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Abstract: This paper is the result of geological survey engineering.

[Objective] The Galwan Valley, which adjacent to the Huoshaoyun super large lead—zinc deposit, located in the Karakoram
Mountains of the Northern Qiangtang terrane. A systematically lithogeochemistry and chronological studies was conducted on the
newly discovered magmatic rocks in the Galwan Valley area to helps us deeply understanding the regional metallogenic dynamics
and magmatic evolution history, providing a theoretical foundation for the study of regional magmatic—tectonic—mineralization
processes. [Methods] This study reports seven samples of intermediate—basic magmatic rocks in the Galwan Valley area, including
basalt, diabase, and diorite. A systematic mineralogical, major and trace element, zircon U-Pb age, and trace element analyses were
conducted on these samples. [Results] The zircon U-Pb dating results indicate that the Bingdong diorite is emplaced at (98.9+1.2)
Ma, and its whole—rock composition is characterized by low—potassium calc—alkaline features. In contrast, the zircon U-Pb dating
results for the basalt show an eruption age of (232+9) Ma, with its whole—rock geochemical composition displaying calcium alkali or
peralkaline characteristics. The zircon dating results show that both the diorite and basalt samples contain a large number of ~800 Ma
inherited zircons, and both have age spectra featuring six distinct age peaks. [Conclusions] The Bingdong diorite is a product of
crust—mantle mixing under a crustal thickening background, related to the remote effect of the India—Asia collision orogeny
following the closure of the Neo—Tethys Ocean. The existence of numerous ~800 Ma inherited zircons in the diorite and basalt
indicates that they originated from the melting of Neoproterozoic basement material. The six distinct zircon age peaks in both the
diorite and basalt reflect six periods of tectono—magmatic activity, ranging from the Mesoproterozoic crystalline basement and the

breakup of the Rodinia supercontinent to the closure of the Neo—Tethys Ocean and subsequent collisional orogeny.

Key words: inherited zircon; basement; geological survey engineering; Gallevan Valley; the North Qiangtang terrane; Karakoram
Highlights: We have obtained new ages of intermediate—basic magmatic rocks in the Galwan Valley area, and inferred the material
source of their Neoproterozoic basement melting through a large number of ~800 Ma inherited zircon ages. Diorites and basalts
inherited zircon age spectra were used as evidence for geological records to sort out and explore regional tectonic magmatic
geological evolution activities.
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Fig.1 Regional geological map of the Karakoram (modified from Gao Yongbao et al., 2019)
1-Upper Pleistocene; 2—Eocene series; 3—Upper Cretaceous; 4—Upper Jurassic; 5-Middle Jurassic; 6-Middle—Lower Jurassic; 7-Upper Triassic;
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Fig.2 Geological map of the Galwan Valley area in Karakoram (a) and tectonic division map (b) (modified from Fan Tingbin et al., 2019)
1-Quaternary alluvial; 2—Quaternary alluvial proluvial; 3-Longshan Formation; 4-Upper member of Bagongbulansha Formation; 5-Lower member
of Bagongbulansha Formation; 6-Upper member of Keleqinghe Formation; 7-Lower member of Keleqinghe Formation; 8—Upper member of
Heweitan Formation; 9-Lower member of Heweitan Formation; 10-Upper member of Kongkashankou Formation; 11-Lower member of
Kongkashankou Formation; 12-Upper member of Jiawendaban Formation; 13-Lower member of Jiawendaban Formation; 14-Basalt;
15-Granodiorite; 16-Diabase porphyrite; 17-Fault; 18—Conformal contact; 19-Angular unconformity contact; 20-Boundary; 21-Glacier; 22—l
Qingikun orogenic system; 23—V Kangxiwa—Magqin junction zone; 24—V Qiangtang—Sanjiang orogenic system; 25—Vl Bangong—Nujiang junction
zone; 26—Vl Gangdise-Himalayan orogenic system; 27-West Kunlun lacustrine system; 28-Kangxiwa—Subashi junction zone; 29—-South Qiangtang
accretionary arc basin system; 30-North Qiangtang—Tianshuihai block; 31-Oytag—Tamugqi island arc zone; 32-Liushitag—Shangqihan magmatic arc
zone; 33-Kangxiwa junction zone; 34-Tashkergan—Tianshuihai block; 35-North Qiangtang block; 36-Duoma accretionary block; 37-Ladak—

