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Abstract The Yushugou-Tonghuashan ophiolite, outcropped in the northern part of the southern Tianshan between Yili plate and
Tarim plate, has tectonically broken into ultramafic rocks, cumulates and volcanic lavas. The ophiolite is chiefly composed of
harzburgite, one kind of typical depleted peridotite. The olivines are forsterite (Fo is about 90) , enstatite (En is about 90) and a few
clinopyroxene. The accessory mineral chrome spinel bears the Cr* = Ct/( Cr + Al) x 100 value of 16 ~28, the Mg" = (Mg + Fe) x 100
value of 63 ~75, suggesting a low chromium and abyssal peridotite features. After the anhydration, the contents of MgO (38.84% ~
44.53% ), Al,0,(1.51% ~3.63% ) and CaO (0.42% ~5.77% ) of Yushugou ultramafic rocks are similar to the oceanic lherzolite.
The Tonghuashan ultramafic rocks occurred in carbonatite bearing the LREE enrichment might be produced by certain subduction fluid
alteration. The volcanic lavas occur widely here, in Yushugou is mainly basalt while in Tonghuashan is andesite and dacite. Most of the
volcanic lavas have undergone the moderate greenschist seafloor hydrothermal alteration. REE contents of Tonghuashan basalt are higher
that of Yushugou, REE patterns are LREE enrichment type. The trace element compositions of basalt indicate they may suffer from the
fluid influence. There are three high-Mg volcanic rock samples, according to the various features like the extreme low SiO, content
(32% ~36% ), high MgO content (20. 12% ~28.50% ) and the value of K,0 + Na, 0 (0.06% ~0.46% ) less than 2% , which can
be judged as picrite. The cumulate, generally locates in the ultramafic rocks or mafic lavas as small blocks, is mostly gabbro with less
olivine pyroxenite and with significant alteration and structural deformation, which is similar to the basalt in composition and with two
type LREE patterns including enriched and slightly depleted. According to the geochemical features, the Yushugou-Tonghuashan
ophiolite was produced in Mid-Ocean Ridge (MOR) environment, with certain subduction fluid alteration and was associated with the
generation of island-arc volcanic rocks.
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(a) -Yushugou sampling site; (b)-Tonghuashan sampling site

3 SRS N FRIE
3.1 HMRAREGRE AR FAHE
3011 MEEE

TR T R B - B A o o D MR RO o L D B O
B MBI A AR, A R AR T AU T T 3 AR
SRS SR 700 ~ 1100m, F 3R #7 A1 0 A
RN A 2 B B B R IR 2200m FMERUE A, J5
E R RN Ry o S SN (A CEE I AR g A el
i, R 5 2 BE e Al R S 25 /% A3 X 4 )™ ),

Geological sketch of Kumishi of Xinjiang Tianshan Mountains (revised after Gao et al. , 1998)

1993) ,

T A R B ke B B e A e, D BOLARE O
(LG NGB Y SN EE S I 27/ TR GOl U 2
DR BT ) ) 7 WA S5 T 4R B E R AU il . L
KRR R P 0, 20 WY i B, AT R ST e S0 A (T
2a) AR i A S L T i AT — RE B D7 1) e (TR
2b) o 8 Ay S 2 AE i 1) 30 AMHEAT (1 FL TR 1443
e S 7 IORE A7 J850 AR AR, D BE RS A7, Fo £ 89.25 ~
91.50 Z [, ¥4 90.35(£ 1),

BT, 2 A8 AR AL AT — 2 1 D7 1) 1k ([
2¢) KRR ITHEATREEE AT IA Smm , 21504 AR EE4S i K R T
WEAT R (181 2b) o 8 DI RERINEA AR A ) 29 ARDT#E

@ HEEAER R AR DTS (5 DB LR BA ) . 1965, KA 4T (1720 J7)
@ #R4EE IR AA DO R (5 X Bl BN ) - 1976. /Rt (1720 J7)



HEaBE, B LBERR AR LGS IER LT F

99

B2t A e s i s T IR

(a) HURIMIOHE A BRI 1, 28 A Rl it , A e DRI e S0fr 4 5 (b)) -AIRi IS £ 305 36 e e AR FEAG i, A — € 97 [ 5 (o) R #E 4
BB I —ERT7 s (d) BRI B TR B AR, 20 A TE BRI (L T2 S A 0 T . OL-BASE 5 Opx- BT AT 5 Cr-B8 2R i A7 5

Serp-IE40H

Fig.2  Photomicrographs of the ultramafic rocks in Yushugou ophiolite

(a)-Coarse olivine grains have smooth edge, molten alteration and slight later serpentinization; (b )-Fine olivine grains are generally crashed,

recrystallized and have certain directionality; ( c¢)-Orthorpyroxene grains are elongated and slightly directional ; (d)-Chrome spinel grains occur in the

mylonitized and recrystallized olivine grains as harbor or skeletal shape. OI-Olivine; Opx-Orthopyroxene; Cr-Chrome spinel; Sep-Serpentine

x1 WRARFREBERET W EHHS (W% )
Table 1
in Yushugou ophiolite (wt% )

The composition of minerals from the ultramafic rocks

Y A A HRRDEA BRRERA
J=%'¢ 30 29 28 100
Si0, 41.24 56.70 54.01 0.04
TiO, 0.01 0.04 0.16 0.04
Al, Oy 0.01 2.49 2.80 48. 38
Cr, 04 0.01 0.33 0.54 19. 56
FeO 9.23 6.37 2.05 14. 50
MnO 0.14 0.15 0. 08 0.16
MgO 49.23 33.92 16. 83 17.50
Ca0 0.01 0.30 22.80 0. 00
Na, O 0.01 0.01 0.62 0.02
K,0 0.01 0.01 0.01 0.01
P,04 0.01 0.01 0.02 0.01
NiO 0.42 0. 08 0.04 0.24
Total 100. 33 100. 42 99.97 100. 46
Fogy 4 En g 4 En 4 4 Cr*21.4

T« SC U B e AR AR T TR e IR S MR B A A SR
DRI, A B H A H - 20 ®] JXA-8100 , BEHEAY Inca
Energy B FHREF , REFHRI 200A , i f8 i 15. 0KV, H1F
HHE 2 um

A TFRER L BT s — AN BNV A AR E X R (&
3a) :Si0, & B AE 54.92% ~ 58.35% Z [A], -1 K 56.7% ,
Cr,0, Fr 7 0. 12% ~0.47% Z ], -394 0. 33% ,MgO 4t
T1F 32.41% ~36.39 2 Ji], V-4 33.92% , 7iii Mg (£ 7£ 89.6 ~
90.9 Z[a], ¥k 90.5, AL O, A 45w, 76 1. 31% ~4.01%
208, ¥R 2.49% , Hoi 4 /3 Wo =0.28 ~ 1.07,En =
88.9~90.2,Fs=9.22 ~10. 5, Bl K HELH .

B AR SR AN T 5% ,8 LS
FEAL Y 28 AN BARHE G B9 fL T IRET R 0T (8 1) R W, L
Oy ARARE (1 3a) , BR WAL 35 58 HE A1 40, AR R B WA
H ¥y m 45> Wo =26.5 ~48.7, En=44.1 ~65.1,Fs =
2.82~5.33,

AR mAEDEULARE S P el 0L, & — Ml 1%
~2% , BRI 22, s TS AR % R, A A B AL
LTI A T (B 2d) o 8 N5 MRS B 1 100 A~
R A IR FERET B T R B, Cr, O, T AR L T 14. 58%
~24.98% ] ,MgO £ & 125 4k X 18] K 15.39% ~ 18.91%



100 EL¥F]| 2011, 27(1)

Acta Petrologica Sinica

(@ (b) WRE
100
80
z
t 60T
i | He \ 9“:
A Di 5 |eWmz®
S 401 . w
Au = T
<&
201
Pi \
ClEn | CIFs 0 - - ' . '
En Fs 100 80 60 40 20 0

100Mg/(Mg+Fe?*)

B3 iV i B MVE AT RN B R A0 v IR 1 LA

(a) - o T L3 P A (48 Morimoto, 1988 ) 5 (b)) -2 A7 143 Sk 7 TR RIS 5 (R MAORE 4 R 4IE (41 Dick and Bullen, 1984 ). Di-i& #% 47 ; He-
FEERNEAT 3 Au-E TR AT 5 Pi-5) B REAT 5 CIEn-RUBUE A7 ; CIFs- I

