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Abstract: The Qilian orogenic belt is divided into the North, Central and South Qilian belts. The Saizhisi granodiorite is located be-
tween Central and South Qilian. In order to study the petrogensis and dynamic background of Saizhisi rocks, zircon U-Pb chronology,
HIf isotope, whole rock geochemistry and Sr-Nd isotopes are reported for granodiorite and mafic microgranular enclaves (MMEs) in this
area. The LA-ICP-MS analyses on zircons from both the Saizhisi granodiorite and MMEs yielded similar ages at 446.1+1.3 Ma and
446,0+ 1.0 Ma, respectively. The MMEs contain needle-like apatite, and they are characterized by lower SiO, contents and higher
Na, O/K, O ratios. Their REEs are similar to those of Saizhisi granodiorite and > REE are lower than those of the host granodiorite;
The % Sr/% Sr of MMEs=0.706 4—0.706 7.the ey, (t) of MMEs= —7.38 to —7.97. The elemental, U-Pb dating and Sr-Nd isotope
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suggest that they might have been formed by mixing of mafice and felsic member magmas. The Saizhisi granodiorite is metaluminous to
weakly peraluminous with SiO, =66.45% —68.12% , Na, O/K,O=0.80—0.97, and A/CNK=0.91—1.03. The granodiorite is en-
riched in LILEs and depleted in HFSE, enriched in LREE contents and depleted in HREE contents with negative Euanomaly. The
8 Sr/% Sr(0.709 3—0.709 5) and ey, (¢) (—7.3794— —7.9674 ) of Saizhisi granodiorite is similar to those of I-type granite of the Qil-
ian Orogen belt. The &,;(¢) of Saizhisi granodiorite=1.7—16.8, Tpw: =995—1 750 Ma. It is concluded that the Saizhisi granodiorite
might have been formed by mixing of mafice and felsic member magmas. Combined with the regional tectonic evolution, it is suggested
that the Saizhisi granodiorite was formed in a subduction environment and mostly generated by the mantle which was formed by the
lower crust intruded by the upwelling mantle.

Key words: MMEs; Magma mixing; Early Paleozoic; Saizhisi granodiorite; Central-South Qilian; zircon; isotopes;geochronology.
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5.60% ,Fe, 05 N 3.59% ~4.87% , TFeO {H #
XA E A A, N 8.08%~9.98%.
332 WETLRMIKUERME ARHAFREIL6
PR3 B AL B DN 70 3 1 1 0 f IR R 47 A £ R fl it
TR R L2 3. AR N K &R T
Z M (XREE) N 344.10 X 10 °~356.90 X 10 °,
B 1+ (LREE) & & 4 286.19 X 10 ° ~ 337.66 X
10°°, % f + (HREE) & & & 15.74 X 10 ° ~
19.37X 10 ¢, LREE/HREE = 16. 82 ~ 18. 19,
(La/Yb)yH 25.31~29.00, % + &%, &+ 5
PLCE 9).(La/Sm) {HM 5.77~6.21,(Gd/Yb) \ 1§

K2 EXFUNAKSEFHRAESWER

Table 2 Zircon Hf isotopic compositions of the Saizhisi granodiorite

BESL VSHE/YTHSL 1o 176 4/177 HY 1o 176 Y /177 H{ 1o epnr(0) lo e (1) lo Tow Tome S romi
PM2-01 0.282 702 0.000 040 0.001 547 0.000038 0.038456 0.001020 —2.5 1.5 6.8 1.5 791 922 —0.95
PM2-02 0.282561 0.000021 0.000838 0.000011 0.022730 0.000320 —7.5 0.9 2.1 0.9 973 1185  —0.97
PM2-03 0.282551 0.000027 0.000701 0.000006 0.017996 0.000349 —7.8 1.1 1.7 1.1 985 1204 —0.98
PM2-04 0.282596 0.000024 0.001009 0.000045 0.027996 0.001321 —6.2 1.0 3.2 1.0 929 1121 —0.97
PM2-05 0.282573 0.000020 0.000706 0.000019 0.017 304 0.000427 —7.0 0.9 2.5 0.9 954 1161  —0.98
PM2-06 0.282 586 0.000019 0.000984 0.000023 0.025761 0.000564 —6.6 0.8 2.9 0.9 942 1140  —0.97
PM2-07 0.282 577 0.000024 0.000 905 0.000016 0.024 071 0.000512 —6.9 1.0 2.6 1.0 952 1156  —0.97
PM2-08 0.282621 0.000023 0.001145 0.000011 0.031073 0.000447 —5.3 1.0 4.0 1.0 897 1074  —0.97
PM2-09 0.282671 0.000023 0.001372 0.000066 0.039828 0.002039 —3.6 1.0 5.8 1.0 831 980 —0.96
PM2-10 0.282 651 0.000021 0.001 092 0.000020 0.031508 0.000817 —4.3 0.9 6.2 0.9 853 995 —0.97
PM2-11 0.282614 0.000021 0.001184 0.000014 0.036508 0.000514 —5.6 0.9 3.8 0.9 908 1089  —0.96
PM2-12  0.282 604 0.000 027 0.000808 0.000025 0.023468 0.000753 —5.9 1.1 3.5 1.1 913 1102  —0.98
PM2-14 0.282 597 0.000022 0.001 048 0.000025 0.029 330 0.000787 —6.2 0.9 3.8 0.9 928 1109  —0.97