Gangdise—Xiachayu magmatic arc zone; 38—Isotopic samples/silicate samples; 39-Study area
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Fig.4 Field photographs and microphotographs of intermediate—basic magmatic rocks in the Galwan River area
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Fig.5 Zircon cathodoluminescence (CL) images of the basalts
and diorites in the Galwan Valley area
(The *’Pb/**Pb age is used to zircons older than 1000 Ma, and the
206pb/28U age is used to zircons younger than 1000 Ma)

S 98%, 3 A A B A Y BOHE I RN EE R 99%. 7
27pb/ASU-Pb/2RU AN I (] 5¢) (7. 19 Sl Al
JEART 90%, AMS2), Bk s 20 Tl 2
L E R . 18 BES A AR AR R IR, MR
T A — B B R AR AR, b s R — s A
(PM201-RZ-16) ’Pb/*"Pb 4 #4 Jy 849 Ma, fx 4E %
FIAFE IR E A 98.9 Ma. 16 A8 R4 I8 B0 di R 2o
5 ANEREAL, 4 )k 98.9 Ma, 243 Ma, 396 Ma,
538 Ma, 751~849 Ma([&] 6¢) . H:f1 751~849 Ma 4F
W 2H At 10 TS A7, MAF IR I {E 2H 801~816 Ma it
6 FEE A1, XTIt 6 A8 A1 B8 FAR % 8 (807.9+3.9)
Ma( & 6c), MFLCF-414F 1 h (806.7+7.6) Ma( 4] 6¢),
MSWD=0.29.,

PM201-RZ1 INKARAF F S5 R AR
H (P ) IR O &, i AR R

M2 5. #iA U-Pb [ R4 24T PM201-RZ-04,
PM201-RZ-15 J&Me T H1Z AT T, X PSS £
TEAARE KR, KIEHh AT . PM201-RZ-15
RSSO 4%, 1T BEAZ I A AR (9 st B 1)
B U-Pb RERATIT, IR 2R B 8P s 5 1
PM201-RZ-04 £ A T A 5658, IR 15 T, A A
FMETEASE, R LA B bl AR T RRAE, AR
H I8 B I8 96%. 27 & 43 HTIA S PM201-RZ-04
B A U-Pb R AR AT 5, XA A 3T
A ] B A B M AR S B T 24, (98.9+1.2)Ma A Ak
T N T AR

VKR A K 5 vh B 7 U—Pb 4R 82 I B T 5 M
i, Horp 4R el A 1A IR AR 243 Ma. 396 Ma, 538
Ma, 751~849 Ma 3t 4 4>, AN DX AE B A2 41 D)
A (98.9+1.2)Ma 2/ kAT 5 RBIE & B A KA
3. 751~849 Ma #i ot i {45 A U-Pb [Al 7 R AF i
AR ] 29 BH DR 028 Rl s TR0 L G v ) 85 4 ke
HEAEHR I — R B T3k
5.1.3 R K itk

T T M X% A DA S N A R TR
Y 739~830 Ma #i o i R 4k R B A, XN —
AMELRFA . VIRRIRE T 2 PH TR A 50K
A T A S AL I KA 7 23 18] AR 2 40 km, 27
27K, WA TE—E 22 5. WO [A]E 4%
GHN ¢ IWCE AR 2 SR e A LR NN L R iR
) — S, TR X RET o RS R 2 L

