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Abstract The East Kunlun high Nb-Ta rhyolite is located at the eastern end of the Kunlun orogenic belt. Zircon U-Pb analysis
gives a magmatic age of about 213Ma, corresponding to the subduction/collision stage of the Kunlun Orogeny. Compared to the felsic
volcanic rocks of similar ages in the region and rhyolites associated with subduction and collision zones worldwide, the rhyolite has high
Si0, and K, 0O, and low CaO and Al,O;. For trace elements, the rhyolite is enriched in Nb and Ta (with only a very weak negative Nb-
Ta anomaly) , but strongly depleted in Sr and Eu. Bulk rock samples are characterized by high initial Sr isotopic ratios and low initial
Nd isotopic ratios with gy, (#) = —3. Taken together, all these data are best interpreted as resulting from mixing of Nb-Ta rich mantle-
derived melt with a crustal component. We propose that the East Kunlun high Nb-Ta rhyolites may be generated as follows: mantle-
derived alkali basaltic melts (with inherited high Nb-Ta and gy, (¢) >0) intruded the crust and developed a magma chamber, where
the melt evolved through fractional crystallization with significant plagioclase separation ( strongly depleted Sr and Eu) while
assimilating the crustal material characterized by gy, () <0 and relatively low Nb and Ta before eruption.
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Table 1 Major (wt% ), trace ( x 10 ™°) elements and Sr-Nd isotopic compositions of the East Kunlun high Nb-Ta rhyolites

HEEA ARSI

Pt DL09-01 DL09-02 DL09-03 DL09-04 DL09-05 DL09-06 BE(%) (%)
Si0, 76.10 75.76 75.71 76.48 76. 18 75. 69 0.07 0.44
TiO, 0.10 0.10 0.11 0.11 0.10 0.10 0.00 11.56
Al, 0, 12.12 12.31 11.92 12.21 12. 31 12.22 0. 00 2.81
FeO" 1.63 1. 64 1.65 1.58 1.51 1. 64 2.13 12.22
MnO 0.04 0.03 0. 05 0.04 0.03 0.03 1.59 14.58
Ca0 0.44 0.44 0.51 0.54 0.49 0. 61 2.94 12.52
MgO 0. 14 0.07 0.12 0.11 0.10 0.16 1.12 8.26
K,0 4.69 4.90 6.50 4.67 4.92 5.73 0.00 4.45
Na, O 3.75 3.87 2.32 3.75 3.68 2.77 0.10 4.10
P,0; 0.01 0.01 0.02 0.01 0.01 0.01 6. 67 19.0
TOER 0.76 0. 60 0.94 0.39 0.45 0.71 1.67 7.67
Jasey 99.77 99. 74 99. 84 99.9 99.78 99. 67

K,0 + Na, 0 8.42 8.77 8. 81 8. 41 8.59 8.49
(K,0 + Na,0)/Al, 04 0.93 0.95 0.91 0.92 0.93 0. 88
Li 15.3 14.0 21.5 15.7 14.8 15.6 0.71 25.3
Sc 2.97 2.57 3.32 2.67 2.96 3.07 18.7 30.0
Cr 1.97 2.50 2.40 1.85 1. 60 1.71 29.2 30.0
Co 0.57 0. 54 0.76 0. 64 0.55 0. 62 6. 54 30.0
Ni 1.59 1. 66 2.24 1.77 1.31 1. 69 3.93 30.0
Ga 8.50 9.12 9.24 9.32 8.79 9.23 0.93 27.1
Rb 215 246 384 241 253 342 0. 61 15.3
Sr 19.3 16.9 56.5 22.8 20.8 46.3 4.73 24.5
Y 51.5 50. 4 50.2 51.9 52.0 54.2 3.67 20. 4
Zr 318. 306 296 327 323 329 3.10 14.7
Nb 72.7 75.4 63.8 71.5 80. 1 78.0 2.59 19.0
Ba 24.8 23.2 44.0 27.2 20.6 24.8 0. 65 23.3
La 70.7 66.0 67.3 69.5 69.3 71.1 1.74 19.4
Ce 137. 138 139 140 141 142 1.17 17.3
Pr 16.3 15.4 15.7 15.8 15.9 16. 4 1.63 24.9
Nd 60. 0 56.4 58.1 58.4 58.8 60. 6 1.15 20.0
Sm 13.2 12.3 12. 4 12.8 12.8 13.8 0. 81 25.8
Eu 0.08 0.07 0.10 0.08 0.08 0.11 0. 68 30.0
Gd 12.3 11.8 11.9 12.0 11.7 12.3 3.83 26.0
Tb 1.87 1.85 1.79 1.80 1.80 1.88 1.08 30.0
Dy 10.4 9.82 9.79 9.54 9.82 10.4 0. 81 26.8
Ho 1.90 1.86 1.85 1.85 1.85 1.95 2.15 30.0
Er 5.46 5.18 5.10 5.11 5.24 5.58 3.57 29.7
Tm 0. 81 0.78 0.78 0.74 0. 81 0. 82 1.28 30.0
Yb 4.74 4.84 4.81 4.51 4.76 5.05 0.93 30.0
Lu 0.72 0.70 0.67 0. 69 0. 69 0.75 2.86 30.0
Hf 12.3 12.0 10.9 11.4 11.6 12.4 1.67 25.9
Ta 4.90 5.06 4.86 4.90 5.02 5.04 2.47 29.8
Pb 59.7 49.2 41.5 31.1 34.2 54.1 1.32 20.5
Th 27.8 26.6 25.8 26.6 27.1 27.5 2.81 22.7
U 5. 64 6.02 5.62 7.17 7.56 5.41 3.74 29.0
(La/Yb) y 10. 06 9.19 9.43 10. 4 9.82 9.49
Eu/Eu* 0. 0060 0. 0061 0. 0081 0. 0061 0. 0068 0. 0084
8 Rb/%Sr 32.53 19.78 35.54 21. 44
(Fs1/%8r), (207) 0. 83489 +9 0.76470 +8 0. 84170 +9 0. 77200 +4
(¥S/%8r), 0. 736354 0. 704799 0. 734031 0. 707064
1478/ Nd 0.1330 0. 1290 0. 1316 0. 1377
("*Nd/"™Nd) , (20)  0.512397 =5 0.512392 +4 0.512391 10  0.512399 +4
ena (1) -3.0 -3.0 -3.0 -3.1

