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Fig.1 Geological sketch map of the studied area(revised according to reference [ 19])
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Table 1 Isotopic dating results of granodiorite in Yangkang area
o a0 [ 3% HeAd Ei/Ma
2’35 Pb U [*™Pb/™U lo |Pb/U 1o [*"Pb/*™U 1o [*Pb/**U lo |”Pb/™*U 1o |*Pb/*U lo [*Pb/*U lo | Pb/*U lo
1 63 638 0.0707 0.0004| 0.5532 0.0097| 0.0568 0.0010| 0.0226 0.0004| 1.6932 0.0068| 440 3 447 8 482 38
2 48 628 | 0.0707 0.0004| 0.5410 0.0090| 0.0555 0.0009| 0.0235 0.0007| 0.6166 0.0015| 440 3 439 7 432 36
378 920 0.0710 0.0004| 0.5520 0.0077| 0.0564 0.0008| 0.0240 0.0010| 0.9622 0.0009| 442 2 446 6 468 31
5 23 235| 0.0721 0.0006| 0.5671 0.0315| 0.0571 0.0032| 0.0277 0.0018| 1.3363 0.0021| 449 4 456 25 495 122
7 21 247 0.0713 0.0005| 0.5598 0.0333| 0.0569 0.0034| 0.0330 0.0028| 0.6607 0.0042| 444 3 451 27 489 132
8 44 515| 0.0706 0.0005| 0.5488 0.0134| 0.0564 0.0013| 0.0355 0.0033| 0.6807 0.0014| 440 3 444 11 467 51
9 27 315| 0.0719 0.0004| 0.5660 0.0186| 0.0571 0.0019| 0.0310 0.0029| 0.7146 0.0032| 448 3 455 15 494 7
10 18 201 | 0.0720 0.0005| 0.5630 0.0280| 0.0567 0.0028| 0.0290 0.0026| 0.8715 0.0019| 448 3 453 23 482 109
11 14 167 | 0.0718 0.0005| 0.5527 0.0353| 0.0559 0.0035| 0.0300 0.0025| 0.6928 0.0006| 447 3 447 29 447 140
13 20 232 0.0719 0.0005| 0.5566 0.0259| 0.0561 0.0026| 0.0234 0.0015| 1.0709 0.0039| 448 3 449 21 458 102
15 21 258 | 0.0713 0.0004| 0.5546 0.0192| 0.0564 0.0020| 0.0219 0.0011| 0.8837 0.0045| 444 3 448 16| 470 77
16 14 182 | 0.0716 0.0005| 0.5564 0.0243| 0.0564 0.0024| 0.0201 0.0010| 0.6374 0.0030| 446 3 449 20 | 468 95
17 37 534 0.0712 0.0004| 0.5471 0.0108| 0.0557 0.0011| 0.0182 0.0009| 0.3169 0.0017| 443 3 443 9 442 43
20 21 318 | 0.0718 0.0004| 0.5666 0.0210| 0.0572 0.0021| 0.0201 0.0008| 0.0628 0.0003| 447 3 456 17 499 82
23 15 184 | 0.0708 0.0004| 0.5558 0.0207| 0.0569 0.0021| 0.0201 0.0008 | 0.8942 0.0039| 441 3 449 17 489 81
24 32 436 | 0.0717 0.0004| 0.5524 0.0121| 0.0559 0.0012| 0.0180 0.0007| 0.4893 0.0004| 447 2 447 10| 447 48
26 17 211 | 0.0714 0.0004| 0.5634 0.0191| 0.0572 0.0019| 0.0192 0.0009| 0.8418 0.0031| 445 3 454 15 499 73
30 18 244 | 0.0712  0.0004| 0.5579 0.0207| 0.0568 0.0021| 0.0205 0.0011| 0.4750 0.0007| 443 3 450 17 485 81
460
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o)
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E 00T : o [ { i {
: g T
<:'§, 0.0705+ 4104
0.0695 + 436 T
Mean=444.0+1.2[0.28%] 95%conf.
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Fig.3 Zircon U-Pb concordia diagram (a) and weighted average ages diagram (b) from the granodiorite
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Fig.4 Diagram of TAS rock classification in Yangkang area
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Table 2 Major, REE and trace element content and parameter of the granodiorite in Yangkang

