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Figure S1. The evolution of simulated GMSTs under identical atmospheric CO: forcing using the CNDV vegetation module (red line) and
the BIOME4 vegetation module (blue line). The prescribed deep-time CO> forcing is derived from Li et al. (2022).
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Figure S2. Annual-mean 10 m wind speed (m/s) for 540 Ma to 420Ma.
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Figure S3. Annual-mean fraction of ground covered by snow for 540 Ma to 420Ma.
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Figure S4. Global dust emission in this work (blue line in kg/m?/s, red line in Tg/yr) and in Xie et al. (2024) (grey shading in kg/m?/s).
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Figure S5. Annual-mean dust dry deposition (g/m?/yr) for 540 Ma to 420Ma.
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Figure S6. Annual-mean dust dry deposition (g/m?/yr) for 410 Ma to 0 Ma.
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Figure S8. Annual-mean dust wet deposition (g/m?/yr) for 410 Ma to 0 Ma.
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Figure S10. Annual-mean dust loading (g/m?) for 410 Ma to 0 Ma.
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Figure S11. The differences in dust loading (Tg) between DUST2 experiments and DUST1 experiments for 540 Ma to 420Ma.
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Figure S12. The differences in dust loading (Tg) between DUST2 experiments and DUST1 experiments for 410 Ma to 0 Ma.
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Figure S14. The differences in surface downwelling solar radiation (W/m?) between DUST2 experiments and DUST1 experiments for 410

Ma to 0 Ma.
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Figure S15. The differences in clear-sky downwelling solar radiation at the surface (W/m?) between DUST2 experiments and DUST1

experiments for 540 Ma to 420Ma.
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Figure S19. The differences of vertically-integrated total cloud fraction (%) between DUST?2 experiments and DUST1 experiments for
540 Ma to 420 Ma.
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Figure S20. The differences of shortwave cloud forcing (W/m?) between DUST2 experiments and DUST1 experiments for 540 Ma to 420
Ma.
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Figure S21. The differences of vertically-integrated total cloud fraction (%) between DUST2 experiments and DUST1 experiments for
410 Ma to 0 Ma.
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Table S1. Atmospheric CO:2 concentrations, solar radiation, and simulated dust emission, dust loading, dust deposition into ocean, dust

lifetime, global mean surface temperatures (GMSTs) for the 55 simulations (DUST?2) in this study.

Solar Dust —
. . Year | CO o o . Deposition | . . GMST
Simulation radiation |Emission |Loading | | Lifetime
(Ma) | (ppmv) into ocean °C)
(W/m?) | (Tg/yr) | (Tg) (day)
(Tg/yr)