TE: (7Sr/%0Sr) ey (0) fliJH £ =213Ma 355 . " Rb/% Sr = Rb/Sr x (0. 28155 x ¥ S1/% Sr +2.68489) , (¥ S/ Sr) | = (¥ S/%8r) - Rb/* 81 x
(eM=1) ,A(Rb) =1.42x 107", (¥ Se/%Sr) (" Nd/™ Nd) , gl B Af, AR BAE 455 SroNd R0 Ml (Y S/ Sr), i s inis
$7S1/% Se W1 HoAE
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Fig. 3
weathered surfaces of East Kunlun high Nb-Ta rhyolite
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&2 & DL09-01 F0 DL09-05 Ky$EA U Pb B ES LR
Table 2 U-Pb age data of of the East Kunlun high Nb-Ta rhyolites

Pb Th U 207 p, /296 pp, 207 pp, /235 ) 206 pp, /238 ) 07py,26py, 07 pp,2B5y 206pp 28
IR — o ThU - - .
EiE(x107%) ratio tlo ratio +lo ratio +lo Ma +l0 Ma zxloc Ma =lo

DL09 —1: 30 A 5, O 15 AN AT ¥4E 1 4 214 +1.0Ma, MSWD = 1.3
DLO09-1-01 23 295 566 0.52 0.0478 0.0012 0.2232 0.0056 0.0338 0.0002 87 59 205 5 214 2
DL09-1-02 26 345 628 0.55 0.0565 0.0013 0.2560 0.0060 0.0328 0.0002 472 52 231 5 208 1
DL09-1-03 30 435 714 0.61 0.0503 0.0011 0.2346 0.0051 0.0337 0.0002 209 45 214 4 214 1
DL09-1-04 27 351 645 0.54 0.0520 0.0011 0.2493 0.0055 0.0347 0.0003 287 55 226 4 220 2
DL09-1-05 27 344 643 0.53 0.0495 0.0012 0.2354 0.0056 0.0345 0.0003 172 53 215 5 219 2
DL09-1-06 34 540 816 0.66 0.0512 0.0011 0.2336 0.0051 0.0331 0.0002 250 50 213 4 210 1
DL09-1-07 29 383 685 0.56 0.0540 0.0014 0.2584 0.0067 0.0346 0.0003 372 53 233 5 219 2
DL09-1-08 27 372 654 0.57 0.0516 0.0013 0.2415 0.0059 0.0339 0.0002 333 57 220 5 215 2
DL09-1-09 24 297 588 0.50 0.0495 0.0012 0.2260 0.0055 0.0331 0.0002 169 56 207 5 210 1
DL09-1-10 33 186 473 0.39 0.0572 0.0033 0.4817 0.0323 0.0603 0.0006 498 134 399 22 378 4
DLO9-1-11 30 426 724 0.59 0.0503 0.0012 0.2348 0.0054 0.0338 0.0002 209 54 214 4 214 1
DLO9-1-12 75 921 1778 0.52 0.0495 0.0009 0.2377 0.0044 0.0347 0.0002 172 43 216 4 220 1
DL0O9-1-13 32 447 752 0.59 0.0503 0.0011 0.2341 0.0050 0.0337 0.0002 209 47 214 4 214 1
DLO09-1-14 28 367 668 0.55 0.0497 0.0011 0.2311 0.0052 0.0337 0.0002 189 54 211 4 214 1
DL09-1-15 31 412 725 0.57 0.0501 0.0012 0.2400 0.0055 0.0347 0.0002 198 54 218 4 220 1
DLO09-1-16 31 450 752 0.60 0.0511 0.0010 0.2349 0.0049 0.0333 0.0002 243 53 214 4 211 1
DI09-1-17 37 567 842 0.67 0.0496 0.0010 0.2366 0.0050 0.0345 0.0002 176 53 216 4 219 2
DL09-1-18 34 489 793 0.62 0.0497 0.0011 0.2347 0.0050 0.0343 0.0002 189 50 214 4 217 1
DLO09-1-19 36 574 869 0.66 0.0492 0.0011 0.2282 0.0048 0.0337 0.0002 154 53 209 4 213 1
DL09-120 20 254 493 0.51 0.0489 0.0013 0.2265 0.0062 0.0336 0.0003 146 65 207 5 213 2
DLO09-1-21 33 533 768 0.69 0.0500 0.0010 0.2372 0.0050 0.0343 0.0002 195 48 216 4 217 1
DL09-1-22 35 522 839 0.62 0.0486 0.0011 0.2282 0.0049 0.0340 0.0002 128 52 209 4 216 1
DL09-1-23 23 281 551 0.51 0.0494 0.0013 0.2303 0.0058 0.0338 0.0003 169 64 210 5 214 2
DL09-1-24 31 447 750 0.60 0.0508 0.0011 0.2321 0.0051 0.0331 0.0002 232 47 212 4 210 1
DL09-1-25 29 380 675 0.56 0.0504 0.0012 0.2367 0.0055 0.0340 0.0003 213 83 216 5 215 2
DL0O9-1-26 29 462 681 0.68 0.0510 0.0011 0.2395 0.0051 0.0340 0.0002 243 55 218 4 215 1
DL09-1-27 21 250 522 0.48 0.0503 0.0013 0.2374 0.0061 0.0342 0.0003 209 92 216 5 217 2
DL09-1-28 29 449 706 0.64 0.0527 0.0011 0.2410 0.0052 0.0331 0.0002 322 50 219 4 210 2
DL09-1-29 22 290 554 0.52 0.0517 0.0013 0.2378 0.0059 0.0333 0.0003 272 56 217 5 211 2
DLO09-1-30 21 253 502 0.51 0.0502 0.0014 0.2342 0.0062 0.0338 0.0003 206 95 214 5 214 2