eIt PM07-3 PM07-8 PMO17-7 PMO17-8 QC8112
Si0, 68.14 69.05 64.72 67.81 68.83
LOS 0.69 0.9 2.02 1.82 1.33
FeO 3.88 3.42 2.83 3.68 3.95
Fe, 0, 0.54 0.61 0.71 1.06 0.85
Ti0, 0.38 0.29 0.37 0.53 0.55
AL O, 14.9 14.06 16.87 13.53 13.08
Ca0 2.52 1.91 2.92 2.29 2.58
MgO 0.44 0.37 1.19 1.89 1.73
K,0 3.91 3.9 3.51 3.81 3.86
Na, 0 3.6 3.38 3.75 2.47 2.37
MnO 0.1 0.08 0.06 0.08 0.08
P,0; 0.07 0.07 0.1 0.15 0.15
Total 99.17 99.15 99.05 99.12 99.36
ALK 7.51 7.28 7.26 6.28 6.23
Na,0/K,0 0.92 0.87 1.07 0.65 0.61
A/CNK 1.007 1.059 1.104 1.094 1.024
Mg 61.75 54.58 76.85 77.93 80.13
La 35.5 103 27.7 41.2 43.6
Ce 84.6 187 50.8 81.2 86.5
Pr 11.5 20.9 5.71 9.12 9.71
Nd 47.1 72.7 20.5 32.8 34.1
Sm 9.56 11.70 5.28 5.78 5.88
Eu 1.95 2.29 0.96 0.94 0.82
Gd 7.81 8.52 4.23 473 4.64
Th 1.37 1.42 0.47 0.8 0.79
Dy 7.54 6.99 2.49 4.29 4.04
Ho 1.49 1.34 0.5 0.83 0.79
Er 4.13 3.68 1.39 2.29 2.19
Tm 0.69 0.6 0.24 0.38 0.38
Yb 4.24 3.85 1.51 2.42 2.42
Lu 0.65 0.61 0.24 0.39 0.36
Y 38.6 33.8 13.8 222 21.5
SREE 256.70 458.40 133.06 209.37 217.72
LREE 190.21 397.59 109.6 171.04 180.61
HREE 27.92 27.01 9.66 16.13 15.61
w(LREE)/w( HREE) 6.81 14.72 11.35 10.6 11.57
[w(La)/w(Yb) ]y 5.64 26.75 18.34 17.02 18.02
SEu 0.67 0.67 0.98 0.53 0.46
5Ce 1.00 0.92 0.92 0.97 0.97
Li 41.8 16.1 37.8 58.1 57.2
Ga 21.6 19.5 20.7 17.6 17.6
Rb 102 125 138 152 152
Sr 357 222 354 218 225
Nb 11.6 14.3 9.23 12.9 13.2
Ba 1089 1277 815 813 890
Ta 0.77 1 0.82 1.19 1.13
Th 5.1 19.7 9.45 19.5 18.7
Zr 270 496.3 157 194 184
Sn 2.6 2.3 1.8 2.4 2.9
Se 0.03 0 0.02 0.06 0.03
w(Nb)/w(Ta) 15.06 14.30 11.26 10.84 11.68
w(Rb) /w(Sr) 0.29 0.56 0.39 0.70 0.68
w(La)/w(Nb) 3.06 7.2 3.0 3.19 3.3

TE: FEICE AN 1072 4 R e R A4 107 ALK =K,0+Na, 0, A/CNK = Al, 0,/ ( CaO+Na,0+K,0) , 73 T 1t ; Na, 0/K,0 J 55+
Lt s Mg” = 100x ( Mg0/40.31) / ( Mg0/40.31+Fe, 03 x2/159.7) | EE /R JF i LE



- 1372 - Y/

5 & #®

45 &

] @

e E VI

=4

i BTGP R 5

WK, 0)/%

e

(R (RrBE % A R 7
0 T T T T T

45 50 55 60 65 70 75

w(Si0,)/%

3.0+
2.8
2.6
2.4
2.2
2.0
% 1.8
1.6 |
1.4
1.2
1.0
0.8
0.6 |
0.4

®
I

EREREL S
el
i
=i

pot

T T 1 T T T T T T T 1
050607080910111213141516 1718 1.9 2.0
A/CNK

5 w(Si0,)-w(K,O0) Ef%(a)#1 ANK-A/CNK Ef&(b)
Fig.5 Diagram of w(SiO,)-w(K,O) (a) and ANK-A/CNK(b)

/N, ATF 13.08% ~16.87%[8] 451 FIHE 5L A/CNK {H
9 1.09~1.15, B i (NK {8 %855, DI i R e 255
i SRR ARSI o (N 1.5~2.6, /R %Y
B 2%, fE ANK-A/CNK & i b #8050 5 7% T
St AR X3 (&1 Sh) o PR, BHSE M X A6 B TN K
JE S5 AR L A A R R A
322 MitimE

AAFE R M R SREE=133.06x107° ~
458.40x 10, V-4 260.67 x 10°°, H 42 s + i &
109.6x107° ~397.59x 107, F #i 1 AL & 9.66x107° ~
27.92x10°°,w ( LREE ) /w ( HREE) 4 6.81 ~ 14.72,
LREE A %} & %, HREE % 5 i, [w (La)/w
(Yb) ] }95.64~26.75,6Eu {9 0.46 ~0.98, A7
T R TR AL Tor st e, Bk
b AR i i L = B L5 1 ES R TN
B A (& 6a) R 0 R MBI, SREE

1000 (a)

== PM(07-3 =#=PM07-8 === PMO17-7

PMO017-8 =@~ QC8112

wORE i)/ wERRL IR A

1

LR
6

LaCe Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

T A 168.37'7) 6Ce /T 0.92~ 1.0 Z|H],
14 0.96 , FE3T R R HbE 5Ce {H (8Ce=1.00) "% |
3.2.3 fEITER

A8 5 DN K 7 D e R A o A o s 2R e ) [ I
([ 6b) e o R B BGE — 2, T TT
EoRSFEPEERNKE TR EED M, (U
Sr . Cr KT F3¥MH, KT Z & TP E, K w
(K)/w(Rb)fH4 195.12~232.12,w (Rb) /w ( Sr) i
4 0.76 ~0.90 , 34 J X1 45 515 Sl 43 1y [l A2 7L 4K
Fro X TR A Mg, iR T R R T & 4 Ba,
Rb KB FREATTRMGIR AL TTER Th 1R
1E, R & SR AR AH 2 IC K Zr, #HXF 5 $5t Nb Ta 55
mnEoc R, HEA R S T P SR, 25
| ST T R R A A IR S IEH
SIAE I J5T A7 ke 1) 6 AR A e A — 350, S B
FRRSPeE 4 678!y D

