 -0.84 -0.20 22 17 

Jalisco Highland, Mexico; Riebe et al., 2004                 

 1800 23 JT-1 144 23 121 9 172 10 1.25 0.09 0.72 0.05 -0.59 -0.08 6 10 

 1800 23 JT-3 47 6 161 9 267 16 1.12 0.06 0.24 0.05 -0.87 -0.20 6 10 

 1800 23 JT-4 172 32 147 11 198 24 1.36 0.05 0.59 0.07 -0.68 -0.13 3 8 

 

20°21′N 105°18′W

1800 23 JT-5 139 21 180 13 262 20 1.34 0.06 0.5 0.08 -0.74 -0.15 8 13 

Panola Mtn. GA, USA; Riebe et al., 2004                 

 33°38′N 84°10′W 1240 17 PM 5 1 651 11 1122 75 1.17 0.02 0.34 0.03 -0.83 -0.09 12 13 

Jalisco Lowlands, Mexico; Riebe et al., 2004                 

 800 25 RT-1 130 16 112 6 148 5 1.43 0.01 1.12 0.02 -0.41 -0.03 4 10 

 
20°08′N 105°18′W

800 25 RT-2 110 14 112 6 151 5 1.43 0.01 1.04 0.02 -0.46 -0.03 4 8 

Santa Rosa Mtns, NV, USA; Riebe et al., 2004                 

 670 1.8 SR-1 37 4 128 2 138 3 1.76 0.01 1.56 0.01 -0.18 0.00 3 3 

 750 0.6 SR-3 49 5 115 1 115 2 1.68 0.02 1.46 0.03 -0.13 0.00 6 9 

 660 2 SR-4 48 5 129 2 144 3 1.77 0.03 1.59 0.01 -0.20 -0.01 5 14 

 580 3 SR-6 32 4 137 4 162 4 1.78 0.02 1.44 0.01 -0.32 -0.01 4 6 

 540 3.6 SR-7 34 4 134 1 168 12 1.74 0.02 1.53 0.03 -0.30 -0.02 6 9 

 

41°30′N 117°38′W

230 -0.4 SR-10 44 5 114 2 112 5 1.67 0.02 1.38 0.01 -0.16 -0.01 4 9 

Sonara Desert, Mexico; Riebe et al., 2004                 

 29°22′N 111°10′W 340 25 CE-3 60 10 171 9 203 6 1.37 0.02 1.4 0.01 -0.14 -0.01 12 10 



 340 23 JC-1 59 8 223 14 270 14 1.42 0.02 1.38 0.02 -0.20 -0.02 7 9 

Fall River, Northern Sierra NV, USA; Riebe et al., 2004              

 1520 11.5 FR-2 145 31 87 2 109 6 1.45 0.2 0.75 0.06 -0.59 -0.10 10 13 

 1400 13.5 FR-5 108 13 121 3 150 5 1.44 0.04 1.2 0.02 -0.33 -0.02 10 24 

 1460 11.9 FR-6 33 9 83 5 102 3 1.87 0.01 1.25 0.1 -0.46 -0.05 3 8 

 

39°39′N 121°19′W

1520 10.7 FR-8 14 2 87 2 106 3 1.45 0.2 1.4 0.03 -0.21 -0.03 10 9 

Antelope Lake, Northern Sierra NV, USA; Riebe et al., 2004             

 820 7.9 AL-4 24 3 179 10 226 8 1.45 0.01 1.22 0.02 -0.33 -0.02 3 9 

 790 8.2 AL-5 29 4 165 48 211 10 1.43 0.06 1.09 0.04 -0.40 -0.12 2 7 

 850 7.6 AL-9 36 5 211 25 271 19 1.48 0.01 1.35 0.02 -0.29 -0.04 3 7 

 

40°10′N 120°38′W

850 7.6 AL-10 30 3 191 6 220 4 1.47 0.01 1.3 0.02 -0.23 -0.01 2 24 

Adams Peak, Northern Sierra NV, USA; Riebe et al., 2004                

 590 4 AP-3 46 5 112 1 135 2 1.53 0.01 1.4 0.02 -0.24 -0.01 3 19 

 610 3.7 AP-4 31 3 108 1 115 4 1.53 0.02 1.38 0.03 -0.15 -0.01 3 9 

 560 4.5 AP-5 55 5 113 3 129 7 1.56 0.01 1.39 0.01 -0.22 -0.01 4 9 

 630 3.3 AP-11 33 4 109 6 129 5 1.52 0.04 1.24 0.06 -0.31 -0.03 2 4 

 

39°53′N 120°08′W

510 5.5 AP-13 43 4 112 5 131 3 1.58 0.03 1.33 0.02 -0.28 -0.02 2 4 

Fort Sage, Northern Sierra NV, USA; Riebe et al., 2004              

 280 12 A1 29 3 111 3 118 5 1.4 0.01 1.25 0.01 -0.16 -0.01 2 5 

 280 12.1 A2 21 5 111 3 139 5 1.4 0.01 1.28 0.03 -0.27 -0.01 2 18 

 250 12.3 A3 56 10 113 4 138 7 1.37 0.05 1.35 0.01 -0.19 -0.01 3 15 

 