B HI R o TR 2 GRUO 3 B

T 5 A U K T A S S
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R3 EIXFERRAFRIEETR(%)HEBLTR(107°)FTER

Table 3 The major (%) and trace (10 %) element analysis of Bayankala Group

REGEE S EESS .4k
PM4-3-GXW1 PM4-3-GXW2 PM4-3-GXW3 P2-1GXW1 P2-1GXW2 P2-1GXW3 PI1-0GXW1 PI1-0GXW2 P1-0GXW3
SiO; 67.35 67.17 68.12 67.14 66.62 66.45 52.35 53.70 55.02
TiO, 0.50 0.49 0.43 0.51 0.58 0.54 0.77 0.86 0.77
Al; O 14.70 14.82 14.52 14.45 13.93 14.19 16.91 16.26 15.37
Fe; O3 1.54 1.69 1.57 1.58 1.26 1.72 3.59 4.19 4.87
FeO 1.92 1.88 1.63 2.05 2.60 2.05 4.85 5.50 5.60
MgO 1.80 1.85 1.62 1.98 2.11 2.06 4.41 5.66 5.41
MnO 0.07 0.06 0.07 0.07 0.08 0.07 0.18 0.24 0.22
CaO 2.02 2.38 3.01 2.96 3.02 2.88 6.94 7.21 6.17
Na: O 3.81 3.61 3.59 3.74 3.49 3.45 3.88 3.47 3.70
K.O 3.99 3.92 4.22 4.06 3.60 4.30 1.44 1.58 1.51
P,0; 0.27 0.27 0.23 0.28 0.31 0.30 0.16 0.28 0.25
ek 1.52 1.35 1.91 0.66 0.85 0.87 1.1 1.57 1.59
TFeO 3.31 3.40 3.04 3.47 3.73 3.59 8.08 9.27 9.98
Na; O/K- 0 0.95 0.92 0.85 0.92 0.97 0.80 2.69 2.19 2.45
A/NCK 1.03 1.02 0.91 0.91 0.92 0.91 0.82 0.79 0.81
Mg* 49.20 49.21 48.72 50.49 50.25 50.58 49.33 52.12 49.13
H5K A7 (An) 8.32 10.12 10.96 10.65 11.91 10.63 27.05 26.11 22.6
AFE(Q 25.24 25.64 24.5 23.17 25.47 23.53 5.61 7.19 9.41
KA CAD) 34.23 32.43 31.78 33.33 31.64 31.04 38.23 33.48 35.71
EKA O 25.62 25.17 26.7 25.86 23.33 27.65 10.14 10.89 10.42
o 2.50 2.35 2.43 2.52 2.13 2.56 3.03 2.38 2.26
La 81.82 80.14 77.19 81.28 90.26 85.38 23.14 30.64 26.79
Ce 141.2 139.6 132.3 139.4 156.3 148.2 44.41 68.69 51.27
Pr 16.50 16.10 15.20 15.64 17.87 16.76 5.38 9.36 6.34
Nd 56.71 55.08 51.62 53.78 61.54 56.74 20.59 37.67 23.97
Sm 8.92 8.51 7.93 8.23 9.60 8.54 4.02 7.51 4.82
Eu 2.06 2.09 1.94 1.89 2.11 1.98 1.23 1.59 1.29
Gd 6.53 6.19 5.68 6.34 7.26 6.63 3.77 6.32 4.32
Tb 0.970 0.913 0.851 0.896 1.04 0.939 0.653 1.04 0.735
Dy 4.85 4.56 4.10 4.35 4.97 4.48 3.76 5.76 4.26
Ho 0.893 0.817 0.753 0.797 0.904 0.826 0.769 1.16 0.875
Er 2.20 2.07 1.94 2.03 2.31 2.06 2.12 3.19 2.42
Tm 0.327 0.318 0.286 0.301 0.346 0.308 0.325 0.503 0.381
Yb 2.18 2.02 1.85 1.89 2.19 1.98 2.13 3.28 2.50
Lu 0.319 0.309 0.277 0.289 0.333 0.306 0.347 0.514 0.425
LREE 307.20 301.55 286.19 300.23 337.66 317.58 98.77 155.44 114.46
HREE 18.26 17.19 15.74 16.89 19.37 17.53 13.87 21.77 15.92
LREE/HREE 16.82 17.54 18.19 17.77 17.44 18.12 7.12 7.14 7.19
(La/Yb)x 25.31 26.78 28.12 29.01 27.75 29.10 7.33 6.29 7.21
(La/Sm)~ 5.77 5.92 6.12 6.21 5.91 6.29 3.62 2.57 3.50
(Gd/Yb)n 2.42 2.48 2.48 2.71 2.67 2.70 1.43 1.55 1.39
SEu 0.79 0.84 0.84 0.77 0.74 0.78 0.95 0.69 0.84
Rb 120.70 94.78 98.96 126.20 116.90 112.90 41.56 47.22 60.55
Ba 1053.73 1092.70 1296.55 935.80 800.41 1093.66 405.00 352.50 354.00
Th 32.34 33.80 29.26 29.97 32.04 32.80 1.66 2.67 3.24
U 5.06 7.28 5.04 3.70 3.78 3.92 0.38 1.11 1.66
Nb 26.50 24.71 20.05 25.32 29.20 26.97 9.48 13.82 7.97
Ta 2.10 1.91 1.29 1.94 2.06 1.95 0.74 0.86 0.50
Sr 769.15 758.20 781.40 725.55 702.57 724.04 474.52 458.21 496.32
Hf 7.48 6.93 6.09 7.05 7.85 7.43 6.25 5.97 4.07
Zr 244.80 237.10 210.10 235.50 265.80 250.90 90.40 117.60 80.50
Y 22.92 21.84 20.20 20.52 23.82 21.82 20.14 29.12 22.29
Cr 24.94 25.84 18.19 35.91 46.27 41.07 22.29 45.25 86.59
Ni 17.81 18.22 15.14 22.33 24.55 23.88 23.71 27.70 24.64
Ga/Al 1.77 1.94 1.88 2.35 2.22 2.16 2.20 2.23 2.21