1000 f

(b) -+-PMO07-3
—#-PMO17-7
QU812

== PMO7-8
PMO017-8

100

10¢

wORE i)/ WU IR HLB )

1
RbBaThNbTa K LaCePr SrNdZr P SmEuTi Y Ho Yb
JoR

KRR AR AN L T RESEXERE (a) FRER MR AL E TR %M E (b)

Fig.6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spider diagram

of trace elements (b)for the Yangkang granites



6 3 Ti K AR TR RIREL FHREHLIX AL B A AR B 41 U-Ph AR (RS2 BB ERAL 2 R

- 1373 -

4 e

41 =EEERK

EF XA R IN A AR HETT T LA-ICP-MS 4%
A1 U-Pb AR50 0T, 45 R RS A 20 5 2
HFRAERRACE T A R4 iR, 4R IR T
B w(P"Pb) /w(PPU) SR AT T 440~ 448 Ma, AL
SIAEWS S 444+1.2 Ma, MSWD = 1.14, §i 8 T 4 i
NG AR RIE B T B R e, AR 5 ARiE A
FUIRAE B (43524 Ma) 7' K g AR i b BE K A kS
HAL I AR (4354 Ma) AHIT , 5 Al 2 15 U5
BB K AL A (4461 Ma) ™ HIAR#E T
TR AN A1 (44222 Ma) ™ JCZE 00 IR
(44623 Ma) A I AH — B0, SO T R A X
T G St 2 LR B A — e S
42 AARBEEBEKEXMER

A6 B ) LR 2B iR 22 850 J5T 2 35 e i
FHR A 207 20 H R 400 T A S A A R M
R R ET Y (FAINA A R )
FEX Ay TR S R K A U P2 br s, BHERE ML IX A8
MINK A B A MNA LB BER Oy, Y
FRE R T BRI A RRAE , BRI RIS AR A
FEE(A/CNK) JEIX 4 T AU S AUTE i< 75 o2 ) s Bk
b 2%, 1 BA/CNKf<1.1,S8 A/ CNK{E >
1.1, FH B X A i1 & 5 18 A/CNK B4 1,007 ~
1.104,
B Pm17-75k, A4 4K 59 A/ CNKAE ¥ /0 F
L1 A AP A g9 8 B e, s 1 B4R 2
I oS B 1 SO o0 N /79 < Rl B s L X
bR, T X T8 S BIAE B A7) | BH B X 46
B P05 & 0.07~0.15, B AR T S BIAE b4 A B
H P,0,>0.2 BHERHE 1w (FeO™ ) /w (MgO) H1H
(FeO ™ R H AR A, TR My 2.45~
9.92 ANE A BIFER A w(FeO ™ ) /w(Mg0) >10""fiy
EERRRIE, 28 b FHREHIX A A T BUAE A,

BH R b DX AR B 7 B i i L B P08 Bk
FHIE, & % LREE |LILE JTZE (K Ba Rb) i & B A
HHZAICE Th, 1t HFSE JLE (Ta Nb.Ti) , B/R5%
P s sk A 7 J8 . Hoh w (Nb)/w (Ta) fH N
10.84~15.06,°F7 12.60, 31 | #1725 (w (Nb) /w
(Ta)=10) ;w(Rb)/w(Sr) A 0.29~0.70,°F1 0.53,
H KR5S (w (Rb) /w (Sr) = 0.32) , FEdh
erl}?ﬂg%%, WK R X BB, FE w
(La)/w(Sm)-w(La) EffEF (Bl 7) ,w(La)/w(Sm)

HAES La (HE2IEMR KR, A IR R MLt FE v,
VUSRI RAE IR 3 R PR — R R B i 7 B 6 i
EE5 > S AR 5055 . BE P Sr Eu 1975 432,
AL SRR DA B B RS A7, P B9 5 B 2 /s TR
DXAT 5% BR BB IR AT BRER SR I

L LTI, AR UAE i TN Bk A 4 A S /R
N FEIRY) R K R =

10 é%’
5y
& +
] 2
8 + B
- +
g
2 s B RIER
=
¥
4.
5 + ERAKE
0 100 200
w(La)/10°

B 7 w(La)/w(Sm)-w(La)Elf#
Fig.7 Diagram of w(La)/w(Sm)-w(La)

