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Supplementary Discussion
Sediment provenance tracing

IODP Site U1429 has multiple potential sediment sources including the great rivers of East Asia
(Yellow and Yangtze Rivers), as well as small mountainous rivers in nearby southern Kyushu of
Japan, the Korean peninsula and the island of Taiwan (Fig. S1a).

The Yellow River in northern China has long been regarded as a typical large river influenced
by intense catchment erosion. It is globally known for its very high sediment flux (~11 billion ton/yr,
before 1980s) sourced mainly from the Chinese Loess Plateau (~90 % of sediments) in the middle
reaches of the river . After entering the sea, the fine-grained particles of these sediments have been
transported to the Okinawa Trough by cross-shelf currents °. This has been tested repeatedly by
sediment source tracing works using clay minerals, Sr-Nd-Pb isotopes and rare earth elements in past
few years .

The nearby Kyushu island of Japan supplies 1.8 Mt of suspended sediments annually to East
China Sea via the Chikugo River '. However, sediment source tracing works found the grain size
population of Kyushu sediments deposited at U1429 is much coarser (30-63um) than clay sized
fractions (<2 um) **. This is probably due to the short distance of sediment transport and plentiful
rainfall on Kyushu, which facilitate the quick delivery of the primary products of land weathering
and erosion to the study region °. In this study, our K/Al record is analyzed based on the clay-sized
sediments. Thus we considered the effects of Kyushu sediments should be very minor.

The modern Yangtze River delivers 470 Mt of suspended sediments annually to the East China

Sea '. However, most of the Yangtze River sediments are thought to accumulate off the river mouth
2
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and adjacent coastal area to the south, due to strong southward coastal current '°; where only a small
portion of fine-grained particles is transported offshore, and further to the middle and southern
regions of the Okinawa Trough '"*'%.

Rivers in the southern Korean Peninsula including the Seumjin and Nakdong, deliver about 10
Mt of suspended materials annually to the Tsushima Strait '. However, there is almost no sediment
input in the study region from the Korean Peninsula *’. This is probably due to the strong blocking
effect of the Tsushima Warm Current and/or East Korean Warm Current and Korean Coastal Current,
which transports sediments into the Japan Sea "°.

Taiwanese rivers collectively discharge about 200 Mt of sediments annually into the
surrounding ocean '. However, more than half of them (~120 Mt) are delivered into the South China
Sea and the Taiwan Strait '. Previous studies have indicated that Taiwan-derived sediments have

"% and middle Okinawa Trough via the Kuroshio Current .

only been transported to the southern

The rare earth elements (REEs) have been widely applied as provenance tracers in East Asian
marginal seas >'®'7. Here we compare UCC-normalized REE patterns of IODP Site U1429
clay-sized sediments with potential sources (Fig. S2a). It is obvious that samples of Site U1429 have
similar REE patterns to the Yellow River sediments, and thus probably indicates their Yellow River
sources. In view of the grain-size effect may regulate the REE composition, further the robust source
tracing method with Nd isotope has been adopted. Nd isotopic composition of Site U1429 samples
have been compared to the potential source end-members. The eNd vs. potential sediment source

plot suggests similar Nd isotopic composition between clay-sized sediments at Site U1429 and

Yellow River end-member, including Yellow River floodplain sediment samples, sediments from a
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sediment core since the last deglacial in the Yellow River month, and loess samples in Chinese Loess
Plateau (Fig. S2b). As a result, based on the Nd isotope and REE source tracing results, we proposed
that the clay-sized sediments at Site U1429 are dominantly supplied from Yellow River, which are
mainly eroded from the Loess Plateau. Eolian dust contributes to the Yellow River sediment
composition can be ignored, due to the extremely low dust supply with the dust column burdens only

ranges from 0.21 to 0.28 g/m” in the observational sites of northern China '®.