TE < F i ST 3R A [ B U DU 7 B A A DU e SE L
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N2.41~2. 71, 5/ LA AR B K T A i
JE.0Eu 4 0.74~0.84,Eu 5 1 53 % . Ui B 78 W i
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5 EHR NS M L, B a4 oo R
Y REE} 132.8X10 ©~206.9X 10 ° & T % £ 1
A K . LREE/HREE = 7.12 ~71.8, (La/Yb)y
M 6.29~7.32, M &, B LT (K 10).
(La/Sm)y fHH 2.57~3.62,(Gd/Yb)y fH N 1.39~
152, 5805 + WA R T EM 08B A58
FREEAR T % EAE R N KA. 0Eu R 0.94~0.84, I 5%
T A W O AR AR F 3 A6 K KA R B4
IS )| 3 R e w1 3 A S (A R 11
PR s N R RN NG R R TRUN e i ES X VA
A FAG DN T H, BB T 3 2 115 X S A K
RARABEN2ES (& 9.

EE T Rk W B L, 2 =4 K IN K s T i
Nb.Ta.P.Ti.Yb % ® it £, &% Rb.K HF K
BT EATLER, H Ga/AlX 10"y 2.16~2.35, /T
2.6, 8T A BIE KA W FEY(H (Whalen et al.,
1987). W5 A R A X 5 45t Nb. Ta P, Ti.Yb % &3
WK, W Rb. K FREFRATR. KT Cr,
Ni 7 it A 2 3 16 B N 5 38 s o U6 B AL 1A U X 2L
A e T (] 10).

3.4 Sr-Nd EfiL & Bk F 451

ARSI EREE T 3 M AF AR K N S T3 R
AR AT Sr-Nd [R] 7 2K, 25 3 0L 3% 4.5
K Sr AL EWIEEE N 0.706 4~0.706 7, %% £ 16K
N Sr R R W) IR A 0.709 3~0.709 5, P&
Sr [FI 22 9] i AH 25 88 K37 46 5 N A Sre A
FW A E 5 AR & 1L TR B A AL (W ez al.
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x4 BEXFHFETEREBEEMRB Se-Nd B EHM

Table 4 Sr-Nd isotopic results of mafic microgranular enclaves and hosts rocks of the Saizhisi pluton

