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Geochemistry and zircon U-Pb chronology of the Early Cretaceous granodiorite
in Kongma area, northern Lhasa Terrane, and their tectonic significance
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(Chengdu Center of China Geological Survey, Chengdu 610218, China)

Abstract: Cretaceous magmatic rocks are widely distributed in the northern the Lhasa Terrane, and the recorded
magmatic-metamorphic events are of great significance for studying the petrogenesis and tectonic setting of Creta-
ceous magmatic rocks in the Lhasa Terrane. This paper reports the petrology, geochemical results and zircon U-Pb
age of the Early Cretaceous granodiorite exposed in the Kongma area located in the northern Lhasa Terrane. The re-
sults show that the LA-ICP-MS zircon U-Pb age of granodiorite in the study area is 113.2+1. 3 Ma, which belong to
the late Early Cretaceous magmatism. These rocks are belong to the high potassium calc-alkaline series, with alu-
minum saturation index (A/CNK =1.05~1. 12) and medium negative Eu anomaly, relatively enriched large ion
lithophile elements Rb, Th, U, K, and deficient high field strength elements Ti, P, Ta, which is a peraluminous
S-type granite. Geochemical characteristics of the rocks shows that they were originated from the partial melting of
the ancient crust with the mixing of mantle materials. Combined with the regional data, it is believed that the gran-
odiorite in the Kongma area was formed in the tectonic environment of the southward subduction collision of the
Bangonghu-Nujiang oceanic crust in the late Early Cretaceous, which may be related to the asthenosphere material

upsurge caused by the slab break-off under gravity drag.
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Fig. 1 Simplified tectonic map of the Lhasa Terrane (a) and simplified geological map of the study area(b) (modified by Zhang
Shiqi et al. , 2018)
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Fig. 3 Cathodoluminescence images of zircon and U-Pb ages
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Fig. 4 U-Pb concordia diagram and weighted average age of the zircons from granodiorite in the Kongma area

EARET A BB A, DERCERW],S BlfEK A %
TR A A ( Barbarin, 1999) , FL 53 X 4E X
N BRI N 1 50 BURRAE (A/CNK = 1. 05~ 1. 12,
SEHI1.08) (# 7b) . 1E Ti0,~Zr Bl (& 7c) , kE
A AT S BUAE KA I XS, P Wang 55 (2012)
XFRLEE LR 1 BL S S BIAE R A b 8 A s e R &
Bl e iAo 45 B Rl AR A A8 B IR
PN S BIAE i 7 0B A i oo R XN (] 7d)
I, £ 5 Ed R ] LS IN KA B T S B
wk,
4.2 HwARE

HETRIFTEIN R, B o IR 45 it o3 57 DA R e TR
YA FH I 5 SR B S0 b 5T ) o K A 1
A REFE N K A A ( Meculloch et al. , 1994; Guf-
fanti et al. , 1996; Ingle et al. , 2002) , —M&1M & , i
e 5 IR 2 o3 e T L A i B3 B T B

WA AR I ELTE DI B i S PR A — o R Y v
FEVE A 51 o AR X R A FL R 0 A LR R
PEAE B B A o 3 i AR B v IR SR
R IE B IR A o R L, AR X AE
N EMXT B 4 LREE 1 LILE , #H%F 541 HFSE, A~
A ITR Nb Ta Ti HA W74 (18 6b) , £
AR XA e B2 5, Sm/Nd fH2h 0. 19 ~
0.20,Rb/Sr {H 4 0. 67 ~0. 78 , 7 W b 7c ) J5i 16 £ 3K
e G R By AR, AR IR XA B E 2R B T
U5 5% 09 38 43 15 Bl ( Harris and Inger, 1992; Taylor
and McLennan, 1995) , —#IAN, A R P8 A
WA B B A RR e S UK A 1 B % ( Rudnick
and Fountain, 1995) , B2t 7 18 -5 HIR X % VI AH
K, i BRTAE B A T LAAF Rb-Sr-Ba 22 G2 i HL I
X 143 (Jung and Pfander, 2007), 7F Rb/Ba—Rb/Sr
i b, LS AR BN K e T 7 AR b s T DX



551

7

R4 Hig LA FL S i DI 1 R T AE b IR Bk AL | 547 U-Ph AR RO i T X

71

K2 £EFETEHE(wy/ %) FBLEMYUETELEHRS (w,/107°) DIER

Table 2 The major elements(w,/ %), REE and trace elements(w,/107®) of total rock chemical compositions

for the magmatic rock

RS KM2-1 KM2-2 KM2-3 KM2-4 KM3-1 KM3-2 KM3-3 KM3-4
Si0, 64.43 65.03 64.92 64. 65 64.39 64.55 64.03 64. 47
TiO, 0.65 0. 64 0. 64 0.61 0.67 0. 64 0. 64 0.61
AL, O, 16. 02 15.76 15.69 15. 88 15.65 15.76 15.85 15.83
FeO 3.32 3.36 3.10 2.94 2.88 2.34 2.92 2.94

Fe, 0,4 1.58 1.72 1.73 1.76 2.18 2.62 1.93 1.73

TFe, 0, 5.27 5.45 5.17 5.03 5.38 5.22 5.18 5.00
MnO 0.08 0.09 0.08 0.09 0.11 0.10 0.10 0.09
MgO 2.55 2.53 2.54 2.34 2.50 2.42 2.39 2.34
Ca0 3.48 3.58 3.38 3.81 3.48 3.46 3.65 3.79
Na,0 2.72 2.34 2.66 2.55 2.61 2.67 2.58 2.48
K,0 3.55 3.45 3.69 3.70 3.76 3.76 3.69 3.66
P,0; 0.15 0.15 0.15 0.14 0.16 0.16 0.15 0.14
Total 99. 83 100. 22 100. 21 99. 88 99.85 99.77 99.39 99.50
LOI 0.94 1.21 1.29 1.07 1.16 1.04 1. 14 1.09

