Table S1 The most popular geochemical fingerprinting indices used to identify dust
provenance in northern China.

Indexes Regions References
%
f]ilefslin’)n (GdYb), (La/YD)n, Qilian Mountains Wei et al. (2017)
EwEu* Northern China Chen et al. (2017)
Eu/Eu*, Y/XREE, La/Er,
La/Gd, Gd/Er, La/Yb, Y/Tb, Northern China Ferrat et al. (2011)

Y/La, Y/Nd, La/Th
Eu/Eu*, (La/Yb),, (La/Sm)y,

(Gd/Yb) Northeastern China Xie and Chi (2016)
(La/Yb), Northern China Yang et al. (2007)
EwEu*, (La/Yb)a Chinese Loess Plateau Jahn et al. (2001)
Euw/Eu*, (Gd/Yb),, (La/Sm),  Chinese Loess Plateau Ding et al. (2001)
EwEu*, (La/Yb),, La/Th Chinese Loess Plateau Gallet et al. (1996)
Th/Sc, La/Th Chinese Loess Plateau Liu et al. (1993)

Table S2 Main climate and related conditions at the meteorological station sites in the
study region. Their locations are shown in Figure S1. DP is the drift potential in vector
units and RDD is the resultant drift direction; they were calculated using the methods
of Fryberger and Dean (1979). Umean, mean annual wind speed; MAT, mean annual
temperature. High DP indicates strong wind erosion in the dust source region and strong
transport of dust material to transitional regions (such as the Tengger Desert) and
downwind regions (such as the Chinese Loess Plateau).
Karamay Hongliuhe Mazun Ejina Hongsan Zhongwei Yulin

Elevation 5 2692 2200 910 1329 1307 1100
(m asl)

Total 105 455 150 37 70 94 438
annual

rainfall

(mm)

MAT (°C) 8.6 11.4 6.3 83 9 12 8.1
Unean (m s~ 3.70 4.05 419 29 39 2.6 3.6
1

)

DP(VU) 475 268 348 91  405° 69" 70°
RDD (°) 312 76 339 297 3170 303° 311°

4 Data from Hongsan are from Zhang et al., 2015; ® Data from Zhongwei are from Dong
et al. (2014); ¢ Data from Yulin are from Liu and Yang (2018).



Table S3 The composition of trace elements and rare earth elements at the 40 sample sites. Site abbreviations: A, Alxa Plateau; C, Hexi Corridor
and its adjacent region; G, Guerbantonggute Desert; H, Heihe River Basin; L, Lanzhou; M, Mu Us Desert; Q, Qaidam Basin; T, Tengger Desert.

Gl G2 G3 G4 G5 G6 G7 Ql Q2 Q3 Q4 Qs Al A2 A3 A4 AS

Sc 137 159 141 117 148 168 134 108 117 154 128 168 138 875 16.3 15.8 19
Rb 112 871 126 108 132 121 122 115 83.5 109 718 105 135 89.7  93.1 113 103

Sr 264 261 401 420 286 239 610 271 356 340 90.6 123 304 298 322 314 316

5 Y 336 496 298 298 297 287 264 276 385 345 312 42 266 20.1 32 372 363
% Zr 233 359 179 150 218 164 179 389 315 290 166 223 232 210 316 395 254
E Nb 11 154 106 921 114 109 9.03 154 144 158 189 155 126 732 13.5 178 115
g Ba 522 375 539 563 493 427 480 539 489 575 352 643 637 780 600 609 478
o Hf 633 101 481 4 577 447 48 104 879 811 478 574 617 531 8.56 10.4 6.8
T Ta 0892 147 08 0771 0953 0887 0716 125 125 129 483 424 1.08 1.05 1.13 176 0.89
Pb 199 202 235 197 223 169 19 21 139 237 323 527 214 15.6 192 257 229
Th 112 147 116 131 122 106 9.67 252 119 136 141 251 17.1 6.35 8.59 157 115
La 316 45 305 344 356 284 25 355 382 394 202 276 343 239 394 187 259
Ce 68 97.7 655 744 782 648 52 765  80.8 837 392 525 739 491 837 373 576