DL09-5: 30 AN s, OH H 12 AN SUINAF- 4R 8 2 212 £2. 0Ma, MSWD =3. 3
DL09-5-01 24 308 602 0.51 0.0512 0.0011 0.2366 0.0052 0.0335 0.0003 250 44 216 4 212 2
DL09-5-02 20 254 503 0.50 0.0484 0.0013 0.2263 0.0058 0.0340 0.0003 117 61 207 5 215 2
DL09-5-03 29 390 665 0.59 0.0525 0.0022 0.2513 0.0101 0.0347 0.0004 309 94 228 8 220 2
DL09-5-04 17 169 423 0.40 0.0494 0.0014 0.2304 0.0067 0.0339 0.0003 169 67 211 6 215 2
DL09-5-05 20 261 496 0.53 0.0494 0.0013 0.2240 0.0060 0.0329 0.0003 165 63 205 5 209 2
DL09-5-06 27 387 653 0.59 0.0515 0.0014 0.2350 0.0060 0.0332 0.0002 265 56 214 5 210 2
DL09-5-07 31 400 723 0.55 0.0520 0.0013 0.2446 0.0059 0.0342 0.0003 283 56 222 5 217 2
DL09-5-08 34 490 787 0.62 0.0503 0.0012 0.2363 0.0053 0.0341 0.0002 209 54 215 4 216 1
DL09-5-09 25 330 608 0.54 0.0498 0.0013 0.2307 0.0060 0.0336 0.0003 183 61 211 5 213 2
DL09-5-10 24 318 578 0.55 0.0528 0.0014 0.2448 0.0066 0.0336 0.0003 320 64 222 5 213 2
DLO9-5-11 32 363 704 0.52 0.0527 0.0011 0.2709  0.0058 0.0373  0.0003 322 48 243 5 236 2
DL09-5-12 24 308 579 0.53 0.0500 0.0011 0.2331 0.0052  0.0338 0.0003 195 58 213 4 215 2
DL09-5-13 32 495 775 0.64 0.0508 0.0011 0.2338 0.0053 0.0333  0.0002 232 47 213 4 211 1
DL09-5-14 27 379 664 0.57 0.0489 0.0012 0.2266 0.0055 0.0335 0.0003 143 56 207 5 213 2
DL09-5-15 49 670 1162 0.58 0.0504 0.0010 0.2348 0.0046 0.0338 0.0003 213 46 214 4 214 2
DL0O9-5-16 25 341 610 0.56 0.0521 0.0013  0.2397 0.0062 0.0333 0.0002 287 59 218 5 211 2
DL09-5-17 22 255 545 0.47 0.0496 0.0013 0.2254 0.0064 0.0328 0.0003 176 63 206 5 208 2
DL09-5-18 33 518 785 0.66 0.0521 0.0012  0.2405 0.0054 0.0334 0.0002 300 52 219 4 212 1
DL09-5-19 239 443 683 0.65 0.4932 0.0206 9.0775 0.6339 0.1099 0.0054 4221 62 2346 64 672 32
DL09-5-20 33 471 767 0.61 0.0506 0.0012 0.2403 0.0055 0.0344 0.0003 233 54 219 4 218 2
DL09-5-21 27 378 648 0.58 0.0527 0.0012 0.2489 0.0056 0.0342 0.0002 317 52 226 5 217 2
DL09-5-22 25 337 609 0.55 0.0507 0.0013 0.2310 0.0057 0.0331 0.0002 233 57 211 5 210 2
DL09-5-23 28 389 680 0.57 0.0500 0.0012 0.2331 0.0055 0.0337 0.0002 198 56 213 5 214 1
DL09-5-24 22 271 554 0.49 0.0511 0.0014 0.2311 0.0064 0.0327 0.0002 256 58 211 5 208 2
DL09-5-25 22 270 561 0.48 0.0500 0.0014 0.2297 0.0061 0.0333 0.0002 195 63 210 5 211 1
DL09-5-26 38 620 872 0.71 0.0520 0.0011 0.2440 0.0051 0.0339 0.0002 287 46 222 4 215 1
DL09-5-27 30 424 716 0.59 0.0506 0.0011 0.2391  0.0054 0.0341 0.0002 233 52 218 4 216 1
DL09-5-28 28 407 670 0.61 0.0509 0.0012 0.2330 0.0057 0.0330 0.0002 235 56 213 5 210 1
DL09-5-29 23 280 578 0.50 0.0505 0.0013 0.2255 0.0056 0.0324 0.0003 217 55 206 5 205 2
DL09-5-30 50 637 1092 0.58 0.0513 0.0010 0.2627 0.0054 0.0371 0.0003 254 46 237 4 235 2
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Fig.5 U-Pb concordia of the East Kunlun high Nb-Ta rhyolite
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K,0/Na,O #JKF 1(1.24 ~2.80) ,FH{E N 1. 66, 1R =)
K 510 By K/Na LUAR 35380 48 3 Ay 6 350 4 ey i v ot 72 v
SZAE TR XA = 1 4 i (Gunnarsson et al. , 1998 ; Thy et
al. , 1990) , B #H 2 HAR M - FEFEEE . FeO' (1.51% ~1.64
% -3 1.61 % ) B A%, Ca0 (0.44% ~0.61 %, F140.51
% ) F1 MgO (0.07% ~0.16 % ,F-390.12 %) & BARAE, 55
GIMBCHTIFIE . 7€ TAS B L2 ARLCE RII(E 6),
1E K,0-Si0, & I (W), DL09-03 . DL09-04 % A8 Z A &
B, HAlL 4 PFRE LRI A B B I 5251

