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Supplementary Materials include:

Supplementary text: LA-ICP-MS Zircon U-Pb dating and whole-rock major and trace element
Analytical methods

Table S1: LA-ICP-MS zircon U-Pb isotopic dating results

Table S2: whole-rock major and trace element compositions of volcanic rocks

Table S3: References of geochronological data in Langshan (Fig. 2).

Supplementary figure: Cumulative probability curves of measured crystallization ages for
detrital zircons grains relative to the depositional age of samples from the Permian Dahongshan
Formation.

LA-ICP-MS zircon U-Pb dating: The samples were prepared for U-Pb dating after
photographing under reflected and transmitted lights. Cathodoluminescence (CL) imaging was
carried out at Langfang Sincerity Geological service Co., Ltd, Hebei Province, China, to identify
the internal structures and to select target points for U-Pb isotopic analyses. In situ zircon U-Pb
dating were carried out at the State Key Laboratory for Mineral Deposits Research, Nanjing
University, using an Agilent 7500a ICP-MS (Inductively Coupled Plasma-Mass Spectrometry)
attached to a Geolas 213 nm laser ablation system with an in—house sample cell. Detailed
analytical procedures are similar to those described by Griffin et al. (2004) and Jackson et al.
(2004). U-Pb fractionation was corrected using zircon standard GEMOC GJ-1 (*°’Pb/*°°Pb age of
608.5+1.5 Ma, Jackson et al., 2004) and accuracy was controlled using zircon standards 91500
(*Pb/’®Pb age of 1065.440.6 Ma, Wiedenbeck et al., 1995) and Mud Tank (intercept age of
732+5 Ma). All analyses were carried out using a beam with a spot size of 32um and a repetition
rate of 5 Hz. Zircon U-Pb concordia and weighted average ages diagrams were made using Isoplot
(version 3.23; Ludwig, 2003).

Whole-rock major and trace element of the Permian volcanic rocks: 12 samples were used to
analyze major and trace component at the ALS Laboratory Group, Guangzhou, China. Major
elements were measured by X-ray fluorescence spectrometry (XRF), using fused lithium
tetraborate glass pellets. Generally, major and trace-elements analytical precision is higher than 2%
and 5%, respectively. Detailed analytical procedures can be found in Dai et al. (2017).
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Table S1. LA-ICP-MS zircon U-Pb isotopic dating results from Nuoergong-Langshan Zone.

Th Up Ratio Age (Ma)

Sample Th/U

(pm) pm) 207pp2%py lo 207pp 235y lo 206pp 2By lo 2°7Pb/2%ph 1o 207pp 2By lo  2%%pp/Zy

lo

19A01 (Dacite) Lat. N41<10’ 51" |, Long. E106<20’ 19”

19A01-1 96 203 0.47 0.05643 0.00094 0.55209 0.00971 0.07097 0.00087 469 19 446 6 442
19A01-2 172 277 0.62 0.11966 0.00771 0.77661 0.04839 0.04707 0.00077 1951 118 584 28 297
19A01-3 154 271 0.57 0.05049 0.00101 0.29072 0.00598 0.04176 0.00052 218 26 259 5 264
19A01-4 123 192 0.64 0.05166 0.00123 0.29704 0.00719 0.0417 0.00053 270 33 264 6 263
19A01-5 146 270 0.54 0.05103 0.00143 0.29318 0.00835 0.04168 0.00051 242 43 261 7 263
19A01-6 81 176 0.46 0.05546 0.00131 0.54028 0.01304 0.07066 0.00088 431 32 439 9 440
19A01-7 126 223 0.57 0.05514 0.00118 0.53892 0.01178 0.07089 0.0009 418 27 438 8 442
19A01-8 102 222 0.46 0.05564 0.0011 0.54802 0.01124 0.07145 0.00089 438 25 444 7 445
19A01-9 91 182 0.50 0.05288 0.00207 0.30119 0.01168 0.04131 0.00061 324 61 267 9 261
19A01-10 66 132 0.50 0.05534 0.00109 0.54768 0.01117 0.07179 0.0009 426 24 443 7 447
19A01-11 97 389 0.25 0.05544 0.00116 0.54059 0.01158 0.07073 0.00089 430 26 439 8 441
19A01-12 88 183 0.48 0.05544 0.00098 0.54392 0.01003 0.07117 0.00088 430 21 441 7 443
19A01-13 64 144 0.45 0.05584 0.0017 0.54816 0.01668 0.07121 0.00097 446 43 444 11 443
19A01-14 85 165 0.52 0.05615 0.00102 0.54857 0.01041 0.07087 0.00088 458 22 444 7 441
19A01-15 106 190 0.56 0.05593 0.00115 0.55094 0.0117 0.07145 0.0009 450 26 446 8 445
19A01-16 236 841 0.28 0.05598 0.00098 0.54853 0.01006 0.07107 0.00088 452 20 444 7 443
19A01-17 87 207 0.42 0.05489 0.00124 0.53576 0.01242 0.07079 0.00087 408 30 436 8 441
19A01-18 82 315 0.26 0.05568 0.00083 0.548 0.00872 0.07139 0.00087 440 17 444 6 445
19A01-19 242 1301 0.19 0.05586 0.00066 0.54733 0.00726 0.07108 0.00085 447 13 443 5 443
19A01-20 402 445 0.9 0.05056 0.00089 0.29267 0.00537 0.04199 0.00052 221 21 261 4 265
19A01-21 95 188 0.51 0.05623 0.00102 0.55098 0.01043 0.07108 0.00088 461 21 446 7 443