La 43.1 44.1 44.2 43.0 47.8 44.5 44.3 44.2
Ce 86.0 86. 5 86.3 85.8 94.8 87.6 87.8 86.2
Pr 9.68 9.92 10. 00 9.78 10.70 10.10 9.89 9.78
Nd 34.5 34.5 34.6 34.1 35.0 34.6 34.4 33.3
Sm 6.59 6. 66 6.70 6.50 6.85 6.63 6.62 6.40
Eu 1.28 1.13 1.24 1.24 1.24 1.23 1.24 1.21
Gd 5.74 5.70 5.74 5.52 5.75 5.67 5.55 5.45
Th 0.88 0.89 0.88 0. 86 0.90 0.88 0.86 0. 84
Dy 5.17 5.30 5.11 5.10 5.18 5.17 5.09 4.91
Ho 1.05 1.07 1.03 1.04 1.06 1.04 1.02 0.98
Er 3.02 3.05 2.90 2.88 2.93 2.90 2.87 2.78
Tm 0.42 0.43 0.41 0.41 0.41 0.41 0. 40 0. 40
Yb 2.80 2.92 2.76 2.76 2.73 2.78 2.77 2.68
Lu 0.43 0.42 0.43 0.42 0.41 0.41 0.41 0.39
SREE 200. 71 202.57 202.21 199. 42 215.72 203. 89 203.25 199. 56
SEu 0. 64 0.56 0.61 0.63 0. 60 0.61 0.63 0.63
Li 37.8 56.7 39.6 38.7 58.0 60.2 59.2 52.6
Be 2.79 2.77 2.76 2.88 2.78 2.72 2.74 2.87
Se 12.8 12.8 12.8 12.8 13.3 13.4 12.8 12. 4
% 89.4 90.0 90.2 88.6 91.2 88.9 88.9 84.6
Cr 43.5 44.9 44.2 43.7 45.8 44.5 44.8 44.5
Ni 12.7 18.0 13.7 13.9 16.7 16.8 16.8 13.9
Co 12.8 13.0 12.7 12.5 12.8 12.5 12. 4 11.6
Cu 7.37 11.30 7.79 7.72 4.75 4.54 8.82 4.80
Zn 50. 1 59.2 50.6 50. 1 81.0 76. 1 76.2 73.5
Ga 18.9 18.6 18.5 18. 4 18.3 18.5 18.8 18.3
Rb 179 172 182 180 190 185 188 182
Sr 259 255 245 247 244 254 261 258
Y 30.3 31.0 29.1 29.3 29.4 29.3 28.6 28.0
Zr 184 177 176 178 188 175 173 164
Nb 12. 4 12.6 12.3 12.0 12.8 12.5 12.3 11.8
Sn 2.72 3.56 2.65 2.58 3.86 3.74 3.81 3.60
Cs 5.01 6.00 5.08 5.00 5.61 5.48 5.82 5.86
Ba 442 403 450 450 469 446 442 424
Hf 5.02 4.90 4.94 4.98 5.12 4.91 4.82 4.61
Ta 1.18 1.22 1. 14 1. 14 1.13 1.18 1.15 1.12
Tl 0.89 0.86 0.92 0.91 0.89 0.93 0.89 0.86
Pb 26. 1 27.8 27.3 27.0 32.9 31.8 32.2 34.3
Th 22.8 24.0 23.0 23.3 24.3 23.9 23.6 23.5
U 2.20 3.38 2.15 2.16 2.94 2.91 3.00 3.18
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Fig. 6 Chondrite normalized REE pattern (a) and primitive mantle normalized trace element spider diagram (b) of the

granodiorite from the Kongma area( standardized data cited from Sun and McDonough, 1989)

(&l 8a) , Sylvester 55 (1998 ) W 5% & , 1E [ A& 1K
H1 CaO/Na, O {55 15 B R 1 626, B Z IR A AL
SRR FORHE A B B U T S A 4 e
AR AR A B 4 Ca0/Na, O H—f/N T 0.3, & &l
Ko FREEE 0ab )8 A 0 b AR B I R AR A
Ca0/Na,0 fH— KT 0.3, fL DI INK &1
Ca0/Na,O {HN 1. 27 ~ 1. 53, fF & 24 b 5 U 1 R AiE
(&1 8b) , I AL E AL 5 N IS E 2R A0
AR S UG UE S, BT M 5T 3 A I e B Ay
A Mg BN T 40, Z 8 A ER A A Bl A R AR

Mg HRTF 45, MBS A Y B 55 Mg (i 3K F
60( Atherton and Petford, 1993; Rapp, 1997) ,fL &b

A Mg B Ry 47. 80~48. 93 (F-HI{H 48.22) ,
R RO 52 4 SR UE T AS IR T, T e AT e R
IR A . Lassiter Fll Depaolo (1997) A il 3251
P b YR e ) AT A A BRI Las/Ta fH(>5)
WFFEIX AL B N K B La/Ta {Bh 36. 07 ~42. 05, %
AR MgO (2. 34 ~2.55%) Ni(12.7x10° ~
18x10™) [Cr(43.5x107°~45. 8x10™) & fe s 7w
2 51| Hiu ey o (TR e