ZIRBCE T ALO, Jy 11.90% ~12.30% , 4 [F] I 7R B
CHIX A H R A (13.05% ~16.80% ,Z & T 14% )
B Al 11 ( BRAEAA 55,2007 ; BE 128 55,2004 ) 5K, 0 J Na, 0 i
U T A P R 8 Y ER PR (Douce, 1997) -1 Al
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EKR-ZRES &5 Nb-Ta Wi 8UE ELS-H B A B F RILX (RE G

AR ) M = SR aCs (i ZE 55,2004 ) 5 TIBET-HR+5% k1l

AR RS (Mo et al. , 2007) 3 JP-H A< 135 Chayano-Ebisutoge

PD 4l % ( Kimura and Nagahashi, 2007 ) ; NA-Jt 3% A % Katmai-

Novarupta Ji 804 ( Reagan et al. , 2003). F-I4 & ; Ph-0i 5 5 U3-Bi

L U210 5 B8 X s UL-B X (01 < 10% ) 38X 4 (01 >

10% ) 5 Pe- it 5t & il s s T-HLTH G (Q < 20% ) ML 384 55 (Q >

20% ) 3 S3-RHLTAIZE 111 5 S2- % 3 WA T %2 111 5 S1-HLIT X A 5 B-

LREOL-KR BT Wi 02-Z (L5 03-98 22 4 R-SUH

Fig.6 TAS diagram

(FER (K,0 + Na,0)/AL0,) =0.92, ) A/CNK ( FE /K
ALO,/(Ca0 +Na,0 +K,0)) =1.004, 5 =S R R CHI
DX R T A T il 48 3 1o R ) SR Ao 4 T ( AT < 0. 83, A/
CNK > 1. 1) kil AE KA (528 2%, 2007 ; &8 i) 4 %,
2004 ) HUARNIA], 52 0 BB A BRUAE B A BT B0 1
fiE. PRIZ i Nb-Ta JSCUE 5 FI N AR B G 38F L & 1k
WA B AT, BARAY ALO, Fl CaO &, B 11
K,O F1 Na,O i@ Jo ALFEEL, B m B B AHC A 1 4 B 25 R 7E
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7 ZREA R Nb-Ta S8 BOR RO PREALRE 1 IC R AL 18] (a) FSUAR b byl A it ST R Wk M 151 (b) (ARIE(ELHE Sun

and McDonough,1989)

EKR-ZREE A Nb-Ta 8 (AS0) ELS-HIGFAAEER RHMX (FRE G I AR B W =Bt AU, 4 2 S0 g SR0 L2 Bl AR s
RN RO R A E 217 + 5Ma( BEZE 55,2004 ) ; TIBET- P 58 ) R 3TE L1l k5% AL s AR AL IR 80 , 44 3 PRE - Bl Bl AlE 43 ( Mo er
al. ,2007) ;JA-H A3 The Chayano-Ebisutoge PD Ji 407, #41 F155% - 1% 9K ( Kimura and Nagahashi, 2007) ; NAA-Jt 3% sh 3 Katmai- Novarupta
MBCA , My 185 - B9 ( Reagan et al. , 2003) ; GHM-I A F]IF. Glass House Mountain Bt 75 ( Niu, A% L8 ) , M 3858 N (5 HUEAE
). M Ta LA RE A Nb-Ta JACE BAT WA Eu US55, 15 308 0 B 6 4 e 43 81— 25, 5 R AR Bt X Al (19 2
PE KO AE S 1 R ORTE s B 7h BT LUE 5 TR L 5 9 Bl IR 80 B MR A B 1 L, RITRE i 8Cs W s &
HFSE, 58517545t Sr.Ba Eu P T, 1 775 oA PR 55 00 - Rl 15 R 40 S0 AN TR T 55 B 25 1 g 81 A 2K A

Fig.7 Chondrite-normalized REE patterns (a) primitive mantle-normalized spidergram (b) of East Kunlun high Nb-Ta rhyolite

(normalization values after Sun and McDonogh, 1989)
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6.2 HMERTE

M £ ICE (REE) A i m (R 1, - 7a) . HAHRW]
WY Eu 5%, Eu/Eu” FI{E 2 0. 014, FE4 247t
BM w8, (La/Yb) y WAETY 9. 73, & - 2 Mk 1B
AR RS RS B T 10 bR EERRL A & B B Y
LR E R AR Si0, S EY VRN ZES A RA
AR AR B s W Y Bu S R 3 AR W RE R TR &
AR AT 25 it 43185 T 0 (PR 8 Tl R DX AR A A R B B A 114
BORBIMEATEHERR) AR Sr % 1 A ARAE (1] 7h) ml 2 HoAke
HIE(Niu and O’ Hara, 2009) , 1 [&] 7a ] L, 33 4 25 Nb-Ta 7
BUETE M REE & 5 LRI s 0B W0 Bu 51 5500,
LSRE A X M =S5 & B R SCE (LLSRhE LLZH  aL
FHEEE A ) BT B A9 8730 M-HREE, Tl AR /N
Eu 59 19 REE Bgo XA AR, HEe s A0 Ay
WA (E 7a, LIRAFIE Glass House Mountain 5 i & M
E AR Je A B i s ) LT 58—

Bachmann and Bergantz (2008 ) 1A F i 804 1Y REE 32 %8
ZRIFRH A A N A 25 52 0 ( Glazner et al. , 2008) , T
IXPAFPT B 45 & ) 332 225 38 v oK B i SR AR -8 JROR S
) 5 Wi, Christiansen (2005 ) #1 Christiansen and McCurry
(2008) ¥masra s AP : (1) R-T-RF R SCE , FE 4