87Sr/8Sr $"Rb/%6Sr (87Sr/%Sr), 20 M3 Nd/ "™ Nd enag (1) 20
PM2-1 0.710 262 0.503 4 0.709 3 0.000 016 0.512 255 —7.467 062 528 0.000 009
HF PM2-3 0.710 249 0.481 5 0.709 4 0.000 013 0.512 260 —7.379 476 356 0.000 009
PM2-3 0.710 316 0.451 3 0.709 5 0.000 012 0.512 230 —7.967 415 603 0.000 010
PM3-1 0.706 847 0.253 4 0.706 4 0.000 016 0.512581 —1.114 821 765 0.000 009
FIREN PM3-2 0.707 046 0.298 1 0.706 5 0.000 015 0.512585 —1.030 161 635 0.000 009
PM3-3 0.707 354 0.3530 0.706 7 0.000 014 0.512548 —1.751 723 438 0.000 010
2011).7F EM N AEHY ey () H —7.379 4~ 10 WEE e mx
o . | EhEzda |
—7.967 4, B O ALK e, (eD)fHE N — 1.751 7 ~ 5 - 4k
. Y N i) =
—1.030 1,k e o (O MEE TH EAKINK & 7618 0 - TR N o MARE
AREATYI TG IR IR A S B Y AR S E b
# Sr-Nd A7 Z2H A 22 5K U IH I & A rl e R $ ok
A — 5 X (X1 2245, 2012). s
i
SHE 20 5299 3K Jig ‘
4 e :
25 ! M ! ! ! !
0.695 0.700 0.705 0.710 0.715 0.720 0.725 0.730
41 HER=Z YSr/ Sy

Wt DL B X A A A U-Ph AR A2 2 #2531
AT, B8 S SF A6 B IN A 1) LA-ICP-MS #5 41 U-Pb
AR 446,042 1.3 Ma; 38 3257 A6 5 A T g (4
& 1 LA-ICP-MS % 41 U-Pb 4E #% & 446. 0 +
1.0 Ma, W35 75 158 22 3 Bl N — 2, Y908 0 T 1 28 Fy
T ZEHH 45 (2008) 7E H AR 1% 38 58 I 45 18 B o 1 4%
11 U-Pb 4£18 S 446 41 Ma; B 55 3545 (2008) W 5
AN 24 55 47 U-Pb 4F % 4 444.6 Ma. i A WF
G5 I G A OIS 1 A6 <) DN K AR IR AR R R
P o AR TE 446.0 Ma 6 A5 1776 — W H 1 0 3%
3.

42 BEBEaEsE

FE TGO T MgO (4.41% ~5.66%) .
TFeO(8.08%~9.98%) .Cr(22.29 X 10 °~86.09 X
107%)F Ni(23.71X107°~27.70 X 10~ %) & ¥ & ,
SiO, FrEHIAT AR (B 12,3 3). 9144 Sr [ B 18
A 0.706 4~0.706 Toeyg (t)MEH KN —1.751 7~
—1.030 1, 7E¥ Sr/*0 Sr-e \, () B i v , 5 (O A0 (R Y5 7F
TR LR S B R Z W, B iEE
JEA SRR (B 1),

FESLSF AR R N T R AF A R I I ALk
KREBHEFR A KR B A U8 KRS (&
2)JF H WG (k5 25 35 16 54 45 76 4F i 1 12 22 78 [
N —Z0 R P R R Ak AR MBS A X HERR TRy
Bl 0 455 A R X5 B8 ) 1k TR i e B R T ok L

B 11 ¥ Sr-* Srey (1)K FR
Fig.11 The relation of ¥ Sr-*% Sr-e (, (2)
i R A KA (2010) VAEF R4 (2012) Al Chen et al.(2015)

RERRIER R Y, Ak A V& A ART A%
AN B AR R R RN e A ) A AR JBURRAE , B = oK
W40 1 R 7K 5% B R A 158 B A R B R AR 5 A 1
TR (R 5558 ,2012).

RS AR, Wik 53 240 N
o i C o i 2 B AR — B B B IR T K
JO B I N & 4 REE. 1M 38 52 <7 I A (R Hp s 1
JEE M SREE(132.8X10 *~206.9 X 10 °) B &
MTHFEALKNHNKAER LR A& SREE
(344.10 X107 °~356.90 X 10~ %), X —4#4E B B 5
ARG A AT P HERR ik 5 27 5 0
WA ANRE L 585 ,2012).