4.3 HERE

16 54 A SR AT AFE 7R 8l 1 24 3R, i FL
REAE Rl )24 AR Sl FR (0 7 B 00, 46 7 Bl g 24 1 3
AR AR BB DN A A s A A B 2, B
IR R T — il iR R AR 1L, Hs A ek ks
FEOEARGF M BRAIE T 3 — 6o PH R -l X AL b N DA
& Si Al K, %% Mg Fe Ti, &% LILE fil LREE, 7 fi
HFSE Al HREE A HR1E , {2 7R 5 910F1 K ki 1 2% 4E
PR, TERTEEREE AN w (Nb) -0 (Y) Bl (B
8a) , B 75 A K LI Rl 48 78 5 A 8 il ;w (Rb) -
w(Y)+w(Nb) Elff & (] 8b) e ahiE A K LR
A A DX, (s UL IR R lf 58 A 2R L 25 A
A1 R R RS B S A R R, ELIT R B R 5
DA, 2 BH BH B M IX A6 B 2 i IR 7 i 2 K i
SR 5 TR0 K A R AR T
W2 RE , WSRO G I G0 2 b X R 55
BRI 45 (468 ~522 Ma) 2 440 ~470 Ma BN
KLY DL K 445 ~ 514 Ma Wk 8] LU BRI K 11—
UURURS, 4546 5k RALPT B AL I — B 22 1L s
DX S BRE T AL b 7 (445 ~ 496 Ma) ! DL 2 3¢ 3]
T L DX £ F) R T R 5 IR ey R e e ) A
IR C SR R T Y R A v A A b A
(RN AN RIS W W TSR L PN UL b

M IX AR 1 T S e I ) R L g 1
J&i , i —a A 3% B AR i 22 T A A R o e



- 1374 - w5 £ B 45 %

il 5 B AR B v — R AR ) TRV R R R S5 R A A R A W B S e, R A R R ROE
RN b, GRS T A LR R B AR Rl SRR SE R RRE M X AE B e e A I A B T O i
LB RIS 2 VTR R Akl DT e [ B vh—R AR SE B I AN i

(@) ®)
1000 4
syn-COLD
100 WrG
E +
100 4 * #
g g
2 5
2 2 VAG
ES L0 ES
103 ORG
1 v T L T 1 o T T
1 10 100 1 10 100 1000
w(Y)/10° [w(Y)+w(Nb)]/10¢
VAG—k1hik; syn-COLDRJiiE; ORG—#H; WPG—HRA
E8 w(Nb)-w(Y)Ef#(a)F1w(Rb)-[w(Y)+w(Nb)]Ef#E(b)
Fig.8 Diagram of w(Nb)-w(Y) (a) and w(Rb)-[w(Y)+w(Nb)](b)
Xia L Q, Xia Z C, Peng L G, et al. Determination of magmatic
5 Qlj:l:i/a nature of ordovician island arc volcanic series in the Shihuigou area
in the Northern Qilian Mountains[ J]. Acta Petrologica et Mineral-
J%i et E %ﬂ: ogica, 1991,10(1) :1-10.

D) PRSRIX AR INC T f LACICP-MS 85y g s, 5. 405 0 i e 0 00 B LR
£1 U-Pb 4R 91 T 440 ~ 448 Ma, B4R i R C /Mgt 5 M BR 3 )2 Bt 2538 SCHE, 1996129 -
444+1.2 Ma(MSWD = 1.14) IZAEW IRE T 540 134.
ééiﬂaaﬁiﬂﬁ% , }%ﬁﬁ/@ 7 Hﬁ/ﬂ;ﬂ . Zuo G C,Zhang S L,Cheng J S, et al. Division of ophiolite zones

ERAIFFE, & % LREE JCZE | LILE JLZ (K. Ba . Rb)
FEIR I AFHZS TR Th, 7 i HREE #l HFSE JCR

2) BE”%:HE [Z/ﬁa ﬁ Iﬂ _L/(% i %E% %Eﬁ ﬁ%ﬁ 2 and their tectonic significance in Qilian area[ C]// Symposium on
> = N NS NS
Opbhiolites and Geodynamics,1996:129 —134.

[5] BRI, SRERAR. L0 At A AUHEAR K OLLUE A SE 3R R 514
BIPALT] HERBE AP R BS54, 1997,22(3) 1233 -

(Ta,Nb.Ti) B Sr Eu M55, 58 P Ti, AA | 239.
Eﬁ%ﬁ%ﬁ@i&ﬂ%{ti}%‘@ s ,ﬁ\:j\j 1 ﬂ;ﬁaﬁ%o Qiu J X, Zhang Z F. Experiment, composition and tectonic open-
3 ) IKE] )ﬁ i—& X ,ﬁa ﬁ I‘}q ‘[L/Q % %ﬂﬁ)ﬁ—i%ﬁ i}»% %E E(J Fﬁ ing closing of early palaeozoic marine volcanic rocks from northern
% ﬂ:; E‘Z:,Fiﬁi‘jj E’]j(lﬁjﬁ%%T@iﬁfTiﬁ Qinling mountains, China[ J]. Earth Science:Journal of China U-
/& p = N o

niversity of Geosciences,1997,22(3) :233 —239.
[6] FHM,HE AT, 55 AR 1 1L TR0 1L g

£ % 3k (References) ; A BUIR K 1AL B MR A4 1) LR

(1] ZESCUNARE (h 20 R G B IR 3 11543 BT [ 1] Bk 2 o [ 242447 . 2005,30( 1) ;61 — 70.
f12,2004,25(3) :313 - 320. Hou Q Y,Zhang H F, Zhang B R, et al. Characteristics and tec-
Li W Y. Main mineral deposit associations in the Qilian mountains tonic affinity of Lajishan paleo-mantle in Qilian orogenic belt; A
and their metallogenic dynamics [ J]. Acta Geoscientica Sinica, geochemical study of basalts[ J]. Earth Science: Journal of China
2004,25(3) :313 - 320. Universilty of Geosciences, 2005,30( 1) ;61 —70.