43 9% PM101-RZ1 1 11 5 . PM102-RZ1
20 i, PM201-RZ1 16 Fil A4t 4 647 T #i ot
For R pmE, ML R W2 20 B AR EoTRED
Ay B (B 7) R BH, & FE S b B 3T AR R
A AN [ T 2 B RE X, R AT LR BN 7
LK iR | A i RS A (SR 27 ) 7
+Ion B AR A -G B R L &R
i, MEM LS5, WK La, Pr. Sm, Bu 77
P MW B A7 X i | KA
A B A 45 G 1 R 1 Bid 43 #E 305 Greenland 75 p 37
Gothabsfjord Hfi X i H K 7 48 (GGU125540) # iy
A B ot F T 43 K] A — 3 ( Whitehouse and
Kamber, 2002) . %5 f1 U-Pb [alfi AR 45 & 450
B F e R E A E U A SN K A
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R 1 METAMX PR SR U-Pb B RUIXER
Table 1 Zircon U-Pb isotopic results of the intermediate-basic rocks in Galwan Valley area
[FhLz L AE [FAL 3R /Ma
PbPb 1o PPAU 1o PPHAU 1o P Pb 1o *PbAPU 1o PPb/AU 1o

A

M A5 Pb/10° Th/10°® U/10°° Th/U

PM201-RZ1 (KD

1 63.0 635 465 0.14 0.0704 0.0024 1.1109 0.0357 0.1145 0.0016 939 657 759 172 699 9.1 91%
2 64.8 294 359 0.82 0.0658 0.0018 1.2216 0.0342 0.1338 0.0017 1200 574 811 156 810 9.7 99%
3 53.0 84.0 320 0.26 0.0718 0.0022 1.3639 0.0403 0.1378 0.0018 989 614 874 173 832 104 95%
4 341 400 1983 0.20 0.0494 0.0018 0.1059 0.0041 0.0155 0.0002 169 87.0 102 38 989 1.2 96%
5 444 444 298 0.15 0.0739 0.0023 1.3005 0.0426 0.1268 0.0013 1039 63.0 846 188 769 7.6 90%
6 329 906 202 045 0.0662 0.0023 1.2094 0.0432 0.1322 0.0016 813 733 805 199 801 9.1 99%
7 543 971 360 0.27 0.0699 0.0021 1.2338 0.0373 0.1277 0.0014 928 61.1 816 17.0 775 8.0 94%
8 157 331 212 0.16 0.0617 0.0031 0.5353 0.0258 0.0634 0.0008 665 107 435 17.0 396 47 90%
10 514 637 338 0.19 0.0690 0.0019 1.2698 0.0362 0.1330 0.0016 900 63.1 832 162 805 9.0 96%
11 48.0 127 295 043 0.0675 0.0019 1.2471 0.0375 0.1332 0.0017 854 639 822 169 806 95 98%

12 373 232 330 0.70 0.0591 0.0021 0.7099 0.0256 0.0870 0.0012 572  77.8 545 152 538 72 98%
13 476 629 314 020 00671 0.0024 12379 0.0413 0.1331 0.0017 843 77.0 818 187 805 9.5 98%
14 495 212 288 0.74 0.0680 0.0020 1.2701 0.0371 0.1350 0.0019 878 603 832 16.6 816 10.5 98%
15 291 223 709 0.03 0.0514 0.0018 0.2737 0.0098 0.0385 0.0004 257 833 246 7.8 243 2.7 99%
16 339 616 213 029 0.0709 0.0024 13819 0.0474 0.1407 0.0017 955 742 881 202 849 9.6 96%
18 132 307 914 034 0.0671 0.0016 1.1507 0.0282 0.1236 0.0012 843 546 778 133 751 6.7 96%
PM101-RZ1 (FH ZHKAE)

1 289 96.1 409 024 0.0542 0.0024 0.4545 0.0206 0.0607 0.0009 389 100 380 144 380 53 99%
2 429 702 288 024 0.0652 0.0022 1.1556 0.0411 0.1276 0.0016 789 722 780 194 774 89 99%
3 267 366 582 0.63 0.0510 0.0022 02565 0.0110 0.0366 0.0005 239 722 232 89 232 33 99%
4 444 517 309 0.17 0.0646 0.0021 1.1147 0.0353 0.1247 0.0014 761 677 760 17.0 758 8.1 99%
7 477 502 298 0.17 0.0664 0.0022 12061 0.0388 0.1313 0.0014 817 704 803 179 795 8.1 98%
8
9