I 40 A 457 Sr/%° Sr Fll e (O -5 27 AL B A K
FORHZER K (R O, UL IS 000 1A RN 27 346 5 IN K
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7T 2 S AE R T A 0 v 46 it ok T s B T A Al AR
FELTF WG (O AL b R F KA BE IR AR X — 5
8 2a) W ALK e, (1) —1.03~—1.75 Lt
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NEK 7 P.O; Hif SiO, fi #5178
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Drummond, 1990 ; Defant et al.,1992; Wu et al.,
2011). 25 B JriR , B8 SR A K IN KA T RIAE 1) 5
432 EHRERX EER.WEFRBEA, HHE
3 AN T RUAE 2 e 18 A R A /E ™ ).
TSP ARG B ARMm LS8  HJM o, &
Hir b it 2 43 A 30 33 A A3 B A 2 5 R AR 6% T
A e VR G PR A S R R 28 B 3 10 ) 36 S SF AR
N A B e TR A (R4S 3% 55, 2008) . 38 X
SEAE R IN A B s BP0 4G St R 2R A Y
e (OE L AE (P Sr/¥ Sp)-e o (O B |, #7E MORB
I TA] S 22 6] AE Si0,-(Sr/% Se) Fl Si0, ¢, (1)
WE L85 AFC a4 — 30, Ui 38 L SF 1k
i< A K5 1T 8 5 e YA IR 32 T e 2H 40 1 TR G 5
3 Y5 B IR ORT 52 R Y S IR A A R R K SEAE K
N 1 e g (OMEFIRE B AR e, (O IR AR,
P 2Z (AN 3 2 L U0 W 38 S S A6 5 I AT e Tk
WL T A L A TR T R B, FE S SE AR A
K s AR S IR G R 1 W 38 S S A
B A A e 5 SRR A AR .

B H AR ) R L 8L HE R R A
32 B J 1 b S5 1) () 7 52 e, AR RS Lu 7% f s A] DA
AT A7 B vl B0 HLE [R) A7 5 2H R, I 2 4
R4 A HI A B AR 1 72 840 R R 85 5 A 8
X EZ T A (Amelin er al.,1999). 8577 HI [F iz
F ] LU s 7 M TR A 0 9 9 3 OC 00 46 15 5L IR
() € e (ORI AR 52 08 U5 AL 70 52 i 1) oy & 3R R Y
JOT 5 R TR B 1) 25 3R 10 5 T 3 R0 1 e gy () U 7R 52
FI A [ AR B 25 R Y S5 25 A T 3 K, R S
A6 X INEIE 1T 78 08 5 R & VE L g A 98 =
5AERY G A PR X, — Rl o8 A 2K 5
5 R 110 b 58 W) ST 4 4 Rl 13 R T B SR A b o

VR A T e W TR R 25 25 O — o X2 8 U5
R e R AR 5T B SR A 5 L SR S 7E IS AR
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The discrimination diagram of Nb-Y and Ta-Y

Pearce er al.(1984)

445 MaZc 45 M4 (Zheng et al.,2004; Song et al.,
20065 Wu er al.,2011) . 75 Mg BB i, 408 3% 3 [X 1E &b
T ER AR o L[] Al R L) A B I (W et al.
2011) . FE3LSFAE B TN A T RS2 H R i iy st Bk 3 )
AN LA R AR A BT #h 5T L B B Y] AR Hb
5« FH W) A b 52 ) B s RlOE B 2E — 25 BRE 1 v AR
T M B 5 VR I ) 4 Rl 4R A B BR 2958 446 Ma.

(I A SO IR & B 1Y 8 52 57 A6 B A 8 i i
AL R BEAT B A U-Pb WA, 46 5 IN 2 45 A U-Pb
AEWE N 446.01+1.3 Ma, B (4 {45 47 U-Pb 4F 1% Ky
446.04+1.0 Ma, & I FE IR Z W HE N — 3. ¥ 8
T B AR A S S ).

() A M ER Ak . Sr-Nd [’ £ F W], $E 0 ¥
A6 b DA 5 v G 0 A 1A 2 0 T2 0 5 K 0 o 0K
L RN LR AT .

(3) A7 Mk Ak 2% . Sr-Nd-Hf [f] {37 2 £ B, 7% 32
SEAERA TN A S T IR 6 38 S SR A6 1 TN K 2 T
T A LW AR AE T M52, T 7 )
JE Tl S H R R DR R T AT T b S ) A AE
BT .863.0 5.0 Ma 4k 7K £5 7 1 PR, U B 9
SCRFAE B TN A T G B vh A A B R A 5 1 i A

() 254 X IR 1 A A Oy JUAR 3% 7 7T RE & 2R
1ot 5] B FOARF oh A L AE 446 Ma 22 47, v B A8 3 b IX
TE Kb T FH R b s 1L g TR o L e A R 3.

