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Part 1: Age-depth relationship for ODP Hole 885A
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Fig. S1. Age-depth relationship for ODP Hole 885A. Blue solid circles represent age-control points from a
magnetic reversal stratigraphy for this hole (Dickens et al., 1995) based on the geomagnetic polarity time
scale (GPTS) of Gradstein et al. (2012). Red solid circles with error bars represent age-control points from
a radiolarian biostratigraphy for Hole 885A (Morley and Nigrini, 1995). Gray shading indicates the interval
studied here (since ~ 4.0 Ma). An age model was obtained by linear interpolation from the magnetic reversal
stratigraphy with age-control points of: Brunhes/Matuyama boundary = 3.21 mbsf (meters below seafloor),
top Jaramillo = 4.07 mbsf, onset Jaramillo = 4.31 mbsf, top Olduvai = 7.1 mbsf, onset Olduvai = 7.52 mbsf,

Matuyama/Gauss = 9.83 mbsf, Gauss/Gilbert = 14.47 mbsf, and top C3An.1n =27.1 mbsf.
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Part 2: Depth-parameter relationships before and after removal of

volcanic ash layers
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Fig. S2. Depth-parameter relationships (a) before and (b) after removing volcanic ash layers. VA: volcanic

ash layers.

Part 3: Details of experimental procedures

DRS was measured for all samples using a Cary 5000 ultraviolet-visible-infrared

spectrometer equipped with BaSOj4 as the white standard. DRS data were transformed into the
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Kubelka-Munk (K-M) remission function (F(R) = (1-R)?*/2R, where R is reflectance). The
corresponding band intensity for hematite and goethite from second derivative curves of F(R)

and are defined as Ium and Igt, which are proportional to the concentration of hematite and

goethite (Scheinost et al., 1998). Our eolian proxy is defined as: Relam+Gt (Relymygy; = n *

THm, Igt, .
( nH — + nGt‘ ), where n is the number of samples; Zhang et al., 2018). Relym+at
Zi:lIHmi Zi:lIGti

represents the combined relative concentration of hematite and goethite per unit mass of dry
sample. To determine the input history of a sedimentary component (Rea, 1994), we define the
Relum+ct flux to reflect eolian hematite and goethite inputs at Hole 885A: Flux of Relymigt =
Relgm+gt * DBD * LSR (DBD, dry bulk density; LSR, linear sedimentation rate). DBD data
are calculated by linear interpolation based on Snoeckx et al. (1995).

Major and trace elements were measured for 77 approximately equispaced samples by
inductively coupled plasma - optical emission spectrometry (ICP-OES, Icap-6300,
ThermoFisher, USA) and inductively coupled plasma - mass spectrometry (ICP-MS, X Series
I, ThermoFisher, USA), respectively. Sediments were powdered (50 mg) for elemental
analysis, digested with 1.5 ml high-purity HNO3 and 1.5 ml high-purity HF for 48 h in a tightly
closed Teflon sample melting tank, and heated in an oven at < 190 °C. After cooling, samples
were evaporated to incipient dryness. Dry samples were then reacted with 1.0 ml high-purity
HNO;3 to remove the residual HF, and were then digested with a mixture of 3 ml 50% (volume
fraction) HNOj3 and 0.5 ml rhodium (100 ppb) as an internal standard for 24 h in a tightly closed
Teflon tank in an oven at 150 °C. Samples were later diluted with ultrapure water, and major
and trace elements were measured by ICP-OES and ICP-MS, respectively. A national
geostandard GSD-9 provided by the National Research Center for geo-analysis was injected
and duplicate analyses were made for every 10 samples to provide quality control for accuracy
and precision. All geochemistry measurements were made at the First Institute of

Oceanography, Ministry of Natural Resources of China.

Part 4: Details of CIA calculation
CIA is given by: CIA = [ALO3/(AlL,Os+CaO"+K20+Na,0)] x100, where CaO" is the

amount of CaO incorporated in siliceous rock. A correction should be made for carbonate and
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apatite (Nesbitt and Young, 1982). ODP Hole 885A lies below the carbonate compensation
depth (CCD), and carbonate has dissolved completely in this hole. ODP Hole 885A sediments
contain some ichthyolith teeth, which are mainly composed of apatite (Rea et al., 1993; Ingram,

1995), so we corrected for apatite using the method of McLennan et al. (1993).

Part 5: La-Th-Sc diagram for ODP Hole 885A
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Fig. S3. La-Th-Sc diagram for Asian loess data (from Weber et al. (1996)), Kurile-Kamchatka (K-K)
volcanic data (from Bailey (1993)), Kurile basalt data (from Bailey et al. (1989)), and ODP Hole 1215A
eolian component data (from Ziegler et al. (2007)). All data for ODP Hole 885A fall in the eolian region.
Volcanic ash layers in Hole 885A (Rea et al., 1993) were excluded for sample collection and measurements;

the La-Th-Sc diagram confirms that the studied-samples are not affected significantly by volcanic inputs.

Part 6: Land-ocean comparison between the Chinese Loess Plateau (CLP) and North

Pacific Ocean (NPO)
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Fig. S4. Location of CLP profiles and ODP Hole 885A. The Baishui (No. 1, BS) profile is from Xiong et al.
(2010), the Jingchuan (No. 2, JC) profile is from Ding et al. (2001), the Zhaojiachuan (No. 4, ZJC) and

Lingtai (No. 3, LT) profiles are from Sun and An (2005).

