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The Formation Age of the Yaqu Ni-Cu Bearing Basic Complex in
Southern Qilian Mountain and a Discussion on Its Mechanism
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Abstract: This paper reports partial achievements in potential evaluation of magmatic type copper-nickel ore
resources in Hualong County, Qinghai Province, mainly by field survey and investigation of Yaqu intrusive rocks,
and obtained the zircon U-Pb age of rock formation (442.4+1.6) Ma by ID-TIMS. Geochemical studies of the basic
complex closely associated with the deposit show that it is characterized by low Ti, depletion of Nb or Ta and
enrichment of LREE and large lithosphile elements. These features, combined with the isotope geochemistry, have
led the authors to believe that the magma occurred under the condition of the conversion of subduction to collision
in 460—440 Ma in the Qilian Mountain and its adjacent areas, and might have resulted from arc magmatism. The
results not only have great significance for regional prospecting of Ni-Cu ore resources in Hualong area but also
have reference value for enrichment of the knowledge of early Paleozoic magmatic Ni-Cu sulfide deposits and
their formation mechanism.
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Table 1 Major elements analyses of Yaqu intrusion (wt%o)
Si0,  AlLO; FeO MgO CaO Na,0O K, 0O MnO P,0s TiO, LOI Total MgO/TFeO Mg#
YQ-1 58.35 10.82 9.89 11.64 451 187 156 0.14 025 081 254 99.85 2.1 0.46
YQ-2 62.2 17.4 5.73 3.6 5.25 2 2.65 0.09 0.19 0.76 2.69 100.01 1.1 0.62
YQ-3 60.96 17.87 5.73 343 5.86 3 1.88 0.09 022 0.85 1.59 99.75 1 0.63
YQ-4 62.6 17.59 5.25 322 564 285 176 0.09 0.17 0.72 1.88 100.07 1.1 0.62
YQ-5 51.71  20.01 9.45 6.23 936 1.58 0.69 0.15 0.1 0.56 2.39 100.29 1.2 0.61
YQ-6 62.82 17.6 5.16 322 547 294 1.73 0.09 0.17 0.68 1.65 99.75 1.1 0.62
YQ-7 62.14 18.11 4.95 325 544 328 1.83 0.08 0.16 064 1.75 99.66 1.2 0.61
YQ-8 57.64 16.22 6.71 6.87 7.28 3.08 1.15 0.12 0.16 0.64 2.27 1003 1.8 0.5
YQ-9 55.72  17.98 6.52 6.19 891 285 0.76 0.11 0.15 0.68 2.05 99.92 1.7 0.52
YQ-10 51.71 10.4 10.79 14.83 851 091 145 022 0.04 091 3.86 99.85 2.4 0.43
YQ-11 59.13  11.15 8.96 1133 452 196 0.15 0.14 0.17 0.84 2.39 99.9 2.2 0.45
; Mg'=Mg/(Mg+Fe),  FeO TFeO SX-50 ICP-MS
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®2 THERMETESTERRKENM: 10°)

Table 2 Trace elements analyses of Yaqu intrusion (unit: 10°)

