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Abstract A suit of interbedding basalts, basaltic andesites and rhyolites distributes in Zhongyangchang located in the western part
of Tianshuihai terrane. In this paper, the signatures of geology, petrology, geochronology and geochemistry characteristics on the rocks
are researched. Three groups of ages are acquired by LA-ICP-MS zircon U-Pb dating of rhyolite. The age of 343.5 +4. 1Ma indicates
the volcanic rocks are formed during Early Carboniferous. The ages of 2439 + 26Ma and 1988 + 36Ma imply the existence of the
Precambrian crystalline basement in Tianshuihai terrane. Lithologic characteristics of the basaltic rocks transit from tholeiitic series,
calc-alkaline series to alkaline series. Additionally, the basaltic rocks which have some difference from typical continental marginal arc
Okinawa Trough basalts, display E-MORB ( OIB), continental within-plate basalt and island-arc basalt signatures, implying that the
volcanic rocks in Zhongyangchang may form in abnormal back-arc basin in Tianshuihai terrane. The difference in major, trace element
and REE normalized patterns of basaltic rocks and rhyolites suggests the different source. The source of basaltic rocks is similar to
mantle source of E-MORB ( OIB) and occurred partial melting. When the primary magma ascent, the mineral fractionation took place,
moreover, crustal contamination also occurred. The rhyolites are characterized by high-silicon, high-alkali and generated by partial
melting of upper crust. The Early Carboniferous volcanic rocks in Zhongyangchang may be the record of the extension in early period for
the western part of Palo-Tethys Ocean, providing new evidence for the pattern of poly-islands oceanic basin in Karakorum-Tianshuihai
terrane.

Key words Tianshuihai terrane; Carboniferous; Volcanic rocks; Back-arc basin; Extension; Palo-Tethys Ocean
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Fig. 1 Geological map of Zhongyangchang region in Tianshuihai ( modified after Pan et al. , 2004 ; Ji et al. , 2009, 2011)
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Hongshanhu suture; (?)Bangonghu-Nujiang suture. [ Northern Kunlun terrane; II Southern Kunlun terrane; Il Bayankala terrane; IV Tianshuihai-
Northern Qiangtang terrane; V Karakorum-Southern Qiangtang terrane. F1 Tax fault; F2 branch of Qiacertianshan-Hongshanhu fault. 1-Quaternary;
2-Upper Cretaceous; 3-Middle Permian; 4-Upper Carboniferous Qiatier Group; S-Carboniferous; 6-Silurian Wenquan Formation; 7-Paleoproterozoic
Bulunkuole Group; 8-Upper Carboniferous volcanic rocks; 9-Neogene syenite ; 10-Cretaceous granite; 11-monzogranite in Neoproterozoic Qingbaikouan
System; 12-granodiorite in Neoproterozoic Qingbaikouan System; 13-Pyroxenolite; 14-gabbro; 15-ultrabasic rocks; 16-faults and serial numbers; 17-
geological boundary; 18-locality of sampling geological section
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Fig.2 The sampling geological section (a), outcrop (b) and microphotographs (¢, d) of volcanic rocks in Zhongyangchang
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F 1 MFEIFRLEHA LA-ICPMS U-Ph EELER
Table 1 LA-ICP-MS zircon U-Pb isotopic analysis of rhyolite sample in Zhongyangchang

