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Geochemical characteristics of basalts: evidence for the tectonic setting and
geological significance of Kulehu ophiolite, South Tianshan Mountains

MA Zhong-ping"?, XIA Lin-qi?, XU Xue-yi*, XIA Zu-chun?, LI Xiang-min"? and WANG Li-she'
(1. Department of Geology, Northwest University, Xi’an 710069, China; 2. Xi’an Institute of Geology and Mineral Resources,
CGS, Xi’an 710054, China)

Abstract: Kulehu ophiolite located in South Tianshan Mountains consists of two groups of basalts characterized
by different geochemical types. The Y REE (24 X 10 ©~28.36 X 10 %), (La/Yb)x(0.35~0.37), Zr/Nb
(39.91~95.12), Ta/Nb (0.07~0.09) and eNd(z) (8.85~12.25) values of the first group indicate that
their mantle sources have been subjected to intense depletion, similar to things of the source of N-MORB. Fur-
thermore, the enrichment of LILEs and the depletion of HFSEs, especially the appearance of Nb and Ta nega-
tive anomalies, show the affinity of this group to island arc tholeiite (IAT). On the contrary, the > REE
(56.38x10 ©~101.29 %10 %) and (La/Yb)n(0.96~1.36) values, the contents of incompatible elements
(REEs, LILEs and HFSEs) and the appearance of Nb and Ta positive anomalies all show that characteristics of
the second group are between E-MORB and OIB, more close to E-MORB. TheeNd (z) ( 8.39), Zr/Nb (9.74
~10.94) and Ta/Nb (0.06) values are similar to those of E-MORB, suggesting that the mantle source of the
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second group is fertile relative to that of the first group. According to an integrated analysis of geochemical char-
acteristics of these two groups of basalts, Kulehu ophiolite should have been formed in a back-arc basin setting.
The first group of basalts, which have obvious SSZ features, are products of partial melting. They were formed
at the early stage of back-arc basin, being products of the depleted residue of MORB-source mantle following
earlier melt extraction. With the evolution of the back-arc system, mantle counterflow resulted in the formation
of a relatively fertile mantle, and the upwelling of this mantle beneath the spreading ridge of the back-arc basin
and the partial melting resulted in the generation of the second group of basalts. The age of Kulehu ophiolite cor-
responds with the subduction age of the South Tianshan Ocean, and the formation of Kulehu ophiolite might
have been related to the subduction that induced the back-arc extension of this ocean in a period from Late Siluri-
an to Early Devonian.

Key words: geochemistry; forming environment; tectonic significance; ophiolite; Kulehu; South Tianshan

Mountains; South Tianshan Ocean
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Table 1 Major element and trace element analyses
of basalts from Kulehu

02TB6-4 02TB7-6 02TBS 02TB9-2 02TB10-4
wy %
SiO, 46.52 50.08 43.16 45.82 47.28
TiO, 2.68 0.86 1.63 0.69 0.72
ALO; 15.25 14.34 12.97 15.19 16.08
Fe,05" 11.14 11.37 9.40 10.18 10.60
MnO 0.14 0.18 0.16 0.16 0.13
MgO 7.64 8.85 6.59 8.26 5.02
CaO 4.46 10.05 11.23 8.94 10.70
Na,O 5.25 2.96 4.20 3.85 4.57
K,O 0.18 0.07 0.34 0.55 0.27
P,0s 0.36 0.07 0.18 0.07 0.07
LOI 6.80 1.50 10.58 6.43 5.01
Total 100.42  100.33  100.44  100.14  100.45
wp 10~
Li 71.3 14.74 34.0 56.9 23.3
Be 0.57 0.23 0.42 0.27 0.29
Ba 481.4 17.12 57.3 65.6 34.31
Rb 2.46 0.68 3.77 8.54 4.57
Sr 312 115.2 114.2 182 245
Cs 0.804 0.186 0.518 1.34 0.589
Ta 1.24 0.079 0.47 0.037 0.043
Nb 19.6 1.12 7.56 0.41 0.47
Hf 5.05 1.37 3.03 1.08 1.2
Zr 191 4.7 82.7 39 41.4
Y 55.1 25.5 35.9 22 24.6
Sc 54.4 49.6 44.3 44.9 49.9
\Y% 396 315 333 258 289
Cr 115.0 217.2 188 392 448
Co 60 46.0 37.6 49.6 47.0
Ni 63 85 68 159 211
Pb 2.67 0.267 0.989 0.201 0.257
Th 1.56 0.096 0.61 0.027 0.038
U 0.70 0.038 1.25 0.059 0.065
La 11.2 1.44 5.38 1.18 1.32
Ce 26.8 4.63 13.04 3.75 4.26
Pr 4.08 0.87 2.06 0.76 0.85
Nd 19.7 5.05 10.61 4.4 4.98
Sm 6.05 1.98 3.58 1.69 1.90
Eu 1.80 0.73 1.18 0.64 0.73
Gd 6.93 2.58 4.36 2.17 2.50
Th 1.39 0.56 0.89 0.47 0.55
Dy 8.7 3.75 5.63 3.16 3.55
Ho 1.98 0.87 1.28 0.74 0.83
Er 5.36 2.41 3.43 2.05 2.31
Tm 0.90 0.42 0.58 0.36 0.40
Yb 5.55 2.65 3.76 2.27 2.55
Lu 0.85 0.42 0.60 0.36 0.40
OEuy 0.85 0.99 0.91 1.02 1.02
Sm Nd Sm-Nd P507
Pb HF HBr

