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Abstract The geochemistry and the age of the diabase-dykes from the Qingshuiquan area are keys to understanding the formation
and evolutionary history of the eastern Kunlun orogenic belt. Based on the studies of the geology, the geochemistry and the U-Pb zircon
dating, the magma source and tectonic setting of the diabase-dykes are discussed in this paper. The geochemistry of the major is
characterized by low contents of TiO, (0. 68% ~1.24% ), MgO (4.96% ~7.25% ), K,0 (0.51% ~1.03% ) and P,0,(0.09% ~
0.16% ) ,and Na,O > K, O,mean while, it is showing that the diabase-dykes are enrichment in light rare earth elements with abundance
rare earth elements. Comparing with the primitive mantle, they are distinctly enriched in the large-iron-lithophile elements ( such as
Rb, Ba, Th, U and Sr) and depletion of high-field-strength element( such as Nb and Ta) and Th. All these characteristics indicate
that the magma was derived from an enriched mantle source, and the magma source was influenced by input of the subduction
components , which is related to a active continental margin setting. Using LA-ICP-MS method of U-Pb age dating, it is the 436.4 +
1. 2Ma(MSWD =0. 37) that represents the crystallized age of the diabase-dykes. With the constraint offering by the age, the diabase-
dykes formed in island arc extension environment after subduction of the East Kunlun ocean during the late Early Paleozoic.

Key words Geochemistry; LA-ICP-MS ziron U-Pb dating; diabase-dykes; Tectonic setting; Qingshuiquan area; Eastern Kunlun
orogenic belt
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Fig. 1 Schematic geological map (a), field photos of the diabase-dykes(b) and cross section of the diabase-dykes (c¢) in the
Qingshuiquan area , eastern Kunlun orogenic belt ( after Feng et al. , 2002)

1-ultrabasic rock; 2-metagabbro-diabase; 3-plagio-granitic-gneisses; 4-diorite; 5-granite; 6-trench facies slump accumulation; 7-marble; 8-basic
volcanic rocks; 9-intermediate volcanic rocks; 10-acid volcanic rocks; 11-clastic rocks; 12-quaternary; 13-the Granite with mafic enclaves; 14-thrust
fault; Q-quaternary; T, ,-Lower-Middle Triassic;3-ultrabasic rock
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Table I  Major element (wt% ) and trace element ( x 107%)
compositions of the diabase-dykes from Qingshuiquan area
RERE 0SO4-1  QSQ42  QSQ43  QSQ44 QS04
Si0, 51.78 51.44 51.51 49.58 51.46
TiO, 0. 68 0. 86 0.94 1.09 1.24
Al, Oy 14. 66 16. 76 16. 85 16.07 16.42
Fe, 0] 9. 46 9.15 9.52 11.33 11.18
MnO 0. 14 0.15 0.15 0.18 0.17
MgO 7.25 5.65 5.61 5.84 4.96
Ca0 10. 70 10. 00 10. 10 10. 46 9.34
Na, O 2.27 1.41 1.57 1.63 1.90
K,0 0.51 1.03 0.94 0.57 0. 67
P, 05 0.09 0.10 0.11 0.14 0.16
beddt 1.98 3.07 2.56 2.81 2.90
o8-y 99.52 99. 62 99. 86 99.70 100. 4
Se 32.0 36.5 38.6 42.2 24.8
Vv 251 241 258 333 343
Cr 120 107 105 44. 6 41.0
Ni 114 8.20 8.36 5.39 6.16
Rb 26.1 31.8 26.3 17.8 18. 1
Sr 228 374 361 357 386
Y 17.0 21.5 22.5 22.7 21.7
Zr 69.0 90.2 92.8 75.3 83.6
Nb 4.41 5.16 5.39 4.90 5.85
Cs 0. 46 0.75 0.70 1. 06 0. 84
Ba 130 595 433 200 266
Hf 1. 89 2.41 2.48 2.02 2.25
Ta 0.28 0.31 0.32 0.28 0.35
Pb 6.91 4.04 3.45 2.78 4.16
Th 0.71 2.55 2.64 1. 64 2.19
U 0.33 0. 44 0. 46 0.41 0.57
La 10. 4 13.9 14.2 10. 4 14.3
Ce 21.9 28.6 29.3 22.9 29.7
Pr 2.67 3.34 3.47 2.90 3.51
Nd 11.8 14.8 15.2 13.6 15.5
Sm 2.77 3.30 3.41 3.28 3.47
Eu 0.83 1.03 1.03 1.07 1.09
Gd 2.86 3.43 3.51 3.60 3.56
Th 0. 47 0.57 0.58 0. 61 0.59
Dy 2.91 3.61 3.69 3.82 3.74
Ho 0.61 0.79 0. 81 0. 84 0.81
Er 1. 66 2.22 2.28 2.31 2.23
Tm 0.24 0.32 0.34 0.33 0.33
Yb 1. 54 2.17 2.24 2.23 2.17
Lu 0.22 0.34 0.34 0.34 0.33