120 793 683 0.12 0.0614 0.0034 1.1885 0.0690 0.1375 0.0020 654 119 795 320 830 115 95%

973 757 705 0.11 0.0621 0.0019 1.0473 0.0314 0.1215 0.0013 680 648 728 156 739 73 98%

10 613 142 356 040 0.0696 0.0025 12954 0.0458 0.1346 0.0015 917 759 844 203 814 86 96%

11 589 192 334 057 0.0665 0.0020 12437 0.0372 0.1348 0.0015 833 602 81 168 815 85 99%

13530 109 332 033 0.0660 0.0019 1.1978 0.0340 0.1306 0.0015 806 593 800 157 791 85 98%

15 112 224 251 089 0.1183 0.0029 50616 0.1288 0.3066 0.0037 1931 444 1830 21.6 1724 182 94%
PM102-RZ1 (FH ZHKAE)

1 63.8 482 403 0.12 0.0677 0.0020 1.2634 0.0364 0.1340 0.0016 861 61.1 829 163 811 89 97%

2 443 533 275 0.19 0.0658 0.0020 1.2378 0.0359 0.1356 0.0016 1200  59.1 818 163 819 9.0 9%
3 515 588 320 0.18 0.0679 0.0018 1.2710 0.0349 0.1344 0.0014 865 556 833 156 813 7.8 97%
4 97.8 131 617 021 0.0660 0.0017 1.2156 0.0311 0.1324 0.0013 806 537 808 142 802 73 99%
5 456 71.1 283 0.25 0.0674 0.0022 1.2370 0.0384 0.1326 0.0015 852 67.4 818 174 803 8.7 98%
6 56.6  53.1 364 0.15 0.0648 0.0018 1.2112 0.0345 0.1345 0.0015 769 593 806 158 814 84 99%
7 448 358 282 0.13 0.0692 0.0021 1.2964 0.0375 0.1354 0.0014 906 63.0 844 166 818 79 96%
8 101 274 720 0.38 0.0643 0.0015 1.0009 0.0234 0.1121 0.0011 750 489 704 119 685 62 97%
9 564 556 356 0.16 0.0663 0.0019 1.2446 0.0369 0.1354 0.0016 817 61.1 821 167 819 92 9%
10 940 997 612 0.16 0.0647 0.0017 1.1849 0.0330 0.1320 0.0016 765 556 794 153 799 9.0 99%

—_
—_

982 279 585 0.48 0.0636 0.0017 1.1630 0.0315 0.1322 0.0016 728 250 783 148 800 89 97%
12 151 131 969 0.13 0.0644 0.0015 1.2190 0.0303 0.1363 0.0015 754 249.1 809 139 824 83 98%
13 61.8 760 387 0.20 0.0655 0.0019 1.2181 0.0360 0.1340 0.0017 791 593 809 165 811 9.4 99%
14 704 577 449 0.13 0.0659 0.0018 1.2471 0.0354 0.1364 0.0018 806 574 822 160 824 10.1 99%
15 502 479 296 0.16 0.0707 0.0021 1.4306 0.0479 0.1449 0.0022 950 61.1 902 20.0 872 125 96%
16 65.1 514 427 0.12 0.0637 0.0019 1.1719 0.0363 0.1322 0.0015 731 648 788 17.0 800 84 98%
17 619 67.8 396 0.17 0.0638 0.0018 1.2019 0.0354 0.1353 0.0016 744 593 801 164 818 9.0 97%
18 51.0 717 330 0.22 0.0672 0.0019 1.2224 0.0356 0.1309 0.0014 843 593 811 163 793 79 97%
19 46.2 431 307 0.14 0.0650 0.0019 1.1959 0.0344 0.1325 0.0014 776 565 799 159 802 8.1 99%
20 67.6 110 422 0.26 0.0634 0.0018 1.2037 0.0340 0.1367 0.0016 720 639 802 157 826 9.1 97%