19A01-22 81 238 0.34 0.05717 0.00096 0.55886 0.00985 0.0709 0.00087 498 19 451 6 442




19A01-23 98 212 0.46 0.05606 0.00092

19A01-24 169 276 0.61 0.05521 0.00114
19A01-25 106 200 0.53 0.05508 0.00166
19A01-26 118 271 0.44 0.05629 0.00091
19A01-27 134 306 0.44 0.05542 0.00085

TLS18-22 (Andesite) Lat. N40<45’ 33", Long. E10622' 06"

TLS18-22-1 114 268 0.42 0.05377 0.00178
TLS18-22-2 77 190 0.41 0.05321 0.00204
TLS18-22-3 284 370 0.77 0.05316 0.00166
TLS18-22-4 159 249 0.64 0.05273 0.00197
TLS18-22-5 150 233 0.65 0.04996 0.00187
TLS18-22-6 113 177 0.64 0.05267 0.00284
TLS18-22-7 63 146 0.43 0.05236 0.00303
TLS18-22-8 104 238 0.44 0.05342 0.00195
TLS18-22-9 91 215 0.42 0.05061 0.00329
TLS18-22-10 123 229 0.54 0.05339 0.00195
TLS18-22-11 101 97 1.04 0.05348 0.00284
TLS18-22-12 81 190 0.43 0.05095 0.00214
TLS18-22-13 67 171 0.39 0.05266 0.00213
TLS18-22-14 152 294 0.52 0.05154 0.0019
TLS18-22-15 212 298 0.71 0.05307 0.002
TLS18-22-16 112 211 0.53 0.05179 0.00418
TLS18-22-17 97 169 0.57 0.0807 0.00227
TLS18-22-18 65 156 0.42 0.05163 0.00245
TLS18-22-19 137 221 0.62 0.05539 0.00222
TLS18-22-20 81 166 0.49 0.05182 0.00215
TLS18-22-21 79 181 0.43 0.05175 0.00193
TLS18-22-22 86 120 0.72 0.05177 0.0026
TLS18-22-23 102 172 0.59 0.05154 0.00265
TLS18-22-24 97 215 0.45 0.05452 0.00763
TLS18-22-25 146 240 0.61 0.05161 0.00182
TLS18-22-26 89 196 0.45 0.05111 0.00213
TLS18-22-27 40 238 0.17 0.07055 0.00199
TLS18-22-28 139 235 0.59 0.05022 0.00257
TLS18-22-29 141 243 0.58 0.051 0.00213
TLS18-22-30 126 277 0.45 0.05161 0.00477

19A12 (Rhyolite) Lat. N40D1' 31" ,Long.E105<11’ 39"

19A12-1 110 123 0.89 0.0553 0.00258
19A12-2 195 239 0.81 0.05274 0.00159
19A12-3 358 254 1.41 0.05204 0.00104
19A12-4 188 216 0.87 0.05177 0.00132

19A12-5 153 130 117 0.168 0.00208
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0.05097

0.05242

Lat. N40<39' 12"

1.91

0.62

0.91

0.65

0.56

0.86

1.25

0.05237

0.05178

0.0514

0.05158

0.05321

0.05094

0.05217

0.00822

0.00133

0.00184

0.00203

0.00187

0.00152

0.00251

0.00162

0.00162

0.00187

0.00206

0.00153

0.00402

0.0041

0.00129

0.00435

0.0013

0.0107

0.00263

0.0035

0.00171

0.00366

0.00182

0.0018

0.00208

0.00343

0.0024

0.00162

0.00278

0.0016

0.00581

0.00453

0.00182

0.00146

0.00293

0.30152

0.31623

0.62973

0.29669

0.57827

0.35159

0.28664

0.33415

0.32268

0.34096

0.29014

0.28869

12.61392

11.07561

0.38486

0.27931

0.36128

0.31521

0.2999

0.283

0.79223

0.25498

0.48513

0.37678

0.39298

0.27504

0.41375

0.31881

0.28709

0.32071

0.32293

0.27545

0.26042

0.29777

0.2848

,Long.E106<17’ 24"