Ph Th U 207 pp, /235 206 pp, /238 207 pp, /235 206 pp, /238 [
ESS=s Th/U - -
(x107%) Ratio lo Ratio lo Age (Ma) 1o Age (Ma) lo
1 73.98 66. 05 121. 49 0.54 9.73639  0.29015 0.45670  0.00551 2410 27 2425 24
2 86. 15 77.59 142.95 0.54 9.64973  0.31613  0.45933  0.00559 2402 30 2437 25
3 88.28 104. 26 138.22 0.75 10. 1518 0.35964  0.46013 0. 00605 2449 33 2440 27
4 119.35 98.76 201. 20 0.49 9.20946  0.32712  0.45550  0.00604 2359 33 2420 27
5 72.90 55.67 125. 61 0.44 9.03012  0.30895 0.44743  0.00591 2341 31 2384 26
6 78. 04 29. 09 138. 47 0.21 10. 1303 0.33483  0.46830  0.00581 2447 31 2476 26
7 42.40 38.37 69.77 0.55 9.93139  0.36245 0.46642  0.00656 2428 34 2468 29
8 81.39 122.32 125. 42 0.98 9.65644  0.38036  0.46652  0.00621 2403 36 2468 27
9 67.65 64.23 148.99 0.43 6. 12816  0.22445  0.35819  0.00481 1994 32 1974 23
10 55.02 152. 16 95.91 1.59 6.08455  0.26333  0.36707  0.00549 1988 38 2016 26
11 67.08 130. 82 136.97 0.96 5.71852  0.23616  0.36151  0.00466 1934 36 1989 22
12 43.51 87.37 86. 24 1.01 5.53213  0.20017  0.35329  0.00470 1906 31 1950 22
13 106. 73 142. 45 227.79 0. 63 6.02342  0.23652  0.36831  0.00499 1979 34 2021 24
14 20. 74 83.48 336. 40 0.25 0.40033  0.01963  0.05467  0.00082 342 14 343 5
15 22.57 86.47 357.76 0.24 0.41419  0.01787  0.05498  0.00084 352 13 345 5
16 16. 44 81.87 265.59 0.31 0.39070  0.01984  0.05493  0.00092 335 14 345 6
17 26. 50 100. 02 431.33 0.23 0.36291  0.01683  0.05457  0.00072 314 13 343 4
18 23.12 89.75 370. 89 0.24 0.36598  0.02631  0.05532  0.00103 317 20 347 6
19 29. 86 129. 60 476. 45 0.27 0.39826  0.02426  0.05422  0.00083 340 18 340 5

K2 MEGRYERAMETE( 10 ) PNERREER T iRE

Table 2 Trace element ( x 10°°) analysis and T} of zircons from rhyolite sample in Zhongyangchang

i-in-zircon

= La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu SEu Ti  Trisnsiveon (°C)
1 0.0114 9.06 0.0607 1.10 2.81 0.940 16.4 6.44 84.7 36.6 182 41.6 417 86.7 0.42 3.18 649.5
2 0.2250 18.1 0.1920 2.72 4.46 0.939 15.9 4.69 51.6 20.1 89.1 20.0 194 38.6 0.34 4.57 676.6
3 0.0208 10.8 0.0824 1.27 2.56 0.223 14.1 4.97 58.7 22.7 98.0 21.0 191 352 0.11 18.9 799. 8
4 0.0095 12.4 0.0298 0.656 1.90 0.292 8.78 3.50 42.9 15.9 75.8 16.7 158 30.2 0.22 9.51 736. 4
5 0.0432 31.9 0.0487 0.878 1.12 0.268 9.38 3.21 41.0 16.3 78.1 18.3 188 41.1 0.25 6.95 709.9
6 0.0063 3.77 0.0477 0.615 1.10 0.0989 7.52 2.55 32.5 12.1 54.8 11.4 109 21.4 0.11 10.2 742.2
7 0.0430 9.57 0.0853 1.16 2.94 0.772 19.2 6.61 98.2 42.8 212 46.9 444 96.4 0.32 2.71 638. 1
8 1.400 23.0 0.5970 5.88 6.75 1.51 23.5 6.43 67.2 24.3 108 21.5 203 40.8 0.37 5.85 696.0
9 0.0067 5.99 0.0429 0.548 1.03 0.507 7.16 2.45 27.0 10.5 48.3 10.2 97.7 19.5 0.57 6.77 707.8
10  0.0822 48.9 0.5750 8.14 9.88 2.05 32.2 814 755 240 96.2 18.2 161 31.6 0.35 11.5 753.3
11 0.0432 20.5 0.0690 1.26 2.26 0.351 12.8 3.76 44.7 14.6 62.2 11.9 107 21.1 0.20 17.1 790. 1
12 0.0482 12.5 0.0580 0.425 1.95 0.420 11.0 3.40 38.5 14.1 61.3 12.0 108 21.1 0.28 13.0 764. 1
13 0.0016 14.0 0.0590 1.409 5.07 0.0357 35.7 12.1 141 50.9 207 38.9 319 57.5 0.59 5.52 691.4
14 0.0087 1.37 0.0633 1.891 5.69 0.143 37.1 15.0 188 74.0 339 73.4 654 124 0.03 11.8 755.5
15 0.0091 1.38 0.1160 2.617 7.07 0.224 47.1 17.8 224 86.8 386 81.8 739 141 0.04 12.0 757.0
16 0.0095 1.52 0.0714 1.649 5.02 0.0921 34.4 12.9 161 62.5 278 60.0 545 102 0.02 13.8 769. 4
17 0.0275 1.30 0.0902 1.624 5.41 0.0868 35.7 14.4 187 73.7 340 72.8 669 128 0.02 8.88 730.5
18 0.0066 1.26 0.0658 1.086 4.64 0.0431 31.7 12.4 158 62.4 289 61.6 565 109 0.01 8.92 733.7
19 0.0354 2.15 0.1580 3.862 7.94 0.199 49.7 18.9 246 97.0 433 90.7 818 158 0.03 8.77 729.3

