Supplementary Information for

A global temperature control of silicate weathering intensity
Kai Deng*?, Shouye Yang?!, Yulong Guo!
IState Key Laboratory of Marine Geology, Tongji University, 200092 Shanghai, China

2Institute of Geochemistry and Petrology, Department of Earth Sciences, ETH Zirich, Clausiusstrasse 25, 8092
Zirich, Switzerland

This document contains:

e Full reference list of compiled major element dataset
e Supplementary Figs. 1-7

e Supplementary Tables 1-2

Introduction

This supplementary document can be divided into four sections, including: 1) full reference
list of compiled major element dataset, 2) spatial distribution of WIP and its controls
(Supplementary Figs. 1-3), 3) effect of lithology, mineralogy, and sediment grain-size on
weathering index (Supplementary Figs. 4-5), and 4) relationship between climatic factors and
weathering index (Supplementary Figs. 6-7 and Supplementary Tables 1-2).
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paleo-temperature (shown in Fig. 5).
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Part Il Spatial distribution of WIP and its controls
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Supplementary Fig. 1 Latitudinal distribution of WIP in fine-grained sediments. Sample
types include surface suspended particulate matter (SPM), clay fraction of sediments and
bedload sieved to <63 um. The latitude of sampling locations shown on the X-axis
equally refers to the southern and northern hemispheres, respectively. The polynomial
fitting between latitude and weathering index (red dashed line) is applied. In general,
WIP increases with latitude. “Polar” symbols here include samples from Greenland and

Iceland. Data source is the same as that in Fig. 2 of the main text.
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Supplementary Fig. 2 Correlation coefficients (R) between each environmental forcing
factor (n=20) and WIP. Correlations with p value of >0.001 are shown as open symbols.
The order of forcing factors in each category is sorted by correlation coefficient with CIA
(Fig. 3 in the main text). Negative values mean a negative correlation. Upland hillslope
soil thickness is the only factor with |R| of >0.5.
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and MAP (b, interval of 0.2 m/yr). WIP decreases with MAT over a large temperature
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Part 111 Effect of lithology, mineralogy, and sediment grain-size on weathering
index
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Supplementary Fig. 4 Relationship between modeled CIA of source rock and sediment

CIA. The fitting equation is shown in the plot. The red open circles are sediment CIA
data binned by modeled CIA of source rock (interval of 2 units) and error bars indicate
one standard deviation. Modeled CIA of source rock is calculated using areal percentage
of each lithology in a sampling basin and the representative major elemental
concentrations of each lithology (Supplementary Data 2). The symbol assignment is
based on the lithology of each sampling basin: an areal percentage of >60% for a single
lithology is plotted using the corresponding lithological symbol; if all lithologies are <60%
in area, it is characterized as a “mixed” symbol. The calculation of CIA only accounts for
the silicate fraction (Methods) and thus CIA of carbonate rocks is controlled by the minor
contribution (<40%) of other lithologies. Binned sediment CIA data does not
monotonically increase with source-rock CIA, and its variability at any interval of
source-rock CIA is quite large (standard deviation of ~11 units) due to discrepancy in
chemical weathering processes. Hence, although CIA can vary between rock types, the
control of source rock on CIA in fine-grained sediments is only subordinate given the
rather weak positive correlation (R=0.21).
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Supplementary Fig. 5 CIA vs. WIP. a) The CIA-WIP diagram of fine-grained sediment
samples and b) a conceptual diagram of the CIA-WIP correlation for weathering of
diverse mineral sources including different types of feldspar and quartz addition. In b)
numbers (0-1) next to each fitting line indicate the dissolution percentage of each mineral
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(faiss). The “Albite & Anorthite weathering” is characterized by an original molar ratio of
albite to anorthite as 2’2. Numbers next to grey circles (quartz dilution) indicate the
amount of quartz added to the mineral mixture weathered from albite and anorthite. For
example, “100% Dil.” means that the mass of quartz added is the same as that of the
weathered mixture. Examples of quartz dilution effect are shown for fuiss of 0%, 20%,
40%, 60% and 80%. UCC means upper continental crust’®. Note that different parent
materials shown in b) follow different weathering trends characterized by slopes of CIA-
WIP relation™. In our compiled dataset (a), the fitting slope of SPM and clay fraction is
close to that of plagioclase (albite and anorthite) weathering (b), consistent with the
notion that the mineralogical composition of upper continent crust is dominated by
plagioclase (~40%)". The lower fitting slope of bedload (<63 pm) may suggest addition
of different amounts of quartz and/or weathering of other minerals. However, quartz
dilution does not affect CIA values and reduce WIP only (b).
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Part IV Relationship between climatic factors and weathering index