1 540 | 7840 1302.20 | 6228.2 53.2 2391.5 3.1 25.81
2 530 | 7560 1303.29 | 6595.2 56.9 2555.1 3.1 25.71
3 520 | 6440 1304.38 | 5841.9 47.0 2210.3 2.9 25.41
4 510 | 6440 1305.47 | 6643.8 49.0 2427.3 2.7 25.25
5 500 | 7000 1306.56 | 5833.1 44.7 2064.7 2.8 25.32
6 490 | 7000 1307.65 | 6801.3 49.9 2420.2 2.7 25.53
7 480 | 6720 1308.74 | 6718.6 44.6 2337.9 2.4 25.86
8 470 | 6440 1309.83 | 6769.1 473 2373.5 2.5 25.77
9 460 | 4480 1310.92 | 6748.6 46.4 2389.7 2.5 23.57
10 450 | 1680 1312.00 | 6179.6 42.4 2381.8 2.5 18.48
11 440 | 1680 1313.09 | 5839.3 42.3 2159.1 2.6 18.10
12 430 | 1960 1314.18 | 5454.7 37.1 2237.3 2.5 20.82
13 420 | 1680 1315.27 | 8220.4 52.2 3384.4 2.3 21.12
14 410 | 1260 1316.36 216.6 2.8 98.1 4.7 21.96
15 400 | 1400 1317.45 140.0 1.9 62.6 4.9 23.02
16 390 | 2660 1318.54 212.7 3.2 90.6 5.4 24.71
17 380 | 2800 1319.63 167.3 2.7 71.0 5.8 2493
18 370 | 1680 1320.71 134.7 1.9 56.1 5.1 22.60
19 360 | 1260 1321.8 57.3 0.5 23.0 32 20.48
20 350 | 1120 1322.89 128.1 1.6 33.7 4.5 19.55
21 340 | 1260 1323.98 313.9 4.6 85.1 53 20.20
22 330 980 1325.07 484.3 6.6 156.8 4.9 18.97
23 320 840 1326.16 723.3 9.8 200.2 4.9 16.64
24 310 532 1327.25 715.6 9.4 212.0 4.8 13.27
25 300 532 1328.34 767.0 10.5 247.5 5.0 16.05
26 290 420 1329.42 886.0 11.0 252.5 4.5 12.61
27 280 532 1330.51 997.5 14.0 269.6 5.1 15.11
28 270 896 1331.6 969.5 14.6 278.5 5.5 19.27
29 260 | 1680 1332.69 | 1079.1 16.4 329.1 5.5 22.40
30 250 | 4424 1333.78 1581.3 27.0 384.9 6.2 25.51
31 240 | 4760 1334.87 | 1981.3 35.0 496.7 6.4 25.28
32 230 | 4200 1335.96 | 1539.2 29.1 367.3 6.9 24.84
33 220 | 3640 1337.05 1023.6 18.9 274.0 6.7 24.42
34 210 | 3360 1338.14 | 1017.5 18.6 252.5 6.6 23.89
35 200 | 2800 1339.22 1152.6 19.8 263.7 6.2 22.66
36 190 | 1680 1340.31 897.5 14.2 226.0 5.7 20.43
37 180 | 1484 1341.4 706.4 10.6 155.3 5.5 19.38
38 170 | 1120 1342.49 913.2 12.0 257.6 4.8 18.77
39 160 980 1343.58 1119.7 13.6 385.1 4.4 19.19
40 150 | 1120 1344.67 521.0 6.3 146.5 4.4 19.76
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41 140 | 1358 1345.76 637.7 8.9 186.1 4.6 20.31
42 130 | 1288 1346.85 600.1 9.6 153.8 5.8 21.47
43 120 | 1400 1347.93 582.9 8.9 160.7 5.5 22.57
44 110 | 1400 1349.02 299.2 3.7 111.8 4.5 23.34
45 100 | 1540 1350.11 202.8 2.8 79.4 5.0 23.78
46 90 1260 1351.2 256.1 32 102.3 4.5 23.58
47 80 1211 1352.29 2304 3.0 94.9 4.7 24.21
48 70 1260 1353.38 79.5 1.1 323 5.0 23.06
49 60 980 1354.47 174.7 2.2 46.8 4.6 21.98
50 50 1064 1355.56 2379 3.2 574 4.9 22.77
51 40 728 1356.64 313.1 4.2 67.9 4.9 20.56
52 30 504 1357.73 926.9 13.9 210.2 5.5 16.28
53 20 504 1358.82 1148.3 17.6 288.9 5.6 15.59
54 10 476 1359.91 797.2 12.2 178.5 5.6 16.16
55 0 280 1360.89 | 2217.8 23.4 991.3 3.8 12.03

Period simulation Location Basin Key reference
Orcadian Basin
Scotland . . Marshall et al. (1996)
Extensional basin
Scotland Orcadian Basin Rogers & Astin (1991)
. Allen & Marshall
Scotland Shetland basin
(1981)
410Ma, Fault bounded Trewin & Thirlwall
Early Scotland .
i 400Ma, basins (2002)
Devonian ; . .
390Ma Australia Canning Basin Thornton (1990)
Antarctica Gilmer (2008)
. . Stump & Vandereem
Saudi Arabia
(1995)
Intracontinental rift )
Ireland ) Morrissey et al. (2012)
setting
USA Appalachian Basin Swezey et al. (2012)
360Ma,
. . Stump & Vandereem
Early 350Ma, Saudi Arabia
. (1995)
Carboniferous | 340Ma,
Intramontane
330Ma Greenland . . . Olsen & Larsen (1993)
strike-slip basin
Stewart & Walker
Canada
(1980)
320Ma, USA Green River basin Driese & Dott (1984)
Late 310Ma, USA Eagle Basin Schenk 1987
Carboniferous | 300Ma, USA Paradox foreland Jordan & Mountney
290Ma basin (2012)
USA Michigan Basin Benison et al. (2011)
USA Uinta—Piceance Bowker & Jackson