ST AT A L SR — B0 B B a4, 2010)
HARIsRZIA R o S ER -, BEAEMMEA 513 Kb g WKt

i Bu 553, RIUTRHS ARG 5 P Bu i 3 288U0R, 7E R ARSCNEATIIIEAS P HREE RS AL T HBER (L2 R A0 4 7
RANEA MR R T A E R MBI R Bu i FEE AOles TR A S 343.5 £ 4. IMa (Ll ) 46
S A HAT MR IR ISR AR R R SE AL A I AL A TR B AR 2439 £26Ma FiI 1988 +
HHEHA A P AR (Hoskin and Schaltegger, 2003; “K[E2%:  36Ma AJRE K ILETE U e AR (kR G) g e,
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3 MEHNLEEETR(w% ) MPEHBLITR(x10") FER

Table 3 Major (wt% ) and trace element ( x 10 ™) components of volcanic rocks in Zhongyangchang

s ZYC04 ZYC07 7ZYC12 ZYC15 7ZYC22 7YC25 7ZYC18 ZYC19 ZYCB14 ZYCB02 ZYCBO3 ZYCBOS5

Ak ZilE Zik&ilra S WMECE
Si0, 44. 89 50. 49 51.79 48.58 49. 81 50. 56 54.36 52.22 67.58 78.72 78.01 80. 89
TiO, 3.11 1.42 1.48 1. 68 2.54 1.15 1.42 1.48 0.07 0.17 0.36 0.20
Al, 04 14.23 14. 20 12.23 14. 87 12.23 13.05 13.29 12.97 5.18 6.91 11.13 9.34
Fe, 0,7 14.41 13.32 14.52 14. 47 17.52 13.48 12. 36 12. 15 0.41 0.57 1.63 0.68
MnO 0.13 0.15 0.13 0.16 0.22 0.18 0.15 0.15 0.12 0.03 0.01 0.01
MgO 6.37 6.03 4.41 4.77 4.19 6.61 5.37 5.93 0.58 0.37 0.71 0. 40
CaO 5.95 6.59 10. 58 8.12 6.63 5.57 8.23 9.31 14. 88 4.76 0.41 0. 84
Na, O 3.62 3.31 1.94 3.63 2.43 2.58 3.04 2.55 1.78 1.17 0.19 2.23
K,O 0. 89 0.96 0.24 1.11 1.53 1.98 0.46 0.61 1.34 2.77 5.33 3.89
P,05 0. 46 0.13 0.14 0.16 0.23 0.12 0.13 0.13 0.03 0. 05 0.11 0.12
L O.1 5.99 3.47 2.59 2.46 2.61 4.72 1.31 2.56 8.07 4.24 1.55 1.21
Mg* 51 51 41 43 36 53 50 53
Total 100. 07 100. 06 100. 04 100. 00 99. 95 100. 01 100. 11 100. 03 100. 04 99.76 99. 44 99. 80
Se 31.8 31.0 25.1 37.6 42.0 35.6 29.8 30.3 2.24 1. 46 2.59 2.37
Ti 17533 7958 8272 9144 13357 5941 7801 8205 374 905 2018 1120
v 339 256 301 364 517 239 252 262 3.52 16. 6 27.8 14. 4
Cr 57.4 52.6 92.1 43.8 11.5 14.3 22.0 18.0 4.28 8.49 22.0 16.1
Co 45.9 53.8 35.7 46. 1 49.2 39.4 42.1 43.4 1.52 1.27 2.38 1. 11
Ni 37.9 123 65.6 55.9 38.9 53.2 67.0 76.4 3.58 2.75 7.77 4.80
Rb 21.0 18.2 4.97 28.3 29.6 43.4 10.2 16. 6 32.3 76.5 150 94.7