References
Amelin,Y.,Lee,D.C., Halliday, A.N., et al.,1999. Nature of

the Earth’s Crust from Hafnium Isotopes in Single De-

trital Zircon. Nature, 399 (6733): 252 — 255. doi: 10
1038/20426

Baxter, S., Feely, M., 2002. Magma Mixing and Mingling
Textures in Granitoids: Examples from Galway Gran-
ite, Connemara, Ireland. Mineralogy and Petrology 76
(1—2):63—74.doi:10.1007 /5007100200032

Belousova, E.A.,Griffin, W.L.,O'Reilly,S.Y.,et al.,2002.1g-
neous Zircon: Trace Element Composition as an Indica-
tor of Source Rock Type. Contribution to Mineralogy
and Petrology, 143 (5): 602 — 622. doi: 10. 1007/
s00410—002—0364—7

Chappell, B.W.,White, A.J.R., Wyborn,D..1987.The Impor-
tance of Residual Source Material (Restite) in Granite
Petrogenesis. Journal of Petrology, 28 (6): 1111 —
1138.doi:10.1093/petrology/28.6.1111

Chen,J. L., Xu. X. Y., Zeng, Z. X., et al., 2008. Geochemical
Characters and LA-ICPMS Zircon U-Pb Dating Con-
straints on the Petrogenesis and Tectonic Setting of the
Shichuan Intrusion, East Segment of the Central Qilian,
NW China. Acta Petrologica Sinica 24 (4):841 — 854
(in Chinese with English abstract).

Chen, S.,Niu, Y., Sun. W.. et al.,2015.0On the Origin of Mafic
Magmatic Enclaves (MMESs) in Syn-Collisional Granitoids:
Evidence from the Baojishan Pluton in the North Qilian
Orogen, China.Mineralogy and Petrology,109(5):577 —
596.doi:10.1007/500710—015—0383—5

Defant, M. J., Drummond, M. S., 1990. Derivation of Some
Modern Arc Magmas by Melting of Young Subducted
Lithosphere. Nature , 347 (6294): 662 — 665. doi: 10
1038/347662a0

Defant,M.]J., Jackson, T. E., Drummond, M. S., et al., 1992.
The Geochemistry of Young Volcanism throughout
Western Panama and Southeastern Costa Rica: An O-

verview. Journal of the Geological Society s London,



BN A < 55 W40 RS F A6 B TN I B L A M R 1169

149:569—579.doi: 10.1144/ gsjgs.149.4.0569

Hibbard, M. ]J., 1991. Textural Anatomy of Twelve Magma-
Mixed Granitoid Systems: Enclaves and Granite Petrol-
ogy.Elsevier, Amsterdam.

Hu.Z.C.,Liu,Y.S.,Gao.S.,et al.,2012.Improved In Situ Hf
Isotope Ratio Analysis of Zircon Using Newly Designed
X Skimmer Cone and Jet Sample Cone in Combination
with the Addition of Nitrogen by Laser Ablation Multi-
ple Collector ICP-MS. Journal of Analytical Atomic
Spectrometry s 27 (9): 1391 — 1399, doi: 10. 1039/
C2JA30078H

Liu, L., Qiu, J.S., Li, Z., et al., 2012, Petrogenesis of the Early
Cretaceous Quartz Monzonite Pluton at Muchen in Longy-
ou County, Zhejiang Province: Evidences from Elemental
and Isotopic Geochemistry of Mafic Microgranular Enclaves
and Their Host Rocks. Acta Petrogica Sinica, 28 (12) .
3993—4006 (in Chinese with English abstract).

Pearce,], A, , Harris, N. B., Tindle, A. G., 1984. Trace Ele-
ment Discrimination Diagrams for the Tectonic Inter-
pretation of Granitic Rocks. Journal of Petrology 25
(4):956—983.doi:10.1007/ BF00384745

Qin,H.P., Wu, C. L., Wang, C.S., et al., 2014. LA-ICP-MS
Zircon U-Pb Dating and Geochemical Characteristics of
High Sr/Y-Type Granite from Xigela, Eastern Qilian
Area.Acta Petrologica Sinica,30(12) :3759—3771 (in
Chinese with English abstract).

Song,S.G. . Zhang, L., Niu, Y., et al.,2007.Eclogite and Carpho-
lite-Bearing Metasedimentary Rocks in the North Qilian
Suture Zone, NW China: Implications for Early Paleozoic
Cold Oceanic Subduction and Water Transport into Mantle.
Journal of Metamorphic Geology »25(5) : 547 — 563. doi:
10.1111/;.1525—1314.2007.00713.x

Song,S.G., Zhang, L. F., Song, B., et al., 2004. North Qilian
Mountains Eclogite Zircon SHRIMP Dating and Tec-
tonic Significance. Chinese Science Bulletin, 49 (6):
592—595(in Chinese).