(2] XEE, ESL, AN RS IE SE T R AL 5 A SRR KA (7] FEb,KEELFERG L — 2B BARTH S 5 [ 1] 5
FEIRET[ T IACHR , 2006, 20(4) 545 - 554. R ,2000, 35(4) ; 493 —500.
Liu Z W, Wang C L,Shi X H.Granitoids characteristics and tecton- Wang E Q,Zhang Q. The Lajishan fault belt in Qinghai province ;
ic setting of Danghenanshan area in South Qilian Mountains[ J]. A multi-staged upliftingstructural window [ J ]. Scientia Geologica
Geoscience ,2006,20(4) ;545 — 554. Sinica, 2000, 35(4) : 493 —500.

[3]  EARYT, EZAAR, AL 5, S JUARE LA AR B R 40 5 3 L [8] [EIZR, ESGE, ZFakss 5. PUZR IS BRI i Ja 14 A R A= 3 1L

FREFVEBTEL)]. A YAk, 1991,10(1) ;1 - 10. R[] A424,2012, 28(6) : 1808 —1828.



6

Ji KRG T i RIREL PR X A b A 41 U-Ph AR AU ROt aR L~ R IR AT 5

- 1375 -

[9]

[10]

[11]

[12]

[16]

[17]

Yan Z,Wang Z Q,Li J L, et al. Tectonic settingsand accretionary
orogenesis of the West QinlingTerrane, northeastern margin of the
Tibet Plateau[ J]. Acta Petrologica Sinica,2012,28(6) ;1808 —
1828.

Song S G, Wang M J, Wang C, et al. Magmatism during continen-
tal collision, subduction, exhumation and mountain collapse in
collisional orogenic belts and continental net growth: A perspective
[J]. Science China:Earth Sciences, 2015, 58(8) : 1284 —1304.
EOMIT 2R 1) R A I, A5 AR LB oot AR R ) = R
AR IR S i s A [ 1] P 4B BT, 2016,43(4) : 1087 —
1138.

Xia L Q, Li X M, YuJ Y, et al. Mid-late Neoproterozoic to early
Paleozoic volcanism and tectonic evolution of the Qilian Mountain
[J]. Geology in China, 2016, 43(4) . 1087 —1138.

Kang H,Chen Y L,Li D P, et al. Zircon U-Pb ages and Hf isotop-
ic compositions of fluvial sediments from the Huangshui, Bei-
chuan, and Xichuan rivers, Northwest China; Constraints on the
formation and evolution history of the Central Qilian Block[ J]. Ge-
ochemical Journal, 2018, 52. 37 —57.

Kang H,Chen Y L, Li D P, et al.Detrital zircon record of rivers’
sediments in the North Qilian orogenic belt: Implications of the
tectonic evolution of the northeastern Tibetan Plateau[ J]. Geolog-
ical Journal, 2019, 54(4) . 2208-2228.

Kang H,Chen Y L,Li D P. The nature and history of the South
Qilian orogenic belt; Constraints from compositions of rivers’ sedi-
ments and their detrital zircon U-Pb geochronology, Lu-Hf isotopic
compositions [ J]. Geological Journal, 2020, 55(1); 712-727.
IR B T, RHRAE , 25 AR AT A5 T8 Ak D 5 < 2k B TR
TR R AL K OB 8540 U-Pb 4EI% (HI [ 3 3R 21 Yk
PE[J]. HF2Adk, 2016,90(2) : 267 —282.

Li Z,Chen Y L,Liu C Z, et al. Formation and evolution history on
the Northern Qilian orogen ; The evidences from compositions of riv-
ers,sediments and their zircon U-Pb ages, Hf isotopic compositions
[J]. Acta Geologiva Sinica, 2016,90(2) : 267 —282.

M T BRI B, R Ak AR Lty g g 2 1) b SBT3 R S
[J]. B4R, 1978 (4) - 282 —296.

Xiao X C,Chen G M,Zhu Z Z. A preliminary study on the tecton-
ics of ancient ophiolites in the Qilian mountain, Northwest China
[J].Acta Geologiva Sinica,1978(4) ; 282 —296.

VFRESE IRBUF, REH, 45, AUARIEE IR R LU B AR R oh 2
Bk R HE Iy [ )] B, 1994,68 (1) : 1-15.

Xu Z Q, Xu HF, Zhang J X, et al. The Zhoulangnanshan caledo-
nian subductive complex in the Northern Qilian mountains and its
dynamics[ J]. Acta Geologiva Sinica, ,1994,68(1); 1—15.
SRR, VP AREE  REEIR, AF. AUARIE I FLAS IR e — 34 A B
MR8 D12 )] BT, 1998,33(3) ;290 - 299.

Zhang J X, Xu Z Q, Xu H F, et al. Structure and dynamics of
caledonian subduction accretion wedge in North Qilian[ J]. Geo-
logical Science, 1998,33(3) : 290 —299.

B XS RN A ZRe AR A T AR S [ T]. 78
JLHbE, 1978:1 - 12.

LiCY, Liu YW, Zhu B Q, et al. Tectonic development history of
Qinling and Qilian Mountains[ J]. Northwestern Geology, 19781

[20

[21

[22

[24

[25

[26

]

]

]

[

[l

[

[l

—12.