5.2 EAMBRILFHE 52.1 EZAAHRAE
PRI M X7 A S R S TR PM201-RZ1 N K& SiO, &8 4 51.91%, J&
SIHTEE R ILER 3, PEEZE, ALK K 5.01, K,O/Na,0 (N 0.36, 240
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Fig.6 Zircons U-Pb concordia diagrams of the intermediate—basic rock in the Galwan Valley area
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Si0-K,O Ef#H (& 9) W@ Fsm ik 251
PMI101-RZ1, PM102-RZ1 Z X% SiO, 43 % K
40.44%. 44.15%, ALO, 7358 11.46%. 13.53%, J&
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R2 MBAAMMXPEEEEARLITERSE
Table 2 Rare earth elements data of zircon in the intermediate-basic rocks of the Galwan Valley area
MEtJLE Nb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y XIREE LREE/HREE 6Eu 6Ce

PM101-RZ1

1 0.81 0.031 235 0.082 1.42 345 0.64 25.6 893 92.9 32.4 137 27.0 238 48.8 959 617.92 0.013 0.207 11.371
2 0.55 0.009 1.01 0.069 1.31 4.03 0.30 37.5 159 208 84.4 396 82.3 754 150 2504 1735.05 0.004 0.074 10.037
3 1.27 0.018 14.6 0.080 1.17 1.77 0.60 13.5 4.23 55.7 23.8 123 30.4 313 74.4 784 656.40 0.029 0.379 93.848
4 0.59 0.020 0.57 0.0096 0.55 3.50 0.019 31.4 13.9 179 72.6 332 71.6 644 129 2135 1477.94 0.003 0.006 10.191
7 0.73 0.013 1.89 0.072 0.67 2.83 0.17 243 11.2 146 53.8 254 54.6 502 106 1629 1157.14 0.005 0.063 15.077
8 1.74 440 824 147 720 550 0.71 34.6 17.0 251 106 535 119 1141 231 3365 2461.21 0.011 0.158 0.793
9 0.83 0.030 0.63 0.060 0.99 3.91 0.099 33.3 15.7 193 70.8 320 66.5 628 128 2157 1460.06 0.004 0.027 3.637
10 .72 0.18 13.1 0.16 1.52 3.81 0.61 35.8 15.4 202 80.1 372 77.3 703 141 2439 164597 0.012 0.160 19.309
11 637 178 719 6.75 34.8 123 3.31 26.6 7.64 91.2 37.2 184 432 437 102 1179 1076.28 0.158 0.560 1.608
13 1.62 0.032 2.54 0.088 1.40 5.71 0.41 48.4 193 246 103 486 101 939 192 3124 2144.34 0.005 0.075 11.675
15 272 036 262 087 8.679.79 2.85 29.7 9.74 102 32.8 139 28.0 246 48.9 999 685.75 0.077 0.512 11.389