TS b A X AN R B R ) 5 (2) - AR
8o, FELER P, FES SRR CH XA
A - Rl 3 L PR AR ARAT B o 6 2K PR K 1 R AR IR
i R T f N0 552K Wy AR E B LA 4 AR R T
FHCOA R ZE &, S 80T REE LB B B 1 M-
HREE 12 FICeiAR 55 1 Eu 5574 o By Nb(AHXS T Th)
I Ta(FHXFF U) XA INANF NMHEEITE (Mo et al.
2008 ;Niu and O’ Hara, 2009) , [ itk £ [N A VE R 4% gl sk 4 48
WA B TR A 18 P 05 b i T 80 i H B 2% Nb Ta
TR o TASFFERE ST 7R H A B S0 Bu S8 S 7R At
KAaMmREL &, FRILH B R-T-BR) W8 E.
Douce (1997 ) AR ARHE A (19 45 &b 38 32 B 1 i 520, R ik st
KA B KBS TR E K 5 Gk . LA Bar iR,
% Nb-Ta JBCARIRE AT T B MR T8 A 58 (IR ER,
TEIRIE JETT K5 B 4G B 5 T Rk ) o

X B BU I H A G TR 5 7 A IR b -l PR A Y
IR SCA R o (B 7b) B 2RI, Ho Nb \Ta &4,
SRENTT 4 Ba S P Ti Eu (Y47 5 -5 808 (9 G A A S L,
IR LT REAEAE— AR (FR 3) .

FE 7h FTLLAE H, 5 R 8045 #H X — 22 5 Nb-Ta
MBCA BAT B A Nb Ta 35 4k (8RR Nb-Ta 3804 ) EE
AR Ze HE FSRZUZ 45 Sr,Ti Jz Eu ([ 7h) , Hoh S ATER
SIS0 Nb Ta §U 5% HH G Nb . Ta T 5HKECHE
Ly [v) Fsf R P A0 58 2 R K L i R R N Ta 55175 453
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Table 3  Compiled representative rhyolites from different tectonic settings

XX 4 77 b F 3 PR 45 7% 3k
MF K UEAEIRZE (TIBET) VU RS 9T i L i i il Mo et al. , 2007
The Chayano-Ebisutoge PD (JA) H A s B Kimura and Nagahashi, 2007
Katmai- Novarupta (NAA) At & YN BTz i 2 £ [GAE]N Reagan et al. , 2003
K H WS (CBS) P ERIL I VEEA]S Niu, FEFHAE
Glass House Mountain comendite ( GHM) Ly | N A A W (H#GEHR) Niu, #F &k FEIE

BEEKR OTIBET A NA

. QIA ACBS @GHM E-MORB
5 Nor ¢
= 1 A
; o }MORB
. B 0| o
= &
= uce
=01 E 0
A 3
ﬁ C Globally Common Rhyolites
0.01

oot Nb*=(Nb/Th]_, /[Nb/Th],, '
K8 Ta”-Nb" & & (#E Niu et al. , 1999)
UCC- |- 5% ; OTB-"F- 2434 5% K i 4 s E-MORB-F- 2 5 42 ¥ th o Xk
s N-MORB-"F-15 75 451 7 rh 45 i 5 PM-JSU AR b g (A8 ok 1.
OIB, E-MORB, N-MORB, Niu and O’ Hara, 2003; PM, Sun and
MacDonough, 1989) ; UCC, Rudnick and Gao, 2003) ; EKR-ZRE
7 Nb-Ta i 804, DL09-01 ~ 06 ; TIBET-P5 5 X] it 4 1 L1 bk 5%
KL EMARL IR SO , ¥ 1 PR BT« Bl Bl il 43 (Mo er al. , 2007 ) ;JA-
H 7 #1 # The Chayano-Ebisutoge PD i 20 &, #4 & ¥ 5. B 9K
(Kimura and Nagahashi, 2007 ) ; NA-Jt 3% 5 ¥ Katmai- Novarupta i
BUE, M3 PRI : B9 ( Reagan et al. , 2003) 5 CBS-I< [ 1L B0 &
(Niu, REFREE) , 1515 F 8 905 BLok ; GHM-B K F) W Glass
House Mountain it ( Niu, A& R ) , #438E F 5 B (53
R . IR I A BRAR /i 58 U S0 2 o X . AR A
FHI 5 2 N Ta 5755 B ICE K (B0 ) AR, ASCRE
FA7 T Nb Ta & 5 (RHE , RILFR 225 45 Nb Ta PRI IRIE IR, (BL7E
WAL R AN AT s e A7 B BT (R IR b ) TR YL, Pk 2 3
R Nb [ Ta 545

Fig.8 Nb-Ta anomaly plot (after Niu et al. , 1999)

HOAARRE . J3—T5 1, Z 5% iy BT g i 5 CBS F1 GHM
(AI>1), S BLH Nb-Ta A9 1E 55, A2 B s & 2os 4y
BEERIE R AR B A A2 BIRE IR I . 7R 8 v, W i —
o MEENA S 5 Nb-Ta Ji8CH 5 YRR 804 1Y DX B 5 68
bz A S 1005 A i = B g B AR 7
Nb . Ta MR HAER] 8 MZE T A DX 3, S 70y U R s 42
Nb.Ta Z{iiF Nb* =1 .Ta* =~ >1 [ftif, MZRE T Nb-Ta
WMBCA LT F Z ), e _E e IR YA 56,

Nb Ta I 5 5 4502 & & 70 vh s B Bl 18 4 2 3 2 1Y
e FEE . Forff el Nb Ta (1975 B9 12 D Ch 200 vh i

SEK I G20 A AR E AR AR B VR FS IT 8. B, & TiNb. Ta [y
BLARS HHRBK , HORS 5 W BLE RlRLE I R A
Mo TEH WS KA H) Z v, Nb  Ta X £ [N A0 55 FAEAR 4T
Rl TR M Hr Nb Ta (75 45118 7] 58 5 J6r flt 5 XA £
INA (B /b BB ER ) 5% B A ¢ (5LE 445, 2007; Mo et
al. , 2008 ;Niu and O’ Hara, 2009) 8 i /N, fF Nb . Ta
TR R S I R RIR SCE W R, R RS
Nb-Ta 8 K H LW & Glass House Mountain i Jii 75 Y Ba.,
Sr.Eu P Ti #8E B+ 35 24 5 451 (& 7b) , Sr.Eu f Ba
HEREL 5 B0 PR K& 8 8 RS A 1Y 43 1 45 (Niu and
0’ Hara, 2009) . B T & #5RHC A 5 45 5 48, Bkt ml L)
ARGy Ml fifp AW SR i I CaO AL O, 5 K, 0 Na, O Je H 55
AR RRIE, TR RI T EE S E T 5 (A £
PR BRRERRD™) 45 A O (T 4070 &% Nb-Ta (kD"
Y BB R A E S AR TP R AL ), B A 1
Sy ESEE S AT LLARRE P A