RAN, HRE S EHT, A AU A AR B BT SR A
B HAb[ 1] A 41441, 2010,26(4) ;1027 — 1044,

Wu CL,XuXY, Gao Q M, et al. Early Palaezoic grranitoid mag-
matism and tectonic evolution in North Qilian, NW China[ J]. Ac-
ta Petrologica Sinica, 2010,26(4) ;1027 —1044.

IR AT 38, 0 3L WA, A5 T AR AR BUAT )1 A BRI A A Ak
SRR BARREERT AL )] A A1 2441, 2008, 24(4) 841 — 854.
Chen J L, Xu X Y, Zeng Z X, et al. Geochemical characters and
LA-ICPMS zircon U-Pb dating constraints on the petrogenesis and
tectonic setting of the Shichuan intrusion, east segment of the Cen-
tral Qilian, NW China [ J]. Acta Petrologica Sinica, 2008, 24
(4).841 —854.

SN, 1 3OS, FM, A5 A I R Bt A AR AE R AR
BRAGAFARRAR B R b 385 78 SCL ) )35 40 241, 2008, 24 (4)
855 — 866.

Yong Y, Xiao W J, Yuan C, et al. Geochronology and geochemis-
try of Paleozoic granitic plutons Prom the eastern central and their
tectonic implications[ J]. Acta Petrologica Sinica, 2008,24(4) .
855 — 866.

R TRARI, B AR AR VT BOM b A i X R A
ALK AR HbERA 2R R B 3 L[ )] A A i,
2010,26(8) ;2431 —2444.

LI J F, Zhang Z C, Han B F. Geochro-nology and geochemistry of
early Paleozoic from Subei and Shibaocheng areas, the western
segment of central Qilian and their geological implications[ J]. Ac-
ta Petrologica Sinica, 2010,26(8) ; 2431 —2444.

SRR URVG 2P 45 T AR % 2R B TR B0 AR AU B
B S ST LY ] o X 5, 2000, 19(1) :26 - 31.

Guo J J, Zhao F Q, LI H K, et al. New chronological evidence of
the age of Huangyuan group in the eastern segment of Mid-Qilian
massif and its geological significance[ J].Regional Geology of Chi-
na, 2000,19(1) :26 —31.

REIE R B, b 55 R AR O R — B A A
LA-ICP-MS §545 U-Ph 4Fi# BB RS SCLY ] B 244,
2012,18(1) :158 — 163.

Yul Y, LI XM, MaZ P, et al. Zircon U-Pb dating of the Yishi-
chun mafic-ultramafic complex from Southern Qilian and its geolog-
ical significance [ J ]. Geological Journal of China Universities,
2012,18(1) ;158 — 163.

TRERAR RSN, Ak, AR T IS AL R e e R A A R
R A S HA 1] PHLHR, 2012,45(1) 1140 - 148.
Zhang Z W,Li W Y,Gao Y B, et al. Ni-Cu mineralization condi-
tions of Hualong basic-ultrabasic rocks belt in Qinghai Province
and lits prospecting potentiality[ J]. Northwestern Geology, 2012,
45(1) ;140 — 148.

SRIASF 2SN, o B A, 45 R A8 Al I b DX L A b 2 Y
FA R BRI B A U-Ph AR AR K HE IR 3T ).
v L, 2015,42(4) ¢ 864 — 880.

Guo Z P, Li WY, Zhang Z W, et al. Petrogenisis of Lumanshan
granites in Hualong area of southern Qilian Mountain: Constraints
from geochemistry, zircon U-Ph geochronology and Hf isotope[ ] ].
Geology in China, 2015, 42(4) . 864 —880.



- 1376 - w5 £ B 45 %
] fH& & EIER A g SR AL a5 AR I R 58 Bl 62 —70.

[28]

[29]

[30]

[31]

[32]

[35]

[36]

[37]

[38]

FE[T] . HuBR2A,2017,38(S1) ; 29 —32.

Fu C L, Yan Z. The composition, age and tectonic setting of Lajis-

han ophiolitc melange [ J]. Acta Geoscientica Sinica, 2017, 38
(S1):29-32.
JELAE SR, B R, BV OR, A AR 3% LI R AR A AU 2 RIT

i AL [ ] PE LB ,1996,17(1) ¢ 1 - 58.

Zhou Z Q,Cao X D, Zhao J T, et al. Early palaeozoic stratigraphy
and sedimentary-tectonic evolution in Eastern Qilian mountains,
China[ J]. Northwest Geoscience,1996,17(1) : 1 —58.
ARR A, M, RS0 5 BRI e R 2 12K =
AU )] AR, 2013, 52(4) 424 - 458.

Lin T R,Peng S C,Zhou Z Q et al. Cambrian polymerid trilobites
from the nidanshan and liudaogou groups, Hualong, Northestern
Qinghai, China[ J]. Acta Palacontologica Sinica, 2013,52(4)
424 —458.

MR I, i, R, LR hrE L E R ARk F K =
[P AR,2015, 54(2) 1184 - 206.

Lin T R,Peng S C,Zhou Z Q. Cambrian agnostoid trilobites from
the nidanshan and liudaogou groups, Hualong, Northeastern Qing-
hai, ChinalJ]. Acta Palacontologica Sinica, 2015, 54(2) ;184 —
206.