W & R, P AL M IR A R TN A Bk A2 | B U-Pb AR R A i X 79
C 4.0 T
m‘E a 5 :
B ]
i 35 '
B 1
I
B 1
) MEFER 30 ’.
S IRE 1
= E w2 '
5 F Z 25t
S 0 z '
% - 1
=3 . 20k {6 he) i
1 = 1 E11 S
@
10'E . 1
d RN 15 F 1
: |
________________ |
Aorses. 1 1.0 i
B {E1 7 ;
) B S RS, e qly FE 1 | | | 1
1o 10! 107 10% 104 0'50.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
w(Zr+Nb+Ce+Y)/10°6 A/CNK
10°
c 6) Ed
06 O% -
I SHEI % 0|
< oat ) -
=t =
E g
10°F
02t - p
| TE R - 3
N I 1 1 1 | I |U| L iiaial 1 ERTT
0 40 80 120 160 200 10" 10" 10! 10? 10°
w(Zr)y10 w(Pb)/10°°
P 7 FLELAE b A A R 2 ) 1) U i (2 $5 Whalen et al. , 1987; b #§ Maniar and Piccoli, 1989;
c JETPRIZE, 1989; d #lE Wang er al. , 2012)
Fig. 7 Discrimination diagram of the granodiorite from the Kongma area (a, after Whalen et al. , 1987; b after Maniar
and Piccoli, 1989; c after Wang et al. , 1989; d after Wang et al. , 2012)
10° 14
F a
i 1.2}
10'E
E NCEER U _ Lo
- . FF LA N o 2,
g | WEN 30% £ o8|
S0 2
0.4F
10 1 E
02F
10 - i i3 aaaal iiaaal ias 0 | i 1
107! 10" 10! 10° 0 50 100 150 200
w(Rb)/w(Sr) W(ALO)W(TIO,)

Bl 8 FLEAESINK AT AR BIE M (a P Sylvester, 1998; b i Jung and Pfander, 2007)
Fig. 8 Source rock discrimination diagrams of the granodiorite from the Kongma area (a after Sylvester, 1998;

b after Jung and Pfander, 2007)



80 eI TR 7/ B 3 455
4.3 REPHhNFETE 2014) , R BELS T - L 23 R FL - R B A & B

PEON T~ 7080 23 D1 65 sk 10 S 57 78 15 Dt okt A
LI (Fan et al. , 2014) , VT AEAF ST SR W T
Fh T RE AP A B )R L BRI - R
A TN A R IS I IR 5% b R RIS & B Y
Gl A L2 (Kya ) FISEAE I ZH (Ky)) FEAHDTR U Z R
E T HER A A R, Kapp 45 (2007) X} 35
DX b 22 AR 25 0 T BF 9T R B i X LA AR K 4
TE 125~ 118 Ma HA[E] TR AR I U8 2 AR AR F5 7R
B — VT A A v B e 74 1 X P B PR A L 1
AR, T FL-PE A R I 116~ 109 Ma

BRAFEWT S B P 2 i B ] (140 ~ 125 Ma) . Ma 5%
(2018 ) XA — 44 1T 45 b X DR )2 A9 FF 52
FW XN T B 152~ 118 Ma, VL L HF
FEFR, T S % bk T B A R 3 e AL S TE]
TR PR UL 0 A DL BB B — 6 3 e 1Y
REFEAR 7T 68 & A T 5 (Zhu et al., 2011,
2016) ., fLEHIIX AL RN A TE Pearce 55 (1984) Fll
Pearce (1996) S.45 1 Rb—( Yb+Ta) ¥4 3% R 45 5] 1] (&
it (&l 9a) I+, Y5 75 [ RIEHRE AL b 2 A KCLLSIRAE B A 28
23X, 7E Rb—( Yb+Nb) #4381 571 18] ( 18] 9b) ¥ 7E

A2 BUAE B A (MR W45, 20125 Chen et al.,  [RIRIERAE B 5 DI, (AR BR H HR Bl A9 ) 225 P T
104 g 104 E W/ N\
Fa Fb
10° 10°L
a [P T A0E A 143 5 [ e 2 14
:E ) r /40"’ AR AL UE /é/ AL EiAE b
E 10° g S |O‘§ /
& &\ F
10'E g o KlSLERE
E PRI E FAHER
O e il 0 FEETI] T ST il T AT
: 10 10 10! 10° 10° ot 1o 10! 10° 10°
w(Yb+Tay 10 w(Yb+Nb)/10 ©
PO AL DA AR BRI S I (a B Pearce et al. , 1984; b i Pearce, 1996)
Fig. 9 = Tectonic environment discrimination diagrams of the Early Cretaceous magmatite from the Kongma area

(a after Pearce et al. , 1984; b after Pearce, 1996)

XFRL BT M AL B R St A R R AT S
SAHT(IE110) , B3 R TEZY 113 Ma KA T R AL
EIRIEDN, Zhu F5 (2011 ) FRH L% B e I R 1
RHF A E NG RLE PRI 88 7Y 1 S22 AL 1
e iR DR HE B ST R S ST e o A BB L T A1 A B
P B 7= %) ( Coulon et al. , 1986; Pearce and Mei,
1988) o X —fE I L T 25 40) 76 47 5% B g G oK &
AL JOLCAE T R, EACH " e iy 5L 2
TH 25 IR I 8 5 A V4% B B 8 R, HLaE 4F
WFFERBILERL " M e g A7 1 S 40 B IO A o 3R
W8, A bR bR AR, — A 7 AR K
A, 3 Ff I 1 3 b 1) 4% b I 32 i BRI G AE 7 5%
T p A8 B ) RIS . Wt 0 Bl (R A%,
2008) .