Song,S.G. . Zhang, L.F., Niu, Y. L., et al., 2006. Evolution from
Oceanic Subduction to Continental Collision: A Case Study
{rom the Northern Tibetan Plateau Based on Geochemical
and Geochronological Data. Journal of Petrology .47 (3):
435—455.doi:10.1093/ petrology/ egi080

Sun, S. S., McDonough, W. F., 1989. Chemical and Isotopic
Systematics of Oceanic Basalts:Implications for Mantle
Composition and Processes. In: Saunders, A.D., Norry,
M.].,eds., Magmatism in the Ocean Basins.Geological
Society s London s Special Publication 42(1) ;313 — 345,
doi:10.1144/GSL.SP.1989.042.01.19

Vervoort,]J,D.,Pachelt,P.]., Gehrels.G.E. et al.,1996.Con-

straints on Early Earth Differentiation from Hafnium
and Neodymium Isotopes. Nature, 379 (6566): 624 —
627.d0i:10.1038/379624a0

Whalen, J. B., Currie, K. L., Chappell, B. W., 1987. A-Type
Granites: Geochemical Characteristics, Discrimination
and Petrogenesis.Contributions to Mineralogy and Pe-
trology »95(4) 1407 —419.

Wu,C.L., Xu, X. Y.. Gao, Q. M., et al.,2010. North Qilian Zou-
lang Nanshan Caledonian Subduction Complex Accretionary
Terrane and Its Dynamics.Acta Petrologica Sinica s26(4) :
1027 —1044 (in Chinese with English abstract).

Wu,C.L.,Ya0,S.Z., Yang, ].S.,et al., 2006. Double Subduc-
tion of the Early Paleozoic North Qilian Oceanic Plate:
Evidence from Granites in the Central Segment of
North Qilian, NW China. Geology in China, 33 (6):
1197—1208 (in Chinese with English abstract).

Wu,C.L., Gao. Y, Frost, B.R., et al., 2011. An Early Palaeozoic
Double-Subduction Model for the North Qilian Oceanic
Plate: Evidence from Zircon SHRIMP Dating of Granites.
International Geology Review ,53(2) :157—181.

Wu,F.Y..Li,X.H.,Zheng. Y.F., et al.,2007. Lu-Hf Isotopic
Systematics and Their Applications in Petrology. Acta
Petrologica Sinica ,23(2):185— 220 (in Chinese with
English abstract).

Xia,L.Q.,Xia.Z.C., Xu, X.Y..1998. The Volcanic Action of
the Early Paleozoic Oceanic Ridges, Oceanic Islands and
the back Arc Basin in the North Qilian Mountains.Acta
Gologica Sinica, 72 (4): 301 — 312 (in Chinese with
English abstract).

Xiao, W.,Windley,B.F., Yong,Y.,et al.,2009.Early Paleozo-
ic to Devonian Multiple-Accretionary Model for the Qil-
ian Shan,NW China.Jowrnal of Asian Earth Sciences ,
35(3):323—333.d0i:10.1016/j.jseaes.2008.10.001

Xiong,Z. L., Zhang, H.F., Zhang, J., 2012. Petrogenesis and
Tectonic Implications of the Maozangsi and Huangy-
anghe Granitic Intrusions in Lenglongling Area, the
Eastern Part of North Qilian Mountains, NW China.
Earth Science Frontiers,19(3):214 — 227 (in Chinese
with English abstract).

Yan, Z., Aitchison, J., Fu, C., et al., 2015. Hualong Complex,
South Qilian Terrane : U-Pb and Lu-Hf Constraints on
Neoproterozoic Microcontinental Fragments Accreted to the
Northern Proto-Tethyan Margin. Precambrian Research ,
266:65—85.doi:10.1016/j.precamres.2015.05.001

Yang,G.X.,Li, Y.]J.,Si, G.H., et al., 2010. LA-ICP-MS Zir-
con U-Pb Dating of Kubusunan Granodiorite and the
Enclaves from Kalamaili Area in Eastern Junggar, Xin-

jlang,and Its Geological Implications. Earth Science s 35



1170 HERBLY:  http://www.earth-science.net %41 4

(4):597—610 (in Chinese with English abstract).

Yang, T.L., Jiang, S. Y., 2015. Petrogenesis of Intermediate-
Felsic Intrusive Rocks and Mafic Microgranular En-
claves (MMEs) from Dongleiwan Deposit in Jiurui Ore
District, Jiangxi Province: Evidence from Zircon U-Pb
Geochronology, Geochemistry and Sr-Nd-Pb-Hf Iso-
topes.Earth Science, 40 (12):2002 — 2020 (in Chinese
with English abstract).

Yong, Y., Xiao, W.]., Yuan, C., et al., 2008. Geochronology
and Geochemistry of Paleozoic Granitic Plutons from
the Eastern Central Qilian and Their Tectonic Implica-
tions.Acta Petrologica Sinica ,24(4) :855—866(in Chi-
nese with English abstract).

