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Abstract: Triassic intermediate to acid magmatism is widely distributed in the central Tibetan Plateau (including the North
Qiangtang terrane). However, the magma origin, petrogenesis and geodynamic mechanism of the magmas are still poorly
understood. This paper presents an integrated study of zircon U-Pb geochronology, whole-rock and isotopic geochemistry for the
Ningduo peraluminous granites from the North Qiangtang terrane, aiming to provide new insights into the generation of
peraluminous granites and the Triassic tectonic-magmatic evolution of the central Tibetan Plateau. The lithology of the Ningduo
peraluminous granites is biotite granodiorite, which is mainly composed of plagioclase (35% —40%), quartz (25% —30%),
K-feldspar (15% —20%), and biotite (5% —10%). The crystallization age of the Ningduo granites is 24841 Ma, which could be
considered as the products of the Early Triassic magmatism. The Ningduo granites have moderate contents of SiO, and MgO, and
relatively high contents of K and Al, which can be comparable to those of typical strongly peraluminous granites. All the samples are
featured with enrichment of large ion lithophile elements (e.g., Rb, K) and light rare earth elements, and depletion of high field
strength elements (e.g., Nb, Ta, Ti, and P), relative to the primitive mantle. They have relatively high I, ratios of 0.720—0.722,
low ey (2) values of —12.4 to —12.3, and old T, ages of 2.02—2.03 Ga, similar to those of the Proterozoic gneisses and
Precambrian basement-derived S-type granites. The Ningduo granites have remarkable high zirconium saturation temperatures (806 —
845 °C) and Ti-in-zircon temperatures (830—1 033 °C), similar to those of typical high-temperature granites worldwide. The results
indicate that the Ningduo granites were derived from partial melting of Precambrian basement rocks (greywacke and minor pelite
rocks) under a high temperature condition. During the subduction of the Longmuco-Shuanghu Ocean, slab rollback triggered the
back-arc extension and intense basaltic underplating, and then induced the high-temperature melting of Precambrian basement rocks.

Key words: peraluminous granites; high-temperature granite; petrogenesis; Triassic; North Qiangtang; petrology; geochemistry.
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R TT R TR T 233 48 AL B A 0 A
FHMEE R EAEEEL . TE2AENAEMYE
AEEKKO S A/CNKH , X} & 548 Sr-Nd [F]
i Z AL Bl & T B AR R (2.02~
2.03 Ga) , HEAT LUHERR H 8 T M BUAE <) 45 19 7T fg
PE X BERE B H AR 49 10 000X Ga/Al FL(E (£ %
INT2.6) AR Zr & 1 (ZHUN T 250X10°°) Al
FeO'/(FeO'+MgO) H.ff (0.65~0.72) , 5 #L 7 A
LY 54 A B4 A7 e 02 X (& 6¢ F1 IR 9a; Whalen
etal., 1987;XIM55, 2013). A A1 K b A A XK Y
Na,O & # (/T 3.2% ) , B S A [A] T T4 i 25 R A
(Chappell and White, 2001) , Jf H 7 ACF 4325 K f#
(Chappell and White, 1992) %5 ¥ 75 A S BI4E b4
Fr B P (B 9b) . B T8 KA FE Tha™ 4 Cngh
JE ) S5 TE HE AR 0T - 55 1 B8 5T TSR O R BT A B T
R R AR 22 S B TR AR R A Y
P,O.-SiO, 11 2 B W] W (1 A G OC &, Th-Rb &2
PRAEAH GG &, T S AU 5 A 19 PO BE & S10, 35 fin

Jc B W RIS 0 8 A, O H L Th-Rb 2 3 7 4 ¢
% % (Chappell and White, 2001). 5 £ i 43 i £
i 5 B i 1 PO B & SO, 19 Tt i 25 AR ) ¢ A A8
(181 9¢) , Th 5 Rb Z [a] 5 B8 9 W] 1 (1 £ 1k 17
AHOCH # (L 9d) , i — 20 3R B axX 26 4E i) 4 1R
MIRE R A5 S AL A 28 Ry o3 T A