REA Nb-Ta i 8U4H & & Nb. Ta 4 P i 70 il G :
(D) WIRAE S BA M B Nb Ta (P8 X, 806 X5 B 5
Nb . Ta (9545 (2) ‘A AL T B, & Nb. Ta 95 #) A4
o M T HHE Nb.Ta ME R ELHETL LMW (1) ERE2),
VLT AR B & Nb-Ta S 808 7S G TR T B (o 4
& IHMBUERIIRIEAR Si0, 78, JEAT 7 B0 3 15 4 i S
o BIABTRIE W] (Reagan et al. , 2003) , % 1l i i 70 8
5T LR s R 8UE , PRI AR SCABCE B0 36 26 3% (RIS 43
FERZ I oy B4 S Z AT ) (1 Si0, & i 60% . T
R ICR 2 Ba Sr P Ti Eu §U5 5, 40 8545 S RO 9 BE
ARHEA R A A RGBT AR (R
4.#9),

B9 WE WL, &R YA G TR AR I 46 45 14 Nb |
Ta i SRR B 9 SEBR & A ZEAR /N, g a6 1
H5ERBAHMM Nb Ta JLFHES , JL01XLE Nb Ta NHAY
PR EE AR Nb Ta &8 T4 ;20% 195 [N A0 145
fm LA K 5% (BRI I 2 b T LU N Ta & &R AR REAK, H
FEMAREES , R AU TR S AL AR s N Ta 5 ) AN
S5 mIF A R R ECARRT SR WA X B 42 Nb Ta 9 EZR A,
JFLA, AR BeC 5 Nb-Ta JR8CE s Nb Ta & 8 W2 B 6 4
BYREAE, BIE Nb Ta Y IX, HIR X AR & Nb . Ta 574,

6.3 SrNd Bz
4 PERERR R RO M (6 1) o X8 T s R A
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Table 4  Fractional mineral assemblages and modeling results
BHA B A e ENGAER Rk BEIKA FINA F*
1 0.5 0.3 0.1 0.01 — 0.09 — 0. 883
2 0.5 0.1 0.1 0.01 — 0.09 0.2 0. 879
3 0.5 0.3 0.1 — 0.05 0.05 — 0.909

e F=M/ (M +M,) ,F Roras sl AR M, S RHE R T, M, HZZSITEE SR I BT . wi (Si0,) + M) = wy (Si0,) # (M, +M,) -
M, (x; 5wy + 0 +x, 0w, ) ,w (Si0,) =75.89% ,w, (Si0,) =60% ,w, NHH Y Si0, & ,x, WE&ET WL MEET I S ILE(FK4).
KdFRAHE K4 (U) =0.01 (Rollinson,1993) ,Kd(Nb) =1.3 (Ewart and Griffin, 1994) ,Kd(Th) =0.01 ( Rollinson, 1993) ,Kd(Ta) =0.03
(Bacon and Druitt, 1988) ; Kd™HKA/%# . Kq(U) =0.04 (Stix and Gorton, 1990) ,Kd(Nb) =0.004 ( Larson, 1979) ,Kd(Th) =0.02,Kd( Ta)
=0.005 (Stix and Gorton, 1990) ; Kd“** %% . Kd(U) =0.025,Kd(Nb) =0.008;Kd (Th) =0.009;Kd(Ta) =0.008 (Rollinson, 1993) ;
Kd &8T5 Kd(U) =0. 11 (Lemarchant et al. , 1987) ,Kd(Nb) =0. 0489 (Nielsen and Beard, 2000) ,Kd(Th) =0.05 ( Luhr and Garmicheal ,
1980) ,Kd(Ta) =0.03 (Nielsen, 2000) ; Kd#%#9/# . Kq(U) =3.2 (Nash and Cracraft, 1985) ,Kd(Nb) =50.9 ( Stimac and Hicmott, 1994 ) ,
Kd(Th) =7.5 ( Nash and Cracraft, 1985) ,Kd(Ta) =64 (Stimac and Hicmott, 1994 ) ; Kd**a/% . Kq(U) =1. 82 (Luhr et al. , 1984) ,Kd(Nb)
=0.1,Kd(Th) =17.1 (Luhr et al. , 1984) ,Kd(Ta) =0. 05 (Mahood and Stimac, 1990) ; Kd#P#/%# . Kd(U) =0. 008 (Brenan et al. , 1995) ,
Kd(Nb) =2.5 (Ewart and Griffin, 1994 ) ,Kd(Th) =0.017 (Brenan et al. , 1995) ,Kd(Ta) =1. 02 ( Lemarchant et al. , 1987)

1000
100 \/\
—— EKR - YA A
0 WA E2 - WA E3
Th Nb U Ta

B9 T ICER 0 B 45 it ST 45 R D s M g s vfiE A (5t
W& {EHE Sun and McDonough, 1989)

Fig.9 Simple calculations showing fractional crystallization is
inadequate to explain the apparent Nb and Ta depletion

(normalization values from Sun and McDonough, 1989)