and White, 1972) , B S AS[R] T K PGP RS- FlED B v v v
HHBE LA AL O3 -2 & ik (4350 15.6% , 14.86% ,
15.15% ) ( Melson et al. ,1976) FR B M Z A1 ALO, &
H(17.08% ) ( Wilson, 1989) , TiO, Z5 k. 7E 0. 68% ~ 1.24%
Z I8,k 0.96% , 5% TiO, FR A /Y 5 IR 45 6 M X 3A
(0.98% ) 14345 3 ( Pearce, 1982 ) , AN[R] T3 & B o X A
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(4.96% ~ 7.25%) F K,0 (0.51% ~ 1.03% ), %% P,0
(0.09% ~0.16% ), Na,0 > K, 0 J4fE , 4875 25 5 90 5%
PEL R, B XA THRALRA .
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SRR AW RIIE A .
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3.16 ~4.55 ZJa], (La/Sm) \ A F 2 ~2. 65 Z|i], B & s + 4
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LR Ze HE T E B4R 510 149 x 10 ¢ ~ 213 x 10 "* Al
3.44 x107° ~6.36 x 10 °; KL ANFLBE L 22 A0k % i
EAE LA 2o SF35 F BE 4300 R 40 X 107° 71 x 10 ~° F1 87
x 107 Hf SEHERE 450 1. 17 x 1076 2. 23 x 10 °F1 2. 24
x 10 7% (Pearce,1982) , 15K R MELR A Zr HE F 1 F A8k
F75.3%x107°~92.8 x 10 (F4k 82. 18 x 10 %) FI1 2. 02
x107% ~ 2.48 x 10 C (SF#9K 2.21 x 107%) , #124 F k1L ik
BERME 2 R . LA Nb Ta EEEASE R 4.41 x 10°° ~
5.85x 10 (K 5.14 x 10 %) F1 0.28 x 10™° ~ 0.35 x
107 (SF#440.31 x107°) B R AK FAR N & 2 At &
2414 Nb Ta £ B (43 3ASEFE 13 x 10 ™% ~ 84 x 10 °F10.73
x107% ~ 5.9 x10 7% Pearce,1982) , &5 F 5 9l b BE 2 it 44
A 2 A ) Nb Ta FE 8 (0928 407E 1.7 x107° ~ 2.7
x10°F1 0.1 x10™® ~ 0.18 x 10°°, Pearce, 1982) , i F
Pearce(1982) 45 (¢ H 4 L5 (Nb =4.6 x 10, Ta =
0.29 x 10 ) A= B, 5 Bl 7e IR Yo 5 10 15 9 & i 4
e