Fig.3 Composition diagram basing on the pyroxene and chrome spinel EPMA analyses of Yushugou ultramafic rocks

(a)-Diagram of pyroxene (after Morimoto, 1988) ; (b)-Diagram of spinel showing the abyssal peridotite feature (after Dick and Bullen, 1984). Di-
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(a)-Magnetite grains with pseudomorphous spinel; ( b )-Carbonatization superposed on serpentinization. Serp-Serpentine; Mag-Magnetite;

Car-Carbonate
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R2 ERLERGRFENERLERM (EETHE wi% ;MEMHLITER: x107°)

Table 2 Chemical composition of Yushugou ophiolite in South Tianshan ( Major elements: wt% ; trace elements; x107°)

e 07Y-777  07Y-782  07Y-784  07Y-790 07Y-801 07Y-843 07Y-845 07Y-897 07Y902 07Y-914 07Y917

Ak EEERR A
Si0, 39.73 42.99 41. 63 43.03 39.76 38.00 38.86 37.39 39.32 41.34 38.05
Ti0, 0. 04 0.03 0. 06 0.08 0.01 0.01 0.02 0. 02 0. 04 0.01 0.02
AlL0, 2.45 2.16 2.56 3.43 1.45 1.30 1.54 1.35 1. 46 1.77 1.39
Fe, 0, 3.11 2.61 3.64 2.81 4.98 6.48 5.70 4.14 3.11 3.82 5.05
FeO 2.87 4. 69 3.50 4.36 2.03 1.41 2.07 2.82 3.05 4.36 2.19
MnO 0.12 0.12 0.13 0.12 0.10 0.11 0.12 0.10 0. 09 0.13 0.05
MgO 37.96 39.23 37.80 36.70 38.60 38.36 38.23 35.00 33.19 40. 80 34.52
Ca0 2.03 2.26 1.91 3.80 0.62 0.36 0. 54 3.90 4.92 1.08 3.65
Na, O 0. 10 0.18 0. 09 0. 10 0.05 0. 09 0. 10 0.31 0.02 0. 06 0. 09
K,0 0.01 0.02 0.05 0. 06 0.02 0.02 0.02 0.02 0.01 0.03 0.01
P,0; 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 <0.01 0.01 0.01
H,0 " 9.96 4.96 8.00 5.24 11.34 13.16 12.58 9.96 10. 54 6.24 11. 14
o, 0.65 0.30 0.07 0. 14 0.25 0.09 0. 09 4.16 4.61 0.21 3.29
Total 99. 04 99. 57 99. 45 99. 88 99.22 99. 40 99. 88 99.19 100.36  99.86 99. 46
La 0.38 0.30 0.85 0.72 0.14 0.08 0. 08 0.19 0.19 0.12 0.37
Ce 0. 80 0. 67 1.51 1.28 0.18 0.13 0.16 0.38 0.54 0.19 0. 61
Pr 0.09 0.07 0.21 0.18 0.02 0.02 0.02 0.08 0.05 0.02 0.10
Nd 0.34 0.25 0.86 0.78 0.08 0.08 0. 11 0.20 0.20 0. 09 0.40
Sm 0.07 0.06 0.16 0.17 0.01 0.02 0.03 0. 04 0. 06 0.02 0.07
Eu 0.05 0.02 0.07 0.08 0.01 0.01 0.01 0.02 0.02 0.01 0.03
Gd 0. 14 0. 09 0.21 0.33 0.05 0. 04 0.05 0.07 0.05 0.07 0. 09
Th 0.03 0. 02 0. 04 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Dy 0.19 0.14 0.28 0.39 0.08 0.07 0.08 0.07 0. 06 0. 09 0. 11
Ho 0. 04 0.04 0. 06 0. 08 0. 02 0. 02 0.02 0.02 0.01 0.02 0.02
Er 0. 14 0.12 0.21 0.25 0.07 0. 06 0.07 0.05 0. 04 0. 09 0. 09
Tm 0.02 0.02 0.03 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Yb 0.17 0.15 0.24 0.28 0.10 0.09 0.10 0.06 0.04 0.12 0.11
Lu 0.03 0.02 0. 04 0. 04 0.02 0.01 0.02 0.01 0.01 0.02 0.02
S REE 2.49 1.96 4.75 4.70 0.80 0.63 0.77 1.21 1.27 0.88 2.05
LR/HR 2.28 2.26 3.32 2.18 1. 17 1.08 1.15 3.04 4.79 1. 00 3.38
8Eu 1. 54 0. 89 112 1.07 0.96 0.62 1.02 1.16 0.95 1.20 1.05
Y 1.87 1.04 1.77 2.44 0.63 0.55 0. 66 0. 67 0.36 0.70 0.76
Rb 0.03 111 1.99 2.69 0.79 0.59 0.58 0.05 0.91 1.02 0.52
Sr 9.28 5.58 20. 1 79.7 8.76 2.04 4.09 87.3 75.0 2.87 39.9
Ba 7.03 5.50 22.78 82.17 3.90 111 3.01 5.32 5.01 20. 02 3.54
Zr 2.24 2. 12 3.41 3.62 0.75 0.39 0. 80 1.38 0. 60 0. 99 1.59
Nb 0.27 0.22 1.76 0. 63 0. 04 0. 04 0.05 0.18 0.13 0.03 0. 08
Ta 0. 04 0.03 0.11 0.05 0. 02 0.01 0.02 0.08 0.05 0.02 0.01
U 0.02 0.03 0.03 0.03 0.17 0.01 0. 00 0. 09 1.03 0.01 1.70
Th 0. 04 0.28 0. 06 0. 10 0.03 0. 06 0.01 0.05 0.05 0.02 0.08
Hf 0.07 0. 06 0.11 0.12 0.02 0.01 0.02 0. 04 0.02 0.03 0. 04
v 58.6 60. 1 59.9 78.6 45.9 41.5 42.6 41.7 38.6 3.09 45.2
Cr 2431 2880 2776 2738 2638 2439 2612 2430 2440 189 2589
Co 111 114 102 107 113 109 110 96.9 54.2 114
Ni 2553 2065 2017 1849 2114 1993 1971 2375 1895 1971 2174
Cu 23.9 5.79 6.52 13.3 17.7 9.86 6.05 4.26 4.42 2.41
Zn 57.4 58.1 70.3 83.3 50. 1 38.3 48.9 39.7 146 35.4
RELS 07Y923  07Y779  07Y-868 07Y-869 07Y-857 07Y-864 07Y-864 07Y-887 07Y-889 07Y-894  07Y-891
A B He b Eq vy
Si0, 39.42 44.32 48. 12 50. 63 48. 69 50. 85 51.95 51.08 50. 14 49. 09 49.71
Ti0, 0.12 0.81 0.15 0.16 111 0.76 0.77 0.74 1. 15 1. 56 0. 54
AL 0, 2.24 6.98 18. 81 18. 18 15. 83 15.92 15.95 15.73 14.79 16.04 16.73
Fe, 0, 4.79 1.87 1.24 1.63 2.54 1.76 1. 86 1.46 2.37 2.72 1.16

FeO 2.59 6.61 3.34 2.75 7. 60 6.09 5.44 6.70 7.92 7.42 6. 14
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e 07Y923  07Y-779  07Y-868 07Y-869 07Y-857 07Y-864 07Y-864 07Y-887 07Y-889 07Y-894 07Y-891