Pr 798 112 756 865 891 725 622 917 926  9.66 45 634 879 558 954 446  6.82

§ Nd 314 443 299 342 348 289 246 356 349 374 172 24 349 215 364 173 276
£ sm 636 94l 6 701 701 595 505 698 655 756 333 485 722 431 7.01 3.6 593
2: Eu 134 168 126 134 135 131 106 1.17 1.2 148 066 091 149 0.94 118 084 131
«5 Gd 58 873 55 602 565 516 444 558 576 651 296 406 639  3.73 5.53 323 539
2 Tb 091 139 084 093 087 08 072 084 09 102 046 064 1.03 059 084 054 087
. Dy 546 819 493 522 496 48 434 48 6.15 599 273 3.8 627 345 468 33 5.28
Ho 1.14 168 1.02 102 1.02 098 091  0.96 13 121 056  0.77 126 072 092 0.7 1.1
Er 324 481 29 281 291 277 259 275  3.77 3.4 1.6 2.13 358 203 2.6l 205 3.4
Tm 048 07 041 04 042 04 038 04 055 049 023 031 0.52 0.3 0.37 0.3 0.46




Yb 3.18 4.85 2.76 2.6 287 268 258 2.81 3.59 3.36 1.55 2.05 3.46 2.01 2.54 2.08 3.14
Lu 0.48 0.74 0.42 039 043 0.41 0.39 0.43 0.53 0.51 0.24 0.31 0.52 0.3 0.38 0.32 0.48
Ab A7 Cl1 C2 C3 C4 C5 C6 C7 C8 H1 H2 H3 H4 HS H6 H7
Sc 12.1 11.1 18.7 16.1 12.3 12.2 13.1 14.5 10.9 10.2 16.6 15.4 16.9 15.1 13.3 12.1 11.7
Rb 102 107 105 97.5 122 83.6  79.7 70.9 94.9 94 100 99.2 165 86.7 118 101 102
Sr 274 236 307 261 257 246 260 263 234 230 256 257 277 270 344 227 240
g Y 32.7 27.1 36.8 42.8 279 286  35.1 40.6 20.7 20.3 31.1 37.8 26 429 23.7 23.8 30.2
% Zr 369 454 222 206 254 423 642 847 218 199 328 785 120 577 179 204 207
5 Nb 13.9 13.7 12.1 10.3 13.4 13.2 15.3 19.4 10.7 9.88 19.7 22.9 12.6 16.2 11.3 12.4 11.5
_;: Ba 674 596 472 473 523 538 527 432 883 1532 912 642 649 543 640 585 601
g% Hf 10.1 12.2 5.64 548 6.64 11.1 16.5 22.1 5.49 5.47 8.92 20.9 3.28 15.7 4.65 5.43 5.66
- Ta 1.07 1.13 0926 0.82 1.19 1.35 1.57 2.11 0.792 0.838 1.5 2.23 0.952 1.44 0.853 1.2 0.887
Pb 18.3 20.8 223 339 201 17.3 17.5 17.7 43.2 27.7 22.3 21.4 27.2 232 239 16.6 17.1
Th 12.5 18.8 10.7 11.9 14.4 11.5 14.3 17 8.7 8.28 28 22.7 14.8 21.6 11.9 10.2 11.3
La 48.8 41.8 44.1 322 334 30.7 328 48.1 235 29 335 34.6 38.9 329 50.6 542 35
Ce 107 91.8 91 70.1 73.7 63.9  68.7 101 47.6 57.7 72.6 79.8 85.4 69 107 119 74.2
Pr 12.3 10.5 10.7 8.47 8.59 7.21 7.66 11.9 5.54 6.5 8 9.37 9.6 7.81 11.6 13 8.37
g Nd 46.7 39.9 41 33.7 34 27 28.6 45 213 242 30.1 37.1 36 294 42.8 48.8 31.8
% Sm 9.03 7.73 8.01 7.09 7.17 5.08 543 9 4.15 4.55 5.84 7.66 7.06 5.67 7.8 9.11 6.11
2: Eu 1.65 1.44 1.56 1.51 1.49 1.07 1.1 1.6 0.88 0.97 1.19 1.35 1.14 1.14 1.46 1.5 1.09
(5 Gd 7.5 6.53 6.73 6.37 6.69 447 475 7.96 3.62 4.01 4.95 597 5.76 5.02 6.39 7.49 5.06
% Tb 1.17 1.02 1.06 1.02 1.08 0.68 0.71 1.23 0.56 0.61 0.78 0.91 0.87 0.78 0.97 1.14 0.79
g% Dy 6.81 5.94 6.23 6.12 6.84 397  4.07 7.18 3.23 3.57 4.49 5.28 4.8 4.69 5.46 6.4 4.47
Ho 1.41 1.23 1.26 1.25 146  0.81 0.81 1.48 0.65 0.73 0.91 1.12 0.96 0.96 1.11 1.31 0.91
Er 4.05 35 3.62 3.58 4.2 227 229 4.24 1.79 2.07 2.54 3.31 2.69 2.72 3.13 3.75 2.56
Tm 0.6 0.51 0.53 0.53 0.61 032 033 0.62 0.26 0.3 0.36 0.51 0.39 0.4 0.45 0.55 0.37