Sr 133 344 635 348 445 68.5 375 347 387 151 43.5 74.2
Y 23.8 18.0 25.4 22.6 29.9 21.0 19.8 20.3 14.1 20.7 14.3 11.5
Zr 176 120 130 112 161 121 126 129 40.8 132 254 153
Nb 19.5 6.32 6. 84 5.63 8.47 5.35 6. 86 7.07 1.18 3.10 6.75 3.62
Ba 407 316 61.7 307 415 287 168 302 315 764 875 764
La 28.9 18.0 18.9 16.5 24.5 17.2 18.9 18.3 13.3 31.9 38.9 21.6
Ce 61.7 37.1 39.2 34.7 51.0 37.0 38.4 37.2 24.5 57.1 69. 4 40. 4
Pr 7.97 4.81 5.10 4.57 6. 65 4. 65 4.96 4.78 2.83 6.53 8.00 4.71
Nd 33.7 19.9 22.1 19.1 27.9 18.8 21.0 20. 1 10. 4 24.2 28.7 17.5
Sm 6.57 4.38 5.03 4.11 5.80 4.03 4.59 4. 46 1.85 4.29 4.72 3.00
Eu 2.46 1.20 1. 80 1.27 1.61 1.16 1.42 1.38 0.452 1.23 1.18 0. 835
Gd 6.29 4.32 5.46 4.22 6.12 4.16 4.58 4.54 1.92 3.82 3.60 2.60
Th 0.905 0. 683 0.835 0. 709 0.973 0. 688 0.723 0.71 0.327 0. 64 0.515 0.393
Dy 5.05 3.80 4.96 4.24 5.88 4.16 4.17 3.93 2.05 3.71 2.77 2.20
Ho 0.992 0.751 1.02 0. 944 1.22 0. 876 0. 86 0. 845 0.48 0.771 0. 544 0. 441
Er 2.44 1.97 2.71 2.54 3.40 2.43 2.17 2.10 1.40 2.10 1.48 1. 14
Tm 0.335 0.273 0.354 0.354 0.482 0.35 0.31 0.293 0. 201 0.32 0.218 0. 162
Yb 2.11 1. 60 2.11 2.34 3.21 2.20 1.87 1.82 1.34 2.12 1.38 1.02
Lu 0.312 0.244 0.295 0.351 0. 486 0.342 0.276 0.278 0.215 0.324 0. 199 0.138
Ta 1.18 0.417 0.46 0. 366 0.56 0. 368 0. 465 0.439 0. 108 0.237 0.502 0.272
Pb 8.12 4.40 6.31 5.60 4.63 4.00 3.65 4.01 12.49 9.12 6. 69 8.61
Th 2.84 4.02 3.51 2.73 4.18 3.04 3.55 3.45 2.33 5.94 8.98 5.10
) 0.5 0.717 0. 853 0. 696 1.01 0.759 0.718 0. 687 0.278 1. 04 1.08 0.79

FRRTH K T bR i R 2 SR S e R I T R Wt X [, 2002) , BT AR S8 AIF 5 J80SR: S AR S0 # B 2 ft 1 1
ATREAATE T R A RIS . IFTE AR B A e Rl e AOR Ok

JAAEHARATI 2481 + 14Ma 12016 +39Ma (1451 (313C1k

85, 2010) s BEHUR SR (R MARA SARILOINAT 5.2 ERRERWE

FERALIENIR (ZRoAEAE, 2008) ARk s i o Al K BLAY 25 H13 3 0T LA I, B3 KL E AR i be 2k 4 (LOT) 2284k
ACHFN I8 AZAE RS AC- ooty U Kl G JEREECR, /v T 1.31% ~8.07% , K W5 1A A A B B 4 ik
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1989)