8]
i A Hefh XA
MnO 0.11 0.13 0.11 0.10 0.18 0.16 0.16 0.17 0.19 0.24 0.15
MgO 36. 07 29.16 10. 18 9. 00 8.54 8.33 7.66 8.61 7.84 7.63 9.90
Ca0 1.97 3.94 13.00 12.47 8.40 8.67 9.30 9.99 10. 47 9.73 10. 98
Na, 0 0.05 1.16 2.08 2.74 3.03 3.33 3.44 2.48 2.37 2.36 1.62
K,0 0.16 0. 60 0.17 0.13 0.34 0.52 0.61 0.31 0.37 0.41 0.38
P,0; <0.01 0.19 0.01 <0.01 0.20 0.12 0.10 0.10 0.17 0.31 0.10
H,0* 11.54 4.00 2.12 1.38 2.86 2.66 2.26 1.90 1.58 1. 62 1.96
Co, 0.71 0.39 0.54 0. 46 0.28 0.52 0.75 0.52 0. 41 0.47 0.37
Total 99.77 100. 16 99. 87 99. 63 99. 60 99. 69 100. 25 99.79 99.77 99. 60 99. 74
La 0.72 9.81 0.34 0.41 8.17 12.84 12.20 8.19 5.89 12.70 8.99
Ce 1.54 23.00 0. 86 0.97 15.91 25.25 26. 00 17.87 13.39 27.10 16. 69
Pr 0.17 2.92 0.13 0.17 2.54 3.87 3.17 2.56 2.47 3.55 2.55
Nd 0.83 12. 60 0.72 0.82 11.23 16. 56 13.50 11.32 12.40 15. 90 11.23
Sm 0.20 2.77 0.28 0.33 2.69 3.84 3.46 2.80 3.51 4.08 2.48
Eu 0.05 0.90 0.38 0.22 1.02 1.04 1.10 1.05 1.22 1.70 0.89
Gd 0.22 2.63 0. 47 0.69 3.19 4.64 4.30 3.51 4.44 4.24 2.90
Th 0.04 0.44 0.10 0.12 0.52 0.78 0. 66 0.58 0.74 0.73 0.45
Dy 0.22 2.49 0. 66 0.94 3.36 5.08 4.18 3.82 4.93 4.44 2.91
Ho 0.05 0.48 0.16 0.19 0. 70 1.03 0.89 0.78 1.00 0.90 0.57
Er 0.15 1.35 0. 40 0.61 2.07 3.00 2.68 2.31 2.83 2.48 1. 66
Tm 0.02 0.19 0. 06 0.07 0. 31 0.44 0.37 0.34 0.42 0.36 0.25
Yb 0.14 1.21 0.45 0. 50 2.07 2.89 2.41 2.23 2.67 2.34 1. 64
Lu 0.02 0.17 0.07 0.07 0.31 0. 40 0.35 0.32 0.39 0.36 0.25
> REE 4.37 60. 96 5.08 6.11 54.09 81. 64 75.27 57.68 56.28 80. 88 53.44
LR/HR 4.10 5.80 1.14 0.92 3.32 3.47 3.75 3.15 2.23 4.10 4.04
SEu 0.73 1.02 3.20 1. 41 1.07 0.75 0.87 1.02 0.94 1.25 1.01
Y 1.31 17.20 3.11 4.56 21.10 29.19 19. 60 24.22 29.55 34. 40 17.06
Rb 2.42 23.1 4.25 2.67 9.62 18.4 20.0 12.5 11.2 15.3 14. 8
Sr 37.5 245 252 208 268 374 299 320 297 302 283
Ba 47.0 198 100 97.2 145 126 124 187 185 234 158
Zr 2.99 90. 4 2.79 2.67 75.2 81.8 95.3 23.6 30. 4 32.8 19.0
Nb 1.37 3.68 0.24 0.25 7.51 5.94 5.62 4.35 5.58 10.0 3.30
Ta 0.11 0.24 0.12 0.11 0.42 0.33 0.47 0.25 0.32 0.62 0.21
U 0.91 0.19 <0.05 <0.05 0.16 0.57 0.34 0.21 0.11 0.13 0.08
Th 0.25 1.05 0.05 0.06 0.30 1.44 2.45 2.04 0.19 0. 40 0.33
Hf 0.11 1.91 0.13 0.15 2.19 2.24 2.42 0.84 1.03 0.90 0.73
\% 56. 8 121 77.3 127 243 196 172 222 271 288 178
Cr 2398 1906 643 544 284 308 205 419 66.0 147 410
Co 93.4 39.9 38.0 48.4 45.7 45.8 42.0
Ni 1720 1686 204 172 89.4 99.2 71.5 122 45.3 69. 8 137
Cu 6. 10 37.6 26.3 45.8 49.0 68. 4 65.7
Zn 65.0 89.9 106 95.6 78.5 81.1 78.2
BESE 07Y-893  07Y911  07Y-795 07Y-796  07Y-798  07Y-799  07Y-851 07Y-852 07Y-853 07Y-860  07Y-880
Fanis TRA PR K
Si0, 51.16 49.79 61.40 62.07 66.25 61.96 60. 62 71.92 66.52 66. 31 60. 13
TiO, 0. 47 0.98 1.09 0.84 0.97 0.79 0.93 0.62 0.95 0.72 0.86
AL O, 14.31 13.92 17.23 14.92 13.82 14.99 15.59 11.51 12.54 14.45 15.75
Fe, 0, 1. 65 1. 46 1.16 1.41 1.89 1.57 2.76 1.86 2.44 1.56 2.31
FeO 7. 60 6. 66 3.32 5.35 3.72 5.30 5.08 3.09 4.01 3.83 5.01
MnO 0.20 0.17 0.14 0.08 0.08 0.12 0.08 0.08 0.07 0.06 0.11
MgO 10. 62 12.18 2.57 4.02 3.00 3.74 4.04 2.45 3.60 3.18 4. 60
Ca0 9.50 5.79 2.50 2.34 2.39 2.98 3.14 1.91 2.85 1.90 2.12
Na, 0 1.88 3.28 0. 64 3.00 3.05 1.74 2.38 2.24 1.87 3.07 3.63

K,0 0.35 1.10 6. 15 1. 64 2.10 3.92 2.80 2.06 2.27 1.71 2.93
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FEfS 07Y-893  07Y911 07Y-795 07Y-796 07Y-798 07Y-799 07Y-851 07Y-852 07Y-853 07Y-860 07Y-830

]
Ak LA TRk kLA
P, 05 0. 05 0.24 0.25 0.18 0.24 0.19 0.19 0.10 0.20 0.21 0.27
H,0* 2.22 3.78 2.67 3.14 2.08 1. 60 2. 14 1.36 2.16 2.92 2. 14
CO, 0.41 0.39 1.04 0. 63 0.96 0.54 0.20 0. 63 0.20 0. 46 0.34
Total 100. 42 99.74 100. 16 99. 62 100. 55 99. 44 99.95 99.83 99. 68 100. 38 100. 20
La 4.61 24.18 20. 64 27. 60 27.70 28. 80 30. 30 17. 40 23.90 19. 67 10. 36
Ce 8.70 47.01 29. 86 53.50 55.80 58. 40 64.70 36.70 60. 20 31. 14 17.20
Pr 1.38 6.65 5.78 6.36 6.96 6. 68 7.12 4.16 5. 64 5.33 3.69
Nd 6.24 26.51 22. 84 24.10 27.20 25.90 28.50 16. 40 22.80 20.92 16. 83
Sm 1. 60 4. 60 4.15 4.81 5.64 5.46 5.76 3.26 4.76 3.99 4.12
Eu 0.73 1.35 1. 06 1.28 1.37 1.34 1.62 0.88 1.25 1. 06 1. 06
Gd 2.14 4. 46 3.63 4.57 5.27 5.45 5. 69 2.96 4.74 3.78 4.83
Th 0.35 0. 60 0.51 0. 63 0.79 0.78 0.79 0.43 0.74 0.57 0.73
Dy 2.39 3.65 3.03 4.05 4.85 4.68 4.82 2. 64 4.62 3.48 4.61
Ho 0.51 0. 69 0.57 0. 81 0.97 0.94 0.97 0.53 0.93 0.67 0. 86
Er 1.48 1.98 1.59 2.33 2.86 2. 64 2.79 1.51 2.75 2.02 2.45
Tm 0.22 0.29 0.23 0.33 0.40 0.35 0.37 0.23 0.38 0.30 0.34
Yb 1.54 1.87 1.47 2.22 2.67 2.33 2.41 1.51 2.57 2.07 2.05
Lu 0.23 0.26 0.21 0.32 0.39 0.37 0.36 0.23 0.35 0.31 0.27
> REE 32.10 124. 09 95.58 132.91 142. 87 144.12 156. 20 88. 84 135.63 95.30 69. 37
LR/HR 2.63 8.00 7.50 7.71 6. 85 7.22 7.58 7.85 6.94 6.22 3.30
8Eu 1.20 0.91 0. 84 0.83 0.77 0.75 0. 86 0.87 0. 80 0.83 0.73
Y 15. 88 22.19 17.42 16. 50 21.70 20. 00 26. 80 14. 80 26. 30 20. 86 24.91
Rb 11.9 30.6 137 56.3 76.8 175 107 67.4 87.5 35.8 73.0
Sr 206 915 75.3 247 252 145 320 192 271 235 221
Ba 143 1041 410 390 420 520 506 504 467 414 415
Zr 15.9 111 164 163 141 161 179 130 142 162 117
Nb 1.43 5.55 10. 51 10. 10 12.70 11. 00 11.50 11.20 14.20 10. 51 9.76
Ta 0.11 0.33 0. 63 0.94 1.17 0.97 0.75 0.67 0.89 0.76 0.55
U 0.11 0.76 1.19 1.93 3.12 2.13 1.58 1.29 1. 44 1.63 0. 05
Th 0.29 4.14 4.93 14. 80 9.41 12.90 9.57 11. 40 9.77 8.74 1.37
Hf 0.55 2.71 3.98 5.00 4.19 4. 65 5.35 4.05 4.45 4.08 3.07
v 233 170 180 136 140 105 161 95.6 139 108 <0.05
Cr 213 686 126 79.6 86. 4 72.5 85.1 63.3 99.2 100 4.90
Co 53.3 50.9 10. 6 15.7 17.0
Ni 110 194 39.7 43.6 74.8 52.7 61.7 40.8 62. 1 55.5 50.6
Cu 69. 4 182 11.1 43.3 115
Zn 79.5 282 43.5 39.4 126