Yb 4.15 3.52 3.59 3.54 4.1 217 221 4.27 1.68 2.01 2.43 3.52 2.77 2.66 2.99 3.86 2.48
Lu 0.64 0.53 0.55 0.54  0.61 0.33 0.33 0.65 0.25 0.3 0.37 0.55 0.43 0.41 0.46 0.61 0.37
HS8 H9 H10 M T1 T2 T3 L K1 K2 K3 K4 K5 K6 K7
Sc 12 12.1 9.18 11 8.75 12.6 11.6 2.29 8.65 8.10 4.35 7.46 6.38 6.61 4.45
Rb 103 106 81.5 83.9 88.8 120 112 25.1 25.16 27.10  30.22 28.79 29.23 32.24 274
Sr 256 244 229 232 224 210 262 121 143.58 133.87 125.88 131.57 124.10 161.31 152.32
Y 27.5 24.7 18 26 19.5 264 263 35.6 20.27 24.55 13.33 12.49 14.07 13.89 11.58
Zr 254 223 124 326 187 234 309 268 132.03 650.10 62.21 73.99 91.22 96.49  116.46
Nb 12.4 11.1 8.84 10.7 9.86 12.3 11.8 15.6 10.98 8.98 5.85 6.55 6.95 6.54 4.96
Ba 631 670 532 449 599 644 627 758 345.89 26832 236.94 27571 242.17 220.31 198
Hf 6.83 5.75 3.18 8.66 4.8 5.98 8.18 6.74 4.72 19.59 2.21 2.49 3.03 3.26 3.75
Ta 1.75 0.902 0.664 132 0.673 0965 0.925 4.10 1.21 1.01 0.67 0.77 0.72 0.67 0.52
Pb 62.6 22.6 267 18.6 38 162 103 12.4 17.71 18.70 16.66 16.08 17.08 18.15 21.01
Th 11.6 10.2 7.94 13.2 7.83 11.4 13.1 36.2 25.98 38.59 13.99 16.76 19.87 15.63 18.38
La 283 284 30.7 33.7 26 384  36.7 40.1 32.93 38.41 18.56 24.27 25.59 19.73 18.77
Ce 56.2 62.4 64.3 71 49.2 74.3 70.7 71.9 64.48 75.64  36.39 48.26 49.69 39.11 37.98
Pr 6.38 7.23 7.1 8.21 5.55 8.23 8.01 7.47 7.58 8.61 4.24 5.63 5.74 4.56 4.42
Nd 239 279 26.9 313 20.9 30.7 299 28.1 29.42 32.73 16.37 21.78 22.10 17.44 17.16
Sm 4.82 5.56 5.22 6.13 3.88 5.8 5.64 5.48 5.91 6.23 3.34 4.35 4.26 3.51 3.33
Eu 1.06 1.18 1.04 1.19  0.83 1.16 1.08 1.02 0.92 0.93 0.65 0.74 0.73 0.64 0.59
Gd 4.67 4.85 4.62 5.22 3.38 498 478 4.71 5.49 5.61 3.23 3.75 3.79 3.33 3.15
Tb 0.79 0.75 0.71 0.83 054 077 0.75 0.76 0.81 0.86 0.51 0.53 0.55 0.52 0.46
Dy 4.96 4.56 4.22 4.86 3.15 442 433 4.48 4.78 5.22 2.99 2.97 3.22 3.07 2.65
Ho 1.02 0.96 0.86 1 0.66 0.8 090 0.90 0.97 1.08 0.59 0.56 0.63 0.63 0.51
Er 2.89 2.76 2.42 2.86 1.91 2.56 2.6l 2.51 2.89 3.35 1.72 1.59 1.83 1.82 1.47
Tm 0.42 0.4 0.35 0.42 0.28 0.38 0.39 0.36 0.42 0.51 0.25 0.23 0.27 0.27 0.21