Table S2. Compilation of main aeolian sand systems used in this study. This compilation is modified and expanded from Rodriguez-Lopez
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Badin Province (1989)
USA Chan & Kocurek (1988)
USA Laramie Basin Kelly (1984)
USA Kerr & Dott (1988)
Loope & Haverland
USA
(1988)
Brazil Solimdes Basin Elias et al. (2007)
Argentina Paganzo basin Geuna et al. (2010)
. .. . Hernandez &
Argentina Tarija Basin .
Echavarria (2009)
. Spalletti et al. (2010);
. Paganzo Basin ] . ]
Argentina i Limarino & Spalletti
retroarc basin
(1986)
. . Limarino & Spalletti
Argentina Mendoza Province
(1986)
) Northern Limarino & Spalletti
Argentina .
Precordillera (1986)
. . . Limarino & Spalletti
Argentina La Rioja Province
(1986)
. ] . Giannini et al. (2004)
Brazil Paran4 Basin .
Dias & Scherer (2008)
USA Edwin (1979)
Arran Basin Clemmensen &
Scotland .
Pull-apart basin Abrahamsen (1983)
Moray Firth Basin
Clemmensen (1987)
UK Northern North .
. 260Ma, . Hurst & Glennie (2008)
Late Permian Sea Basin
250Ma -
UK Dorset Basin Newell (2001)
Worcester Basin
UK and Shropshire Benton et al. (2002)
Basin
Polish Rotliegend | Kiersnowski & Buniak
Poland ]
Basin (2006)
North German
Germany Basin; Southern Antrett et al. (2012)
Permian Basin
Northern Permian Heward Alan et al.
Denmark ]
Basin (2003)
Southern Permian
Netherlands . Geluck (2007)
Basin
France Champenay Basin Swezey et al. (1996)
Rendalen Graben,
Norway . Larsen et al. (2008)
Oslo Rift
Central European .
L 240Ma, Germany . Bourquin et al. (2009)
Early Triassic Basin
230Ma - -
France Rift basin Maubeuge (1974)
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Spain Iberian Basin Soria et al. (2011)
) Clemmensen & Hegner
Heliogoland
(1991)
Mroczkowski & Mader
Poland
(1985)
Scotland Hurst & Glennie (2008)
Scotland Tyrrell et al. (2009)
East Irish Sea
Ireland . Buckman et al. (1998)
Basin
Cowan & Boycott-
England Brown (2003)
Meadows (2006)
West Cumbrian Jones & Ambrose
England .
Basin (1994)
England Cheshire Basin Bloomfield et al. (2006)
USA Irmen & Vondra (2000)
USA Paradox Basin Lawton & Buck (2006)
Extensional basin; Davies et al. (1997)
Canada . . .
Peace River Basin Nassichuk (2000)
Southern Africa Karoo Basin Edwin (1979)
. Auranga— .
India . Sen & Sinha (1985)
Gondwana Basin
. , . Nowatzki & Kern
Brazil Parana Basin
(2000)
) Silva & Fernandez
Argentina
(2004)
. Tanner & Lucas (2007);
USA Back-arc basin
Porter (1987)
Retro-foreland
USA basin; flexural Edwards (1985)
200Ma, basin and back-arc | Tanner & Lucas (2007)
Early ] ) 190Ma, basin
ALY THESSIE T goMa USA San Juan Basin | Huffiman et al. (1984)
USA Aultman (1975)
Michigan Basin; .
USA . ) . Benison et al. (2011)
intracratonic basin
. LeTourneau & Huber
USA Pomperaug Basins
(2006)
Canada Fundy Basin Tanner & Hubert (1992)
South Africa Tuli Basin Holzforster (2007)
Morocco Argana Basin Hofmann et al. (2000)
Nowatzki & Kern
170Ma, Brazil Parana Basin (2000); Scherer &
Late Jurassic 160Ma, Lavina (2006)
150Ma . . . .
Brazil Parnaiba Basin Edwin (1979)
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Bongiolo & Scherer

Brazil Reconcavo Basin
(2010)
. Neuquén Basin; . )
Argentina ) Veiga & Spalletti (2007)
backarc basin
North—south-
. elongated
Chile . Bell (1991)
intermontane back-
arc basin
Allen et al. (2000);
USA Anderson & Lucas,
(1984)
USA Uinta Basin Keele (2008)
USA Lockley et al. (2007)
USA O'Sullivan (2010)
USA Chama Basin Lucas et al. (2005)
USA San Juan Basin Huffman et al. (1984)
) ) Kilibarda & Loope
USA Bighorn Basin
(1997)
) ) Ajdukiewicz et al.
USA, Mexico Gulf of Mexico
(2010)
USA, Mexico Tedesco et al. (2002)
USA Aultman (1975)
Michigan Basin; .
USA ) ] ) Benison et al. (2011)
intracratonic basin
USA Szigeti & Fox (1981)
. . Gonzalez-Naranjo et al.
Mexico Central Coahuila
(2008)
Brazil Parnaiba Basin. Edwin (1979)
Brazil Parana Basin Edwin (1979)
. ) . Bongiolo & Scherer
Brazil Reconcavo Basin
(2010)
) Sanfranciscana Mendonca & Castro
Brazil ]
Basin (2002)
North—south-
) elongated
140Ma, Chile ) Bell (1991)
Early intermontane back-
130Ma, .
Cretaceous arc basin
120Ma,
110Ma Argentina Neuquén Basin Stromback et al. (2005)

