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Constraints on the evolution of the North Qilian ocean basin: MOR-type
and SSZ-type ophiolites from Dachadaban

MENG Fan-cong!, ZHANG Jian-xin!, KER Choon-Muar? and LI Jin-ping'
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. Department of Earth Sciences,
National Cheng-kung University, Tainan, Taiwan 701, China)

Abstract: MOR-type and SSZ-type ophiolites occur along the Dachadaban profile in North Qilian Mountains
(NQM) of northwest China, which have recorded magmatic activities in different tectonic environments. Geo-
chemical data show that the gabbro in the southern part of the profile has a pattern similar to N-MORB pattern,
characterized by low Si0,(48.049% ~51.20% ) and MgO (7.29% ~10.81% ), Mg index varying from 0.52 to
0.69, high TiO,(1.27% ~1.47% ) and ALO;(12.66% ~14.50% ), and high (REE content ranging from
37.18%X10 ®t0 62.09x 10 °, about 10 times higher than that of chondrite. The REE pattern indicates a flat
distribution or slight LREE depletion relative to HREE, with (La/Yb)y ratios ranging from 0.66 to 0.80, and
weak negative Eu anomalies (8Eu from 0.83 to 0.91). The gabbro has similar Ti/V ratio to N-MORB, but is
enriched with Rb, Ba, Th and U. Geochemical characteristics similar to N-MORB imply that the gabbro is of
oceanic crust origin. Zircons separated from a gabbro sample are fine-grained (50 ~100 pm) and mostly have
long prismatic shape. CL images show that zircons contain an oscillatory zone with Th/U ratio ranging from

0.72 to 1.18, suggesting a magmatic origin. All zircons are concordant and have an age of 505 +8 Ma by SHRIMP
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U-Pb dating representing the formation time of gabbro. This gabbro is coeval with the Aoyougou 504 Ma
and Dongcaohe gabbro 497 Ma in NQM suggesting a common oceanic spreading and formation of oceanic
crust at the end of Cambrian in the North Qilian Mountain. By contrast pillow lavas from the northern part of
the profile are characterized by high SiO, 52.33% ~55.62% and MgO 10.43% ~14.17% Mg index
varying from 0.72 t0 0.78 low TiO, 0.29% ~0.44% and Al,O; 10.10% ~13.34%  and low ZREE con-
tent 9.93X10 ©~19.04x10 % 10 times lower than SREE content of chondrite. The REE pattern displays
LREE depletion with La Yb y ratios ranging from 0.45 to 0.69. Most pillow lava samples have negative Eu
anomalies S8Eu ranging from 0.58 to 1.08  with distinct negative-Nb Ta anomalies and a Ti V ratio similar
to that of arc tholeiite. The overall geochemical characteristics resemble those of boninite which originated from
an island arc related to the northward subduction of oceanic crust. Pillow lavas were formed slightly later 483
Ma consistent with the field relationship of pillow lavas overlying gabbro. These data indicate that there is
about 20 Ma time difference from the formation of oceanic crust to the production of island arc. This study pro-
vides important constraints for the evolution of ocean basin in the NQM.
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Fig. 1 Sketch map showing the distribution of ophiolites in the North Qilian Mountains after Hou Qingye ez al. 2006
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Fig. 2 Simplified geological map showing major litho-tectonic units in the North Qilian Mountains
modified after Song Shuguang ¢t al. 2004 and Zhang et al. 2007
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1 - wi % wg 107°
Table 1 Major wp % and trace element wy 10™° concentrations of gabbros and pillow lavas along Dachadaban profile