K — RSO BA A BE R I Sr R0 40 i LA, DL K
FIXF B B e (1) o (7St/%Sr), 1A 4E 0.735 % 0.706
BEHE  MI2E K, ey (1) 1E-3 BHE/NMEEITE 0. T LR
Nb-Ta Jfi80# Sr S AR (R 1. 7b) , 52 5eiR Y, #
Yt Rb/Sr FAtH 8 HASE I, I Sr [7) 67 240 1 HoAF 11
HEARZEE R, L L e L Nd [0 R i, 454 13
HuBRAL 2R AE A8 LA & Nd B4 2 8 , FATTIA i i
A K [ HLE A A S TT LAY, AR ey () > 1 B IS
AR (BB LR A HKIRRE T HFE) Fl ey (1) <1
IAGEIRY BT ( EHFE) o

TEEANRR CH X =S AL < b m &8 K| 8
BRBMORL AR (MME) | B\ 2 Mo b T 422 1 % ik 5 o 5
T HbFERE R A 0 P R A I R AR A RS . 1A B ST
R (BSR4 2007 ; XA 45,2003 ), AR B4 b 2 4 48

I Sr N [RIRLZE 2L Se/™ Se MR (EAE AR AL F 0. 701 ~
0.714 ZJa], ZHUNF 0. 710, £ HA AL F 0. 703 ~0. 715 2
0], RZHUNT 0.708 5 &y (O AHAEARTRAT -9.2 ~ +3.6
ZIA] EVE AL T ~5.10 ~ +1.33 Z[a],{H MME [F{ 5% 5
AL b A T 0 3 RRAE — B, B — 8 R, J8 T 1) —
KRG A FRIEACH BU AR 8. A U0, 18 J505 25
R P IR 120E Wl AR, HJE MME A2 i -7 5
HHARE BOUESE , N R 07 2 1) — S WHR & W, SR
MME FI A () #3240 3R 10 22 00 U6 W] — % B AR B A TR
o W Nd R W AR A m Nb Ta JiSCA A L
B BRI R 0 IR IR AR TR 7 TR Rl X Rl
BRIt — LT AL AE R

7 ki

MU R o Je R KRR X Ll PUE B, R B2 X
i Nb-Ta JECH HA 5 R AR R & M IX AE R 2 iR Tk
LA WA [ AR AE B2 e A 14 IR DX R Bl 7
MBCH BARE 1 Si0, (K,0 KF-2 AT =0.92, AR
AL 05 \CaO, BAT BRI SCA BORHIE . R ITERT7 e Nb Al
Ta, 3805485 Sr A1 Eu B Nd [FA7 AHXT ) — o P, AT
AR R M DX A 7 R - AR 1L RS Y T S RYAE
R XA SR AR 5 BT A LA B Y
% A o

7.1 BEREERNSBEERMN LT ERS ER

KT ABERK AL, 24 28R RZNIS, B
o 4B =R N O (gt 0 i 20 A W R a0
Fodena and Morrisonb (1992) 32t A BUAE 5 %5 0] LA A b %
BT AR U (900 ~ 1000°C ) KK AN (e H,0 <
3% ) B 5T MM FIRHS A B 40 S 45 S = A SRR A TR
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A Bk A B A AR i S [R] ZE ) 4 E B (0. 703 ~
0.706) ; Litvinaovsky et al. (2002) NN IE K AR SHRE T
( >940°C) 43 B3 45 i, W] LA AR Ry ok P A BUAE I o, e
e e TR TR T AR A ; Bailey (1980) 48 1 7E 2
BB HE AR R] UG FLCLK,0,CO, Fl H,O 55 M Hiu i
rh kit 3 b5 b Sk S8 T RT LAGE R R A 4B )l 2
WU 475 1A 45 1 oK B8 2 45 Fh i i 0 R (Christiansen et al.
1983 ; Collins et al. , 1982 ;Dietrich 1968 ) . #& It Martin(2006)
LR ERAREN L Ran A N N 1 P LN 7 2
A BTN B T R (HFSE) |, I & A= R B i, 76 75
T K ARAGREE I 45 R 7748 A B4R S TR, Martin
(2006) A\ 5| K72 5T K M 5e 3843 M Bl IR AR X R B A 3K A
B S oy s 2 i, 7 AR DR R A RUAE B R IE SO A 1 I
ERRE IR P R o 30 P 28 2 3 1) B i A AN AN [ 2
FERITR A W] LV AR A RUE A 10 2R

T3 —Jr T, SEUe AT W IEYE W B85 45 b 7 iy R0 4
Rl Ay st R BT A AR A Y 322 AP . Douce (1997) $2
i A 2 BE A A G R I S IR, T = 950°C, 43 Bl AE
8kbar I 4kbar (e J) 550 T #EATHR S M RS2 . SRR,
AR N ETEBARE I (4kbar ) I, A3 18 BE 15% W46 1 4%
WEFIERI A BIE B A (5K AL O, \CaO, & K,0.Fe0) , 5E4Y
FHARHC A A BB A 3, X — IR 452 5 Thy e
al. (1990) & Gunnarsson et al. (1998) {45 RG4S, IIE 5
i KR ( < 1kbar) AR (1 ~ 3kbar) BHE 40 T AT L™ A4 5
A TIER # AL O; Fl FeO FitAW) & (W ALSE T AR R G ML
) PR RS RS E EE LER T S I I AR 55 48 -5
BLPE A BB A I F R ICE W T REE T E IR A B
¥ , Douce (1997 ) AU AE 3C 46 21 15 1R vl AEAS U6 X & 7
HESE [ RIB™ ) (7T R A A N AT A A ) & AR e il (0 435 14 AH
X 4 HFSE,