®3 BERUARLEBEENEAUEEB(EETE . wi% ;MEBMHELTE: x107°)

Table 3 Chemical compositions of Tonghuashan ophiolite in South Tianshan ( Major elements: wt% ; trace elements: x10°°)

e TiR=2 07Y971  07Y972  07Y-973 07Y-974 07Y-975 07Y976 07Y977 07Y-979 07Y980 07Y981 07Y-989

I HEEE A
Si0, 38.56 37.79 36.28 36. 20 37.90 36. 89 31. 04 33.94 40.94 35.24 40. 36
TiO, 0.11 0.05 0. 05 0. 04 0. 08 0.02 0.08 0. 05 0.02 0.23 0.09
Al, 04 1.71 1.35 1.63 1.20 1.42 1.21 0. 88 1.38 1. 49 1.59 1. 65
Fe, 0, 2.76 2.15 3.35 1.68 2.01 3.40 1. 15 2.63 4.13 1.55 4.08
FeO 4.10 4.96 3.81 5.28 5.42 3.36 4.83 5.12 3.84 4.90 3.74
MnO 0.11 0.12 0.20 0.14 0.13 0.21 0.18 0.15 0.18 0.18 0.07
MgO 34.06 32.65 34.70 32.65 33.85 34.45 24. 04 28. 00 36. 50 24.41 35.86
CaO 3.72 5.49 4.94 6.47 4.45 4.92 17. 00 10. 51 0.42 14.28 0.32
Na, O 0. 06 0.10 0.03 0.11 0.09 0.02 <0.01 0.07 0. 06 0.25 0.17
K,0 0.02 0.02 0.02 0.01 0.01 0.01 <0.01 0.03 0.04 0.04 0. 06

P, 05 0.02 <0.01 <0.01 <0.01 <0.01 0.02 0.03 0. 05 0.01 0.08 0.02
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e 07Y971  07Y972 07Y-973 07Y-974 07Y-975 07Y976 07Y977 07Y-979 07Y980 07Y981 07Y-989

Ak itk dves]

H,0* 12. 68 11.42 11. 48 10. 98 11.96 11. 56 8. 06 10. 14 12. 04 8.22 12.26
CO, 2.07 4.27 3.59 5.20 3.08 3.79 11. 86 7. 60 0.43 8.15 0.39
Total 99. 98 100. 37 100. 08 99. 96 100. 40 99. 86 99. 15 99. 67 100. 10 99.12 99. 07

La 4. 66 2.91 1.53 1.37 1.10 2.23 2.62 2.14 3.61 4.06 1. 86
Ce 9.95 5.87 2.65 3.12 2.61 3.60 4.27 3.93 6.37 7.70 4.24
Pr 1.19 0. 68 0.30 0. 44 0.38 0.53 0.48 0.62 0. 87 0.92 0.59
Nd 4.87 2.85 1.39 1.94 1.79 2.34 1. 86 2.70 3.54 3.42 2.78
Sm 0.89 0.58 0.27 0.43 0.43 0.47 0.39 0.50 0. 68 0.73 0.71
Eu 0.28 0.16 0.10 0.23 0.17 0.08 0.19 0.20 0.17 0.23 0.34
Gd 0. 84 0.49 0.31 0.48 0.47 0.47 0.32 0.48 0.78 0.68 0.76
Th 0.10 0. 06 0. 04 0. 06 0. 06 0.07 0. 05 0. 06 0.10 0.10 0.11
Dy 0. 60 0.35 0.21 0.35 0.36 0.36 0.24 0.38 0.54 0.49 0. 63
Ho 0.10 0. 06 0. 04 0. 06 0.07 0.07 0.04 0.07 0.10 0.09 0.11
Er 0.29 0.16 0.09 0.15 0.19 0.18 0.11 0.18 0.24 0.26 0.27
Tm 0. 04 0.02 0.01 0.02 0.03 0.02 0.01 0.02 0.03 0.03 0.03
Yb 0.23 0.13 0.09 0.10 0.15 0.14 0.10 0.15 0.17 0.20 0.21
Lu 0.03 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03

> REE 24.07 14. 34 7.04 8.76 7.83 10. 57 10. 70 11.45 17.21 18. 94 12. 67

LR/HR 9.82 10. 10 7.79 6.11 4.80 6.96 11. 02 7.40 7.73 9.07 4.89
SEu 0.99 0.92 1. 06 1.55 1.16 0.50 1. 64 1.25 0.70 1.00 1. 41

Y 2.99 1.91 1. 14 2.07 2.20 2.17 1.80 1.94 3.70 3.76 4.95
Rb 1.41 0. 46 0.34 0.46 0.41 0.54 0.35 0.88 1.11 2.33 0.93
Sr 72.5 76.0 55.5 85.2 70. 4 143 276 165 11. 4 193 31.6
Ba 9.19 7.72 7.97 7.16 9.91 16.7 12.7 6.22 27.4 12. 1 12.0
Zr 4.86 4.70 2.16 1.31 2. 65 3.76 3.49 2.30 4.29 9.71 6.57
Nb 2.12 1.04 0.75 0.47 0.61 0.49 0. 86 0.75 1.00 2.33 0.85
Ta 0.11 0.07 0. 06 0. 05 0.05 0. 04 0. 09 0.06 0. 06 0.15 0. 09
U 0.27 0.27 0.15 0.15 0.14 0.08 0.17 0.16 0.31 0.27 0. 06
Th 0.12 0.34 0. 08 0. 09 0.05 0. 14 0.21 0.07 0.16 0.38 0.13
Hf 0.18 0.15 0. 06 0.02 0. 08 0.10 0.10 0.07 0.12 0.30 0.17
v 35.4 30.9 27.1 29.2 35.9 25.3 40.9 33.8 30.8 62.3 40. 1
Cr 2445 2100 2557 2608 2073 2429 2349 1713 2626 1964 2207
Co 98.5 91.8 77. 4 119 84.4 112
Ni 2135 2285 1673 2248 1944 1737 1945 1383 2104 1939 2537
Cu 6. 88 6.40 10.2 2.90 6.01 5.75
Zn 47.0 48.6 54.6 90. 4 39.4 52.2
g5 07Y-992 07Y993 07Y995 07Y997 07Y-1029 07Y-1033 07Y-1034 07Y-1035 07Y-1037 07Y-1006 07Y-1008
Ak A bt
Si0, 40. 17 40.20 39.92 40.71 37.34 38.16 34.48 37.85 28.07 38.78 43.20
TiO, 0.03 0.04 0.02 0. 05 0.72 0.10 0. 04 0.40 0.08 1.33 1. 14