AW BT Z ALK A B AR E A/
CNK1H , &8 2 & M0 (F =655 ) |, R BLR
b B8BTS RRAE T 5 SR ) 3k B8 AR B e O 2R
kb (Chappell ez al., 2012). 8K, H A [ 4 b5 35 %t
Fad 8 AL 5 A R A/CNK AR A9 ok PN IR 77 7
LA AR R YR X FRAE 2 A T AR N A B A o
g5 & L e DURRUE W0 B YR e D K e 359 XA ARy 2
VB 5 2o 4 | 1 % 2K 58 2 RO 6] 19 W £ (Zen,
1988; "AFEICEE, 2017; Wu et al., 2018). & A HH
FOME R B R T 2K S TR S AR A
WD) T /D i b AR B AR AR R (H R R
(5 4 8 & & Na,O 1 K,O 558k & LOI Z 1A JF A
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Bt. B a B Grt A7 741 s Hb. M N AT s Kifs. BRI A1 s Ms. = B PLARHK A1

FEAELRAE DG, 2% W) 0 300 XU A R ok A A R X 25 A
SR 43 B R R 48 B0 5 i AN K (18] Se~50) . i
ARSI B A AR+ 5 o T R A AL L
e A — B0 Sr-Nd Rl 2 R AE (B 7 FEL8) | JIF
H H: Nb/La HAE B % Mg™ (8 4 B AR 7 36 AR 07 55 A
A (B3R 2) , 48 7R B A DO B B4 1 TR O AR O
AN R A A R A/CNKAE 9 F W . T oA [H oo
RAEMN AT HE S RBEAF(D,=13, Ds,=
7.76,D,=0.27; D" >1,D"*"<1) , fi IN 1 /3 &
45 i 7E Dy/Sm-Zr/Sm [l fif b 1115 3 8L & 1
AH & FFAF (Sisson, 1994). T £ 1€ i 7+ FF dh 7£ Dy/
Sm-Zr/Sm &l fi# b AH & M & oA B 2 (& 10a) , Jf
HFE A 7E Rb-Sr ) 1) B i 4% 52 A A8 75 & £ N A 53
B A (I 10b) , B L T 2 08 B A R R
A FXF ) A/CNKAH 5 #8585 45 b 6
16 5 5 W53 1 22 R 1 5 2 3R X2 WA A
U R ER R Hh e RORE A [R) 28 B R A
G396 Rl A] LB BUAS [R] B 43 19 46 B 5T JK (Altherr
and Siebel, 2002; FKHEAE, 2008). i 47 BT 4L (< T 2
IR IR DXORE X A A 3 A R R A R DY)
(S H) B A8 KO (TR B R IX, 95 K 81 & AR AR DT
BUE (PR ) REPEAS KOE (F I ) K9 i
A KON CE CIE R A M2 0 5 ) 2 Fh s 26
(Chappell et al., 2012; Clemens and Stevens,
2012). 5 50K VKA R X0 AR A B A R o)
FH LG, ok BE R B A R DX R T A XA
A B T 5= A9 Rb/Ba Rb/Sr LA K& A AY CaO/Na,O
Lt AE (Sylvester, 1998). T Z fb i A& #F i B A AH XF
i ) Rb/Ba #1 Rb/Sr W AH (43 5 24 0.13~0.23

1.15~3.03) , 7€ Rb/Ba-Rb/Sr [&l fit b £ 5% 75 A 70 kh
Y R Y (B 11a) . 3 26 R 5 HL A A & 1 CaO/
Na,O HAl , Z 803 A 78 0.49 % 1.38 Z [i] , 15 . 4fi thy
As e T LR B i AR A B A R 4 (CaO/
Na,O /N TF 0.3) 77 76 i 3 (1 X ) .2 A fF 5l 78 3 F
S A 2 R 1Y 22 R g () 4, KLO/Na,O-
Ca0/(MgO+FeO") fil K,O/Na,0-A/CNK) Hh Z %
T AE R Z WD S Y B AR A b R R A
Bl N (11 Al 11c). Ph b ax 26 8 B8 7R T £ 16 X
TR AN Y KGR R T — A R B KA B R
X, I H R DR 43 AR AT A8 AR 2% 0 R /b i AR g
JoT 5 2 A R X BT A R b e TR
DX B AS 25— 1k A7 AT B B 4k R R R T A 3 B 5 0%
(EFFH, 2017). %5 T S R ul 1A 5 5 ok it ,
ARV HO & &8 m A RO RO Hoa KR
JEE A X AIG, VR IXAS 35— X 3 26 2 B A o 1
5 MR AE AR AR ME 58 4 0 B B L A G, AR TR R
XA AN B — M xR T 2K A A
CNK {8 %5 fm H 22 Ak 3 [ AH X 48 K 9 G 5 R R .