YQ-1 YQ-2 YQ-3 YQ-4 YQ-5 YQ-6 YQ-7 YQ-8 YQ-9  YQ-10  YQ-11
Sc 25.6 17.5 16.6 14.2 27.5 14.8 14.4 22.4 24.7 39.8 23.8
% 185 96.6 98.9 88.9 196 82.4 81.9 138 158 225 179
Cr 744 91.7 78 83.8 92.9 79.6 75.8 177 210 1660 723
Co 473 14.6 14.8 13.7 373 13.4 12.5 375 38.8 52.2 44.8
Ni 319 18.3 18.8 20.6 71.5 17.4 213 270 416 188 271
Cu 70 273 17.8 16 99.7 14.8 10.2 165 47 7.31 58.8
Zn 108 85.1 84.6 74.2 71.5 77.6 74.6 65.6 54.4 108 95
Rb 76.1 166 94 89.7 38.8 102 92.4 49.7 36.6 84.2 79.7
Ba 375 559 466 489 166 395 409 353 288 222 369
Th 6.37 7.96 7.87 6.54 2.58 8.87 7.9 5 3.6 1.41 7.15
6] 0.29 0.51 0.32 0.33 0.29 0.34 0.35 0.36 0.39 0.34 0.36
Ta 0.53 0.61 0.7 0.58 0.25 1.04 0.94 0.42 0.4 0.52 0.56
Nb 8.61 10.4 11.7 9.97 3.78 10.2 9.42 6.87 6.29 7.11 9.35
La 23.7 313 22.6 21 10.7 26.2 24.1 22.4 15.9 7.89 243
Ce 49.4 59.9 47.6 42.8 21.4 51.3 46 44.6 34.6 225 48.7
Sr 190 360 392 386 334 409 414 393 410 93.2 186
Nd 23.6 25 22.1 18.6 10 20.8 18.3 20 18.2 15.7 21.8
Hf 2.95 4.01 4.48 3.72 1.22 3.89 3.6 2.39 2.04 2.15 3.3
Zr 118 158 176 146 47.2 153 143 94.8 77.1 67.3 131
Sm 4.74 4.72 4.64 4.11 2.19 4.32 3.87 3.88 4.34 4.13 4.46
Tb 0.64 0.61 0.6 0.55 0.32 0.66 0.62 0.48 0.64 0.7 0.61
Y 215 19.8 19.6 18.6 11 23 23.7 16.3 20.4 27.4 20.1
Yb 1.91 1.67 1.75 1.56 1.07 1.92 2.08 1.44 1.72 2.63 1.88

Nb/Ta 16.25 17.05 16.71 17.19 15.12 9.81 10.02 16.36 15.73 13.67 16.7

Zr/HE 40 39.4 39.29 39.25 38.69 39.33 39.72 39.67 37.79 313 39.7

SX-50  ICP-MS
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®3 THEGRBLITESTERRENM: 10°)

Table 3  Rare earth elements analyses of Yaqu intrusion (unit: 10°)
YQ-1 YQ-2 YQ-3 YQ-4 YQ-5 YQ-6 YQ-7 YQ-8 YQ-9  YQ-10  YQ-ll
La 23.7 31.3 22.6 21 10.7 26.2 24.1 22.4 15.9 7.89 24.3
Ce 49.4 59.9 47.6 42.8 21.4 51.3 46 44.6 34.6 22.5 48.7
Pr 6.08 6.86 5.74 5.05 2.62 5.74 5.03 5.32 4.44 3.47 5.74
Nd 23.6 25 22.1 18.6 10 20.8 18.3 20 18.2 15.7 21.8
Sm 4.74 4.72 4.64 4.11 2.19 4.32 3.87 3.88 4.34 4.13 4.46
Eu 0.82 1.18 1.28 1.16 0.7 1.12 1.18 1.11 1.38 0.82 0.81
Gd 4.55 4.18 4.21 3.79 2.16 4.2 3.93 3.53 4.1 4.32 4
Tb 0.64 0.61 0.6 0.55 0.32 0.66 0.62 0.48 0.64 0.7 0.61
Dy 3.92 3.8 3.6 3.52 2.03 4.02 3.99 3.02 3.86 4.72 3.62
Ho 0.78 0.73 0.72 0.69 0.43 0.85 0.85 0.6 0.78 0.99 0.75
Er 2.17 1.96 1.97 1.86 1.19 2.21 2.32 1.59 2.06 2.69 2.02
Tm 0.3 0.26 0.27 0.25 0.17 0.32 0.34 0.23 0.29 0.4 0.29
Yb 1.91 1.67 1.75 1.56 1.07 1.92 2.08 1.44 1.72 2.63 1.88
Lu 0.3 0.24 0.24 0.22 0.15 0.28 0.27 0.2 0.25 0.36 0.25
XREE 122.91 142.41 117.32 105.16 55.13 123.94 112.88 108.4 92.56 71.32 119.23
SEu 0.41 0.62 0.68 0.69 0.76 0.62 0.71 0.7 0.77 0.46 0.45
(La/Yb)x 8.64 13.06 9 9.38 6.97 9.51 8.07 10.84 6.44 2.09 9
(La/Sm)y 3.23 4.28 3.14 33 3.15 3.92 4.02 3.73 2.37 1.23 3.52
(Gd/Yb)n 1.98 2.08 2 2.02 1.67 1.81 1.57 2.03 1.98 1.36 1.77
, SX-50  ICP-MS
U, Pb , - , ( 8-B),
U Pb U 21.5ns ( 8A C D), Th/U
, 0.62~0.90 ( 4,
0.05% SRM982 Pb (09YQ-05)
0.10% ID-TIMS U-Pb ( 4 9),
0.06% (20), U U-Pb (440.74+£0.33) Ma (MSWD=1.1),
Th/U 4.2, 20Th , ,
206py, 2385 207py, 206 py,
(Campbell et al., 1979)
, U 0.01 pg U/Pb
0.04%(20) )
95%
ISOPLOT 3.00 ( ,
2012b)
3 AHTERRITE - .
(09YQ-05)
o 100pm
( ,
) B8 THMAREREKERER CLER
> > Fig. 8 CL images of zircon from pyroxenite of
80 umx60 pm 120 pmx90 pm CL Yaqu intrusive body
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R4 EFEETHARID-TIMS A U-Th-Pb BMIEZSHER