WA E IR AL TR 2 e e s S

R e SR AR OC . Pearce 1 Mei (1988 ) Ay H:
SR I3 Hb B 5 B 5% M BRI 1 8 R M5 A Y
Y15 Xu % (1985) WA B =I5 35 5 hir 5% i e i 4t
TR R ST R ) . SR T M A AR il
FBAE I Rl G B, 5 B B YR A R AR R D
1) (Zhu et al. , 2009) , ITAEWFFT K BLRL = b LR
WEH(115 Ma) BRI ( 113 Ma) &84 & MK 25 42
Ll 86 ik 5 5% B DL KRS B (107 Ma) | 3k
(106 Ma) HHFL( 111 Ma) 25 HbAE 5 5 35 & B0 K &
DN B A A RN A g P B3 2 Bk (BREGERBRAE, 20085 5K
SRR 2011 RIEMESE, 2012; ¥ E4E, 20125 5K
T 0idE, 2021) , o HA SRR G IR AL B0AH
M IEA KA 2 51090 5% (Zhu et al. , 2009; 5K
MK, 2015) , WFSE R IR A A HA A —
B4 A7 HE R R eHE(1)=-11. 65~ =5.74],



Bl A RS PR BRAERAL S X AR R N A RS | B U-Ph ARAQ S AR i B 81

100 1o 120 130 140
1/Ma

K10 Fr Bl BeAb R o 2 5 3 A 7 14
(BRI R A 1a)
Fig. 10 Histogram of age for the Early Cretaceous magmatic

rocks in the northern Lhasa Terrane

Fi R HAT BE S P A AR [0 B 1) R A B 2 ) (X
W74 2022 FLPGFHESE ) 2024) , FLEHEIX A6 TN
KA TRRE DL & 1 A AL B € A 1R Ry R AIE X S8 {4
T2 22 Ay o R A0 TR R, B A o e 0 A A i (&
2b) , X SR B HL AL A A i — L[]
PG, v] BESE M Y FRIR A Y B RS | 5 /R BE A T
R EGBE A FRAFENMOR A ER], HIL, 55—
18 2L ST Rl AS REAR 17 B XD RS b s B o St
WA A

AT MOk B2 (TR ZR I PR R A I R
M RFUELL 113 Ma 5 A R 0G 3, S PR -
TRATI 5T 45 A VL 1 B 1) R vl 43 R B s 1 Al DB
B A X (Zha et al., 2009, 2011; 3K B fi 45
2010) . $7E=H BN IE 3 b B & A= Fili il Bl 188 72 B0
JEE M 5, R A A O v 38— i R PN
FIVE A= Tl e 1 i T, 00 PR ) RV A R A
T, Al T s I A R b B A B
6875 V9 R TR L, T b ST ) R R
KPR R A T M8 IREE A K (k) B
BT BB M ARG A 2 SURAE ff BH 1) R S
WA (B 1), B, FL I R P 2 A b I K
LA S B B A R IO SR vl 2 b ) O A3
B B T 5 0K 5 M R B Ak O I R A N R R
FARGAEHI =),
5 45

(1) FLE M IX AL 5 IN KA B85 A1 U-Ph 488
113£1 Ma, /240 e B oy R a0 A o K i

#J113 Ma N

Ty 0

E L 5 7

A

B 11 29 113 Ma fr = et i i 2 R AL ]
(#& Zhu er al. , 2011 BER)
Fig. 11 Tectonomagmatic evolution of the northern Lhasa

Terrane at 113 Ma( modified by Zhu et al. , 2011)

HIEHY)

(2) BFFEIX A6 i TN A T e B 5 Bk R 4, AR
XIE 4 LREE F1 LILE, #H X} 75 45 HFSE FUARAHZS O
% Nb Ta Ti, AT B 0 10 58 46 Eu %
o HUBRAR SRR s A SRR DX Bk Al e
ST 4 5wl O 1T BB A2 3 0 VR BE Bk T A 3K
BA,

(3) FLEHE XA IR AT BT 1 g A PR
T =TT ¢ 1 ) AT il 428 ) 4 125 PR 055 P R S 0
FEEE 3T R AR AR R B A G

References

Atherton M P and Petford N. 1993. Generation of sodium rich magmas
from newly underplated basaltic crust[ J]. Nature, 362(6 416) ; 144
~146.

Barbarin B. 1999. A review of the relationships between granitoid types,
their origins and their geodynamic environments[ J]. Lithos, 46(3) :
605 ~626.

Chen Y, Zhu D C, Zhao Z D, et al. 2014. Slab breakoff triggered ca.
113 Ma magmatism around Xainza Area of the Lhasa Terrane, Tibet
[J]. Gondwana Research, 26(2) : 449 ~463.

Coulon C, Maluski H, Bollinger C, et al. 1986. Mesozoic and Cenozoic
volcanic rocks from central and southern Tibet: *Ar-**Ar dating,
petrological characteristics and geodynamical significance[ J]. Earth
and Planetary Science Letters, 79(3~4) : 281~302.

Cui Haojie, Gou Zhengbin, Liu Han, et al. 2019. The petrogenesis and

tectonic significance of the late Early Cretaceous granodiorites in the



82 F=

PR N 7/ B /S

545 4%

Nyixung area, western Lhasa Block, Xizang[ J]. Sedimentary Geolo-
gy and Tethyan Geology, 39(1): 1~13(in Chinese with English ab-
stract ) .