PM102-RZ1

1 0.75 0.034 0.49 0.077 0.95 2.09 0.032 26.1 12.7 189 82.0 401 89.5 842 173 2474 1647 0.003 36.745 0.014
0.60 0.029 0.52 0.035 0.94 3.14 0.10 283 12.2 168 68.1 323 69.2 631 132 2044 1305 0.004 30.628 0.013
0.77 0.044 0.84 0.056 0.87 3.51 0.12 34.0 14.1 194 77.9 368 77.5 708 145 2361 1481 0.004 32.745 0.013
1.67 0.056 2.51 0.040 1.15 3.88 0.31 40.4 18.8 269 114 559 119 1109 224 3516 2238 0.004 19.925 0.007
0.70 0.15 096 0.15 231 497 0.13 354 155 212 88.5 420 89.8 830 168 2733 1700 0.005 27.689 0.046
0.67 0.001<< 0.39 0.001<< 0.66 2.94 0.068 28.0 14.5 203 84.7 419 90.2 831 168 2701 1676 0.003 42.301 1.000
0.55 0.058 0.53 0.056 0.80 2.59 0.043 23.8 11.4 159 66.3 321 70.3 651 136 1971 1308 0.004 42.827 0.026
3.65 0.079 104 0.14 1.13 320 1.34 19.0 7.31 85.2 33.7 156 33.2 328 67.7 1011 682.5 0.028 7.920 0.003
9 0.90 0.001<< 0.50 0.059 0.50 2.60 0.069 27.9 13.4 184 75.8 369 79.7 753 154 2316 1508 0.003 42.809 1.000
10 1.04 324 297 198 112 11.8 2.65 61.1 259 355 146 688 149 1330 270 4617 2789 0.012 6.643 0.453
11 3.06 0.047 3.87 026 530 11.3 092 72.6 223 206 54.8 175 29.1 235 43.1 1696 819.5 0.030 15.646 0.003
12 1.17 057 3.1 062 3.71 538 039 45.1 22.8 331 143 712 158 1533 316 4638 2960 0.005 13.653 0.073
13 0.88 0.081 2.75 0.040 1.12 437 0.054 34.2 16.4 218 89.8 431 90.0 824 167 2826 1713 0.005 54.255 0.013
14 0.73 0.017 0.56 0.042 091 3.21 0.11 343 17.0 242 103 513 111 1031 212 3308 2057 0.003 31.455 0.006
15 0.62 0.019 0.79 0.026 0.95 3.19 0.15 28.1 13.3 174 68.6 315 67.5 601 123 2126 1274 0.004 25.603 0.007
16 0.75 0.0038 0.48 0.033 0.49 3.20 0.091 29.4 15.0 219 91.4 452 98.2 922 189 2900 1832 0.003 46.335 0.002
17 0.73 0.001<< 0.54 0.026 0.71 3.70 0.12 35.9 16.7 220 89.8 427 88.8 812 166 2828 1695 0.003 37.996 1.000
18 0.94 0.0029 1.14 0.048 0.91 3.83 0.085 35.6 16.0 213 85.3 393 83.1 743 149 2669 1575 0.004 41.878 0.001

[c <IN e Y N A ]

19 0.74 0.090 0.60 0.046 0.53 2.51 0.059 22.5 11.3 163 69.5 339 72.1 661 137 2103 1343 0.003 43.376 0.033
20 0.77 0.022 0.82 0.032 1.03 466 0.12 40.7 17.4 249 100 473 98.5 887 181 3179 1874 0.004 40.391 0.007
PM201-RZ1

1 1.13 434 256 3.02 17.8 15.7 421 553 23.5 296 112 505 105 943 193 3432 2280 0.021 0.437 0.173
2 1.54 0.14 107 0.11 136 591 042 37.4 139 177 69.5 314 62.8 550 113 2007 1356 0.014 0.087 21.230
3 354 031 292 024 234 486 035 37.4 15.0 202 81.4 375 79.7 719 147 2516 1668 0.007 0.080 2.639
4 5779 0.059 4.44 0.040 0.80 2.76 0.21 189 7.85 109 43.7 220 48.7 462 97.4 1357 10154 0.008 0.089 22.311
5 1.65 0.13 1.59 0.074 0.84 2.85 0.16 24.6 13.0 177 70.0 337 73.0 653 136 2117 1490 0.004 0.059 3.906
6 0.82 0.090 3.83 0.16 2.38 7.15 0.54 52.5 18.8 243 97.2 438 89.3 800 161 2950 1914 0.007 0.085 7.828
7 091 025 141 0.19 252624 034 473 193 255 101 466 96.4 849 174 3206 2019 0.005 0.060 1.591
8 0.61 0.10 198 0.11 0.70 1.58 0.28 12.5 4.88 58.8 23.3 105 21.9 205 44.0 686 480.4 0.010 0.192 4.562
10 0.57 0.028 0.53 0.037 0.97 4.11 0.093 34.7 152 199 78.2 364 74.8 672 137 2424 1580 0.004 0.024 3.998
11 0.59 0.023 091 0.13 232 792 0.19 48.4 154 167 60.2 264 53.9 479 93.6 1842 1192.4 0.010 0.030 4.113
12 134 744 438 213 112592 1.11 21.8 6.81 72.5 26.4 113 22.4 202 41.1 777 578.0 0.141 0.298 2.696
13 0.57 0.034 0.71 0.049 0.81 4.24 0.056 34.9 155 203 82.4 388 80.1 713 148 2571 1672 0.004 0.014 4.297
14 140 040 925 0.17 136 2.51 0.60 14.2 4.06 449 15.0 68.6 14.8 140 31.7 513 348.0 0.043 0.309 8.833
15 6.56 0.014 3.55 0.010 0.21 0.41 0.092 4.59 1.98 26.5 12.4 63.8 15.1 157 36.9 391 322.1 0.013 0.205 73.353
16 0.58 0.013 1.03 0.092 220 4.83 0.18 385 14.8 191 76.5 352 73.5 669 136 2382 1560 0.005 0.040 7.323
18 245 0.065 398 0.16 2.84 9.71 0.85 82.6 32.7 433 173 779 157 1362 267 5356 3303 0.005 0.091 9.435