Al 04 0.72 0.98 0.77 1. 04 4.13 1.79 1.12 1.52 1.62 16.23 12.98
Fe, 0, 2.17 2.49 2.04 2. 84 2.48 2.38 2.76 3.46 2.40 1.73 2.18
FeO 5.33 5.07 5.08 5.03 5.19 4.22 3.86 4.01 3.50 6.70 4.89
MnO 0.10 0.11 0.10 0.10 0.24 0.18 0.21 0.17 0.21 0.14 0.12
MgO 36.40 35.91 36. 40 35.88 29.28 30.98 29.75 31.40 21.25 12. 15 11. 45
CaO 1.21 1.43 1.35 0.83 7.28 6.61 9. 66 6.22 20. 63 15.29 17. 65
Na, O 0.11 0.10 0.18 0.01 0.16 0.14 0.02 0.02 0.45 0. 06 0.22
K,0 <0.01 <0.01 <0.01 <0.01 0.03 0.02 0.02 0.01 0.02 0.03 0.15
P, 05 0.02 <0.01 0.01 0.01 0. 08 0. 04 <0.01 0. 05 0.03 0.61 0.53
H,0* 11. 40 11.52 11. 56 11. 60 9.74 10.28 10. 88 10. 76 7.84 6.42 4.74
CO, 1.79 2.19 1.70 1.45 3.02 4.28 7.23 3.76 14. 16 0.25 0. 68
Total 99. 45 100. 04 99. 13 99. 55 99. 69 99. 18 100. 03 99. 63 100. 26 99.72 99.93

La 2.01 1.83 2.07 1. 44 2.71 2.15 1.24 1.33 1.55 53.70 44.63

Ce 4.57 4.00 4.76 3.15 6. 30 4.77 2. 66 3.37 3.58 105. 20 86. 53
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e 07Y992  07Y993  07Y-995 07Y-997 07Y-1029 07Y-1033 07Y-1034 07Y-1035 07Y-1037 07Y-1006 07Y-1008

8]
Fanis RS e A
Pr 0.58 0.53 0.58 0.38 0.84 0.62 0.37 0.46 0.51 14. 53 11.83
Nd 2.33 2.46 2.49 1.65 3.88 2.68 1.65 2.26 2.30 56. 84 46. 40
Sm 0.56 0.59 0. 59 0.45 0.95 0. 65 0.39 0.51 0.56 9.76 7.92
Eu 0. 08 0. 06 0.07 0.06 0.28 0.25 0.27 0.25 0.29 2.45 2.01
Gd 0.49 0. 56 0.58 0.41 1.07 0. 69 0.31 0.57 0.71 7.56 6. 09
Th 0.07 0.06 0. 09 0.06 0.16 0.10 <0.05 0. 08 0.09 0.99 0.82
Dy 0.36 0. 40 0.43 0.37 0.96 0.63 0.28 0.45 0.54 5.41 4.41
Ho 0. 06 0.08 0.08 0.08 0.19 0.12 0. 06 0. 09 0. 11 0.92 0.77
Er 0.16 0.19 0.20 0.19 0.52 0.31 0.12 0.23 0.29 2.57 2.10
Tm 0.02 <0.05 0.02 <0.05 0.07 0.05 <0.05 <0.05 <0.05 0.35 0.29
Yb 0.12 0.15 0.15 0.15 0.46 0.28 0.12 0.20 0.21 2.20 1.87
Lu 0. 02 <0.05 0.02 <0.05 0. 06 0. 04 <0.05 <0.05 <0.05 0.32 0.25
S REE 11.43 10. 91 12.13 8.39 18. 45 13.34 7.47 9.80 10.74 262.8 215.9
LR/HR 7.79 6.58 6.73 5.66 4.29 5.01 7.39 5.05 4.51 11.93 12. 00
5Eu 0.47 0.32 0.37 0.43 0.85 1. 14 2.37 1.42 1.41 0.87 0. 88
Y 3.00 1.90 3.32 1. 64 6.66 4.50 1.28 2.01 2.32 28.95 24.67
Rb 0.12 0.21 <0.05 0.14 0.94 0.49 0.45 0.46 0.40 3.17 8.44
Sr 22.3 18.5 21.6 14. 8 99.4 166 249 93.1 306 221 125
Ba 3.86 4.83 1.94 9.60 39.9 22.1 14.9 21.6 17.6 35.8 157
Ir 4.89 2.16 3.34 4.25 28.1 11.8 2.27 4.47 3.67 372 309
Nb 0.55 0.67 0. 59 0.82 5.95 1.44 0.71 1.09 0.84 17. 40 14. 02
Ta 0.05 0.14 0. 04 0. 14 0.37 0.10 0. 11 0.15 0.12 0. 94 0.76
U 0.05 <0.05 0. 04 0.08 0.27 0.24 0.18 0.22 0.24 3.17 2.52
Th 0.14 0.29 0.08 0.11 0.33 0.28 0.05 0.10 0.07 16.17 12. 61
Hf 0. 09 0. 09 0.07 0. 10 0. 89 0.28 <0.05 0.14 0.12 8.35 6. 65
v 31.6 26. 1 34.1 29.2 86.0 44.1 19.7 36.7 27.3 183.80  154.40
Cr 2497 2620 2589 2514 1406 2091 2266 2209 1589 761 624
Co 106 104 78.4 94. 8 55.2 47.5
Ni 2452 2103 2474 1905 1447 2082 1869 1317 1423 311.30 245
Cu 13.4 13.7 6.01 8.70 70.5 4.4
Zn 67.7 61.6 49.9 50. 1 96.3 65.9
RERS 07Y941  07Y946  07Y951  07Y954  07Y-955 07Y956  07Y961  07Y-964  07Y-968 07Y-987
e FtER Ik R K L
Si0, 43.80 51.09 74. 56 61.77 55.28 57.62 67.27 56. 88 64. 04 60. 95
Ti0, 111 0. 96 0.45 0. 68 0.73 0.76 0.49 0.55 0.55 0.34
AL O, 14. 67 12. 60 10. 42 13.82 13.58 13.54 14.37 13.71 14.25 8.01
Fe, 0, 4. 54 2.08 1. 49 3.65 2.24 2.21 1. 66 1.87 2.36 0.81
FeO 3.61 5.19 2.32 4.53 3.14 3.16 1.96 2.95 2.55 1.89
MnO 0.15 0.11 0.08 0.11 0.10 0.08 0.06 0.14 0.10 0.12
MgO 9.45 11.24 2.32 3.57 10. 50 8. 44 2.69 3.92 3.61 2.38
Ca0 9.75 6.73 0.46 2.22 4.41 3.53 1.09 6.40 2.44 11.26
Na, O 0. 96 2.48 1.26 0.03 5.28 5.72 3.94 4.17 3.88 1.78
K,0 6.27 4.13 2.93 6.44 2.67 2.27 3.15 2.61 2.26 1.46
P,0, 1.02 0.76 0. 06 0.15 0.29 0.29 0.32 0.17 0.19 0.12
H,0* 1.76 1.92 2.30 1.92 1.38 1.56 2.08 3.08 2.54 2.26
o, 2.35 0.80 0.87 0. 83 0.73 0.30 0.25 3.91 0. 65 8.27
Total 99. 44 100. 09 99. 52 99.72 100. 33 99. 48 99. 33 100. 36 99. 42 99. 65
La 86.79 59. 52 22.20 27.70 40. 94 44. 50 70. 50 25.38 43. 40 15. 42
Ce 161.20 110. 20 51.80 67.90 73. 64 83. 60 150. 00 49. 66 90. 20 28.01
Pr 22.23 15.51 5.27 6.53 9.67 9.24 15. 50 6. 67 9. 69 3.77
Nd 87.92 61.92 19. 60 25.80 35.53 34. 00 58. 00 25.43 33.10 14. 60
Sm 15.02 10. 45 3.87 5.13 5.55 5.92 11.30 4.99 5.68 2.66
Eu 3.45 2. 66 0. 90 1.21 1.41 1.48 1.53 1.22 1. 10 0. 99

Gd 11. 62 9.31 3.85 5.03 4. 68 4.27 8.52 4.94 3.84 2.67
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[ETiRe 07Y-941 07Y-946 07Y-951 07Y-954 07Y-955 07Y-956 07Y-961 07Y-964 07Y-968 07Y-987

