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Supplementary Text 1. Moisture changes in the dust source regions during the late
Pliocene

Environmental changes in the dust source regions play a key role in fueling aeolian
dust delivery from the Asian interior. An obvious fundamental turnover in the
composition of the desert vegetation in the Qaidam Basin occurred from ~3.6 to 3.3
Myr ago. It is marked by a two- to three-fold increase in Artemisia percentages at the
expense of other steppe/desert taxa including Ephedraceae, Asteraceae and
Tamaricaceae (Fig. 3d). Vegetation turnover events in the Qaidam Basin coincide with
the first major expansion of NHIS in the Pliocene?. However, a dry climate in desert
areas in conjunction with stable land surfaces could potentially lead to higher, lower,
or unchanging dust emissions, depending on the overall impact of each part of the
system®. Therefore, we use the chemical index of alternation (CIA) and Rb/Sr ratios of
terrigenous input (Fig. 2e, f) to reconstruct climatic conditions of the source areas.
Higher CIA and Rb/Sr ratios suggest enhanced chemical weathering in moister source
areas*°, while lower CIA and Rb/Sr ratios may indicate the dominance of physical over
chemical weathering processes®. Application of the CIA proxy necessitates
consideration of Na derived from pore water within or passing through the cored
sediments. Any non-detrital Na contribution is assumed to be approximately uniform
throughout the core. Compared to the relationship between weathering indicators (CIA
and Rb/Sr) (Fig. 2e, f) and eolian proxies in ODP Site 1208 (Fig. 3e), enhanced eolian

flux is clearly associated with increased chemical weathering in source areas in
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response to the M2 glacial and iNHG events (Fig. 2d and e). This moisture enhancement
in the source area during periods of NHG also shown by the other records from the high
and low latitude North Pacific’®. As a result, increased moisture can potentially
enhance erosion and weathering, releasing fine particles from parent rocks that are then

subject to eolian transportation®%1%,
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Supplementary Fig. 1. (a) La-Th-Sc diagram. Compositions of northwest Pacific ashes, Pacific bottom waters, and hydrothermal materials are
form Bailey'?, Ziegler et al.'3, and Severmann et al.'*, respectively. Also shown are end-members generated by the factor analysis'®. (b) Pb isotope
data for ODP Site 1208 in comparison to other regional archives and input sources. Data source: Pacific Ocean detrital sediments'®t"!8: volcanic
rocks of the Izu-Bonin arc, Mariana arc, and Luzon-Ryuku-Honshu arc; Chinese loess (bulk, residue, and leachates'? 1" °: marine detrital downcore
sediments from IODP Site U1340 in the Sea of Japan®° and ODP Site 885/886 in the North Pacific?’. Stars represent estimates for the average pre-
anthropogenic composition of Asian dust?>?2, (c) Cross plot between the 87Sr/%Sr ratios and eNd values of the operationally defined eolian dust in
Pacific sediments®®.
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Supplementary Fig. 2. Schematic maps showing stepwise Northern Hemisphere
Glaciation and strength of northern hemisphere westerlies from pre- to post-M2
conditions.
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Supplementary Fig. 3. North Pacific dust records and North Atlantic data during
the Pliocene. (a) Global benthic 580 record?®; (b) SSTmgica from Site 610A%*; (c)
5180vc-seanater Values are indicated Pliocene salinities changes?*; (d) Flux of Relum+ct
and based on age (red) and 3He? (grey) for ODP Site 1208; (e) Atmospheric pCO;
based on planktonic foraminifera 5''B?® (yellow) and model simulations®’ (black).



48

49
50
51
52
53
54
55
56

57

(a) Bering Strait open (b) . _ Bering Strait closed

0 0
20 20
15 15
10 10
- 5 o
% 2000- 5 3 -%_ 5
@ 2500 0y @ 03
o s 0 s
3000+ 5 < 5 <
3500+ 10 10
4000+
-15 15
4500+
-20 20
5000 T T T r T T r T t
-20 0 20 40 60 80 -20 0 20 40 60 80
Latitude Latitude
(c) Bering Strait open - closed (d)
0 : : : : : 20 30
500 - - M. Closed Bering
1000 J | 20 | — Open Bering
10
1500 - o
5 o =2 i
_%_ 2000 - 5 & 10
O 2500 - -0 8 3
o g g
3000 - 5 = g 0
'_
3500 -
10
4000 - H -10]
4500 - 15
5000 . : : . . -20 -20 : ,
20 0 20 10 60 80 0 30 5 60 90
Latitude Latitude

Supplementary Fig. 4. Climate response to a closed Bering Strait simulated by the
Community Climate System Model, version 4 (CCSM4). a) Atlantic Meridional
Overturning Circulation (AMOC) in an open Bering Strait (BS) scenario. b) AMOC in
a closed BS scenario. ¢) The difference in AMOC strength between the open BS and
closed BS scenarios. d) zonal mean surface air temperature in the Northern Hemisphere
in the open BS (blue) and closed BS (orange) scenarios, showing a steeper meridional
temperature gradient due to reduce northward heat transport driven by a weaker AMOC
in the open BS scenario.
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Supplementary Fig. 5. Changes in precipitation minus evaporation when compared to
the warm mPWP (PlioMIP 1). The upper panel shows results for MIS M2, while the
bottom panel shows results for INHG. Panels a/d, b/e, c/f represent the annual mean,
summer and winter results, respectively. Overall, aridification occurred during glacials
compared to mPWP during the Pliocene.
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Supplementary Fig. 6. Zonal wind at different pressure levels. The average zonal wind
is the same as in the Figure. 5. It is calculated for longitudes between 120<E and 150E,
corresponding to the dominant dust source region in the North Pacific. The orange, blue
and purple curves represent PlioMIP1, MIS M2 and iNHG simulations, respectively.
The subplots (a, b, ¢) / (d, e, ) / (g, h, i) represent the mean annual, summer and winter
results, respectively.
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Supplementary Figure 7. The distribution of zonal mean temperature at different
altitudes over the Eurasian region (0N-60N, 70 E-150E) during PlioMIP 1 (orange
line), MIS M2 (blue line), and iNHG (purple line).
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Supplementary Fig. 8. ODP Site 1208 dust records in the context of global terrestrial plant changes (a) Global benthic §'80 record?; (b)
Artemisia pollen percentages at site SG-1 from the Qaidam Basin?; (c) Flux of Relum+ct for ODP 1208 (this study); (d) Flux of Relnm+ct calculated
from 3He-derived MAR?® for ODP Site 1208 (this study); (e) 3*3C of Cas-alkanes from northwest Australia®®; (f) 6*C of Cso-fatty acid at Site
U1445 from the Bay of Bengal, which reflects vegetation type changes from the Mahandi basin on the Indian Peninsula?®.
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Supplementary Table 1. The mean, median and standard deviations of Relum+ct fluxes over four time windows ODP 1208.

Age Model-derived Relnm+ct Fluxes

3Heer-derived Relnm+ct Fluxes

Time Interval
2.5-2.73 Ma
2.73-3.31 Ma
3.31-3.55 Ma
3.55-4.1 Ma

Mean
10.22
5.75
5.18
3.97

Median
8.38
5.38
5.17
3.54

Standard Deviation Mean Median
5.55 8.06 6.89
2.89 5.20 4.58
2.98 4.45 4.22
2.08 3.32 2.92

Standard Deviation
5.41
2.75
1.69
1.74
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