40°10′N 120°04′W

250 12.5 A4 252 78 122 2 142 3 1.43 0.01 1.37 0.01 -0.18 -0.01 2 22 

Sunday Peak, Southern Sierra NV, USA; Riebe et al., 2004                

 1030 9.8 SP-1 40 4 215 7 252 7 1.67 0.04 1.08 0.02 -0.45 -0.02 3 23 

 1050 9.5 SP-3 31 4 238 12 246 16 1.63 0.02 0.95 0.04 -0.44 -0.04 3 9 

 

35°47′N 118°35′W

1080 8.9 SP-8 30 3 244 13 278 7 1.64 0.08 0.9 0.03 -0.52 -0.04 3 8 

Nichols Peak, Southern Sierra NV, USA; Riebe et al., 2004                

 35°35′N 118°14′W 220 15.4 NP-1 42 4 140 4 160 10 1.4 0.03 1.34 0.01 -0.16 -0.01 2 19 

Kruger National Park, South Africa; Khomo, 2008                 

 23°01′S 31°18′E 470 23.1 Shingwedzi 5.9 0.7 35  161.7 14.3 3.5  2.7 0.2 -0.84 -0.04 5.9 0.7 

 25°02′S 31°29′E 550 21.9 Skukuza 6.6 1 95  260.6 25.8 2.3  1.9 0.3 -0.70 -0.06 6.6 1 



 23°02′S 31°15′E 740 21.6 Pretoriuskop 4 0.8 95  541.9 50.5 2.3  0.6 0.1 -0.95 -0.02 4 0.8 

Nunnock River, Great Escarpment, New South Wales, Australia; Burke et al., 2009              

 36°40′S 150°00′E 1100 15  16.6 2 87  219 53 2.7  1.90 0.37 -0.71 -0.08 >1 13 

Frog`s Hollow, Monaro plain, New South Wales, Australia; Burke et al., 2009              

 36°40′S 150°00′E 700 9  19.7 1.7 84  154 48 2.8  2.34 0.78 -0.56 -0.15 >1 16 

Panola Mountain, Piedmont province, eastern USA; White et al., 2001               

 33°37′N 84°10′W 1240 17 PM 7  643 31 513 59 3.24 0.07 0.24 0.05 -0.91 -0.21 5 5 

Rincon Mtns. USA; Rasmussen et al., 2011                 

 32°11′N 110°37′W 511 16.4 S3-5 18 1 56 6 92 12 3.32 0.13 3.13 0.12 -0.42 -0.07 1 6 

 32°13′N 110°33′W 785 10 S9-11 33 7 51 5 92 21 3.21 0.13 2.93 0.22 -0.49 -0.13 1 8 

western Sierra Nevada range of California, USA; Rasmussen et al., 2011             

 36°57′N 119°38′W 370 16.6 W1 24 4 106 11 116 14 3.46 0.14 3.12 0.11 -0.18 -0.03 1 5 

 37°04′N 119°13′W 920 8.9 W2 34 5 121 12 163 13 3.19 0.13 2.19 0.03 -0.49 -0.07 1 3 

 37°17′N 119°05′W 1060 3.9 W3 39 3 132 13 180 10 2.74 0.11 2.85 0.08 -0.24 -0.03 1 10 

San Gabriel Mountains, southern California; Dixon et al.,2012                

 34°22′N 118°00′W 770 12.2 W-M2 51 7 69 3 165 17 3.09 0.19 4.2 0.26 -0.43 -0.06 4 6 

Point Reyes, California USA;  Burke et al., 2007                 

 38°04′N 122°53′W 800 15.5 PR 33 19 145  221 113 2.78  1.10 0.89 -0.66 -0.29 1 18 

Davis Run, Piedmont province, northern Virginia; White et al., 2001; Rasmussen et al., 2011 TiO2-R￥ ± TiO2-S￥ ± Na2O-R￥ ± Na2O-S￥ ± ГNa〒 ± rock-n soil-n 

 %  %  %  %      

 38°58′N 77°17′W 1040 10 DR <2  0.24 0.01 0.95 0.22 2.73 0.06 0.30 0.00 -0.97 -0.07 3 2 

＃ and §: mean annual precipitation and mean annual temperature from the corresponding literature. 

*: physical erosion rate based on cosmogenic nuclides from corresponding literature (assuming the granitic protolith density of ~2.7 g/cm3, Riebe et al., 2004). 

￥: Average contents of Zr, TiO2 and Na for protolith rock (R) and surface soils (S). Data from Riebe e tal. (2004) and Khomo (2008) were reported as the Na content, and those from others were reported as Na2O contents. 

〒: The errors are calculated as standard deviation or following the method of Rasmussen et al. (2011), or directly from the literature like those reported by Riebe et al. (2004).  
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