¥£ MORB Fruffb il oo & L (AR & (1 4) I, 3K
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7.16) ,La/Ta H.H K 36. 61 ~45. 37 (SEHI{H K 40.76) , Ti/Y
LAy 239. 5 ~342. 5CFHE N 272) , R WIS 1L 21
WESRA XA G R E RRAE BRI PE R R
FIE AMEREIOE, BT IR R A w7 S s
KRAWERAE ., BINZXRAWITTRILE Th/Yb >0.1,
Th/Nb >0.07,Nb/La <0. 8 , Hf/Th < 8 , fij 5 1 % 7 v 45 ] 41
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Fig.6 Tectonic discrimination diagrams for diabase-dykes from Qingshuiquan area
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0.37) ,Nb/La FUAE M 0. 37 ~0. 47 (SFH{E M 0. 41) ,HE/Th He
{E20.94 ~2.66 (P-4 {H 0 1.36) , SR04 15 5k i, SLJs
Zr/Y =3.91,Ta/Yb = 0. 15, Ti/Zr = 78. 5 ( Condie, 1989 ) %% |,
{EAT LA i K OR R ERa m] RE ™ T R B2

NI Bl J0 3R PR AR O AR O R B  R 0 B A 0T T
2Nb-Z1/4-Y ([ 6a) 1, i KR WESR A AE i bR T — S 40/E N-
MORB Je K1 B XA, B A iy B BAE AR B 5 2
AL B X5 A HE/3-Th-Ta PR (8] 6b) H 50, 2553
PITEA B Z A X5 Th/ Yb-Ta/ Yb PRI (18] 6¢) H , 5 i i
HYNGEIPN S BIE 3 i s IR S ey S Ik bt
JREIIR G

5 B4 LA-ICP-MS U-Pb A%

KR MESRE ik 85 A CL BEE 7 i, 158
B 29 WA 22 AR BN, AT S R LK 2, HA
U.Th #7334 230. 25 x 10 ~° ~ 1519. 34 x 10 ~° 1 66. 26 x
107° ~405.06 x 10, Th/U FL{HI KT 0.1(0.15 ~0.47),
SERA R 0,30, L JE T LR ) S 0 R B A ( Belousova et al.
2002) .

HES A CL EHR P, 2808 A BURLEL /N BLAR A T 50

~200wm Z [H], FhIEA S, Har P (1) BA A Y
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BOZ AR F AT DL B 2 e A 35 32 0 R 00 v B o B (AR AH AN
Kienast,2000; Vavra et al. ,1999) , Hf YEFF 2 A3 F I3
HIE RS A, BT AR A S IR BT, B AR S5 4 ; T TE
EHGENLLLR B TR EE T R R B A AR AT
5RO 0 2R KRS, AR H SR B (R IE A 55,
2001 ; Ashwal et al. ,1999 ;Mahood and Hildreth,1983) , Jf- H %
GAIK BB, R ANGE BB, TR T L — B
BEATPCPh/ P AR, 5 7 34 10038 A5 (0 R JEH 24 52 4 , Bk vl
PURAE ALY, AT BEEFRETAY (FRIE 2245 ,2001) , XA B HE i
A3 500Ma 9™ Ph/** Pb 47, 3R AT e HERR T2 3 5 410
BRAS M BT Al Re S R AR 25 . DL I K SRS h 1
AR HE B R R R PR 1Y 7T B BT 1A 10 25 R PR
TCH I SR B B A AT BRI B T S PR i 2 A

FIH] Tsoplot3 ( Ludwig, 2003 ) 2 J3 #E 4T 1 18 il iih £k $%¢ 3%
RO Ph/25 U BT 948 % (0 31 5. 45 SR R W, 6™ Pb/
BIUCPh/ AU A N T 1 (] 8) |, BT A S s s
TE—B0L FOH B 1 — AR /N DIl g, AT 18 48 9% Oy
436.4 +1.2Ma( MSWD =0. 37) , LI /K R Lk A = KB hl
AR Sy A B
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Fig. 8 Zircon LA-ICP-MS U-Pb isotopic concordia diagram (a) and bar chart (b) for diabase-dykes
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