Fayis et Bk R K 1L
T 1.25 1.03 0.54 0.70 0.62 0.71 1.37 0.74 0. 66 0.37
Dy 6.26 5.38 3.28 4.26 3.62 3.63 6.82 4.49 3.33 2.37
Ho 1.08 0.92 0.68 0. 86 0. 66 0.68 1. 18 0. 86 0. 60 0.48
Er 2.90 2.47 1.95 2.53 1.91 1.91 3.05 2.42 1.60 1.41
Tm 0.38 0.32 0.29 0.37 0.25 0.27 0.41 0.34 0.22 0.21
Yb 2.37 2.07 2.04 2.54 1.70 1.72 2.61 2.25 1.35 1.42
Lu 0.33 0.29 0.29 0.36 0.25 0.25 0.40 0.31 0.21 0.22
S REE 402. 8 282. 1 116.6 150.9 180. 4 192.2 331.2 129.7 195.0 74. 60
LR/HR 14.39 11.94 8.02 8.06 12.18 13.30 12. 60 6.94 15.51 7.15
SEu 0. 80 0.82 0.71 0.73 0.85 0.90 0.48 0.75 0.72 1.13
Y 32.49 26.77 14. 60 24. 80 19.51 27.20 53.00 25. 66 22.00 15.17
Rb 331 163 109 244 206 199 90. 1 95.0 62.7 66. 4
Sr 2430 1019 20.6 372 216 187 68.8 198 230 315
Ba 3264 2512 714 1109 613 386 422 194 133 320
Zr 264 225 102 119 194 208 255 174 123 93.3
Nb 14.90 9.93 7.73 10.20 8.70 9.62 9.56 9.34 11. 60 5.78
Ta 0.77 0.55 0.71 0.62 0.58 0. 64 0.70 0.75 0.76 0.39
U 8.29 3.96 1.22 1.64 4.31 3.51 2.47 1.61 .15 1.00
Th 38.23 19. 58 9.34 9.19 20. 65 20.70 60. 90 13.56 24.20 5.48
Hf 6.19 5.48 3.24 3.67 4.98 5.31 7.27 4.56 3.13 2.62
\ 231 182 65.2 92.3 107 119 58.7 87.1 95.2 52.0
Cr 568 676 41.7 67.3 504 519 61.9 149 165 104
Co 41.8 42.9 35.2 33.6 10.6 19.8 30.4 9.55
Ni 140 303 33.6 80.9 308 355 43.8 82.3 107 39.2
Cu 101 4.2 32.4 33.9 20.2 18.4 4.91 10.0
Zn 77.9 73.0 58.5 59.7 57.1 73.2 77.7 42.0
BESLE 07Y988  07Y-948  07Y950  07Y-952  07Y-953  07Y985  07Y986  07Y-1001 07Y-1003  07Y-1004
A= Rk ILAE LR iy esy
Si0, 68.92 47.75 48.62 49. 66 51.47 51.96 51.65 32.71 35.58 34.15
TiO, 0.49 1.78 1.71 1.94 2.18 0. 64 0.68 112 1.10 1.90
ALLO, 9.82 15. 60 15.58 14.95 15.75 12. 64 12.36 13.09 12.90 11.87
Fe,0, 0.88 3.65 3.30 4.17 3.66 1.96 2.57 2.03 2.42 1.78
FeO 2.75 6.27 5.87 6.09 5.50 3.81 3.43 6. 14 5.82 9.83
MnO 0.07 0.15 0.15 0.16 0. 14 0.09 0.10 0.40 0.27 0.27
MgO 2.94 7.97 7.23 6.71 5.35 10.22 9.46 28.50 26. 88 20. 12
Ca0 4.28 9.62 9.80 7.66 6.22 5.27 5.37 2.24 3.76 9.28
Na, O 1.72 3.15 3.57 4.10 4.72 2.92 2.47 0.26 0.30 0.03
K,0 2.20 0.62 0.53 0.85 0.76 1.05 2.91 0.10 0.16 0.03
P,0; 0.16 0.31 0.30 0.33 0.41 0.26 0.27 0.40 0.40 0.86
H,0* 2.28 2.78 2.60 3.38 2.62 4.44 3.40 11.32 9.68 8.28
Co, 3.02 0.21 0.55 0.13 0.54 4.07 5.61 1.00 0.07 1.09
Total 99.53 99.86 99. 81 100. 13 99.32 99.33 100. 28 99. 31 99.34 99. 49
La 17.20 22.20 18.45 25.30 27.70 46.20 25.97 36. 80 39.85 79.20
Ce 34.90 44.50 35.35 53.30 58.40 85.70 46.89 75.00 125.0 156.0
Pr 3.92 5.34 5.19 6.39 6.77 9.35 6.37 8.90 10. 98 19. 10
Nd 14. 80 21.90 21.59 25.90 28.20 34.50 24.65 35.30 42.91 75. 00
Sm 3.07 4.89 4.57 5.47 6.15 6.20 4.52 6.80 7.63 14. 40
Eu 0.94 1.65 1.57 1.80 1.86 1.46 1.08 1.35 1.78 3.22
Gd 2.70 5.08 5.12 6.18 6.45 4.52 4.41 5.44 6.62 10. 00
0 0.44 0.83 0.76 0.92 0.97 0. 69 0.59 0. 86 0.94 1.61
Dy 2.56 4.96 4.70 5.8l 5.94 3.47 3.47 4.50 5.46 7.86
Ho 0.51 0.98 0.93 1.18 1.25 0. 64 0. 64 0.83 1.03 1.38
Er 1.54 2.68 2.60 3.21 3.62 1.80 1.87 2.28 2.94 3.67

Tm 0.23 0.38 0.37 0. 46 0.49 0.25 0.27 0.32 0.41 0.51
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BEGE 07Y-988  07Y-948  07Y950  07Y952  07Y953  07Y985 07Y-986 07Y-1001 07Y-1003  07Y-1004
A PR KA Eiw Fiyiieas
Yb 1.58 2.45 2.32 3.03 3.38 1.60 1.74 1.9 2.82 3. 14
Lu 0.25 0. 36 0.34 0. 46 0.48 0.23 0.25 0. 30 0.41 0.43
> REE 84. 64 118.2 103.9 139. 4 151.7 196. 6 122.7 180. 6 248.8 375.5
LR/HR 7.63 5.67 5.06 5.56 5.72 13.89 8.27 9.95 11.06 12.13
SEu 1. 00 1.01 0.99 0.95 0.90 0.84 0.74 0. 68 0.77 0.82
Y 19.20 35.50 25.69 23.70 34.30 25.50 21.52 29.90 30.70 54.90
Rb 95.6 18.9 15.3 16.3 16.6 53.9 125 3.63 10.4 1.57
Sr 125 308 406 418 226 1875 454 85.2 265 191
Ba 517 176 181 251 184 951 1100 71.8 191 31.1
7r 116 131 109 139 158 151 132 203 207 446
Nb 7.99 23. 60 20. 62 27.90 35.40 7.87 7.13 11.40 10.77 24.50
Ta 0.55 1.40 1.26 211 1.95 0.54 0.47 0.68 0.64 1.38
U 1.14 0.57 0. 65 0.78 0. 89 3.45 3.39 1. 87 2.89 4.14
Th 7.55 2.72 3.23 3.61 3.70 16. 50 11.99 12.30 19. 45 24.70
Hf 2.97 3.16 2.95 4.12 4.40 3.79 3.23 4.61 4.49 12. 10
v 77.5 284 <0.05 349 346 128 126 168 159 238
Cr 123 198 <0.05 95.3 89.0 579 833 875 525 1106
Co 11.5 40.5 2.25 39.4 37.8 55.3 42.4 73.2
Ni 65.6 97.4 59.4 52.4 52.0 420 267 604 244 547
Cu 17.2 34.2 59.3 40. 1 16.5 67.4 18.0 89.6
7n 56.8 79.7 75.7 58.6 54.0 123 99.5 137
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Fig.5 MgO vs. SiO,, Al,0,, TiO, and CaO diagrams of ultramafic rocks from Yushugou-Tonghuashan ophiolite
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Fig. 7

Chondrited REE patterns and primitive mantle normalized trace elements spidergrams for the ultramafic rocks from

Yushugou-Tonghuashan ophiolite

(a), (b)-Chondrited REE patterns for ultramafic rocks from Yushugou and Tonghuashan respectively; (c¢), (d)-Primitive mantle normalized trace

elements spidergrams for ultramafic rocks from Yushugou and Tonghuashan respectively; (e)-Chondrited average REE patterns for Yushugou and