Fig.4  Chondrite-normalized REE patterns of zircons from

rthyolite (Sample ZYCB05) in Zhongyangchang ( normalizing
values after Sun and McDonough, 1989)

Ag, Hirp ZYCBI4 ek 5K (8. 07% ) , W] A7 FE M) 0 1) 5 A
L, L HER AL 22 AR 2 B B, N e . A A AR Si0,
SR EEANL T 44.89% ~ 54.36% Fl 67.58% ~ 80.89%
8], 853 b s H WU L 5 B AR o, 76400 43 i AR AR T
WA AR Nb/Y-Si0, [ (& Sa) H i FZAL TR
R ZRZI S FBUEX,ZYC04 78 ABIIE X A X,
HARFEMIIE BN KA X, ZRFEA A (ZRA .
LA ) MgO (4. 19% ~6.61% , F-H{E H 5. 46% ) . CaO
(5.57% ~ 10.58% , V- #4915 N 7.62% ) . AL, O, (12.23% ~
14.87% ,F-#{H F9 13.38% ) , Mg" i J9 36 ~ 53, 23 T AR M
Z it (MgO =5.90% . Ca0 =9.70% ALO, = 14.30% ) , 5
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KGR ZRAE BT A0 78 AFM Bl (& 5b) Hr,
R B BE R A 18] 45 B 2 ) 3 I A9 AR AR TiO, (1.15% ~
3.11% P¥EN 1.78% ) , FEASTE A BING 2 X A (3
[l (TiO, 0. 70% ~2.0% ) ,7& Ti/Y-Mg”lE]ﬁ@( & 5¢) Iy
A EARER X I

MBCA Si0, i, 78.01% ~80.89% ;Na,0 & &K
0.19% ~2.23% (FHH K 1.20% ) ; K,0 SR 2.77% ~
5.33% (BN 4.00% ) ,Na,0 + K,0 #3.94% ~6.12% ,
LA HRAE s AVCNK 4 0.51.,0.99 1. 63, B (A i /R AR R
Tk, AR T R GE R B IR ES i 1 R 51

EREG LA S EAR (B 6) v, KA A Sio, 5
Ti0, \ALO; MgO ,Na,0 P,0, /5 — & i 11 1k Mg" 5
Ni 7Rt IEAH e (NG ) o R BUE 1E X e A Ak P Aot 2 5%
N F A B B ¥, 78 Si0, 5 Na,0.P,0, BRI 5 X
R W A R OE R TEBCAFE S Y K, 0/TiO, K, 0/
P,0; WEMBRZRICAARMNZE, MAEAITTE ST ELR
JRR KL S R R TR, e T R IR X RN
], FFAE [R]85 2 5% S AL 1 P2 ) o

5.3 WETERT

Za A SREE 444 95.90 x 10 7° ~160.0 x 1076,
LREE/HREE . (EAF 5. 11 ~7.66 Z[d], (La/Yb) k4 5.06
~9.84,(La/Sm) }2.43 ~2.84 R E LA FHE ., #+
BE AR A B0 T2k (B 7a) A TR KA (OIB) #
B HEHE (E-MORB) Z [i], 5 OIB fit 73 5% = o A 8L, R I
KR ICEEHER, SEu AT 0.83 ~ 117, BRI
Eu iS58 o KR A 1 SR E HE AR v Ak (9 S T 2 kY
(& 7c) #4k 5 OIB Fl E-MORB FeAHHEl . K RAA &
% Rb.Ba,Th U FREFHRATE,Zr HITi BiESE, B
A Pb W BIESH , m %58 ITE Nb Ta AHX 741, (H4a X} &