Fan J J, Li C, Xie C M et al. 2014. Petrology, geochemistry, and geo-
chronology of the Zhonggang Ocean Island, Northern Tibet: Implica-
tions for the evolution of the Banggongco-Nujiang oceanic arm of the
Neo-Tethys[ J ]. International Geology Review, 56 (12): 1 504 ~
1 520.

Guffanti M, Clynne M A and Muffler L J. 1996. Thermal and mass mpli-
cations of magmatic evolution in the Lassen volcanic region, Califor-
nia, and minimum constraints on basalt influx to the lower crust[ J].
Journal of Geophysical Research: Solid Earth, 101 (B2). 3 003 ~
3 013.

Harris N B W and Lnger S. 1992. Trace element modeling of pelite-
derived ranites[ J]. Contributions to Mineralogy and Petrology, 110
46~56.

Huang Yu, Zhu Dicheng, Zhao Zhidan, et al. 2012. Petrogenesis and
implication of the andesites at ~ 113 Ma in the Nagqu region in the
northern Lhasa Subterrane [ J |. Acta Petrologica Sinica, 28 (5):
1 603~1 614(in Chinese with English abstract).

Ingle S, Weis D and Frey F A. 2002. Indian continental crust recovered
from Elan Bank, Kerguelen plateau[ J]. Journal of Petrology, 43
(7):1241~1 257.

Jia Xiaohui, Wang Qiang and Tang Gongjian. 2009. A-type granite: Re-
search progress and implications[ J]. Geotectonica et Metallogenia,
33(3): 465~480(in Chinese with English abstract).

Jung S and Pfander J A. 2007. Source composition and melting tempera-
tures of orogenic granitoids: Constraints from CaO/Na,0, Al,0;/
TiO, and accessory mineral satura-tion thermometry [ J]. European
Journal of Mineralogy, 9: 859~870.

Kang Zhiqiang, Xu Jifeng, Dong Yanhui, et al. 2008. Cretaceous volcan-
ic rocks of Zenong Group in north-middle Lhasa block: Products of
southward subducting of the Slainajap ocean[ J]. Acta Petrologica
Sinica, 24(2) : 303~314(in Chinese with English abstract).

Kapp P, Decelles P G, Gehrels G E, et al. 2007. Geological records of
the Lhasa-Qiangtang and Indo-Asian collisions in the Nima area of
central Tibet [ J]. Geological Society of America Bulletin, 119
(7/8): 917~932.

Lassiter ] C and Depaolo D J. 1997. Plumes/lithosphere interaction in the
generation of continental and oceanic flood basalts; Chemical and iso-
tope constraints[ J]. Geophysical Monography 100, American Geo-

physical Union, 335~355.

Le Maitre R W. 1989. A Classification of Igneous Rocks and Glossary of
Terms[ M]. Oxford: Blackwell Scientific Publications.

Liu Chang, Yang Zhusen, Xu Peiyan, et al. 2022. Petrogenesis and geo-
logical significance of the Mamu Early Cretaceous magmatic rocks in
the western part of Gangese[ J]. Acta Petrologica et Mineralogica, 41
(3): 537~554(in Chinese with English abstract).

Liu Haiyong, Zeng Qinggao, Wang Mu, et al. 2019. Zircon U-Pb ages
and geochemistry of volcanic rocks in the Nie’er Co-Laguo Co area of
the western Bangong Co-Nujiang suture zone[ J]. Geological Bulletin
of China, 38(7): 1 136~1 145(in Chinese with English abstract).

Ma A L, Hu X M, Kapp P, et al. 2018. The disappearance of a Late Ju-
rassic Remnant Sea in the southern Qiangtang Block ( Shamuluo For-
mation, Najiangco Area) : Implications for the tectonic uplift of cen-
tral Tibet[ J]. Palaeogeography, Palaeoclimalology, Palaeoecology,
506 30~47.

Ma Guolin and Yue Yahui, 2010. Cretaceous volcanic rocks in northern
Lhasa Block: Constraints on the tectonic evolution of the Gangdise
Arc[J]. Acta Petrologica et Mineralogica, 29 (5): 525~ 528 (iin
Chinese with English abstract) .

Maniar P D and Piccoli P M. 1989. Tectonic discrimination of granitoids
[J]. Geological Society of America Bulletin, 101; 635~ 643.

Mcculloch M T, Kyser T K, Woodhead J D, et al. 1994. Pb-Sr-Nd-O
isotopic constraints on the origin of rhyolites from the Taupo Volcanic
Zone of New Zealand; Evidence for assimilation followed by fractiona-
tion from basalt[ J]. Contributions to Mineralogy and Petrology, 115
(3):303~312.

Nima Ciren, Xie Raowu, Sha Zhaoli, et al. 2013. 1. 250000 Regional
Geological Survey Report of Naqu County[ M]. Wuhan: China Uni-
versity of Geosciences Press(in Chinese) .

Pan Guitang, Mo Xuanxue, Hou Zengqian, et al. 2006. Spatial-temporal
framework of the Gangdese Orogenic Belt and its evolution[ J]. Acta
Petrologica Sinica, 22(3): 521 ~533(in Chinese with English ab-
stract) .

Pearce J A. 1996. Sources and settings of granitic rocks[ J]. Episodes,
19(4): 120~125.

Pearce J A, Harris N B W and Tindle A G. 1984. Traceelement discrimi-
nation diagrams for the tectonic interpretation of granitic rocks[ J].
Journal of Petrology, 25(4) : 956~983.