Yb 2.77 2.74 2.37 2.82 1.89 2.5 2.63 2.36 2.75 3.63 1.56 1.51 1.72 1.73 1.41
Lu 0.41 0.41 0.36 0.43 0.28 0.36  0.40 0.35 0.39 0.55 0.22 0.23 0.24 0.23 0.2

Table S4 Principal-components analysis results for the rare earth element (REE) ratios. Based on the best coefticients for PC1 (values > 0.80) and
PC2 (values > 0.60), we selected (Gd/Yb)n, (La/Yb)n, (La/Lu)n, the light to heavy REE ratio (LREE/HREE), (La/Gd)n, (La/Sm)n, (Gd/Er)n, and
La/Er as fingerprints for the sample similarity analysis.

Initial eigenvalue Component matrix
Total Percentage of variance (%) Cumulative (%) Trace elements  Coefficients of PC1 Coefficients of PC2
1 5.24 47.69% 47.69% Sc 0.35 -0.24
2 2.87 26.16% 73.85% Rb 0.29 -0.35
3 0.95 8.65% 82.50% Sr 0.20 -0.37
4 0.64 5.83% 88.33% Y 0.37 -0.07
5 0.49 4.54% 92.87% Zr 0.31 0.36
6 0.25 2.33% 95.20% Nb 0.39 0.12
7 0.23 2.11% 97.30% Ba 0.32 -0.15
8 0.16 1.51% 98.82% Hf 0.28 0.40
9 0.09 0.85% 99.67% Ta 0.34 0.25
10 0.03 0.32% 99.99% Pb 0.20 -0.15
11 0 0.01% 100.00% Th 0.01 0.49




Table S5 Principal-components (PC) analysis results for the trace element ratios and for rare earth elements (REE). Based on the best coefficients
for PC1 (> 0.80), we selected the Y/REE, Y/Tb, Y/La, and Y/Nd ratios as fingerprints for the sample similarity analysis.

Initial eigenvalue Component matrix
Total Percentage of variance (%) Cumulative (%) Trace elements  Coefficients of PC1 Coefficients of PC2
1 6.45 43.01% 43.01% La/Th -0.14 0.39
2 4.27 28.48% 71.49% Zr/Hf 0.13 0.30
3 1.79 11.98% 83.46% Y/Nb 0.06 0.07
4 1.37 9.16% 92.62% Nb/Ta 0.33 0.05
5 0.50 3.40% 96.02% Sc/Y -0.07 0.37
6 0.32 2.16% 98.18% Y/REE 0.38 0.01
7 0.09 0.63% 98.80% Th/Sc -0.01 -0.39
8 0.07 0.51% 99.31% Th/REE 0.10 -0.44
9 0.04 0.31% 99.62% Y/Yb 0.37 0.05
10 0.03 0.23% 99.85% Y/Thb 0.38 0.02
11 0.01 0.09% 99.94% Y/La 0.38 0.05
12 0 0.04% 99.98% Y/Nd 0.38 0.04
13 0 0.01% 99.99% Sc/La 0.28 0.22
14 0 0.01% 100.00% Th/Tb 0.09 -0.44
15 0 0.00% 100.00% La/Tb -0.04 -0.02