Zhang, Q.. Zhou, G. Q.. Wang, Y., 2003. The Distribution of
Time and Space of Chinese Ophiolites and Their Tec-
tonic Settings.Acta Petrologica Sinica,19(1):1—8(in
Chinese with English abstract).

Zhao,X.M., Zhang, Z. H., Liu, M., et al., 2014, Zircon U-Pb
Geochronology, Geochemistry and Petrogenesis of the
Granites from the Xiaoliugou Deposit in the Western of
the North Qilian.Acta Petrologica Sinica ,30(1):16—
34 (in Chinese with English abstract).

Zheng,Y.F.,Wu, Y.B.,Chen, F.K., et al.,2004. Zircon U-Pb
and Oxygen Isotope Evidence for a Large-Scale 180 De-
pletion Event in Igneous Rocks during the Neoprotero-
zoic.Geochimica et Cosmochimica Acta ,68(20) :4145—
4165.doi:10.1016/j.gca.2004.01.007

Zhu,D.C., Zhao, Z.D.., Pan. G. T., et al., 2009. Early Creta-
ceous Subduction Related Adakite Like Rocks of the
Gangdese Belt, Southern Tibet: Products of Slab Melt-
ing and Subsequent Melt-Peridotite Interaction? Jour-
nal of Asian Earth Sciences,34(3):298—309.doi: 10.
1016/j.jseaes.2008.05.003

Zuo,G.C., Wu, H.Q.,1997.Subductionon Collision Orogenic
Model of Early-Paleozoic in the Middle Part of North
Qilian Area.Advance in Earth Sciences,12(4):315—
323 (in Chinese with English abstract).

Bt fp 32 5 % STk

R 5 B, T S R AR B L 55, 2008, A i AR BE AT I s R Y

AL SRR IR AR AR 2
841—854.

X5 TG A, 22 B, 45, 201 2. W VT Je Ui vk b R S i —
KA B R B EAMITE S Sr-Nd
(] 457 25 Hh 33K Ak 24 E 5 5 A 2440, 28(12) 13993 —4006.

ZEUFNE , A e, F R L 25, 2014, 3R 3% 75 ¥ VG A% i1 5 Sr/Y
HIFE 7 LA-ICP-MS £ f7 U-Pb 52 4F K H i BR{b 2 4%
fE A1 4R . 30(12) 13759 —3771.

SR G, K ST KL R, S, 2004, b AR LR ORE H B A
SHRIMP & 4 F H # x& & . B 2258 i, 49 (6):
592—595.

S M X EETIE L 45,2010, 0 41 2 FL ol AR AR AR K R
SN Bt 1 A A 2R, 26 (4) 1024 — 1044,
SRS i & A A5, 2006. 0 4B 34 TR A AR LA fF

R AE b A IR . P R L 33(6) 01197 — 1208

RAGTC ZEER AL LB K KL 4, 2007, Lu-HI [R5 ZK R K H A
AN A A 2R . 23(2) 185 —220.

HARYT AL R . 1998 0 A8 i 1 B AR AR s —
By AR 233 K LR L PR 224 . 72(4) 1301 — 312,

RET R, TR TR AR 201 2. J0 AR % AR BE % Je i b [X 6 < 2
AR B 2 T 2 AR 14 2 R B A v R M A T 4%
19(3):214—227.

W 2 2R ZE ) M, 48,2010, 78 UE FE AR 95 R A R AL 4
1) LA-ICP-MS 54 U-Pb I 4F J b 5 55 S M ER B} 2%
35(4):597—610

W He AL, ¥ 0, 2015 VL VG JUBG 07 4R K AR S VS 0 X T R P R
N B HLRBE AL A i B PR B A7 U-Pb 4R (R 2 i 2k
2% 5 Sr-Nd-Pb-HI [A] 7 2 il £9. #b 3k B} 2%, 40 (12) .
2002 —2020.

FEPN . 4 303, A L %, 2008, A1 3% AR Bl AR AR AE B 2 B4R
R M ER Al 2 B A R R MM 3 B A A R 24
(4):855—866

TR A IR, 4 2003, [ e 2 A 0 4 A L AR R R
W A AR, 19(D . 1—8.

AR A TP AL 2L 2014 b A i P BN I BT X AR 1
JiA A8 A U-Pb AR U2 Bk fb % R R 5. 5 A
4% ,30(1) ;16— 34.

2 1 DR L 1997 AU AR 1 v B Ry Az RO AR il — Al i

T LA 0 B Bk R 2 1 g, 12(4) 1 315—323.

WE 58 5 A 2 i, 24 (4).