T AE K I B Y 4 R A I8 I AR K % =&
R PR 5 3K A AR AT BE A7 ALE TS T AE 19 Bl 5 R X 5T
ik L B 4 2 20 A8 T I 4 4 Ok [ HBSG HiLIX
B = & o2 i BLA 4 (Tao et al., 2014; Peng et
al., 2015; Lu et al., 2017). A SCHF 58 1 7 £ 2 1 )
16 B 25 FE b 2B A S 1, (0.720~0.722) K1Y
e (O (—12.4~—12.3) LU B 58 R il 1Y T 1 5K
AEIE (2.02~2.03 Ga) , BV AT 5 46 I8 I Hb AR AR 7 ¥
JC A R RR 5 B H i 2 R 40 AR T R I Rl B
W = &t S AL i A 1843 () 1 R 3 Ll R 5 3 4K i<
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JIE &1 43 304 Altherr and Siebel (2002) F151 #245 (2012) 45

) (B 8a F18b). HbAbh A A A i 7E 5 T Nd [H]
A R TC R L (E R 2 1 22 Bl X LL 1A A 455
¥ 9% AE A 92 I Hb A 7R B T AR R RR A R B =
Bt S RUE A T BN, 5 HBSG ik BUS 17y
A AE R A W42 A X (& 8c Al 8d) . i BB 4R AIF 35 7R T
Z b BB BT AR T8 BUIR TT RE 5 b 38 U b AR P
I FE X 20 A8 o R IS R A 1 S A3 il OG

Zr R B AT YT R E NS A S, A
B3 H R Ze 04 TR R R RO T O SRR B R A K
BCA, B AT DR B A 1 Zr B R AN A R
i (Watson and Harrison, 1983). 3£ F & 44 Zr &
i MCHT AR E 85 A AR BTG S A A5 R, T 2R
B 5 B i R 46 A SRR BE Ol 806~845 CL B i s T
Mo = &t S HAE X A ) s m RIR 2 (B 11d) . 5
o I AE B 2 R AR 2R (Miller ez al., 2003). B4
BT 9 48 7 B 5 A Ze B RORE AR R IR B R

SR T B SRR b 2 A TR DX AR TR BB Y W 0 T
B (Miller ez al., 2003) , Kb 7 Z 4L K=l e H A
WENPE A RIEE FOAMTI TR S®20E S
TiO, i BE . Si0, 1% B Sl B2 A 56, 9F HLBS A1 b Ti s
A ST L) 5 B AR A S R I W, Rt B A Tiot &R
o RE A8 AT R0 H S A SR IR Y IR B R AE (Ferry
and Watson, 2007; Schiller and Finger, 2019). 4 T
TG 3 VP T 22 3 B8 B AR B BT RO TR B, A S
H—LHRETHEA TISTEREINIE 4R
IR, TEZ B R AR R A T A RN
830~1 033 °C, nJ 5 {it 5 Ji [l A B C 4 38 19 5 i
A A TR s (#)an, Grenville b X &
AR A, 915~1 035 °C; Moecher ez al., 2019).
42 ARMMHHMIKHNEES

T b 92 I M A K 2 b B AR AU )2 8 A,
G T 2D WA [R) ol R 4 30 A i A 1 S
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05 IR T M X 7 2o AR A 0 0 A TR R 5 2 2307