Table S6 Principal-components analysis results for the rare earth element (REE) ratios. Based on the best coefticients for PC1 (values > 0.80) and
PC2 (values > 0.60), we selected (Gd/Yb)n, (La/Yb)n, (La/Lu)n, the light to heavy REE ratio (LREE/HREE), (La/Gd)n, (La/Sm)n, (Gd/Er)n, and
La/Er as fingerprints for the sample similarity analysis.

Initial eigenvalue Component matrix
Total Percentage of Variance (%) Cumulative (%) REE elements Coefficients of PC1 Coefficients of PC2
1 12.88 92.03% 92.03% La 0.24 0.47
2 0.83 5.94% 97.96% Ce 0.25 0.41
3 0.15 1.14% 99.11% Pr 0.26 0.35
4 0.05 0.38% 99.49% Nd 0.26 0.28
5 0.04 0.34% 99.83% Sm 0.27 0.15
6 0.01 0.07% 99.90% Eu 0.26 -0.04
7 0 0.04% 99.94% Gd 0.27 -0.003
8 0 0.03% 99.97% Tb 0.27 -0.08
9 0 0.02% 99.98% Dy 0.27 -0.20
10 0 0.01% 99.99% Ho 0.27 -0.24
11 0 0.00% 99.99% Er 0.26 -0.26
12 0 0.00% 100.00% Tm 0.26 -0.27
13 0 0.00% 100.00% Yb 0.26 -0.25
14 0 0.00% 100.00% Lu 0.26 -0.23




Table S7 Principal-components analysis results for the rare earth element (REE) ratios. Based on the best coefticients for PC1 (values > 0.80) and
PC2 (values > 0.60), we selected (Gd/Yb)n, (La/Yb)n, (La/Lu)n, the light to heavy REE ratio (LREE/HREE), (La/Gd)n, (La/Sm)n, (Gd/Er)n, and
La/Er as fingerprints for the sample similarity analysis.

Initial eigenvalue Component matrix
Total Percentage of Variance (%) Cumulative (%) REE elements Coefficients of PC1 Coefficients of PC2
1 6.64 55.38% 55.38% Eu/Eu* -0.20 0.21
2 1.84 15.36% 70.74% oCe -0.09 -0.34
3 1.57 13.08% 83.82% (Gd/Yb)n 0.28 -0.34
4 0.90 7.57% 91.40% (La/Yb)n 0.37 0.01
5 0.77 6.43% 97.83% (La/Sm)n 0.27 0.46
6 0.14 1.21% 99.03% (La/Lu)n 0.37 0.03
7 0.07 0.60% 99.63% LREE/HREE 0.35 -0.01
8 0.03 0.31% 99.94% (La/Gd)n 0.05 0.39
9 0 0.03% 99.97% (Gd/Er)n 0.30 -0.37
10 0 0.02% 99.99% La/Er 0.37 0.02
11 0 0.01% 100.00% Eu/Sm -0.23 0.23
12 0 0.00% 100.00% Nd/Sm 0.28 0.37




Figure S1 (a) Spatial distribution of the sample sites shown in Table 1, sample names
used at each site, and locations of the weather stations. Site abbreviations: A, Alxa
Plateau; C; Hexi Corridor Desert; G, Guerbantonggute Desert; H, Heihe River Basin;
L, Lanzhou; M, Mu Us Desert; Q, Qaidam Basin Desert; T, Tengger Desert. (b)
Atmospheric dust sampler used in this study.
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