0.00207

0.00164

0.00367

0.0018

0.00158

0.00177

0.00298

0.31003

0.31002

0.31326

0.30542

0.31574

0.31042

0.30756

0.04248

0.00975

0.02246

0.01187

0.02129

0.01134

0.01442

0.01146

0.01092

0.01278

0.01203

0.00931

0.37185

0.3243

0.01126

0.02404

0.01056

0.05199

0.01476

0.01957

0.0246

0.0195

0.01507

0.01356

0.01589

0.0189

0.01879

0.01051

0.01573

0.01026

0.03263

0.02722

0.00997

0.00932

0.01617

0.01295

0.01089

0.02224

0.01157

0.01053

0.01172

0.01777

0.03866

0.04477

0.07969

0.03974

0.07479

0.04713

0.03968

0.04582

0.0436

0.0454

0.04023

0.03957

0.5668

0.48526

0.05359

0.04008

0.05005

0.03587

0.0398

0.04004

0.09289

0.03886

0.05358

0.05068

0.05299

0.03987

0.05497

0.04312

0.03972

0.04248

0.04136

0.0438

0.03702

0.04236

0.03941

0.04294

0.04343

0.04421

0.04295

0.04304

0.0442

0.04277

0.00186

0.00119

0.00216

0.00104

0.00203

0.00126

0.00111

0.00123

0.00116

0.00122

0.00106

0.00103

0.01502

0.01281

0.0014

0.00131

0.0013

0.00113

0.00112

0.00122

0.00241

0.00124

0.00139

0.00133

0.00142

0.00126

0.00149

0.00111

0.00114

0.00109

0.00141

0.00135

0.001

0.00108

0.00118

0.00119

0.00117

0.00142

0.00117

0.00115

0.0012

0.00128

474

252

504

377

456

376

303

325

358

391

299

325

2471

2514

290

220

302

733

398

253

670

78

796

368

362

197

395

355

304

402

476

242

239

304

302

276

259

267

338

238

293

293

61

72

86

76

65

112

71

70

79

92

67

43

43

58

196

58

375

111

158

61

174

59

7

89

157

101

70

124

67

234

204

80

68

131

92

74

165

82

69

82

133

268

279

496

264

463

306

256

293

284

298

259

258

2651

2530

331

250

313

278

266

253

592

231

402

325

337

247

352

281

256

282

284

247

235

265

254

274

274

277

271

279

275

272

14

14

11

28

27

19

40

12

15

14

16

10

10

12

15

13

12

25

22

13

10

17

14

245

282

494

251

465

297

251

289

275

286

254

250

2895

2550

337

253

315

227

252

253

573

246

336

319

333

252

345

272

251

268

261

276

234

267

249

271

274

279

271

272

279

270

13

12

62

56




TLS18-23-8

TLS18-23-9

TLS18-23-10

TLS18-23-11

TLS18-23-12

TLS18-23-13

TLS18-23-14

TLS18-23-15

TLS18-23-16

82

85

168

182

596

79

177

128

94

19A03 (Sandstone)

19A03-1

19A03-2

19A03-3

19A03-4

19A03-5

19A03-6

19A03-7

19A03-8

19A03-9

19A03-10

19A03-11

19A03-12

19A03-13

19A03-14

19A03-15

19A03-16

19A03-17

19A03-18

19A03-19

19A03-20

19A03-21

19A03-22

19A03-23

19A03-24

19A03-25

19A03-26

19A03-27

19A03-28

19A03-29

19A03-30

19A03-31

19A03-32

19A03-33

147

96

54

55

61

268

59

101

34

163

73

81

64

89

103

102

89

161

201

134

200

89

187

28

215

72

53

164

58

76

167

69

105

149

158

886

140

215

118

52

Lat. N4057' 45"

331

321

94

88

97

145

131

74

87

88

133

47

98

224

60

68

142

113

251

162

121

143

202

24

271

110

36

126

98

174

101

1.18

0.81

1.12

1.15

0.67

0.57

0.82

1.09

1.81

0.44

0.30

0.57

0.63

0.63

1.18

1.85

0.45

1.37

0.39

1.85

0.55

1.73

0.65

0.92

0.40

1.72

1.50

0.62

1.42

0.80

0.83

1.65

0.62

0.93

118

0.79

0.66

1.46

1.30

0.59

0.43

1.66

0.05418

0.05188

0.05269

0.05305

0.05267

0.05141

0.05252

0.05477

0.05398

0.00338

0.00267

0.00234

0.00212

0.00163

0.00209

0.0017

0.00482

0.00319

Long. E106<43' 54"