Tonghuashan ultramafic rocks; (f)-Primitive mantle normalized average trace elements spidergrams for Tonghuashan and Tonghuashan ultramafic rocks
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TAS diagrams of lavas from Yushugou-Tonghuashan ophiolite ( after Le Maitre et al. , 1989)

(a)-Yushugou; (b)-Tonghuashan. Pc-Picarbasalt; B-Basalt; O1-Basalt andesite; 02-Andesite; 03-Dacite; R-Rhyolite; SI-Trachybasalt; S2-Basalt

trachyandedsite; S3-Trachyandedsite; T-Trachyandedsite

toscanite;  F-Feldspathoidite ;

Ul-Tephrite, basanite; U2-Phonotephrite; U3-

tephriphonolite ; Ph-Phonolite; Ir-Irvine is the dividing line between alkaline (up) and sub-alkaline ( down)

BSO8R Th Al LREE, 545t Nb Ta SHHRAE, JELT 8 K
Kl A ER AL 22 45E (Sun and McDonough,1989)

5.3 MpHA-SEELNBELRUERS

R I8 B e 2B A R (] Lla) , Zaka i
BEXRA, TRt Lo 3R 2 I e ey . ik
SYHT I HTRTA I K B A R M K L R AN TESE
—AN K Si0, £ 5t (a1 (] 8 SRl ) .

ZRASTEIIG 9 4, HBARRAE R H,07 F1 CO,
HI s 2% ~4% Z[8), & B, 5 W i s — 3.
G RPER S FOFHE, SI0, F &L 50.34% ~53.42% , 784k
B/ e MgO &880 T 7. 82% ~ 12. 74% 2 Ji] ; Al, O,
GTE14.57% ~17.17% ,TiO, & 4% 0.48% ~1.6% , K,0
EEREZHM0.3% ~0.6% HA—MEME K0 5 (1.10% ) ,
(B HAZ L4y ik 4% , v R 5 IR RsR A L .

FRAE 5 A A F g T 2 (Ti0, (P, 05 . Cr il Zr) , AT
WA LA 3 PR 2R, B e Ti0, (0. 7 ~ 1. 6) FIfIK TiO,
( <0.7)% F REE &8 32.10 x107° ~124. 1 x 107%; H
teh Ti BRI Ti % REE 254> 514 :54. 09 x 10 7° ~124. 1
x107°F1 32.10 x 10 ™° ~ 53.44 x 10°°; fij LREE/HREE =
2.23 ~8.00, MERAKBAL REE 47 ks =X & v 7T LU 1
(B 12a) ,iFp2E R % B35 LREE & 4 (HREE 7 i 7,
S A AR, REE B8 3 0 BROBLIR A & 1) 10 £5 DA

I, Eu=0.87 ~ 1. 25, 5200 5 5 FIE 5 P Ah 288

FRERTE LA B3 R o Fr ik 2% ~4% Z [A), J& T
SEMRAS ) Si0, B R 4R P AE 61.53% ~73.51% 2], iRk
KU B MgO EZHEENIE2.5% ~4.71% ;AL 0, 5 B TE
11.76% ~ 17.86% , K, O Fl Na, O & i ALK, 4 I 78
1.71% ~ 6.38% F1 0.66% ~ 3.71% = [a], H ¥ & K,0
(6.15% ) 9 AL O, it i &5 (17.23% ) ; CaO & i 2
ELTE 2% ~3% 26,

)R, HRAE L 08 3k rh AR B i A #5  J3vh H, 0
HH2.6% ~4.4% Z[a] A HIFE S (07Y-986) ) CO, & ik
6% , L SRFVBRER 1k o Ao B W AE R 51, A 3 A a
FIN(E 11b) , HAAXRA LA M EFA ., 7
H=AEEE KA A A T LY Sio, (32% ~36% (1))
WA EAEAE TAS I 3525 A0 2= F2A A AL 2= R AE A e L
MEHCAZE . Si0, <53% ,MgO >18% ,Na,0 + K,0 <2% ,

AL L LB (6 A3 TR ) 1Y B 43 FRAE 55 4% 14 119

FAHIE (I 8) , Si0, | AL O, [ 7 1 40 A 7E 48% ~ 52% .
13.17% ~16.38% 2|, i MgO &K 5. 56% ~10.22% ;{H
K,0 Na,O F P,05 % 1 ¥ = TR i LA, 73591024 0. 5%
~2.5% 2.5% ~4.2% F10.3% ~0.4% (E 8 . 3), i
FO PRI RARE L E (Ti0, \P, 05 Cr Al Zr ) 4R AE 1L & i A
Sy AR 2E A B TIO, (1.71% ~ 2.18% ) F1{% TiO,
(<0.7% )%, HAE Ti0, Z ikt Fu=0.9 ~ 1. 01, K% 4
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Fig. 12 Chondrited REE patterns (a, b) and primitive mantle normalized trace elements spidergrams (c, d) for basalt from

Yushugou-Tonghuashan ophiolite

¥ TEH B Eu %%, LREE/HREE = 5. 06 ~ 5. 72; ik TiO, ¥ i,
£ Eu = 0.74 ~ 0. 84, K 5 (9 7 Eu 5% %, LREE/HREE =
8.27 ~13. 89 5 Hf + & LRI & TiO, 2 alA A 1 v (&
12b) . JE & TiO, #If 4 AHE 5 TiO, & & T i X R
H(E8),

HAAE L T R M JC Ll 5 9 A4S FTAE R H, 0" & &
1.5% ~3% Z I, J@& TP IRl AR , BNRE S Y CO, & i 4% ~
8% , TR FURIR F k. A A Aol 5 1 4], Tio, & &
0.38% ~0.78% , AL, O, & g EEIETE 11% ~ 14% Z [4], Tfi
MgO & i EBAE 2. 5% ~4% Z 884 2 FE 5 MgO 55
(07Y-955 F1 07Y-956) , 4> 5 10.5 F1 8.5, I L7 Na, O,
5.3% ~5.8%,

k8 % A B REE A 32,10 x 107° ~ 124, 1 x
107° WA 5 5 T A IXGHB B 2 FILE % 9 REE & LREE/
HREE =2.23 ~8.00, M¥khi A REE fRifE b= & HhaT L
F i (B 12a) Wit i Z A R LREE & % (HREE “FIH A,
A EI ) AR, H REE F 5 3 BRI A & 5 1Y 10 £5 2
1 ,6Eu=0.75 ~ 1. 25 3 R0 0 5 8 FE 28 P AR S AL, A

PEA IR PE IO A B R £ e R B Al 69.37 x 1070 ~
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i L LR (8 13A) ,6Eu=0.77 ~0. 87, Ry 551 7% o

L Z AR REE Sk 103.9 x 107° ~ 196. 6 x
10°°, B He M 18 REE B i o Tio, i & A 1Y
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(& 13b) ,Eu=0.48 ~ 1. 13, fifiZ& REE % & & (&%, Eu )\
i A S R AR B O B Bu SRR (3R 3) .
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Fig. 13 Chondrited REE patterns (a, b) and primitive mantle normalized trace elements spidergrams (¢, d) for intermediate-

acidic volcanic rocks from Yushugou-Tonghuashan ophiolite

(#H =555 ,2005) .