KRR REKIGERE(ChT) o 35 1 : 25 7258 Tl N R R Ak A AR TUA &
e DX i 45 e SRR e T — 2 AR sREEA.

FA BTGy, 5ARSCRY 1724 Ma 4R850 1] fg I AE TP RYAE IS 2H 685~872 Ma I A B5 Ji /5 pg 4¢
VR T GEEBH7E I A ] B R B R e R IR AR AL, M(EAE 810 Ma (97 11 424K W,
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Table 3 Whole-rock major (%) and trace (10~) elements data of intermediate—basic rocks in the Galwan Valley area

B PMI101-RZ1 PM102-RZ1 PM201-RZ1  PM307-HQ9 Pdh1-HQ4 Pdh1-HQ48  PM304-HQI
e WA LR SALIRMEA TR KA LR WS KA ANV WG
Sio, 38.59 40.80 51.91 45.16 37.82 38.62 39.13
TiO, 4.55 477 0.99 3.02 5.85 5.63 6.25
ALO, 10.50 10.70 14.42 15.53 12.65 12.48 9.63
FeO 6.56 7.04 7.29 7.22 7.85 8.43 11.66
Fe,0, 9.87 8.27 2.50 3.10 6.03 8.27 2.77
MnO 0.18 0.17 0.16 0.19 0.18 0.19 0.20
MgO 6.17 6.09 6.63 3.02 7.09 6.73 8.85
Ca0 8.85 8.53 4.74 6.20 9.29 8.65 7.39
K,0 0.97 0.33 1.23 0.43 1.48 1.36 1.53
Na,0 3.68 3.86 3.45 5.53 2.44 3.44 2.01
P,0, 1.73 1.87 0.13 1.34 2.86 1.12 1.49
LOI 6.77 5.52 4.10 6.69 4.75 3.86 435
H,0 1.56 1.03 0.35 0.16 0.58 0.36 0.77
Total 99.98 98.97 97.89 97.59 98.84 99.15 96.01
A/NK 1.60 2.06 1.48 1.63 2.26 1.75 1.94
A/CNK 0.48 0.92 0.45 0.75 0.56 0.55 0.52
Cr 6.89 2.68 2225 6.56 1.79 44.99 17.73
Ni 26.05 17.29 50.46 7.91 27.72 31.75 21.97
Rb 29.12 9.33 41 14.44 81.78 47.41 53.41
Ba 447.6 152.0 575.3 2102 1707 1169 1138
Th 19.95 17.85 6.1 7.26 5.17 4.89 4.77
Nb 152.8 149.7 11.8 79.9 57.14 52.06 61.27
K 8000 2700 10200 3600 12200 11200 12700
Ta 9.71 9.78 1.09 6.3 4.67 4.41 4.11
Pr 39.72 43.55 5.13 25.17 25.06 18.06 18.46
Sr 764.7 726.8 3234 374.6 498.6 471.0 1050
Nd 152.4 167.3 20.47 102.2 111 77.69 78.62
Zr 993.8 964.5 184.5 4343 307.6 306.5 269.4
Hf 21.31 21.73 5.22 10.19 8.87 8.73 6.75
Sm 26.1 28.92 443 17.35 20.93 14.59 14.78
Eu 7.48 8.37 1.43 6.39 7.16 4.96 5.02
Ti 28277 30204 5642 18111 35327 34052 37470
Gd 23.26 25.43 4.15 15.49 17.44 11.95 12.41
Tb 3.13 3.39 0.77 2.13 2.47 1.77 1.74
Dy 14.42 15.62 4.95 9.72 11.49 8.55 8.49
Y 60.13 62.27 24.44 40.01 45.32 33.89 345
Ho 2.46 2.67 0.97 1.65 1.93 1.44 1.45
Er 6.98 7.34 2.81 4.71 5.06 3.86 3.63