Yuan H L,Gao S,Liu X M, et al. Accurate U-Pb age and trace ele-
ment deternunations of zircon by laser ablation-inductively coupled
plasma-mass spectrometry[ J].Geostandards and Geoanalytical Re-
search, 2004, 28(3) . 353 —370.

Liu Y. HuZ C,Gao S, et al. In situ analysis of major and trace el-
ements ol anhydrous minerals by TA-ICP-MS without applying an
internal standard[ J]. Chemical Geology, 2008,257(1) ;34 —43.
Taylor S R, Mclennan S M.The gcochemical evolution of the conti-
nental crust| J].Reviews of Geophysics,1995,33(2) ;241 —265.
BRI R 0 R A 2 0 2 R T M. b
o5 H R, 2007.

Yan M C,Chi Q H. Handbook of applied geochemical element a-
bundance data[ M].Beijing: Geological Publishing House ,2007.
XIBEAR , BRI SO R MR i [ M. bt #5TH A,
1993.

Liu Y J,Cao L. M.Introduction to element geochemistry[ M ]. Bei-
jing : Geological Publishing House, 1993.

Rudnick R L, Gao S. Composition of the continental crust[]].
Treatise on Geochemistry ;: Second Edition, 2014 ,4.1-51.
2 ok, %I?ﬁ*?ﬁi@ﬁ&ﬁjt\ﬁ@.tﬁﬁﬂ&ﬁﬁi
RAE B HERAL 2 RRAE S BT SCL )] e A 22,
2010,26(8) : 2431 —2444.

Li J F, Zhang Z C, Han B F. Geochronology and geochemistry of
early Paleozoic granitic plutons from Subei and Shibaocheng areas,
the western segment of central Qilian and their geological implica-
tions[ J]. Acta Petrologica Sinica,2010, 26(8) ;2431 —2444.
FEPR, B S0SE, M, A AR AR BB 5 LA-ICP-MS #5247 U-Pb
AEI T BT RE SCL L)) AT, 2008,26 (1) : 62 —70.

Yong Y, Xiao W J, Yuan C, et al. LA-ICP-MS zircon U-Pb ages
of granitic plutons from the eastern sector of the central Qilian and

their geologic implication[ J]. Xinjiang Geological, 2008,26(1) :

[40] ¥

[41]

[42]

[44]

[45]

[47]

[48]

[50]

K, 2R SCN, ok A A R AR I R e Y AR AR SR AL T IR
Re-Os [FL R YUK > 1s /R BRRFSE[ [ )] 43R4k, 2012,33
(6) :899 —906.
Gao Y B, Li WY, Zhang Z W, et al. Re-Os isotopic analysis of
the Yulonggou Cu-Ni sulfide deposit in the South Qilian Mountain
[J].Acta Geoscientica Sinica,2012,33(6) :899 —906.

BURET A 05 1 30 FH A L5 B A B PR B LR A B
A BN [ ML b 5T HLST G A, 2007.
Jia Q Z,Yang Z T, Xiao C Y. The metallogenic regularity and met-
allogenic prediction of copper, gold and tungsten deposits in Qilian
mountain[ M ].Beijing; Geological Publishing House ,2007.
BFOCACARIE L VG Bt 4 R 22 6 R A R ™ 2 BRI A o
MM .AEst: 5 iR, 2003.
Mao J W. The copper, gold, iron and tungsten poly-metallic metal-
logenic series of ore deposits and prospecting evaluation in orth-
western Qilian mountain [ M ]. Beijing: Geological Publishing
House ,2003.
RABTC, AR e | A B B e R T ST A ) ]
AR, 2007 ,23(6) £ 1217 — 1238.
Wu F Y,Li X H,Yang J H, et al. Discussions on the petrogenesis
of granites[ J]. Acta Sinica, 2007,23(6) :1217 —1238.
Folesh o1, B, A5 B Z IR N AL 14 A R Bl U-
Pb 4% HERALZ R Se-Nd-Pb R 2R A 29[ 1] M eREL 5= 5
B4 ,2016,38(4) :527 - 546.
Wei L M, Yang Y Z,Zhng H, et al.Petrogencsis of Yanzhiba granite
in South Qinling; Constraints from zircon U-Pb ages, geochemistry
and Sr-Nd-Pb isotope[ J].Journal of Earth Sciences and Environ-
ment, 2016,38(4) :527 — 546.
Altherr R, Holia, Hegner E, et al. High-potassium, calc-alkaline I-
type plutonism in the European Variscides; North Vosges( France )
and northern Schwarzwald ( Germany) [ J]. Lithos, 2000,50 (1) :
51-73.
Wu F Y, Jann B M, Wilde S A, et al. Highly fractionated I-type
granites in NE China (1) : Geochronology and petrogenesis [ J ].
Lithos,2003,66(3/4) ;241 - 273.
Li X H,Li Z X,Li W X, et al. Initiation of the indosinian urogeny
in South China:Evidence for a Per-main magmatic arc on Hainan
Isiand[ J]. The Journal of Geology, 2006,114(3) ;341 —353.
Li X H, Li Z X, Li WX, et,al. U-Pb zircon, geochemical and
Sr-Nd-Hf isotopic constraints on age and origin of Jurassic I- and
A-type granites from central Guangdong, SE China: A major igne-
ous event in response to foundering of a subducted flat—slab[]J].
Lithos, 2007:18(9) :186-204.
Chappell B W.Aluminium saturation in I- and S-type granites and
the characterization of fractionated haplogranites|[ J ].Lithos, 1999,
46(3) :535-551.
Whalen J B, Currie K L, Chappell B W.A-type granites : Geochemi-
cal characteristics, discrimination and petrogencsis [ J |. Contribu-
tions to Mineralogy and Petrology,1987,95(4) .407 —419.
DO, RS, B I, AR AR A 28 5 R Rl 5E A K
PR—— LA [ B0 i 26 b A 2 A I o I (7] b
HLJ5T, 2009,36(3) :594 —621.