6 Wie
6.1 M- STE L B AR BT IR S

i ICHE Nb Ta Zr Hf F1 Y JE FIETESIMICR , H & &
— AN S A AU il AR A — g A S AR A ek A, T EL,
B BN DR L 2 3 0 R B R 2 o B S Y 0 B
SRR AR (ZEBAFE,1992) . — S IR A T
A XA (N-MORB) ) Ta Nb = 431 A K F 0.7
x107F1 12 x10°° ,Nb/La<1,Hf/Ta>5,La/Ta>15,Ti/Y <
350 AR N K RA (WPB) i 8 AUV o X il (T-MORB)
FIE B BV i X R (E-MORB) W 1E % 4H S ( Condie,
1989) , ik 19 % 3 49 Ta FEF (0. 11 x 107° ~ 0.62 x
10 ™) F1 Nb FBF(1.43 x107° ~10 x 10 ™) #:4i%k, Nb/La [{A
#70.23 ~0.95, Hf/Ta [ {EH 1. 45 ~8.3,La/Ta [{H H 18. 69
~T4.17,Ti/Y HAE H 156. 1 ~315.4, [T 45 HE/Ta Hofi
FEAE AR LASR A v X i i B o0 o B A OC LU (4 3%
WL TF Condie(1989) 1y & R Z i sl h i L ils

M3 AT LU B L LA T A g — X
AR S F 5 IR &8 43 5 10 B ¥ P S (N-MORB) % i,
B —EES Ta A1 Nb SEEE4> 514 1. 38 x 10 " i1 24. 5 x
10 " 4h, H A RE S Y Ta £ 0.47 x 107° ~0.68 x 10 ™°, Nb
FREFMT.13%x107° ~11.4 x 107%, H Nb/La =0. 17 ~ 0. 31,
Hf/Ta =6.78 ~8.77,La/Ta = 54. 12 ~ 85.56, Ti/Y = 150.5 ~
224. 651l 73 b —H X RAE BT H IR N KA (WPB) i U
Bt HEZXZR A (T-MORB) flg £ HEZXRE
(E-MORB) 434024, Ta Nb F B4 51k 1. 26 x 107¢ ~2. 11
x107°F120.62 x10™® ~35.4 x 10 ™* /Nb/La =1. 06 ~ 1. 28,
Hf/Ta=1.95~2.34,La/Ta = 11.99 ~ 15. 86, Ti/Y =300.6 ~
490. 7, Ktk B 48 L 2R A I 0 ER TR G LU R I, 3
S5 AT BE A S R TR A

KRPUA AN Nb Zr F1Y 09 & A R AR R A KR
XA A 0 TR LR H i 1Y Zo/Nb AR A 18, 32k 8 75 3 g
WIS Y Ze/Nb L E/N T 18, 75 45 ) Zr/Nb H(E K
F 18(Le Roex et al. ,1983 ; Z5Hk48%% 1997) , Wil Va2t A ke
A Z/Nb HABRBR—FERL R 20 4b, 24 R 3.28 ~17.0, 18
SREAG S [ 5 I 2R b 0 AR U b 2 3R R R AR AR L
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14a) (Glassley, 1974 ) , Wit ya F4 46 11 (10 2 35 40 K 2 H0%
A MORB i [l , 4/ 46 111 () 2> 54 51 9% A MORB Fil OIB T &
X o Ti FlV FERI A 1 FF A0 v 45 30 7o 2 2% o A o 7 o
AN W TC R, Hi IR TV B AT LS AN R 28 2 s 7 AR
X #4740 53 (€l 14b) (Shervais, 1982) , 7E Ti 5 V (45 7 5]
o KT A Y 2 B B Y AE MORB X Ja], 4> B RE T 9% 78 5

IR B D] 5 i 4 26 L0 %R E AR ¥ 7 MORB X
6], AR R ERTE B R E X (8] 14b)

Pearce and Cann(1973) #% 4 ¥ Zr-Ti ) 5 & % 7 b FH T
12% < Ca0 +MgO < 20% [ RLHE X A . 18 Zo-Ti 25 5 €] fife
o KT T A A (R O AR T A R A B IR X
BE X Mo AR s (EZE g Ti B 48/ 85 08 1 X
A X AR LR o> il (IR Ti BY) 5 7E
AL 2 A DCTR], TR R (5 Ti 8Y) 272 MORB X
&) (& 14¢) o

DA EARFAE , 235 5 B B o it A 405 1 0 TR o At
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FrUER , LUK P M AR 7 e R Y B IR Ll s (B 2 22 4
2011) , YA I FIAR AE L A e 2% L 4% T MORB A1 & 5K
B A A T,

6.2 Hitia-$AELREENHEENY

FIPNEL NI iR IR SRS NV L S
SRS B T MEEiR A A WS A R
T HERRRL A AR B (7 45, 19925 17 W PR 5%, 19955 13 2,
1997 ;Gao et al. ,1998 ;25 ] [ 28 2002) , 31\ H 5 Hy# 74 Fin
HAE L aa o — A7 (= M8 4%,2005) , LA AL T R
L FE 2 A QA R 5l M BT R IR AN o el 5
PEECSR A X 9 8 i B e 4 i RSO X4, AR T B4
IR-Fe R LIy A A 4 0 F o 0 oo B ( E AR YT 46,2007 )
R R L I SRR T OA IS 5, 48 e R L
PRI PE T AT R S — i 1] 9 B 1 9 i (R A8 ARl /NI
1993) A RS (EAERSE, 19905 B )7 % % ,1992; m &2 %,
1995 ; F- 243145, 1995 ) sl 5 7 4 (38 H 8 55, 1993 5 i Kk
2 1995 ; Chen et al. ,1999; 2 % Y HIZE B =, 1999 ; 3 = Y
85,2005) SEARFIAR . Bilan, 224 SO KR (1990 ) X4 #
VAl S A T 2 R RUA BEA T MR AL 2205 I, I HOE T
NG A R SCZESE (1992a) MR 25 A1 S RRAE , $2 Hh A %t 4 -
e LA B LT IR - S 3 KA oA . T =
45 (1999a,b) MG H 5 1 2 K H: REE 5 HXHE MM T &
) M BR AL R DA A TR T a2 vh 1 X A B PR A, 9
I IA A T BT T EL A 2RSS () ¥ A 2 R 8

AR SIS 1945 TR I, AR B A4 A6 LU i e Lo B
Z AL TTRESE 11 55 900 MORB £ Rl 3 15 5% (0 55 0 B JC.
B3 52 A 0 Bk 4% 77 i SHRIMP U-Pb il LA-ICP-MS 5 f
T AR ARAFT A e S 2 TP B RHRAE R A FARHC A
HIAERS 43507 439. 3 + 1. 8Ma F1 435. 1 £2. 8Ma, (i ik g i
FHIE A R A (255 ,2011) o AR IR (E AR
SR G A BRORL A B AT 09 4F % (440Ma) A8 [F] ( T30 =%,
1998) ,{HIA Jy 1 F AE IR AL R I B LB AR (4 %5,
2011)

7 &k

(1) AR ) AR 46 LU i 2 o A BT R B R B B
BRIT-BEER BE e AR A BOT A, B AT e 4
TRAT o WA IX R BE B e P B0 iy e 801 Ak, (H A
] DA A1 (Fo = 89.3 ~91.3) (R i 41 (Wo =0.28 ~
1.07,En=88.9 ~90.2,Fs =9.22 ~10.5) . Hu g% 4 (Wo =
26.5~48.7,En=44.1~65.1,Fs =2.82 ~5.33) FIR AL
BT Hoh B A R TR AL, O AR T 15,6 ~
27.9 Z ], Mg" (H7EAL T 63. 4 ~74.6 2 [n], JT e T PRI MBS
AUFAIE (Dick and Bullen,1984)

(2) AR 3 o LA AR O 4R RS 7 2R A1 R Sr Rb,
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Ba, 15373803 (Nb Zr HEY) = BE AR RFAIE 5 i 46 11
RS RE T 28 A1o0% Th Al LREE, 54t Nb Ta ik, B
A Byl B R 2744k (Sun and McDonough,1989) .

(3) s Y8 VAR AR LR e LA 2 e 2 1 o 2L
A AL IR B0 ER MR G HL (A 2 92 R
AR LR AL (Condie, 1989) o HilAEILI KA HTT
R EFERAC LR WIS £l BEHA R IR B0 iR . 45
BB R A 2 T R TR A R, L 4
AR PR O R B IO L s (B 2 %45 ,2011) I
HTRE YA R AE 1L g 2 5 A0 45 T MORB L SICPRBE 7 H Y
HATHIG,

BIRTE  MES A O IS S i = 2 M 20 T ek fl
SERYZE S AT B IR AE AR 4 AR A8 L1 b e R e
F180 ol PR AR o 8 PR O TR A T — ST i R (HLE R R
LR G (T BRI T 5% AN R R T SAE A,
RATFTHZM T,

Bist  HON b SA S T A AT S 5 U B A R A AR AR
HRT R AAA% 0 TR 55 0 B8 00 F 8 T A S 56 5 1) ) AR A B
B8 BCHL FHREF T, R A S5 53 A0 o BB 5 B3 o7 7
Tl N AR SCHRE AR A A 0 ke 8 AL , oAU A1) 0 480 356 B A =2 B
5 om0
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