0.11214

0.06719

0.08473

0.08457

0.08499

0.08805

0.05238

0.08639

0.05132

0.12227

0.0528

0.09577

0.05314

0.0853

0.10874

0.16269

0.05276

0.0497

0.05243

0.05213

0.0538

0.05246

0.05264

0.08566

0.05512

0.05236

0.11412

0.08571

0.05446

0.05453

0.08661

0.08738

0.05175

0.00258

0.00365

0.00171

0.00135

0.00125

0.175

0.00247

0.00115

0.01137

0.00162

0.0121

0.00399

0.00311

0.0013

0.00156

0.00211

0.00226

0.01514

0.00177

0.00203

0.00282

0.00523

0.00258

0.00131

0.00461

0.00845

0.0016

0.00139

0.00318

0.00675

0.00134

0.00116

0.00748

0.31834

0.30726

0.31308

0.31454

0.31073

0.30413

0.3101

0.32595

0.32067

4.61326

1.29158

2.61323

2.6105

2.62748

3.04389

0.31573

2.82316

0.32835

6.10261

0.32323

3.21567

0.36634

2.65957

4.72822

10.50514

0.35582

0.29534

0.32777

0.33529

0.31007

0.32265

0.36115

2.72564

0.17053

0.34271

5.22827

2.76691

0.37889

0.3394

2.7601

2.97204

0.33431

0.0201

0.01615

0.01452

0.01326

0.01066

0.01328

0.01095

0.0284

0.01917

0.09079

0.06887

0.05328

0.04296

0.04033

5.96675

0.01462

0.03971

0.07111

0.08633

0.07236

0.13189

0.0211

0.04254

0.0718

0.14816

0.01505

0.08799

0.01102

0.01297

0.01598

0.03145

0.01744

0.04484

0.01395

0.0541

0.08088

0.04829

0.02196

0.04104

0.04555

0.04306

0.04726

0.04262

0.04296

0.04311

0.04301

0.04279

0.04291

0.04282

0.04317

0.04309

0.29837

0.13943

0.22371

0.22389

0.22422

0.25073

0.04372

0.23702

0.04641

0.36199

0.0444

0.24352

0.04999

0.22612

0.31535

0.4683

0.04891

0.0431

0.04534

0.04665

0.0418

0.04461

0.04976

0.2308

0.02244

0.04748

0.33231

0.23416

0.05047

0.04515

0.23114

0.2467

0.04685

0.00125

0.00125

0.00119

0.00119

0.00114

0.00118

0.0011

0.0014

0.00131

0.00358

0.0026

0.00279

0.00264

0.00261

0.13561

0.00068

0.00273

0.00241

0.00423

0.00241

0.00444

0.00086

0.0027

0.00376

0.00555

0.00074

0.00302

0.00063

0.00067

0.0007

0.00116

0.0008

0.00283

0.00051

0.00187

0.00406

0.00293

0.00081

0.00142

0.00287

0.002%9

0.00166

379

280

315

331

315

259

308

403

370

1834

844

1309

1306

1315

1384

302

1347

255

1990

320

1543

335

1322

1778

2484

318

181

304

291

363

306

313

1331

417

301

1866

1332

390

393

1352

1369

274

144

121

104

93

72

96

75

202

137

43

80

21

15

14

2821

77

12

346

11

360

50

99

15

11

68

417

51

62

86

173

80

15

143

279

13

16

101

214

15

13

253

281

272

277

278

275

270

274

286

282

1752

842

1304

1304

1308

1419

279

1362

288

1991

284

1461

317

1317

1772

2480

309

263

288

294

274

284

313

1335

160

299

1857

1347

326

297

1345

1400

293

15

13

11

10

10

22

15

16

31

15

12

11

1498

11

11

54

12

32

16

12

13

11

69

10

12

24

13

12

12

i

13

13

16

31

12

11

36

269

271

272

271

270

271

270

272

272

1683

841

1301

1302

1304

1442

276

1371

292

1992

280

1405

314