Reconstruction of rainfall proxy in the Northern China

The single source of clay-sized sediments at Site U1429 provides the realizability to reconstruct

the silicate weathering history of provenance area in northern China. It has been proposed that ~90%

sediments in Yellow River are supplied from the Loess Plateau '*2°

. This can be proved by similar
Nd isotopic composition between sediments in Yellow River and Loess Plateau *. Thus chemical
weathering occurs mainly during the transport of sediments from Loess Plateau to Site U1429. It has
been proposed that chemical weathering on sediments can hardly proceed after deposition in the

5,14

ocean environment in the East Asian marginal seas > . As a result, chemical weathering of Site

Ul1429 sediments should mainly occur on land, which shows strong response to rainfall and

temperature conditions '

. Hydraulic sorting effects on the mineral and further chemical
composition have been eliminated due to the unitary grain size (<2 pm) extracted from the bulk
samples =,

The chemical weathering intensity of sediments can be deduced by a quantitative estimation of

the chemical weathering of silicates, such as the calculated values of chemical index of alteration

4
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(CIA) *. CIA is defined as ALO3/(ALO; + CaO* + Na,O + K,0) x 100 (molar content; CaO* is the
CaO content in the silicate fraction of the sample), which has long been used as a quantitative
estimation of the chemical weathering intensity, based on the relative mobility of Na, K and Ca in
aqueous fluids compared to immobile Al >***. In addition, chemical weathering intensity can also
be evaluated for mobilized elements (e.g., K) during incongruent weathering of silicates by
comparing their concentration to that of a non-mobile element (e.g., Al) *°. As a result, lower values
of ratios of K/Al indicate more depletion of mobile elements in sediments and thus higher chemical
alteration. Our CIA and K/Al proxies suggest consistent trend with dominant precession cycles (Fig.
S3b and c¢).

By reducing the residence time of sediments, higher erosion rate can suppress weathering
alteration **. Generally, higher physical erosion rate of Yellow River sediments largely depends on
runoff, which is mainly regulated by enhanced rainfall in the drainage basin *’. However, our
decreased K/Al ratio (increased chemical weathering degree) corresponds to the high simulated
rainfall amount (Fig. 2d and Fig. S3c), suggesting physical erosion is not a major control on
chemical weathering in the Yellow River drainage basin.

The Yellow River basin has an arid to semi-arid continental climate, being more arid and cold
in the upper and middle reaches, and more humid and temperate in the lower reaches. Our river
sediment samples distribute from upper to lower reaches, and thus their K/Al ratios can show
different responses to the distinct climate conditions, despite they were collected in a single season.
Thus here we use them to establish a model covering variables including K/Al, rainfall and

temperature based on the multiple statistical analyses. Because the high correlation between
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temperature and rainfall (Fig. S1d), the collinearity diagnosis was made on the standardized variables
(variable Viyal, Vrainfait and Viemperature transform to Zial, Zraintani a0d Ziemperature Tespectively) firstly, to
test if there was collinearity between these two independent variables. The variance inflation factor
(VIF) is 6.322, which is large than 1, suggesting a collinearity problem (Table S1). Thus before
linear regression, the dimensionality of the data is reduced with the Principal Component Analysis
(PCA). Highly correlated independent variables can thus be transformed into mutually independent
variables without linear relationship. Here, one component has been selected due to it can explain
95.875% of the variable variance (Tables S2 and S3). This transformed variable (Z1) can reflect
most of the information of the original data. Then linear regression has been conducted on Zg/a; and
Z1, to obtain a regression model covers K/Al ratio, temperature and rainfall. The p-value associated
with the test statistic for transformed variable (Z1) is 0.002, which is less than 0.05. Thus we can
conclude that the predictor variable Z1 is statistically significant (Table S4). Due to the p-value is
larger than 0.05, the constant has been excluded. Then regression equation can be formed: Zg/a; =
-0.606 x Z1.

Further, based on the following equations:

Standardized equation: Zny, = (Vi - averagenm) / SDp (1)

Transform equation between transformed variable and independent variables: Z1 = (Zscore(rainfall)
X Zrainfall T Lscore(temperature) < Ztemperature) / W\ (2)

The m is variables of K/Al, temperature and annual rainfall. Values of average and SD of K/Al,

temperature and annual rainfall is 0.268 and 0.152, 11.240 and 2.858, 422.990 and 159.758,
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respectively. Zgcore(rainfall) a0d Zscore(temperature) are all 0.979 (Table S3). The value of A is 1.918 (Table
S2).