85 FeO" 7 —
F[ATRE X (a) (b) ST | (c)
1] o I L i
L O X% A X X 65F 7 e
T5F |0 Bz A ] 7 60k ;
A70: X f A v HH R 5|
OO S AL 1+ 55
<65 U %/ & A
0 60} >3
2 R B/ 2 45¢
I A iR 40
8 A
s0f A
45t SR P R 351
a0l : s 30 S \
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(a) Nb/Y-SiO, [&f#( Winchester and Floyd, 1977) ; (b) FAM [&lfi# (Irvine and Baragar, 1971) ;(c) Ti/Y-Mg* [#f# ( Lai et al. , 2012)

Fig.5 Petrochemical characteristics of volcanic rocks in Zhongyangchang

(a) Nb/Y vs. SiO, diagram ( Winchester and Floyd, 1977) ; (b) FAM diagram ( Irvine and Baragar, 1971); (¢) Ti/Y vs. Mg* diagram ( Lai et

al. , 2012)



R AR IAT F 9 B % 2 Kb B FRF AT 5 B R E Ao b i & 1707

3.60[T702 270E ] A0S 7 2 MzO] 25[Rz0/Ti0z
2 oX )Ll | el 2 %
3.00 XLl N e .
N oa 14} & a 5 )
240 A0 a,
\ 12 aa*” 4 A 15
1.80 AN x
¥ 10)
J « |3 10
1.20 AN 3 2
0.60 6 X q 5
XXX % x
0.50 03 ‘[R=0 HQ ST "Olkzé;;Pzéés
A N 5
3 600)
0.40 3 A 30
500 w0
0.30 £% x| 400}
W 2 a i 30
0.20 H
“do 1 * | 200 2l
0.10 \ x % ! i 10
. “x ;‘ Moo
X 0 0
O T30 353005 70 7590 85 4045 30 3360 65 70 75 B0 RB5 4035 30 3360 €T 70 75 R0 B5 40 45 30 35 60 65 70 73 80 85
Sio, Sio, Sio, Sio,
N (28
FL6 Tz kalis g s e i
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PRUEALIE N-MORB .E-MORB . OIB %{{f 4§ Sun and McDonough, 1989 ; F3ti7e5{E #i& Gao et al. , 2004

Fig. 7 Chondrite-normalized REE patterns (a, b) and primitive mantle-normalized trace element patterns (c, d) of volcanic rocks

in Zhongyangchang
Normalizing values, N-MORB, E-MORB, OIB compositions after Sun and McDonough, 1989 ; upper crust compositions after Gao et al. , 2004

WA, B G ZYC04 B 4558 OIB, A KA A1 ~20.3,(La/Sm) 4. 65 ~5. 32 A i %/ s L4 i 21,
Nb Ta & 45 R He 0w 4L Hi HERRRL A PRI REE L3 M2k (B 7h) S A7 R,

WE# SREE &8 K 96.20 x 107° ~162.0 x 107°,  F+sIE 4 sEu 4T 0.87 ~0.93, B/% Eu i 5%, 5
LREE/HREE FUAHSF9.08 ~ 14. 1 Z[A], (La/Yb) 2y 10.8 [ ibsg i spkiakis h—5. macs (B 7d) A3 L3 s s
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A4 Rb Ba 55505, 38 205 1 Nb \Ta [ Ti Sr 85705
EIR B ER AL SRR 1) 22 5 U IR S0 AR R A IR
MR B 2871, A5 AT BE S L Fe B K il 1407 )