1314

1767

2476

308

272

286

294

264

281

313

1339

143

299

1850

1356

317

285

1340

1421

295

18

15

14

14

699

14

20

15

23

14

15

12

20

15

15

15

10




19A03-34

19A03-35

19A03-36

19A03-37

19A03-38

19A03-39

19A03-40

19A03-41

19A03-42

19A03-43

19A03-44

19A03-45

19A03-46

19A03-47

19A03-48

19A03-49

19A03-50

19A03-51

19A03-52

19A03-53

19A03-54

19A03-55

19A03-56

19A03-57

19A03-58

19A03-59

19A03-60

19A03-61

19A03-62

19A03-63

19A03-64

19A03-65

19A03-66

19A03-67

19A03-68

19A03-69

19A03-70

19A03-71

19A03-72

19A03-73

19A03-74

19A03-75

19A03-76

19A03-77

45

102

74

67

194

69

87

88

192

65

72

130

84

157

304

56

74

79

47

125

102

112

346

215

165

85

410

181

134

98

67

96

42

13

97

37

189

66

74

115

203

126

220

267

99

73

111

98

106

97

121

66

110

98

84

146

119

103

142

105

105

83

7

122

155

235

98

93

125

360

123

95

71

146

142

55

408

204

69

89

96

114

73

126

91

305

173

0.46

1.39

0.67

0.68

1.83

0.71

1.34

1.74

0.67

0.85

0.89

0.70

1.53

2.13

0.68

0.75

0.57

1.62

0.83

0.72

1.47

2.19

0.68

1.14

1.46

1.41

1.39

0.46

0.68

0.76

0.03

0.48

0.54

212

0.68

0.65

1.58

1.61

1.39

0.72

1.55

0.09611

0.05193

0.08645

0.08668

0.05272

0.086

0.09045

0.05293

0.05298

0.08658

0.09406

0.05171

0.08239

0.05183

0.05266

0.08711

0.08723

0.09962

0.08781

0.05351

0.05532

0.08613

0.052%

0.05262

0.06686

0.0893%5

0.05656

0.05578

0.05277

0.07197

0.08769

0.08663

0.08991

0.05569

0.16161

0.09902

0.05952

0.0861

0.08609

0.05245

0.05318

0.05364

0.09881

0.05114

0.0014

0.00176

0.00125

0.00122

0.00393

0.00126

0.00133

0.00356

0.00221

0.00126

0.00609

0.00123

0.00261

0.00366

0.00281

0.00131

0.00152

0.00143

0.00137

0.00186

0.00187

0.00126

0.00223

0.00478

0.00913

0.00147

0.00239

0.00228

0.00263

0.01052

0.00135

0.00135

0.00193

0.00079

0.0019

0.00867

0.00566

0.00137

0.0013

0.00286

0.00202

0.01069

0.00316

0.00404

3.6002

0.34867

2.69706

2.85771

0.32299

2.71697

3.0671

0.35789

0.36316

2.75042

2.86415

0.29386

2.51799

0.34575

0.34956

2.77764

2.78475

3.85902

2.79321

0.37619

0.5223

2.71424

0.35274

0.35564

0.41637

2.96868

0.35725

0.35599

0.3499

0.40671

2.97475

2.74997

3.02462

0.60608

10.43583

3.76962

0.38066

2.69818

2.71586

0.34453

0.33308

0.31701

3.47483

0.31956

0.05637

0.01182

0.04192

0.04355

0.02359

0.0427

0.04848

0.02363

0.01502

0.04324

0.17566

0.00709

0.07297

0.024

0.01834

0.04484

0.05107

0.06002

0.04666

0.01299

0.01767

0.04298

0.0147

0.03167

0.0563

0.05202

0.01491

0.01442

0.01724

0.05857

0.04938

0.04529

0.06631

0.00927

0.13743

0.32291

0.0357

0.04561

0.04383

0.01876

0.01252

0.06165

0.10121

0.02474

0.27171

0.0487

0.2263

0.23914

0.04444

0.22915

0.24595

0.04904

0.04972

0.23042

0.22086

0.04122

0.22166

0.04839

0.04815

0.23129

0.23157