Tz o, R H AT N Ah A TR AR N =&
20 A FH T8 JSCBIL ) B JFE A et A S 45 [n) A IA R
= % — (kiR (Zhai et al., 2013a; Peng et al.,
2015; XM 4, 2016). AR LG A SR X -2
2 38 1Y J B D 9T R R 48 R T 22 3 R AR K A TR
I b BR Bl ) AL, DA A R GRS B b 92
B b A = 3 0 M T A IR b A R R R AR R
A IX S84 3 43 A K A, b 98 Y Hb A e E A
- YE 5% A A VY BOR e R RS - RUB 4 Al 2 8] L
ok, R Z 2 H M Tl sk n 5 AR A kR
PEUURREE 3 | 2R W4y X R Bk ) B 4 &2 24 B BF 5T
AL, 22 URUE S 0 AR 45— WU 4% A i AR 3R T ol R R
W Fa, KT m At — L 58T @i R
07V I0C 2R P AR I R A BT A R v — SR R
K254 W (224 %, 2008; Metcalfe, 2013; Zhai
etal., 2013b). H AT 7E1Z 48 G5 B & E T A 5k
40 MORB AU g & %5 (357~345 Ma; Zhai et al.,
2013b) , TR 7L 2 /DA R A B A B A7 7E
T S s 0 b 56 I Ml R e S8 W R oy S kB
TR K S AN KR U8B X — i 2 28 il — A
AL B K o Re 52 307 7 4 (Metcalfe, 2013). 2
275 Ma ¥y, o A4t — U 1 235 T 1 10 AGART ol , B
ZEAE-R ESMBRIA A MIUE K A (Yang et
al., 2011) . JEIE K 5 7 52 TR b A % 14 AR 2 AR
AR AR S R 237~230 Ma(Zhai ez al., 2011; Dan et
al., 2018) , HiR 7% o 5 & 4 1R 4 % S 203~222 Ma
(Kapp et al., 2003; Zhai er al., 2011; Dan et al.,
2018). H & — PR Y& 4% 5 47 7 T HBSG Hiu A& Fir b 2
P — AR Z 8] 0 s T 98 AR b o o 4 A
TERZBEAMEEGE B ZEs e
ZGRMKEMN =B DSR2 A B, Hod B Bk R
A HU R B A U-Pb 4E % 8 232~240 Ma( Liu et al.,
2016b) , EFHZHFAELE D =S C &4
fE . & DN 229 Ma FF4f , H - 385 ¥ 1) B I
i, 78 A I8 T bR b GO R 1K v AR I R
mBEZI S E N X R ALK EAIE ey (1) H
B 5 2 4+ (Wang et al., 2008 Liu ez al., 2021).
AR SCHF G T 28 33 B8 T AE 15 55 19 #5417 U-Pb AR
1% 24841 Ma, W] & 5T H #5031 9 4% 547 79 B g
LRE L AR, R T 24K K A S H B
K0 T AL T A TR B W R R O B %
AT A U R B BTV A Y R 3 T R R
T A6 BB A0 U-Ph AF I 22 W] B 1T 18 25 A

AR FARE  IF HAE I T A 2 i Ak v — B e -
H= 8 A KA 1Y AF 18 38 B N (248~275 Ma;
Yang ez al., 2011) , 875 HAR v BB JE ) T — 4~ 5 4
PR oh A S SR Be b . 7 2l fR AR K A B
BB R (806~845 °C) Ml % A4 Ti IR
(830~1 033 °C), AT 55t S |- B 40 35 Y A8 1) 2 2 25
Sh IR BE (915~1 035 °C ; Moecher er al., 2014)25 It .
A PR A3 BT 4 SR A R X 2 i R T A XA B
A5 b I8 T S R D SR Y T (R A b A K
i AR Y T ) BB A A G AR RE LT Ll
E LR K v R L, 6 SR LR LR AR A —
A EENR R EAEEMNRE, LTI R
WoBsn =R A RN R RGN, 2
D N 258 Ma Iy, I i 3o 5 10 W A 5 | Al e [l
JHORD B 3 P M b F T, S B0db 98 3 b bR M X 4b
TR A R A A A e, A R i M TS
- = S 8k B TS 8 (Liu ez al., 2016a,
2020). B UL, 905 R A 5t X B A KR R it
AR AT g 2 1 B IX — B ) o 2 R R T R AR iR
J5 F A B L IR A I A R RGN 7E AL 95 B M 1A
ZRFE 2 AR IR L T S M DX AR R T — R A =
Bt A0 AR A LA f AR IR (219~220 Ma) 5
O 25 7 3R w0 3R AR AR I SR — 0, R B
B i S B B dl e T B AR A G (Tao er al.,
2014 ; Peng ez al., 2015) . X B 3 47 J A€ B4 5 76
A2 MR X A S 2 A ¥ 57 £
185 A o 2 e (B 5~ 11) , (H 2 H 4% 4R ik
R 6T T 240K s R 4 R b 8 UE iR
i 2 20 A8 o BE IS 7E M = S RO R AR A L

5 kg

(1) 3 3 8 A1 LA-ICP-MS U-Pb [a] fii Z I 4F
W T 2 0k 58 AR KA A AR IR O 248 E
1 Ma, #HH KR =FH ARG .

(2) T Z ML A B A W & 0 8 iR A
J OB (806~845 °C ) Ml &% £ Ti i\ & (830~
1033 °C), a] 57 b oA w8 A8 X 28 0 45
T b 25 A AR SCWF S AR L AT DA o X 2B 1t 41
JiAE 5 A 1908 5 b I8 Y A 2E 2] SR P o (A
TP 2 R/ o AR U R S 4 43 ) I R R A K

(3) 45 & X IR 2 FHF 52 92 6w DL B, 78
T Al — Uy R B T PR b T IR e B T R R L A
GV VR R | DN AW e as i o L
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# & IUAF] B M (http://www .earth-science.net).
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