AGI X8 Pb Sr
8Sr 8Sr=0.119 4
NBS987 0.710254+£16 n=8 20
0.710 240 NBS607 1.20032+3
n=2 2 1.20039+3 Rb-Sr
2x10 1"~5x10 g Nd
H6Nd "Nd=0.7219 La Jolla
0.511 862+7 n=6 26
0.511 859 BCR-1 0.512626+9 n=2

26 0.512 638 Sm-Nd
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0.2ng NBS981 n = 6 20
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2 Nd Sr
Table 2 Nd and Sr isotope composition of basalts from Kulehu.
Sm Nd 147q, 143Ny 143\ Rb Sr 87Rb 87g, 87g,
wp 10*6 144Nd 144Nd 144Nd t eNd 0 eNd ¢ wp 1076 SGSr SGSr SGSr t
02TB6-4 5.55 17.99 0.1866 0.513040+18 0.512527 7.84 8.39 4.27 307.88 0.040 0.708647+18 0.708 408
02TB7-1 1.85 4.87 0.2305 0.513353+13 0.512719 13.94 12.15 2.42 117.37 0.060 0.706801*=17 0.706 442
02TB7-2 1.79 4.76 0.2276 0.513331+8 0.512705 13.52 11.87 3.18 118.75 0.077 0.707150+8 0.706 689
02TB7-3 1.82 4.75 0.2319 0.513362+30 0.512724 14.12 12.25 1.32 115.38 0.033 0.706333+19 0.706 136
02TB7-4 1.79 5.54 0.1949 0.513129+18 0.512593 9.58 9.68 1.63 121.78 0.039 0.706747+18 0.706514
02TB7-5 1.79 4.60 0.2355 0.513346+10 0.512698 13.81 11.74  1.91 112.64 0.049 0.707 151£16 0.706 858
02TB7-6  1.78 4.57 0.2363 0.513342+10 0.512692 13.73 11.62 1.57 125.07 0.036 0.706299+17 0.706 084
02TB9-1 1.52 4.02 0.2288 0.513200+13 0.512571 10.96 9.25 22.77 126.85 0.519 0.708306=+17 0.705201
02TB9-2 1.51 3.91 0.2334 0.513216 11 0.512574 11.28 9.32  10.27 178.85 0.166 0.707992+13 0.706999
02TB9-3 1.66 4.27 0.2346 0.513218+9 0.512573 11.31 9.29 7.3 199.44 0.106 0.708543+18 0.707 909
02TB9-4 1.69 4.47 0.2287 0.513227+13 0.512598 11.49 9.78 12.52 205.14 0.177 0.709035+19 0.707 976
02TB9-5 1.38 3.65 0.2294 0.513181+13 0.51255 10.59 8.85 8.07 219.37 0.106 0.707408+15 0.706 774
02TB9-6 1.63 4.1 0.241 0.513223+10 0.51256 11.41 9.04 20.23 217.73 0.269 0.708831+14 0.707 222
02TB10-4 1.65 4.38 0.2273 0.513226+14 0.512601 11.47 9.84 4.51 231.52 0.056 0.707100+12 0.706 765
£ =420 Ma
A 206 204 207 204
Pb “**Pb , Pb “**Pb ,
&% 4 T 208pp 204pp 16.867 ~ 17. 667
L Qe
. A 15. 421 ~ 15. 545 37. 088 ~ 37. 789 3
- 13
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BSE—bulk silicate earth  PREMA—prevalent mantle
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3

Table 3 Pb isotope composition of basalts from Kulehu

206p}, 204p}, 207p}, 204p}, 208pp, 204py, u 200py, 204p, | 207py, 04py,  208pp, 204py, A 207pp 204pp, A 208py 204p)

02TB6-4 18.7963 15.6074 38.6001 16.767 17.667 15.545 37.789 13.894 80.241

02TB7-6  17.8965 15.4535 37.5724 8.846 17.301 15.421 37.088 5.421 54.369

02TB9-2  18.0995 15.5167 37.5295 18.302 16.867 15.449 37.348 12.927 132.810

02TB10-4 18.2452 15.4906 37.5508 15.800 17.182 15.432 37.350 7.842 95.096
t=420 Ma U Th Pb 1
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