0.281

0.23075

0.05099

0.06849

0.22858

0.04831

0.04902

0.04517

0.24101

0.04582

0.04629

0.0481

0.04098

0.24609

0.23026

0.24402

0.07894

0.46837

0.27614

0.04639

0.2273

0.22883

0.04764

0.04543

0.04287

0.25504

0.04532

0.00335

0.00066

0.00278

0.00293

0.00092

0.00282

0.00304

0.000%

0.00076

0.00284

0.00459

0.00053

0.00283

0.00097

0.00082

0.00286

0.002%

0.00347

0.00288

0.00073

0.00097

0.00282

0.00074

0.00118

0.00086

0.00305

0.00071

0.00071

0.00077

0.00103

0.00307

0.00285

0.00327

0.0009%

0.00561

0.00939

0.00073

0.00284

0.00283

0.00068

0.00067

0.00208

0.00334

0.00098

1550

282

1348

1353

317

1338

1435

326

328

1351

1509

273

1255

278

314

1363

1366

1617

1378

350

425

1341

327

312

833

1412

474

444

319

985

1376

1352

1424

440

2473

1606

586

1340

1340

305

336

356

1602

247

14

53

14

13

128

14

14

115

66

14

126

32

63

122

88

15

17

13

15

52

50

14

67

158

301

16

65

63

83

317

15

15

22

16

10

109

214

16

15

98

58

327

61

136

1550

304

1328

1371

284

1333

1425

311

315

1342

1373

262

1277

302

304

1350

1351

1605

1354

324

427

1332

307

309

353

1400

310

309

305

347

1401

1342

1414

481

2474

1586

328

1328

1333

301

292

280

1522

282

12

12

11

18

12

12

18

11

12

46

21

18

14

12

14

13

12

10

12

12

11

24

40

11

11

13

42

13

12

17

12

69

26

13

12

14

10

48

23

19

1549

307

1315

1382

280

1330

1418

309

313

1337

1286

260

1291

305

303

1341

1343

1596

1338

321

427
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19A03-78 98

19A03-79 61
19A03-80 71
19A03-81 474
19A03-82 70
19A03-83 274
19A03-84 251
19A03-85 183
19A03-86 109
19A03-87 71
19A03-88 254
19A03-90 37
19A03-91 73
19A03-92 247
19A03-93 234
19A03-94 146
19A03-95 228
19A03-96 75
19A03-97 60
19A03-98 83
19A03-99 68

19A04 (Sandstone)

19A04-1 58
19A04-2 12
19A04-3 71
19A04-4 137
19A04-5 31
19A04-6 252
19A04-7 36
19A04-8 42
19A04-9 15
19A04-10 37
19A04-11 53
19A04-12 125
19A04-13 36
19A04-14 38
19A04-15 55
19A04-16 79
19A04-17 119
19A04-18 82
19A04-19 179
19A04-20 68
19A04-22 135

65 1.51
335 0.18
108 0.66
170 2.79
106 0.66
174 1.57
146 1.72

91 2.02

70 1.57

94 0.75
147 1.73

67 0.54
108 0.68
240 1.03
245 0.95
162 0.90
145 1.56

64 1.16

98 0.61
139 0.60
133 0.51
. N4057' 46"
41 1.40

12 1.07
200 0.35
120 1.14
199 0.15
745 0.34
113 0.32
55 0.75
58 0.26
73 0.51
102 0.52
155 0.81
53 0.68
45 0.83
149 0.37
200 0.39
98 1.21
141 0.58
103 1.73
141 0.48
177 0.77
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19A04-67 21 24 0.85

19A04-68 35 41 0.84
19A04-69 37 47 0.79
19A04-70 59 30 2.00
19A04-71 7 11 0.69
19A04-72 78 72 1.09
19A04-73 240 342 0.70
19A04-74 22 20 1.09
19A04-75 108 105 1.02
19A04-76 70 68 1.02

*The data marked in red is discordant.
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Table S2: whole—rock major and trace element compositions of volcanic rocks