6 FIEAEL IR

KR LA S — 22 RS AR (Si0, & k&
IR AEPIA DX [A) HE) A 7E — i o3 ) T B s & (R
&, 2000) , 7] LAJE BUAE KB 2445 (Wilson, 1989) (VP 5 9
(Brouxel et al. , 1987) i 3 K Fifi i1 % ( Pin and Paquette,
1997) LI &3S %3 ( Hinjo and Kato, 2000) o #5 Fif SCHf ik,
e K g gy E RGOS FHE , Z BT s Ti
(5941 x107° ~ 17533 x 10 %) Zr(112 x10™° ~176 x 10 ™°) .
V(239 x 10" ~517 x 10 ) Se(25. 1 x 10~ ~42 x 10~) fl
Y(18.0x107°~29.9x10 ) & & (3 3) , %Eny Ti/Sc (167
~55T) M Ti/V(24.9 ~51.7) , BoRok )G B (GAZ 25 H) K
15 FHEAE ( Hollings and Kerrich, 2000) , 55 #8925 58 5
) Okinawa Z 385 (OTB) ( Shinjo et al. , 1999; Shinjo
and Kato, 2000) F13K-5 5 %5 s BL 3K % S 19 Brich-Uchi 4¢ %
1 Z A (BUB) (Hollings and Kerrich, 2000 ) f# 8 o0 % $54F
HAT—FE BRI , 72 AT LA 7 0 P X F) Nb/Yb-Ta/Yb |
Nb/Yb-La/Yb Nb/Yb-Th/Yb & f# # ( ] 8a-c) ( Pearce and
Peate, 1995) ,#E3 X R4 A Bor i 5 OTB 1 BUB (¥4
Ik A 2YCO4 $552 51 5 OIB HE ¥4, HAb 2 i BTa 11
7% 2| E-MORB 1) [t , /H 2 4H kb OIB ( Ce/Pb =25, ( Nb/
Th) oy = 1.43, (Nb/La),, =1.25) il E-MORB ( Ce/Pb =25
(Nb/Th),y, =1.65,(Nb/La),y, =1.27) , K ) Ce/Pb
(6.19 ~11) . (Nb/Th) py (0.21 ~0.82) ,(Nb/La) ,, (0.30 ~
0.65) , It LIFh 3 Kk 1l 25 FF A2 HIE R E-MORB(0IB) , H
S HATHAFE , 7 0 /Y PRI I A ), Bl o AR 7™ e R Rl
HGEAS & K7 BT (Xu et al. , 2003; Cole et al. , 2006;
Castillo, 2008 ; Tian et al. , 2010) ., 7£ Hf/3-Th-Ta & fi# ( ®
8d) b, B mIE LI Z A (CAB) X, {H 5 #L ALY B KX
B (Ti/V <20:72/Y <3325 < Zo/Nb <70) H 1L, Fh 26 3% % it
STV (24.9 ~51.7) Z1/Y (4. 94 ~7.42) , Zr/Nb(9. 05 ~
22.6) B AS[A] ( Shervais, 1982; 3i#i4%E, 2005; Fi4 4,
2010) , 7E Ti/100-Zr-3Y [Elfif (1€l 8e) b AN K s X
N, 7E La/Nb-Ba/Ta [#lfi# (€] 8) b, Fh 33 X R i A # 3%
AFINE 253 XA X, 7E Nb/Yb-Th/Yb [Elfig (18 8¢) |,
R B RBEIRA, AR RPEINN . 78 Ta/HE-Th/HE [&]
it (1] 8g) EHsidg AKRBERL KA (BT ) XA X
25 EIrR MR X R A B E-MORB(OIB) | & A AR A i
KRS HRE, 5 OTB 1 BUB (A4 MORB Fi1 5 3IVIR & 45
fiE) (1 8d, e) AP 2e 5, RPN L3 K BUE 1 1T 5
A RE R I Bl e 1) S UGS SR A, B o 3 K R CE R B
R SRS [ g8t RS A R T R I G A Y K
WA FRE

£ LI/ 2016, 32(6)
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AR, VIR L X W 2 C 2R B T — % MU, W) 28
TR T 5L AR A% Sy , R UURR ) v R 3k e AT A K
W HRAEIN LG KT T R0 w2 ki ilUa R
A, B A A ENE L R £ 2 T R - R K L (A
g IS, 20035 o4k 4E, 2008) 15 I P R M X 7E A7 R 22
S b T i ) e BRI SRR 1 L o T RE ™ T
PLERPRBE A JT RS , D5 X i ) A5 B 0 R B DA A i
b A B G e ) 5 TR UR B Bk R £ Je o I o A /b
Kl AT RETE P 20 ) © 00 UK 9IS 3t (9
A, 2000) FRKRLK M FOE B o i T BOA H BLEE R
L, AT RS A R 5K ) U B (P 4B BD)  BERATT T