As a result, we obtained the regression equation: Vi/ai = -0.023 X Viemperature ~0.00041 X Vigingant
+ 0.7. This model can be used to predict the result of one variable (rainfall) given the two other
variables (K/Al and temperature). The temperature used here was from **. Based on this regression
model, the calculated mean annual rainfall during the last 400 ka ranges from ~470-717 mm (Fig.
S3d). This is close to the modern annual rainfall (~562—-648 mm) in the Yellow River middle to
lower reaches *°, and our simulated annual rainfall (~407-854 mm) (daily rainfall multiply by 365
days) in northern China during the last 300 ka (Fig. 2d). Thus we considered our reconstructed

quantitative rainfall variation is reliable.
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Supplementary Figure 1. Map showing locations of the study sites in East Asia and its
marginal seas, as well as the relationship between chemical weathering proxy and climate. a
Locations of IODP Site U1429 in the northern East China Sea, surface sediment samples and
meteorological stations in the Yellow River drainage basin. Inserted global map shows the location
of East Asia. Changes in precipitation and temperature for each month indicate that rainfall in the
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Northern China is mainly contributed from the summer months. Precipitation and temperature data
used here are from NOAA NCEI (https://www.ncei.noaa.gov/maps/global-summaries/). The ocean
current system is changed from 3, YSCC, Yellow Sea Coastal Current; YSWC, Yellow Sea Warm
Current; TSWC, Tsushima Warm Current; ECSCC, East China Sea Coastal Current; KC, Kuroshio
Current; KCE, Kuroshio Current Extension; TWC, Taiwan Warm Current. White numbers on grey
isobaths show water depths. Blue numbers show K/Al ratios of Yellow River surface sediment
samples. b, ¢ and d Correlations among the chemical weathering proxy K/Al, mean annual
temperature and rainfall in the Northern China. Meteorological data are from nearby meteorological
stations from the China Meteorological Data Service Center. Black lines and blue shaded area are
linear fits of meteorological data and the 95% confidence limits, respectively. e Plot of regression
equation for K/Al, rainfall and temperature.
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184  Supplementary Figure 3. Rainfall proxies in the Northern China. a Simulated Northern China
185  mean annual temperature **. b and ¢ CIA and K/Al of clay-sized sediments at Site U1429. d

186  Reconstructed rainfall amount of northern China based on the weathering proxy of Site U1429. e
187  Composite magnetic susceptibility record of loess-paleosol sequence from the Loess Plateau *°. f
188 813CIC record in the Loess Plateau 2. g Loess B¢ rainfall record *®. h Northern China rainfall
189  proxy at core Lz908 located onshore near the southern coast of the Bohai Sea *°. i Northern China
190 rainfall record of sediment borehole in Chahanchi Lake in Tengger Desert *°.
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Supplementary Table 1.

Supplementary Table 1. Coefficients in collinearity diagnosis for the independent variables.

Coefficients”
Model Unstandardized Standardized t Sig. Collinearity Statistics
Coefficients Coefficient
B Std.Error Beta Tolerance VIF
1 (Constant) -3.895E-16 .194 .000 1.000
Zscore(Temperature) -.337 S15 -.337 -.654 534 158 6.322
Zscore(Rainfall) -.521 S15 -.521 -1.011 .346 158 6.322

a. Dependent variable: Zscore (Weathering)

15
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Supplementary Table 2.

Supplementary Table 2. Total variance explained in Principal Component Analysis.

Total Variance Explained

Component Initial Eigenvalues Extraction Sum of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %
1 1.918 95.875 95.875 1.918 95.875 95.875
2 .082 4.125 100.000

Extraction Method: Principal Component Analysis

16
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Supplementary Table 3.

Supplementary Table 3. Component matrix in Principal Component Analysis.

Component Matrix”

Component

1

Zscore(Temperature)

979

Zscore(Rainfall)

979

Extraction Method: Principal Component Analysis

a. 1 component extracted

17
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Supplementary Table 4.

Supplementary Table 4. Coefficients in linear regression.

Coefficients”
Model Unstandardized Standardize t Sig. Collinearity Statistics
Coefficients d
Coefficient

B Std.Error Beta Tolerance VIF

1 (Constant) -3.600E-16 182 .000 1.000
Z1 -.606 139 -.840 -4.373 .002 1.000 1.000

a. Dependent variable: Zscore (Weathering)
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