Martin (2006) 4 i, A ZU2E 5 1 B PR A8 A 52 2% 1) S 1R
Z— SBR[ — M S A AR T DLR LA R B A R Y A TR
A6 A (Martin, 2006 ) , 404t JE& H ./ Ririwai, Tibchi I
Kwandonkaya %514 , 3¢ S6AN [ i 44 36 7 2o 40 50 AL bk A
RIAE R A M A P S . Martin (2006) i 45 Hi , Qi
TR g rE A R, AT LLA] White et al. (2005 ) 4 %
PR A VAR 2 R B (LLD ) O fift B R R (LA KA
Pantelleria b [X (Y HIT & 61)) , H 55 48 BT Bt (19 5 9 i ok
KAGBELE MR, MASCHR MR R S Nb-Ta JL8UE,
BARER Si0, K0 K1) AL =0.92, XK1 AL O,
CaO ,J& TR SUE RHE , IR AT A X — 80 1
TE BHL 5 B0 ) B (B it A BUTE R A ) B A
ZAb, JEEE Nb Ta EAFHATCR IR 49 B 45 Ry
Yo HRFHEME ALO, \CaO i, FRATIA A H A & iR
TR BN E S R Nb Ta £ 54, & 78 b
Frid R Z 2 T e R g
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7.2 HERETH Nb-Ta R EMIEXITIE

M SCT I, X —2& 15 Nb-Ta JRECA A ey (1) = -3,
TR [ 3 2R R G PT 82 A b 58 38 404 B 38, W] i
JEH ey (1) > 1 BIETEA A oy, (1) <1 BB IRY) RIR
GITE AR B M Rl R B 5 X — R ACE T o
7R Nb . Ta K 58&%15 45 Sr.Eu Ba (iR ITTRIFIEATF. H
6.2 BYIHHE A, X — B R BCAE R Nb Ta & SR & 4E
Nb \Ta [ #14R 45 14, it 72 B AT 4k 7K M Y Nb Ta £ 5%, 40
A HA R 4E Nb Ta HI AT AT AIRL B A 058
AN A3 B 45 AR TC IR PR A A v Nb Ta & BRI, Hb
RAEREAHX A A A R 8 K A i Bl 55 00 e B i
WIRAZ A, AR ph M SEHT IR B AR 30 il 1) B — o AR vk 7=
A HAG T Nb Ta S HRAIFM, 28 ZXRAEREZH T H
SEHB KRN AT B AE B Nb Ta & 5 (9% 1 BG4, (X RE
AR &R B2 AR N Bl 1 2 2 T AN 20 b/ 1 9K
A, HNEHE MR Nb Ta T (A F%) . R, 5
FERHE AT W% B 45 i R 2 B BB ARl 3 4, R 3
TR P 22 L L B A A e 7 T b 5 90 R PR 9 i i 2 5 i
Sr.Eu H H 85 M: 1Y Sk i 80

FrLL, AT X — B R SUA VIR ISR N & 0. &
Nb Ta fle 5 (JEGR rhafi ) kB3¢ . &1 8 AT, ™A%
&4 Nb Ta ISR Z R TEIRKIEA Nb™ >1,Ta” >1 977
A X5 (OIB \MORB) ; JIN A 3 S0 5 W4 P A 26 F A IX I
WA IR A S TRTE Nb* =1, Ta” = > 1 ML, AR CHE
Nb-Ta Ji 802 W 43 A 76 IR 5 S R BB 8 2 1], R
TATIN Ry, B RS B B 0 5 A X — B i 8O AT #0 2 h & 48
Nb \Ta ffPE % BA 45 i 4 S ok, I BLAE L 4=t 8 rp 32 5|
TAFRENFERY . hEFIMNELE K, X—2 7 Nb-Ta
MBCEATE T —, o — WL =), Z g IR E K 5 5%
TR AT — 55 LU BNR A /R P T4 o TR YL NIZ K A A
b R EA R0 Nb Ta £ 5%

7.3 HELE Nb-TamgEtEaBE

7.1 g I AT LB B WA SR Y A3 s 5 R 1
SEAL R A BB 20 Rl ER T LA R ™ 2 B A B4E 1
HERICRFFAEMEA M AEXT B R E MR TR (W
Nb Ta) W = 2EHHA R 5 5 R A I A KA 56, IRZ T AW
5% ( Agangi et al. , 2010; Bailey et al. , 1980; Burt et al. ,
1982 ; Christiansen et al. , 1980, 1983; Collins et al. , 1982;
Martin, 2006 ) Y42 %], HFSE (4 Nb Ta) iy & £/ 6e 5 & &
F CLK,0 50 R M iR A 5C, iRk iy F.CL Ao Rl
VLU T8 2 Gl SO I AR S5 40 R A HFSE, [l 15342
ABYFEPE A B Nb Ta 5550 . Hili T3A FL.CLOTR S
A B AR TR s T R MR T SO R AR A
SCRR I E i TR R R R B, AT AR R 2% Nb-
Ta JESCETTREH LU T A F274: . w 4 Nb . Ta 912 IEG X



THE. &34 5 Nb-Ta iR s 65K 3 b F 2R A

A AREAR AL K B o, OF AT REFERE A & & FLCLK,0
BB A b TA SRR AL T BRI S 2K 57, S BOh T
AR R, N A T S IR IAER] . ek il
B, B (A 4 VBB NS ) B B T T 4
PR Nb Ta {5 iy FHAER PR Nb Ta 75 U 15IR A 5 1)
Bra AR Nb Ta 2 X5 5 AER Nb-Ta 5 5 Y 4F1E
MAHCARER B AT 51 Sr Bu 15 . IZIRAERK UK A
N ERIGE o> SR AT ALE— AP35 Sr Bu BT . B,
WA 202 B8 B Nb-Ta L RE K X e Nb-Ta X
AT O BN 2B A P RHAE, (5 8 5 Nb(-Ta) X
i (HNB) 75 55 88 “ g il ™ A o iy 26 45 9 A %% WL ( Castillo,
2006) . ARE - Nb-Ta S0 A Al BE-S R &8 i i I oh
A/ R A O . OB A IR PO AR A Lt 5e DA%
O AR R, 1A A v Bl B ARG S I A1 TR It
WA PR, X B WA S Je) B 2448 LA 8 15 57 22 i
W8l X — AR ARG B HAT R — 2D BiE . X
A7 i Nb-Ta B8/ B8 AP ) T Aff B ) o A 2 L T
TTHR, IR i WF 58 2R RIS 5 o X Nb-Ta
TS U 4 A BRARALA B TR A-BUAE A R R
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