Table 4 U-Th-Pb isotopic data of Yaqu mafic intrusions, Qinhai Province

206Pb/238U
u/10°® Th/U Pb/1072 2%Pb/ %P 2Pb/% 27Pbe/%
/mg 20
sk30p13 0.016 171 0.62 0.6 20711 0.09 1.38 0.07083 0.00011
sk30p14 0.010 421 0.70 0.6 33982 0.05 0.84 0.07075 0.00014
sk30p15 0.019 410 0.90 0.6 61673 0.03 0.46 0.07066  0.00014
sk30p16 0.047 216 0.72 28 16688 0.11 1.71 0.07076  0.00008
207Pb/235U ZUGPb/BSU /Ma 207Pb/235U
/mg 26 20 /Ma 20
sk30p13 0.016 0.5443 0.0013 0.833 441.13 0.65 44126 0.83
sk30p14 0.010 0.5433 0.0016 0.786 440.70 0.86 440.62 1.05
sk30p15 0.019 0.5428 0.0015 0.853 440.16 0.85 440.29 0.96
sk30p16 0.047 0.5435 0.0012 0.768 440.72 0.50 440.73 0.80
C
0.0710
09YQ-05
0.0709 ¢ 2
2 2
0. 0708
b
2
50.0707 |
[-®
H )
0. 0706 [ )
pb/ UM LT 4F B (Rad’ko, 1991;
0. 0705 | (440. 74+0. 33)M
D eg2) Ma Naldrett et al., 1993; ,2012)
0. 0704 . . . . . 4
0. 5405 0.5415 0.5425 0.5435 0.5445 0. 5455 0. 5465
me;zssU 5 5
o THiEAER U-Pb i (
Fig. 9 Concordia diagrams showing U-Pb analyses ),

of zircons from Yaqu intrusion (Briigmann et al., 2001; Lightfood et al., 1993;

ID-TIMS, (09YQ-05) , 2007, ,2009)
U-Pb (440.74+0.33) Ma (MSWD=1.1), -

- E)

>

(442.8+1.1)~(440+1.7) Ma,

(441.1+1.4) Ma( , 2006; ,2008) >

( , 1995; Barnes et )
al., 1985; Mckenzie et al., 1988; DePaolo et al., , (Lightfood et al., 1997; Ir-
1981) ) vine, 1975; Keays, 1995; Wendlandt, 1982; ,

, 2004; , 2006) 440 Ma
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