6 3 Ti K AR TR RIREL FHREHLIX AL B A AR B 41 U-Ph AR (RS2 BB ERAL 2 R - 1377 -

Xiao Q H, Deng J F, Qiu R Z, et al. A preliminary study of the [54] AR AL, Wooden [, 55, 5535 K11 A€ 54 5 55 A SHRIMP
relationship between granitoids and the growth of continental crust: SEAE[)] BheFE i, 2001,46(20) ;1743 — 1747.
A case study of the formation of key orogen granitoids in China[]]. Wu C L, Yang J S, Wooden J, et al. SHRIMP dating of zircon
Geology in China, 2009,36(3) :594 —621. from Qaidamshan granite[ J|. Chinese Science Bulletin, 2001 ,46
[51] BhRGE, Z2BERE. A [ M. dbat: s BTl it 2002373 — (20) ;1743 — 1747.
380. [55] BEHGOR ASHET ZRAAe 45 g 40 3% KIE R 3 Bl A RIS 4
Lu F X, Sang L K. Petrology [ M ]. Beijing: Geological Publishing AL G A 1 AR AR BRI 2E R AR R L[] KM i 5
House ,2002:373 — 380. W2, 2016,40(4) :826 — 838.
[52] ZJR/IVHE,BAFHES R, 45. Sedb gt 32 il IX Bty AR A 2 Huang Z B, Zheng J P, Li B H, et al. Age and geochemistry of
TR 4 AR ML ER AL 2 T Kb Al i 7 Y [J]. A the early Paleozoic back-arc type ophiolite in Dadaoerji area,
2, 2014,30(3) :822 — 834. South Qilian, China[ J]. Geotectonica et Metallogenia, 2016,40
Zhu X H,Chen D L, Liu L, et al. Geochronology , geochemistry and (4).826 —838.
significance of the early Paleozoic back-arc type ophiolite in Lv- [56] Song S G, Niu Y L, Zhang L R, et al.Tectonic evolution of early
liangshan area,North Qaidam[ J]. Acta Petrologica Sinica, 2014, Paleozoic HP metamorphic rocks in the north Qilian mountains,
30(3).822 —834. NW China: New perspectives[ J].Journal of Asian Earth Sciences,
(53] WH#SR R Rk, 52 75 58 REARKERIE (L3 L B ACREAE B K i 2009,35:334 —353.
My @ PE[ 1) FREER, 2002, 76(1) :106. [57] Song S G, Niu Y L, Su L,et al.Tectonics of the north Qilian oro-
Yang W R, Deng Q L, Wu X L. The basic characteristics and tec- gen, NW China[ J ] Gondwana Research,2013,23(4). 1378 —
tonic attributes of the Lajishan orogenic belt in South Qilian[ J]. 1401.

Acta Geologiva Sinica, 2002, 76(1) ;106.

Geochronology and geochemistry of the granodiorite intrusion in Yangkang area of
Qinghai Province and its geological significance

FANG Yong-Kun'***, Cao Cheng-Gang'>***, DONG Jun-Lin’, LI Ling-Gui’
(1.Qinghai Environmental Geological Exploration Bureaw, Xining 810000, China;2.No.906 Engineering Survey and Design Institute of Qinghai Prov-
ince, Xining 810000, China;3.Key Laboratory of Environmental Geology Qinghai Province, Xining 810000, China;4.(Qinghai Engineering Research
Center of Geoenvironment Pritection and Geohazard prevention ,Xining 810000, China;5.No.5 Geological and Mineral Survey Institute of Qinghai Prov-
ince, Xining 810000, China)

Abstract: The formation age and petrogenesis of the Yangkang granites in the Qilian block remain controversial. In this study, LA-ICP-
MS zircon U-Pb dating and whole-rock geochemical analysis were conducted to constrain the petrogenetic and tectonic processes during
the formation of the granites. The results show that U-Pb age of granodiorite in Yangkang pluton is 444+1.2Ma, (MSWD=1.14) , indi-
cating that it was formed in the early Late Ordovician and that the rocks belong to weak peraluminous—strong peraluminous I-type gran-
ite.The rocks are enriched with large ion lithophile elements (K,Ba, Rb) and Light Rare Earth Elements (LREEs) and Th, but de-
pleted in the high field strength elements (e.g., Ta-Nb). The above results show that Yangkang granites were derived from partial melt-
ing of continental crust. Combined with the regional data, the authors suggest that the Yangkang granites were probably formed in an ac-
tive continental margin during Late Ordovician.

Key words: late Ordovician; zircon U-Pb dating;rock geochemistry; Yangkang granite; south Qilian block

(AR SCE i - 52