Pearce J] A and Mei H J. 1988. Volcanic rocks of the Tibet Geotraverse:
Lhasa to Golmud[ J]. Philosophical Transactions of the Royal Society
of London, Series A, Mathematical and Physical Sciences, 327 169

~201.



g1y =

RAE . LB MR AL AR AL M DI 22 AR b TN A s Bk |

B U-Pb A2 S M i = 83

Peng Zhimin, Geng Quanru, Liu Shusheng, et al. 2015. Zircon U-Pb a-
ges and geochemical features of the diorite porphyrite in Gajia Forma-
tion in the Nagqu area, Tibet[ J]. Geological Bulletin of China, 34
(2/3) : 354~363(in Chinese with English abstract).

Peng Zhimin, Geng Quanru, Zhang Zhang, et al. 2011. Zircon LA-ICP-
MS U-Pb ages and geochemical characteristics of rhyolite in Nagqu ar-
ea, Tibet[ J]. Geological Bulletin of China, 30(7): 1 050~1 059
(in Chinese with English abstract) .

Qu X M, Wang R J, Xin H B, et al. 2012. Age and petrogenesis of A
type granites in the middle segment of the Bangonghu-Nujiang suture,
Tibetan plateau[ J]. Lithos, 146 264 ~275.

Qu Xiaoming, Xin Hongbo, Du Dedao, et al. 2012. Ages of post-colli-
sional A-type granite and constraints on the closure of the oceanic ba-
sin in the middle segment of the Bangonghu-Nujiang suture, the Ti-
betan plateau[ J]. Geochimica, 41(1); 1~14(in Chinese with Eng-
lish abstract) .

Rapp R P. 1997. Heterogenous source regions for archean granitoids: ex-
perimental and geochemical evidence[ J]. Oxford Monographs on Ge-
ological and Geophysics, 35: 267~279.

Rickwood C. 1989. Boundary lines within petrologic diagram which use
oxides of major and minor elements[ J]. Lithos, 22(4) . 247 ~263.

Rudnick R L and Fountain D M. 1995. Nature and composition of the
continental crust: A lower crustal perspective[ J]. Reviews of Geo-
physics, 33: 267~309.

Sun and McDonough. 1989. Chemical and isotopic systematics of oceanic
basalts: Implications for mantle composition and processes[ J]. Geo-
logical Society London Special Publications, 42( 1) ; 313~345.

Sylvester P J. 1998. Post-collisional strongly peraluminous granites[ J].
Lithos, 45 29~44.

Taylor S R and McLennan S M. 1995. The geochemical evolution of the
continental crust[ J]. Reviews of Geophysics, 33(2): 241~265.
Wang Liquan, Pan Guitang, Ding Jun, et al. 2013. Geological Map and
Description of Qinghai-Tibet Plateau and Adjacent Areas| M]. Bei-

jing: Geological Publishing House(in Chinese).

Wang Q, Zhu D C, Zhao Z D, et al. 2012. Magmatic zircons from I-, S-
and A-type granitoids in Tibet; Trace element characteristics and their
application to detrital zircon provenance study[ J]. Journal of Asian
Earth Sciences, 53: 59~66.

Wang W, Wang M, Zhai Q G, et al. 2020. Transition from oceanic sub-
duction to continental collision recorded in the Bangong-Nujiang su-
ture zone; Insights from Early Cretaceous magmatic rocks in the

north-central Tibet[ J]. Gondwana Research, 78 77~91.

Wang Zhonggang, Yu Xueyuan, Zhao Zhenghua, et al. 1989. Rare Earth
Geochemistry [ M]. Beijing: Science Press(in Chinese).

Whalen J B, Currie K L and Chappell B W. 1987. A-type granites: Geo-
chemical characteristics, discriminatuon and petrogenesis[ J]. Con-
tributions to Mineralogy and Petrology, 95: 407 ~419.

Wilson M. 1989. Igneous Petrogenesis| M]. London: Allen and Unwin.

WuH, LiC, Hu P Y, et al. 2014. Early Cretaceous ( 100~ 105 Ma)
Adakitic magmatism in the Dachagou area, northern Lhasa terrane,
Tibet; Implications for the Bangong-Nujiang Ocean subduction and
slab break-off[ J]. International Geologu Review, 57(9~10); 1 172
~1188.

Wu Hao, Li Cai, Hu Peiyuan, et al. 2013. The discovery of Qushenla
volcanic rocks in Tasepule area of Nyima Country, Tibet, and its geo-
logical significance[ J]. Geological Bulletin of China, 32(7): 1 014
~1 026(in Chinese with English abstract) .

Wu Hao, Li Cai, Hu Peiyuan, et al. 2014. The discovery of Early Creta-
ceous bimodal volcanic rocks in the Dachagou area of Tibet and its
significance| J|. Geological Bulletin of China, 33 (11): 1 804 ~
1 814(in Chinese with English abstract).

Xie Long, Dun Du, Zhu Lidong, et al. 2015. Zircon U-Pb geochronolo-
gy, geochemistry and geological significance of the Zhaduding A-type
granites in northern Gangdise, Tibet[ J]. Geology in China, 42(5) :
1214~1 227(in Chinese with English abstract) .

Xu R H, Schirer U and Allegre C J. 1985. Magmatism and Metamor-
phism in the Lhasa Block (Tibet): A Geochronological Study[J].
The Journal of Geology, 93: 41~57.