in the North Qilian Mountains

Q07-17-1.1 QO07-17-2.1 QO07-17-4.1 Q07-17-5.1 QO07-17-6.1 QO7-17-7.1 QO07-17-8.1 QO07-17-10.1 QO7-17-11.2

SiO, 51.20 49.20 48.84 48.04 52.33 55.62 53.68 52.94 53.20
TiO, 1.47 1.35 1.70 1.27 0.32 0.29 0.33 0.33 0.44
ALO; 13.45 14.50 13.64 12.66 11.32 10.62 10.10 10.90 13.34
Fe, O3 4.55 3.84 3.64 2.61 1.47 1.86 1.66 1.55 3.09
FeO 5.84 6.34 8.78 7.87 5.53 4.80 5.66 5.41 4.53
MnO 0.15 0.19 0.18 0.18 0.13 0.18 0.15 0.14 0.14
MgO 7.29 8.43 7.38 10.81 13.42 12.03 14.17 13.75 10.43
CaO 6.83 9.43 9.69 10.95 5.92 9.43 7.71 7.20 8.56
Na,O 3.88 2.97 2.73 2.02 3.03 0.83 2.70 2.51 1.95
K,O 0.22 0.07 0.14 0.45 0.04 0.14 0.08 0.11 0.19
%05 0.10 0.12 0.15 0.09 0.03 0.02 0.03 0.02 0.04
H,0" 2.92 2.66 2.70 2.80 4.71 3.62 3.14 4.10 3.56
CO, 1.88 0.26 0.26 0.43 1.97 0.51 0.43 1.28 0.60
LOI 3.72 2.57 2.20 2.41 5.54 3.61 3.36 4.45 3.36
Total 98.70 99.01 99.07 99.36 99.08 99.43 99.63 99.31 99.27
Mg* 0.57 0.61 0.52 0.65 0.78 0.77 0.78 0.78 0.72
La 2.70 3.59 5.04 5.72 0.64 0.76 0.88 0.76 1.57
Ce 7.33 9.91 13.00 12.70 1.72 1.92 2.33 2.16 3.86
Pr 1.24 1.70 2.14 1.78 0.28 0.31 0.37 0.37 0.6
Nd 6.65 9.26 11.40 8.33 1.49 1.61 2.02 1.96 3.14
Sm 2.31 3.12 3.88 2.30 0.6 0.62 0.72 0.76 1.13
Eu 0.79 1.15 1.34 0.90 0.25 0.27 0.26 0.19 0.39
Gd 3.64 4.74 5.89 3.21 0.97 0.94 1.08 1.28 1.81
Tb 0.65 0.84 0.99 0.53 0.19 0.18 0.20 0.22 0.32
Dy 4.48 5.68 6.95 3.53 1.36 1.29 1.43 1.56 2.26
Ho 0.96 1.22 1.49 0.73 0.3 0.29 0.32 0.35 0.49
Er 2.85 3.62 4.46 2.04 0.89 0.89 0.95 1.05 1.47
Tm 0.42 0.53 0.64 0.30 0.15 0.13 0.15 0.16 0.23
Yb 2.77 3.45 4.26 1.95 0.95 0.87 0.93 1.06 1.54
Lu 0.39 0.50 0.61 0.28 0.14 0.14 0.15 0.17 0.23
> REE 37.18 49.31 62.09 44.30 9.93 10.22 11.79 12.05 19.04
La Yb 0.66 0.70 0.80 1.98 0.45 0.59 0.64 0.48 0.69
oEu 0.83 0.91 0.86 1.01 1.00 1.08 0.90 0.58 0.83
Y 22.9 30.70 37.3 18 7.47 7.31 8.09 8.5 12.5
Rb 3.67 1.21 2.13 7.47 0.74 3.10 1.49 1.42 3.45
Sr 88.2 158.0 135.0 132.0 51.0 78.7 83.2 43.7 94.7
Ba 43.4 42.1 35.2 141.0 19.3 25.5 21.8 40.8 41.6
Nb 2.56 2.73 4.58 6.41 0.38 0.32 0.36 0.35 0.6
Ta 0.24 0.23 0.37 0.51 0.06 <0.05 0.05 0.05 0.07
Zr 59.9 75.1 101.0 60.6 15.4 13.3 16.0 15.9 25.7
Hf 1.79 2.18 2.86 1.68 0.52 0.43 0.54 0.54 0.88
Th 0.26 0.28 0.5 0.64 0.17 0.16 0.17 0.16 0.32
U 0.14 0.12 0.14 0.16 0.12 0.10 0.11 0.13 0.23
\Y% 335 336 388 266 181 187 198 176 215
Cr 93 256 158 627 981 624 826 846 731
Co 45.0 49.0 57.5 60.9 48.8 42.1 48.3 49.3 46.2
Ni 55.4 82.2 78.6 202.0 318.0 235.0 269.0 255.0 236.0
Sc 48.8 50.4 49.8 42.1 33.4 31.8 37.2 35.2 37.8
Nb Y 0.11 0.09 0.12 0.36 0.05 0.04 0.04 0.04 0.05

Mg# =Mg Mg+Fe?* SEu=2Euy Smy+ Gdy
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Fig. 6 Chondrite-normalized REE patterns a and N-MORB-normalized trace clement patterns b for gabbros and boninite
along Dachadaban profile in the North Qilian Mountains
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Fig. 8 Representative CL images of the analyzed zircon from gabbro along Dachadaban profile

2 Q07-17-1.1 SHRIMP
Table 2 U-Th-Pb SHRIMP zircon data of gabbro Q07-17-1.1 along Dachadaban profile in the North Qilian Mountains
wg 107° Ma *
Th U 21)7Pb le(spb + % 2()7I)b 235U + 9% ll)(spb ZSSU + 0,
Pb % U Th Pb 206py, 23877 lo
L1 0.17 49 35 3.5 0.72  0.79%0 8.7 0.91 9.2 0.0829 2.9 514 14
2.1 2.75 82 69 5.8 0.87 0.0528 20.9 0.58 21.0 0.0800 2.7 496 13
3.1 5.22 59 43 4.2 0.77 0.0335 54.7 0.37 54.8 0.0796 3.1 494 15
4.1 4.21 53 39 3.9 0.76 0.0530 32.9 0.60 33.0 0.0819 2.9 508 14
5.1 0.79 370 300 26.7 0.84 0.054 2 4.6 0.62 5.0 0.0834 1.9 517 10
6.1 4.40 63 48 4.6 0.79 0.0370 42.0 0.41 42.1 0.0809 2.9 501 14
7.1 0.65 162 186 11.4 1.18 0.0588 3.8 0.66 4.4 0.081 4 2.3 504 11
8.1 0.32 159 167 11.5 1.09 0.0615 4.7 0.71 5.1 0.0839 2.0 519 10
9.1 4.40 49 36 3.6 0.75 0.0438 23.9 0.49 24.0 0.080 5 2.5 499 12
10.1 2.32 59 50 4.1 0.88 0.0480 14.0 0.52 14.2 0.078 6 2.3 488 11
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