Supplementary Table 1 Effect of precipitation on weathering indices. Correlation
coefficient (R) and p value between mean annual precipitation (MAP) and weathering
indices (CIA-WIP) for each given zone of MAT (interval of 5 °C) are calculated. |R| >

0.5 is only found for WIP when MAT<O0 °C.

MAT CIA WIP
zone R p R p N
<0 -0.28 <0.001 0.54 <0.001 196
0-5 -0.06 0.363 0.02 0.732 236
6-10 -0.01 0.690 0.32 <0.001 730
11-15 0.26 <0.001 -0.04 0.357 575
16-20 0.39 <0.001 -0.02 0.625 654
21-25 0.31 <0.001 0.05 0.325 395
26-30 0.24 <0.001 0.20 0.005 203
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Supplementary Fig. 7 Relationship between e’ index (£l and a#) and MAT in fine-
grained sediment. Note that y-axis is on log scale. a“! indicates the mobility of one
element during weathering and a higher value suggests a stronger element depletion. The
equations for calculating such index are: agy =(Al/Na)sampie/(Al/Na)ucc and
a g =(Al/K)sampie/ (Al/K)ucc?. Raw data are open symbols and average index data binned
by MAT (an interval of 2 °C, MAT >0 °C) are filled symbols. In general, binned ag},
increases with MAT across a large temperature gradient and becomes higher than e.g. 2
(50% depletion compared to [Na] in UCC) when MAT>~5 °C, while binned aj' scatters
around 1 at MAT of 0-15 °C and exceeds 2 when MAT>~20 °C. It suggests that
weathering of plagioclase (e.g. albite) starts from a much lower temperature while
significant release of K (in orthoclase) only occurs at MAT > ~20 °C.
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Supplementary Table 2 A sensitivity test on MAT-CIA relationship (in the format of
"ClA=a*MAT+b"). Effects of grain-size, mineralogical composition (indicated by slope
of CIA-WIP relation) and dominant lithology are examined.

al bt R! Nt

Grouped by sediment grain-size

SPM or clay fraction

Bedload (<63 um)

Grouped by slope of CIA-WIP relation

092+0.11 64.48+223 0.72 265
1.02+0.05 59.06+0.77 0.61 2528

0-0.523 041+0.36 6055+4.26 0.19 132
0.5-1 0.92+0.08 58.77+1.22 0.62 816
1-1.5 0.97+0.07 59.71+0.97 0.61 1281
1.5-2 0.87+0.14 65.79+2.63 0.52 373
>23 0.61+0.14 7415+3.07 0.52 191
Grouped by dominant lithology

Igneous 095+0.16 59.32+196 0.58 258
Clastic sedimentary & metamorphic 1.05+0.06 58.93+0.97 0.64 1845
Carbonate* 1.23+0.19 57.61+234 0.59 311
Mixed lithology® 1.00+£0.12 59.20+1.70 0.66 354
Summary

All data® 1.05+£0.05 5898+0.72 0.64 2793

Note: 1. a and b are coefficients of the best-fit line, and the standard deviation indicates
the 95% confidence bounds. R and N are correlation coefficient and number of samples,
respectively.

2. p values of all data groups are < 0.01 except the group with a slope of CIA-WIP
relation of 0-0.5.

3. The lower a of both groups may not be representative over continental scale, because
their small N (<200) can result in a larger uncertainty in fitting and/or a potential bias
toward specific environmental conditions.

4. Such CIA values are dominated by minor outcrops of non-carbonate rock, and the link
of sediment CIA with basin-averaged MAT may be less direct. Nevertheless, its relation
slope still agrees with those of other lithological groups within uncertainty.

5. If each lithology in one catchment is <60% in area, it is characterized as mixed
lithology.

6. Dataset used for this sensitivity test only include samples with a MAT of >0 °C.
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