Sample 19A01-1 | 19A012 19A013 19A12-1 | 19A122 TLS18-22-1 | TLS18-22-2 | TLS18-22-3 | TLS18-22-4 | TLS18-225 | TLS18-22-6 | TLS18-22-7
Rock type Dacite Andesite Rhyolite Dacite Andesite
SiO, 59.79 63.91 63.80 75.91 73.35 66.42 66.87 65.79 68.37 56.65 56.93 56.78
TiO, 0.83 0.48 0.65 0.08 0.17 0.36 0.38 0.44 0.35 0.81 0.81 0.83
AlO; 15.54 14.97 15.20 13.02 13.81 15.58 15.33 15.95 15.40 16.48 16.36 16.82
Fe,05" 4.99 3.57 4.30 1.55 2.48 3.87 4.14 4.46 3.70 8.35 7.95 6.11
MnO 0.08 0.07 0.08 0.04 0.06 0.05 0.06 0.06 0.05 0.09 0.09 0.07
MgO 2.05 1.67 2.10 0.03 0.14 1.55 1.60 1.76 1.48 2.80 2.66 2.93
Ca0 4.36 2.87 2.09 0.40 0.47 2.69 2.63 2.72 2.25 5.16 5.07 6.08
Na,0 4.21 5.31 5.12 5.28 4.87 2.22 2.10 2.18 1.96 3.62 3.56 3.46
K,0 2.70 3.53 3.25 3.18 4.25 3.39 3.15 3.15 3.30 1.12 1.21 2.08
P,0s 0.29 0.15 0.22 0.01 0.03 0.12 0.11 0.13 0.11 0.23 0.24 0.24
Total 94.84 96.53 96.81 99.50 99.63 96.25 96.37 96.64 96.97 95.31 94.88 95.40
L.O.l. 4.96 3.16 2.23 0.53 0.54 3.51 3.45 3.51 3.29 4.81 5.03 4.59
c 2.84 3.74 3.37 2.17 2.74 1.34 1.15 1.25 1.09 1.65 1.63 2.23
A/CNK 0.87 0.84 0.96 1.01 1.02 1.27 1.31 1.33 1.41 0.99 1.00 0.88
AINK 1.58 1.19 1.27 1.07 1.09 2.13 2.23 2.28 2.26 2.30 2.28 2.12
Trace element (ppm)
Ba 624 1240 983 229 1370 1200.0 1100.0 1080.0 1090.0 703.0 772.0 881.0
Rb 102.0 102.0 92.7 85.1 114.5 102.00 99.20 98.50 108.5 27.7 28.40 42.40
Sr 427 309 380 30.4 58.9 479.0 432.0 447.0 404.00 669.00 665.0 820.0
Ta 0.6 0.8 0.7 0.9 0.8 0.6 0.6 0.5 0.60 0.50 0.5 0.5
Nb 11.2 11.7 11.5 16.3 15.3 6.80 7.10 7.00 6.80 7.30 7.20 7.60
Hf 6.1 5.9 5.9 6.9 7.5 5.20 5.20 4.90 5.00 4.00 3.90 4.00
Zr 269 253 256 280 337 194.00 197.00 194.00 184.00 151.00 150.00 156.00
Y 26.1 24.7 25.6 36.4 33.1 14.80 14.90 15.1 14.3 19.4 19.0 17.5
Th 11.50 13.15 13.05 16.90 14.35 7.50 7.65 7.25 7.76 4.53 4.46 4.61
) 2.87 3.23 3.16 3.54 3.16 2.4 2.4 2.3 2.3 15 1.4 15




Cr
\Y
Ga

SrlY

REE(ppm)

La
Ce
Pr

Nd
Sm
Eu

Gd
Thb
Dy
Ho
Er
Tm
Yb
Lu

LREE
HREE
> REE
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(La/Yb)N
6Eu

20
65
19.9
16.4

38.1
78.5
8.75
33.4
6.89
1.77
5.60
0.83
4.65
0.94
2.65
0.39
2.50
0.39

167.41

17.95

185.36

9.3
10.93
0.84

20
55
17.3
12.5

40.2
82.1
8.85
32.3
6.10
1.54
5.12
0.75
4.25
0.86
2.47
0.39
2.50
0.38
171.09
16.72
187.81
10.2
11.53
0.82

20
56
19.0
14.8

41.7
83.2
8.96
33.2
6.82
1.49
5.46
0.83
4.73
0.91
2.65
0.41
2.61
0.40
175.3
18

193.3
9.7
11.46
0.72

<10
<5

17.7
0.8

52.9
110.5
12.35
44.3
8.63
0.25
6.59
1.05
6.32
1.35
3.89
0.62
3.88
0.64
228.93
24.34
253.27
9.4
9.78

0.10

<10
<5

17.3
1.8

49.5
102.5
11.25

40.8

8.01

0.92

5.67

0.96

5.64

1.18

3.47

0.53

3.29

0.56

212.98

21.3

234.28

10.0
10.79

0.40

90
50
18.7
32.4

30.70
58.5
6.5
22.50
3.73
0.96
3.0
0.44
2.64
0.5
1.6
0.24
1.60
0.26
122.89
10.31
133.2
11.9
13.76
0.85

100
69
19.3
29.0

31.30
58.7
6.7
24.00
3.89
1.03
3.1
0.46
2.86
0.6
1.6
0.24
1.59
0.25
125.61
10.67
136.28
11.8
14.12
0.88

90
72
19.7
29.6

31.00
59.8
6.7
23.10
3.91
0.97
3.2
0.45
2.69
0.6
1.7
0.25
1.65
0.25
125.44
10.73
136.17
11.7
13.48
0.81

90
64
19.4
28.3

30.80
58.00
6.40
22.60
3.75
0.98
3.0
0.44
2.54
0.5

1.5
0.24
1.58
0.24
122.53
10.04
132.57
12.2
13.98
0.87

90
163
19.7
34.5

27.70
55.20
6.61
25.70
4.88
1.22
4.4
0.60
3.52
0.7
2.0
0.29
1.80
0.27
121.31
13.57
134.88
8.9
11.04
0.79

90
162
19.7
35.0

27.30
54.6
6.6
25.50
4.79
1.28
4.0
0.59
3.55
0.7
2.1
0.31
1.88
0.28
120.04
13.45
133.49
8.9
10.42
0.87

130
155
20.4
46.9

27.90
56.6
6.7
25.80
4.65
1.32
4.2
0.62
3.39
0.7
1.8
0.27
1.72
0.26
122.94
12.98
135.92
9.5
11.64
0.89




Table S3: References of geochronological data in Langshan zone

(1) Teng, X.J., Tian, J., Liu, Y., Zhang, Y., Teng, F., Duan, X.L., 2018. Definition and geological
significance of early Silurian quartz diorite pluton in Langshan area, Inner Mongolia. Earth
Science, 44, 1236-1252 (in Chinese with English abstract).