Yin Zhigiang, Lii Xiaochun, Fu Xiaohu, et al. 2023. Petrogenesis and
tectonic significance of Early Cretaceous frozen fault rock mass in Lu-
olong area, eastern Tibet [ J]. Mineralogy and Petrology, 43(2) : 69
~81(in Chinese with English abstract).

Zhang Kaijiang, Liu Zhibo, Li Haifeng, et al. 2019. Zircon U- Pb age
and Hf isotopic characteristics of Qushenla Formation volcanic rocks
in the middle part of the Bangong Co-Nujiang suture, Tibet[ J]. Geo-
logical Bulletin of China, 38(6): 1 018 ~1 027 (in Chinese with
English abstract).

Zhang Kaijun, Xia Bin, Xia Bangdong, et al. 2003. Sedimentologic evi-
dence for Early Cretaceous back-arc rifting of the Gangdese magmatic
arc, Tibet, Western China[J]. Acta Sedimentologica Sinica, 21
(1) : 31~37(in Chinese with English abstract).

Zhang Le. 2015. Geochronology and Geochemistry of the Yongzhu Gran-
nitoids in Middle-north Gangdese, Tibet[ D]. Changchun; Jilin Uni-

versity (in Chinese with English abstract) .



84 F=

PR N 7/ B /S

545 4%

Zhang Liangliang, Zhu Dicheng, Zhao Zhidan, et al. 2010. Petrogenesis
of magmatism in the Bearda region of Northern Gangdese Tibet: Con-
straints from geochemistry, geochronology and Sr-Nd-Hf isotopes[ J ].
Acta Petrologica Sinica, 26(6) : 1 871 ~1 888(in Chinese with Eng-
lish abstract) .

Zhang Liangliang, Zhu Dicheng, Zhao Zhidan, et al. 2011. Early Creta-
ceous granitoids in Xainza, Tibet; Evidence of slab break-off[ J].
Acta Petrologica Sinica, 27(7) : 1 938~1 948(in Chinese with Eng-
lish abstract) .

Zhang Shiqi, Qi Xuexiang, Wei Cheng, et al. 2018. Geochemistry, zir-
con U-Pb dating and Hf isotope compositions of Early Cretaceous
magmatic rocks in Yongzhu area, Northern, Lhasa Terrane, Tibet,
and its geological significance[ J]. Earth Science, 43(4). 1 085~
1 109(in Chinese with English abstract).

Zhang Xiaoqian, Zhu Dicheng, Zhao Zhidan, et al. 2010. Petrogenesis
of the Nixiong pluton in Coqgen, Tibet and its potential significance for
the Nixiong Fe-rich mineralization[ J]. Acta Petrologica Sinica, 26
(6):1793~1 804(in Chinese with English abstract).

Zhang Xiaoqian, Zhu Dicheng, Zhao Zhidan, et al. 2012. Geochemisiry,
zircon U-Pb geochronology and in-situ Hf isotope of the Maiga batho-
lith in Cogen, Tibet: Constraints on the petrogenesis of the Early Cre-
taceous granitoids in the central Lhasa Terrane[ J]. Acta Petrologica
Sinica, 28(5): 1 615~1 634 (in Chinese with English abstract) .

Zhang Shizhen, 1.i Fenqi, Liu Han, et al. 2021. The Early Cretaceous
gabbro in Yare area, middle Lhasa Block: Magmatism response to the
slab break-off of the southward subduction Bangong-Nujiang Ocean
lithosphere[ J ]. Geological Bulletin of China, 40 (11); 1 852 ~
1 864 (in Chinese with English abstract) .

Zhaxi Pingcuo, Wang Xuhui, Xie Hongru, et al. 2024. Petrogenesis and
tectonic setting of the Early Cretaceous Maiba pluton in eastern sec-
tion of the northern Lhasa block: Constraints from zircon U-Pb geo-
chronology and geochemistry[ J/OL]. Journal of Chengdu University
of Technology ( Science & Technology Edition). https://link. cnki.
net/urlid/51. 1634. N. 20240912. 1011. 002( in Chinese with English
abstract ) .

Zheng Youye, Xu Rongke, Zhang Yanggang et al. 2008. The feature of
geochemistry, chronology and tectonic significance of San gong granite
series of Ritu invasion batholish in Tibet[ J]. Acta Petrologica Sini-
ca, 24(2): 368 ~376(in Chinese with English abstract) .

Zhu D C, Li SM, Cawood P A, et al. 2016. Assembly of the Lhasa and
Qiangtang terranes in central Tibet by divergent double subduction

[J]. Lithos, 245, 7~17.

Zhu D C, Mo X X, Niu Y L, et al. 2009. Geochemical investigation of
Early Cretaceous igneous rocks along an east-west traverse throughout
the central Lhasa Terrane, Tibet[J]. Chemical Geology, 268 298~312.

Zhu D C, Zhao Z D, Niu Y L, et al. 2011. The Lhasa Terrane: Record
of a microcontinent and its histories of drift and growth[ J]. Earth and
Planetary Science Letters, 301 241 ~255.

Zhu Dicheng, Pan Guitang, Wang Liquan, et al. 2008. Tempo-spatial
variations of Mesozoic magmatic rocks in the Gangdise belt, Tibet,
China, with a discussion of geodynamic setting-related issues [ J].
Geological Bulletin of China, 27(9): 1 535~1 550(in Chinese with

English abstract).

Bt o 32 5 2% STk

BT, HIEME, X BB, ZE. 2019, L HL B PG B R A X L
THRBEIHAE B I A R B i i ST T TR SRR SR T b R
39(1): 1~13.