Kalahari and

Central and Okavango basins; Haddon & McCarthy
Southern Africa | intracratonic sag (2005)
basins
o . Howell & Mountney
Namibia Huab Basin
(2001)
Namibia Mello et al. (2011)
Namibia Goudie & Eckardt
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(1999)

Bovnt Ahmed & Soliman
P (1988)
Israel Maktesh Gadol Azmon (1982)
Israel Weinberger (1980)
Mongolia, . Jerzykiewicz et al.
- Gobi Desert
China (1989)
Tibet Nima Basin DeCelles et al. (2007)
Chen et al. (1994)
Ji t al. (2008
China 1ar.1g etal. ( )
Li et al. (2004)
Mei et al. (2003)
Thailand Khorat Basin Hasegawa et al. (2009)
) Kindler & Davaud
France Saleve Chain
(2001)
Greece Mizota et al. (1988)
) North Atlantic Lever & McCave
North Atlantic )
Ocean Basin (1983)
) ) Gonzalez-Naranjo et al.
Mexico Central Coahuila
(2008)
. Bauru Basin; Basilici & Fuhr-Dal
Brazil . . .
intracratonic basin (2010)
Brazil Sgarbi & Ladeira (1995)
. Sanfranciscana Spigolon & Alvarenga
Brazil ]
Basin (2002)
) Central Rivarola & Spalletti
Argentina . .
Argentinean rift (2006)
. . . Sanchez & Heredia
Argentina Neuquén Basin
(2006)
Argentina Neuquén Basin Sanchez et al.(2006)
Argentina Neuquén Basin Armas et al. (2012)
100Ma, Mongolia Ulan Nur Basin Seike et al. (2010)
Late 90Ma, China Bayan Mandahu Eberth (1993)
Cretaceous 80Ma, Mongolia, . Jerzykiewicz et al.
- Gobi Desert
70Ma China (1989)
Tibet Nima Basin DeCelles et al. (2007)
Chen et al. (1994)
Ji t al. (2008
China tang et al. (2008)
Liet al. (2004)
Mei et al. (2003)
Thailand Khorat Basin Hasegawa et al. (2009)
Greece Mizota et al. (1988)
. North Atlantic Lever & McCave
North Atlantic .
Ocean Basin (1983)
Mid-Pacific Pacific Ocean
Rea & Janecek (1981)

Mountains

Basin
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USA

Kaiparowits Basin

Simpson et al. (2008)

France Paris Basin Thiry et al. (1988)
Uplifted Colorado
USA Cather et al. (2008)
Plateau
USA Great Plains Tedford et al. (1996)
Gabon Congo Basin Seranne et al. (2008)
Middle 50Ma, Egypt Fayum Basin El-Fawal et al. (2013)
Eocene 40Ma Tindoouf-
Morocco ) Teson et al. (2010)
Ouarzazate Basin
Australia Eucla Basin Hou et al. (2006)
China Xining Basin Meijer et al. (2021)
China Xorkol Basin Lietal. (2018)
China Lanzhou Basin Zhang et al. (2014)
Portugal Lower Tejo Basin Pais et al. (2012)
Italy Valdarno Basin Ghinassi et al. (2004)
Rodriguez-Lopez et al.
Spain Teruel Basin gu P
(2012)
Rio Grande Rift, )
USA X Galusha & Blick (1971)
Albuquerque basin
Aggrading High
USA ggracing i Bart (1977)
Plains of USA
USA La Espafiola Basin Koning et al. (2004)
USA Extensional Knoll Deibert & Camilleri
Basin. (2006)
Mexico Forearc Basin Umbhoefer et al. (2001)
Bolivia Andean Foreland Uba et al. (2005)
Argentina Andean Foreland Voss (2002)
) Tripaldi & Limarino
Argentina Andean Foreland
(2005)
. 20Ma-
Miocene ) Active Andean .
10Ma Argentina Milana et al. (1993)
foreland
Argentina Andean Foreland | Do Campo et al. (2010)
. Andean (Broken) . .
Argentina Davila & Astini (2003)
Foreland
Argentina Andean Foreland Irigoyen et al. (2000)
Northern
) Magallanes Bown & Larriestra
Argentina .
Basin/San Jorge (1990)
Basin
Argentina Zavala & Freije (2001)
Saudi Arabia Bristow (1999)
Namibia Segalen et al. (2004)
Intracratonic Chad
Chad ) Swezey (2006)
Basin
Franceschini &
Western Cape

Compton (2004)
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China Lanzhou Basin Zhang et al. (2014)
) Sikouzi . .
China Jiang & Ding (2010)
area
. Central Loess Ding et al. (2001);
China
Plateau Sun et al. (1997)
China Baode Zhu et al. (2008)
. o Ding et al. (1998);
China Jiaxian .
Qiang et al. (2001)
China Shilou Xu et al. (2009)
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