Tm 0.83 0.82 0.42 0.56 0.57 0.46 0.44
Yb 4.92 5.01 2.77 3.24 3.38 2.81 251
Lu 0.73 0.73 0.42 0.46 0.49 0.41 0.36
P 7583 8366 546.4 5987 12519 4931 6500
Li 40.52 47.86 49.87 44.02 82.2 43.97 148.2
Cs 7.08 0.47 8.68 0.92 99.85 6.02 37.14
\% 127.0 1252 131.7 1182 157.1 175.0 137.8
La 168.3 177.1 20.65 89.74 78.12 61.44 60.04
Ce 339.4 365.1 41.04 205.6 193.3 134.5 127.7
Co 43.26 36.88 36.86 17.03 46.12 49.12 4728
SREE 790.1 851.3 110.4 484.4 478.4 3425 335.7
LREE 733.4 790.3 93.16 446.4 435.6 311.2 304.6
HREE 56.73 61.01 17.25 37.96 42.83 31.25 31.03
LREE/HREE 12.93 12.95 5.4 11.76 10.17 9.96 9.82
(La/Yb), 24.53 25.38 5.35 19.88 16.58 15.68 17.16
DI 35.54 37.56 44.18 53.87 31.52 32.57 28.86
SEu 0.91 0.92 1 1.19 1.15 1.15 1.1
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Fig.8 TAS diagram of basalt (a, after Le Maitre, 1989); TAS diagram of intermediate-mafic intrusions (b, after Middlemost, 1994)
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Fig.10 Chondrite normalized REE diagram (a) and primitive—mantle normalized trace elements diagram(b) of the intermediate—
basic rocks in the Galwan Valley area (chondrite normalized and primitive—mantle normalized values after Sun and McDonough,
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Fig.12 Tectonic setting discrimination diagrams of basalts and diorites in the Galwan Valley area
a-Th/Yb-Ta/Yb diagram (after Pearce, 1982); b—Hf/3-Th-Ta diagram (after Wood, 1979); c-Nbx2-Zr/4-Y diagram (after Meschede, 1986)
WPB-Within plate basalt; MORB-Mid-oceanic ridge basalt; IAB-Island arc basalt; TH-Tholeiitic series; TR—Transitional series; ALK—Alkaline
series; IAT-Island arc tholeiitic series; ICA-Island arc calc-alkaline series; SHO-Island arc shoshonite series; N-MORB-N-type mid-oceanic ridge
basalt; E-E-type mid-oceanic ridge basalt; WPT—Within plate tholeiite; WPA—Within plate calc-alkaline basalt; A1+A2—Within-plate alkaline basalt;
A2+C-Within-plate tholeiite; B-P-type mid-ocean ridge basalt; D-N-type mid-oceanic ridge basalt; C+D—Volcanic arc basalt
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