F, AR, RS, 45 2012 PHRCILHRIEE HbH IR L X 24

113 Ma Z A A A 5[], HA%55, 28(5): 1 603~

1614

TUNME, TR, BIHE. 2009. A B AR R L EX[T].
KA 5 B4, 33(3) : 465~480.

R, VFAkIG  TE N, 45, 2008, PBEHbER F b A A0 U SERE K
I : Slainajap FERT R IPEI =PI )] 7 A543, 24(2) : 303
~314.

X W, TTER, IR, . 2022, RURINPE BERRA R 1 S A 0K
FEORA B ELLT]. A a0 YA, 41(3): 537~
554.

KgAK, WpeEn, BE M, 45 2019, PRS- ITAEAHITE B R R
LA X LA B AT U-Ph AR I S B BRAL 22 4R E [ ],
MR, 38(7): 1 136~1 145.

Tk, AR, 2010, PEACRBE b ILEE A 240 LA B R
Wi A E AL R 29 ()], B0 WA, 29(5): 525~
528.

JEHRAT, gk, vhHRAL, 45, 2013. 1:250 000 HR hEL iR X b 5
PABARA M. B, v b5 K2 A

MRS, BEEE, BENIE, 4. 2006, [XIRHT RS LI B A2 454 AR
TR[T]. AfFE, 22(3) : 521~533.

WL, BRA I, KB, S 2015, VOIS M X G 2H I8 K By
LA-ICP-MS #5471 U-Pb 4EI2 53 BRALAFFAE [ T]. HUBT@ R, 34
(2/3) ; 354~363.

WAL, WA, dk o B, 4R 2011 VUM M X RS04 LA-ICP-

v
).



LR I

R4 Hig LA FL S i DI 1 R T AE b IR Bk AL | 547 U-Ph AR RO i T X 85

MS 541 U-Ph 4F % R 3R AL 2 R5AE [ 7).
1.050~1 059.

HHBEHT, e, ARSI, 45 2012, PYHEHEA M-SR IT4E A P B
REAREE A UL B B iR R R A P A IR 293 [T, b
Rk, 41(1): 1~14.

Earg, MRS, TR, 4. 2013, RS RUR AT X Hb 5T IR R i ]
F(1:1500 000) [M]. JbaT. HbJ5 R AL

ERRI, Fon, BRIRE, % 1989, Wt ERfbE( M. Jbs,
(Rt

RO, ZE A, WIHGE, %2013, PR EIE 6 EHIX 2

P KA W R I B ()], Ml A, 32(7): 1014

~1026.

W, A4 WIRGE, S 2014, FRALPEAWI—RITSE SR A

T4 2k LA e B Hb R R L[], s BE AR, 33

(11); 1804~1 814.

e e, WO, RFIZR, S 2015 PERCILKUELTFLTE A AL K
HEA U-Ph 4RSS BRI RO ST ). MR, 42
(5): 1214~1227.

TR, BB, f/NE, S 2023, WO IK ML IX R RS
AR B )] A A, 43(2) . 69~81.

SRTFIL, XATE, ZRigil, 45 2019, PGB I -2 V148 & 45 b B
FHRI K ILE B AT U-Ph 4RI I HE WA R AFAE[ )], il
7, 38(6): 1 018~1027.

W, B oowk, HIHE, 4F 2003, RUEHTHIUE R A B2 AR
FHPIRRAAIESR [ T]. DU, 21(1) : 31~37.

ARk, 2015, PG T AL AR BR M IX AE 1 o 2 AR USRS Bk
R#ID]. K& B

HFE R, 30(7):

o

SesEsn, AR, BEEST, SE. 2010, PG EL R Sk X
PEFIR A ek AR R Se-Nd-Hf WG RAHR[T]. &
AR, 26(6): 1871~1 888.

SRFETE, R, BSEST, . 2011 PURCH IR IR A 2
M BrE RIESR [ 1], AR, 27( 7) 2 1938~1948.

R, BERE, B, 45 2018, RIBEHBAALER K TR X L S
A AR B A7 U-Pb AEA05% HE R A7 3R 4R He R
HXI). hEkRle,

SRR, AR A, BT, S5 2010, PR R MEA R S £ BN
Lo HA Fe U 1E IR TE R L[], A3, 26(6) : 1793
~1 804.

SRR, AR, BARSE, . 2012, PHHCRE A A LG4 4 U-PD
AEARAE MbBRALF AN EE A 1 AL . 0 B 5% b B L
HAER A A AR F B AR [I] A5, 28(5): 1615~
1 634.

setot, A=A, X0 R, 45 2021, i gE LB OB IX B A
WA FEZN U0 — S8 VT g 1) AR b bz e BB 85 1) 2 9 A g )iz
[J]. HuidEHz, 40(11) . 1 852~1 864.

FLPEWAS, TR, AT, . 2024, ACRIBEHLBRR B R
ELE A B 15 5% . ok F S A U-Pb ARAU R Bk b 24 1
HZL)/0L]. AREE TR =2 ( HARBHARL) . hups://link.
enki. net/urlid/51. 1634. N. 20240912. 1011. 002.

IRA M, EFERE, BREANI, 25, 2008. PO H 455 2 =2 5 0 F 1
oAbt AR MG LT ], AA%R, 24(2) : 368~376.

R, MRS, Tordr, S5 2008. PRI b A A Y
IS 28 S0 A ARG R A W [ )], b BOE AR, 27(9): 1 535~
1 550.

43(4): 1085~1 109.