7T HARKE

UL T 2 A R T b S 430 il 4 A K
TS A PIRNAS R 1 R ALR]  BPEE X R HR 45
G35, Forp A e iR A B Rl 72 4 5 (19 A ( Grove
and Donnelly-Nolan, 1986 ) £ Hi 5% ¥ 5t &8 43 45 mll (19 2%
(Huppert and Sparks, 1988; Wilson, 1989), Fidk& A 1 £
TR TCR 1 28 5 R IR 23 KRBT A RN B0 T BEAS &
[FECE BRI 7 . AR AR b, S 3% 3T & (10 Th,
U Nb Ta Zr Hf Ti.Y F1 Yb &%) FIff 00K , B A 55 1995 3
PE. ZRREA Ti/Y(282 ~738) (HE/Ta(3.65 ~8.61) 7/
Y(4.94 ~7.42) Z1/Nb(9.05 ~22.6) .Th/Yb(1.17 ~2.51) .
La/Sm(3.76 ~ 4.40) I P804 Ti/Y (43.9 ~ 141)  HE/Ta
(12.6 ~ 14.3) . Z1/Y (6.39 ~17.7) .Zt/Nb (37.6 ~42.6) .
Th/Yb(2.80 ~6.52) \La/Sm(7.21 ~8.24) {25 5, 15 A
B BRI ARHIH

7.1 ZREEAHE

TR, # 10 R M EE A A T AR iz s 1%
WA A YR DR AIE B 2t 5 A2 il Y 72 B2 PR SE (Johinson, 19985
Zhao and Zhou, 2007; Liu et al. , 2010), F Yb #ruEAL
HESE LUAE AT LAV B 53 0200 434 i 5 i 43 15 4t A
XFICER B B AR IR, DTS 35 R DX 17 i Bk Ak 22 1 o
(Macdonald et al. , 2000; 2 X4, 2009) . FpEig XA
MR L0 ER DL B e e 4 4 50 2R AIE ( Ze/HE (Nb/Ta  Th/Yb
Ta/Yb .La/Yb 1 Th/Yb) 5 E-MORB( OIB ) E.AG #H{LI14: , 32 #H
ZRBUE A TRIX AT AESE AL E-MORB(OIB) i, 7£ Sm-Sm/Yb
Pl (18] 9a) o, ZEUBUA A7 Sm/Yb AR (1,76 ~ 3. 12) B4R
mi T RO E A R R, SRR + SR O RO
(50 : 50) Rt AR & 0 ZRBTE A H IS Eu 74 2
IESH BARM Y Y & & B Sr & &, La/Yb {H N
7.05 ~13.72,Dy/Yb 5 1. 81 ~2.40 > 1. 5, 32 W U8 [X V5 J&F 45
K HIE R RE A B (SRS, 2012) o X o 3R A AL
THAABRF LG LTS TR MR (5% ~20% ) 17
(15 9a) .
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Fig.8 Tectonic discrimination diagrams of basaltic rocks in Zhongyangchang

(a, b) Nb/Yb vs. Ta/Yb diagram and Nb/Yb vs. La/Yb diagram of basaltic rocks, shaded regions indicate the rang of oceanic basalts (N-MORB,
E-MORB and OIB) (normalizing values after Sun and McDonough, 1989); (c¢) Nb/Yb vs. Th/Yb diagram of basaltic rocks (Xu et al. , 2003) ;
(d) Hf/3-Th-Ta diagram of basaltic rocks ( Wood, 1980); (e) Ti/100-Zr-3Y diagram of basaltic rocks ( Meschede, 1986), A-CAB; B-MORB +
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Fig.9 Petrogeneis diagrams of basaltic rocks in Zhongyangchang

(a) Sm vs. Sm/Yb diagram of basaltic rocks ( Feng et al. , 2011 ), melt curves are drawn for spinel-iherzolite ( Kinzler, 1997) and for garnet-
iherzolite ( Walter, 1998 ) ; mineral/matrix partion coefficients and DMM are from the complication of McKenzie and O’ Nions, 1991; PM, N-MORB
and E-MORB compositions are from Sun and McDonough, 1989; Tick marks on each curves correspond to degrees of partical melting for a given

mantle source; (b) Th/Nb vs. Ce/Nb diagram of volcanic rocks in Zhongyangchang; (¢, d) Th/Zr vs. La/Yb, Ta/Yb vs. Th/Yb diagram of

basaltic rocks
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