Loess—paleosol and red clay sequences on the CLP are well-known eolian archives for
documenting late Cenozoic Asian climate and environmental change (Liu, 1985; An et al.,
2001; Guo et al., 2002). Land-ocean comparison between the CLP and NPO enables
exploration of the paleoclimatic significance of eolian records from two major Asian dust
accumulation areas (Hovan et al., 1989). For the CLP, we select the Zhaojiachuan (ZJC, 35°45'
N, 107°49" E), Lingtai (LT, 35°04’ N, 107°39" E), Baishui (BS, 35°24'10” N, 106°56'43" E),
and Jingchuan (JC, 35°17'30"” N, 107°22'05" E) profiles (Fig. S4) for the <4.0 Ma time interval
to compare with eolian and weathering records from ODP Hole 885A. Mass accumulation rates
(MAR) of eolian deposits and mean grain size (MGS) of quartz in the ZJC and LT profiles are
generally well correlated (Fig. S5d, S5e) (Sun and An, 2005; Sun et al., 2006). CIA was
measured for the continuous Jingchuan (Sun and Zhu, 2010) and Baishui (Xiong et al., 2010)
loess/paleosol-red clay sequences (Fig. S5f, S5g), respectively, and Rb/Sr was measured for
the Jingchuan profile (Fig. S5h) by Sun and Zhu (2010).

Although eolian fluxes to the NPO (Fig. S5a) and CLP (Fig. S5d) are both characterized
by increasing trends over the past 4.0 Ma and in response to the iNHG event, they differ in
detail. CIA (Fig. S5f and S5g) and Rb/Sr (Fig. S5h) have entirely different temporal patterns
for the CLP compared to ODP Hole 885A (Fig. S5b and Fig. S5c¢). For the pre-Quaternary
period, elevated CIA values (Fig. S5f and S5g) for CLP profiles indicate that the red-clays are
moderately weathered. The decreasing CIA trend reflects gradually weakened chemical
weathering of loess-paleosol sequences after the iNHG event. However, Rb/Sr has nearly
inverse variations compared to CIA, which indicates that it might be controlled by other factors
in the CLP (Sun and Zhu, 2010).

The Gobi Desert (An, 2000; Sun, 2002; Sun et al., 2007) and the arid lands between the
Qilian and Gobi-Altay Mountains (Chen and Li, 2011) are considered major dust sources for
the CLP. Sun and Zhu (2010) proposed that eolian provenance for CLP changed at 2.6 Ma, and

that Quaternary eolian dust tended to be derived from mainly high mountainous areas rather
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than low-lying cratonic regions before 2.6 Ma. This source change could account for the Rb/Sr
change (Fig. S5h) before and after the INHG event. However, ODP Hole 885A sediments were
derived mainly from Asian interior dust sources, such as Tarim Basin, over the past 12.0 Ma
without significant provenance variations (Pettke et al., 2000).

For the CLP eolian record, the mean grain size of quartz (MGS, Fig. S5e) is an accepted
East Asian winter monsoon (EAWM) proxy. The broadly coupled trend between MAR (Fig.
S5d) and MGS (Fig. S5e), especially since the iNHG event, reflects increased eolian inputs
that were controlled mainly by a stronger northwesterly surface winter monsoon in the CLP
region (Sun and An, 2005; Sun et al., 2006). For the pre-Quaternary red clay, high-level
westerlies has been suggested to be responsible for eolian supply (Ding et al., 1998, 2000;
Vandenberghe et al., 2006; Zhang et al., 2003), while NPO eolian deposition documents a
nearly continuous westerly signal since the late Cenozoic (Merrill et al, 1989; Rea, 1994).
Although red clay on the CLP was deposited by westerlies, these pre-Quaternary eolian
materials experienced intense post-depositional chemical weathering and pedogenesis, as
indicated by higher CIA (Fig. S5f and S5g; Xiong et al., 2010; Sun and Zhu, 2010) and
abundant pedogenic hematite (Hao et al., 2008, 2009; Maher, 2016). Hence, information about
the westerlies has been altered in red clay sequences. In contrast, Asian eolian fractions
transported by westerlies are well preserved in the stable NPO deep-sea environment without
significant post-depositional alteration (Rea, 1994).

From the above interpretation, provenance, transportation, and post-depositional
alteration of CLP sediments are controlled by both Asian winter and summer monsoons, while
the NPO deep-sea eolian archive documents an original westerly signal from Asian inland dust
source areas. Therefore, eolian records and corresponding weathering indices have their own
distinct patterns. The post-iINHG moisture increase mechanism in Asian dust source regions
proposed here is based mainly on the strong positive relationship between eolian flux and
weathering proxies. Other mechanisms might account for variation of these records and proxies.
Further eolian dust studies, such as development of long-term marine eolian records from Asian
marginal seas and the Northwest and North Pacific Ocean, and recovery of high-resolution
terrestrial westerly-deposited signals, will enable the detailed land-ocean comparisons needed

to assess the proposed mechanism for the post-iNHG moisture increase and to assess other
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potential explanations. Nevertheless, this study provides a new perspective for understanding
the paleoclimatic significance of NPO eolian records.
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Fig. S5. Land-ocean comparison between the Chinese Loess Plateau (CLP) and North Pacific Ocean (NPO).
a, Flux of Relum+a: for ODP Hole 885A; b, CIA for ODP Hole 885A; ¢, Rb/Sr for ODP Hole 885A; d, mass
accumulation rates (MAR) for the CLP Zhaojiachuan/Lingtai profiles (Sun and An, 2005); e, stacked mean
grain size of quartz for the CLP Zhaojiachuan/Lingtai profiles (Sun et al., 2006); f, CIA for the CLP
Jingchuan profile (Sun and Zhu, 2010); g, CIA for the CLP Baishui profile (Xiong et al., 2010); h, Rb/Sr for
the CLP Jingchuan profile (Sun and Zhu, 2010). Black bars at the top of the figure indicate the development

process of northern hemisphere ice-sheets (Zachos et al., 2001).
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