(2) Wang, Z.Z., Han, B.F., Feng, L.X., Liu, B., 2015. Geochronology, geochemistry and origins of
the Paleozoic—Triassic plutons in the Langshan area, western Inner Mongolia, China. Journal
of Asian Earth Sciences 97 (Part B, no. 0), 337-351.

(3) Liu, Y., Wang, W. L., Teng, X. J,, Guo, S., Teng, F., He, P, Tian, J., Duan, X. L., 2019.
Geochemistry and Hf isotopes characteristics and geological significance of latest early
Permian granodiorite of Langshan area, Inner Mongolia. Advances in Earth Science, 34 (4):
366-381. DOI: 10. 11867/j. issn. 1001-8166. 2019. 04. 0366 (in Chinese with English
abstract).

(4) Wang, W. L., Teng, X. J., Liu, Y., Teng, F., Guo, S., He, P, Tian, J., Duan, X. L., 2018.
Geochemical characteristic, LA-ICP-MS zircon U-Pb dating and Hf isotopic compositions of
the Haorigeshan monzogranite in the Langshan Region, Inner Mongolia. Acta Geologica
Sinica 92(11):2227-2247 (in Chinese with English abstract).

(6) Dan, W, Li, X.H., Wang, Q., Wang, X.C., Wyman, D.A., Liu, Y., 2016. Phanerozoic
amalgamation of the Alxa Block and North China Craton: evidence from Paleozoic granitoids,
U-Pb geochronology and Sr—Nd-Pb-Hf-O isotope geochemistry. Gondwana Research,
32:105-121 http://dx.doi.org/10.1016/j.gr.2015.02.011

(7) Shi, X.J., Tong, Y., Wang, T., Zhang, J. J., Zhang, Z. C., Zhang, L., Guo, L., Zeng, T. Geng, J.
Z. (2012). LA-ICP-MS zircon U-Pb age and geochemistry of the Early Permian Halinudeng
granite in northern Alxa area, western Inner Mongolia. Geological Bulletin of China 31, 662—
670 (in Chinese with English abstract).

(8) Geng, Y. S., Zhou, X. W, 2012. Early Permian magmatic events in the Alxa metamorphic
basement: Evidence from geochronology. Acta Petrologica Sinica 28(9), 2667-2685 (in
Chinese with English abstract).

(9) Li, J.J., 2006. Regional Metallogenic System of Alashan Block in Inner Mongolia. Dissertation
for the Doctoral Degree. China University of Geosciences, Beijing, p. 11 (in Chinese).

(10) Feng, J. Y., Xiao, W. J., Windley, B. F., Han, C. M., Wan, B., Zhang, J. E., Ao, S.J., Zhang,
Z.Y., Lin, L.N., 2013. Field geology, geochronology and geochemistry of mafic—ultramafic
rocks from Alxa, China: Implications for Late Permian accretionary tectonics in the southern
Altaids. Journal of Asian Earth Sciences 78, 114-142.

(11) zhang, J. J., Wang, T., Castro, A, Zhang, L., Shi, X. J., Tong, Y., Zhang, Z.C., Guo, L., Yang,
Q.D., Maria laccheri, L., 2016. Multiple mixing and hybridization from magma source to final
emplacement in the Permian Yamatu pluton, the northern Alxa block, China. Journal of
Petrology 57(5), 933-980.

Supplementary figure: Cumulative probability curves of measured crystallization ages for
detrital zircons grains relative to the depositional age of samples from the Permian
Dahongshan Formation (19A03 and 19A04).
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We use 265 Ma as the depositional age of the Permian strata in Langshan (adjacent to our study
region) based on the zircon U - Pb ages of the interlayer volcanic rocks (Guo et al., 2017). Two
samples from the Dahongshan Formation plot into the convergent setting (19A03) and collisional
setting (19A04). Associating with the detrital zircon age spectrum, lithology and terrestrial plant
fossils in this Formation, we argue that the Dahongshan Formation was most likely deposited in a
retroarc foreland basin. The Permian samples from the western Alxa Block (Song et al., 2018a)
plot into the convergent setting, probably in a forearc basin.
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