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Geochemical characteristics and zircon U-Pb age of the plagiogranite
in Gaize ophiolite of central Tibet and their tectonic significance
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(1. Key Laboratory of Continental Collision and Plateau Uplift, Institute of Tibetan Plateau Research, Chinese Academy of
Sciences, Beijing 100085, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Located in central Tibet, the Gaize ophiolite is a key element within the middle part of the Bangong
CoNujiang suture zone, marking the boundary between the Lhasa and Qiangtang blocks. It is a tectonic
mélange consisting of numerous blocks of mantle peridotite, mafic lavas, isotropic gabbro and plagiogranite, in
which, the genesis and tectonic setting of the plagiogranite is important in discussing the evolution of the Ban-
gong Co-Nujiang suture zone. Based on detailed studies of field geological background and petrographical fea-
tures, the authors selected some samples to analyze the whole-rock content of major elements, trace elements and
rare earth elements and determine the ages of zircons separated from the plagiogranite by La-ICP-MS U-Pb
method. The results show that the plagiogranite crops out as dykes intruding into gabbro, basalt and basaltic an-
desite with no thermal aureole along the boundary between the plagiogranite and associated lavas comprising
basalt and basaltic andesite. The plagiogranite is mainly composed of quartz and plagioclase with granitice tex-
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ture. The content of Si0O, is high, varying in the range of 72.18% ~74.55% with the Mg* of 42, and the con-
tent of Na,O and K,O is 1.30% ~3.13% and 0.26% ~0.67%, respectively, with high Na,O/K,O ratios
ranging from 3.64 to 8.23. The chondrite normalized REE patterns of the plagiogranite are similar to those of
the associated lavas with flat pattern and weak negative anomaly of Eu (8Euy=0.82~0.95). La and Yb versus
SiO, correlations of the plagiogranite and associated lavas and isotropic gabbro reveal that the plagiogranite result-
ed from the magma remelting from the associated lavas. Like the associated lavas, the plagiogranite rocks have
island arc affinity with HFSE depletion and LILE (Sr, Rb) enrichment, and Nb, Ta and Ti negative anomalies
in chondrite-normalized plots indicate that these rocks might have originated in the suprasubduction zone setting.
Thus, the plagiogranite and the associated lavas are considered to be members of the SSZ-type ophiolite. The
grains of zircons separated from the plagiogranite are about 40 ~60 pm in length, with no residual old nuclear
and metamorphic edge but the development of banded structure. The values of Th/U between 0.32 and 1. 38
(higher than 0.1) suggest that they are magmatic zircons. The average age of zircons in the plagiogranite is
189.8+1.9 Ma, suggesting that the plagiogranite was formed in early Jurassic. The evidence of geochemistry
and U-Pb age supports the hypothesis that the subduction occurred at the early Jurassic period in Gaize area
within the middle part of the Bangong Co-Nujiang suture zone, earlier than the subduction in the Bangong Co
area within the western part of the suture where the activity took place in mid-Jurassic time, but later than the
subduction in the Dingqing area within the eastern part of the suture where the activity happened in late Trias-
sic. Combined with previous studies, the authors believe that the Bangong Co-Nujiang Tethys subduction started

from east to west during the late Triassic to Jurassic period.

Key words: plagiogranite; lava; ophiolite; zircon; Bangong Co-Nujiang suture; tectonic setting
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Table 1 Chemical composition ( ws/% ) and trace element abundance (wg/10~¢) of plagiogranite and basalt

s BRAERE KREIE KRA
08087A 080878 08087C 08087D 08087F 08087G 08087H 08087E 080871
SO, 72.18 74.55 72.51 55.79 52.46 54.51 54.31 51.19 51.91
TiO, 0.23 0.24 0.26 1.01 0.83 1.05 1.07 0.78 0.78
ALO; 11.90 12.77 13.22 15.12 14.84 15.08 15.45 15.23 15.10
Fe;O4 3.78 2.25 1.84 3.9 4.10 4.29 4.88 1.47 3.75
FeO 1.47 1.17 2.27 5.26 4.18 6.16 5.76 6.79 4.87
MnO 0.07 0.05 0.07 0.16 0.14 0.17 0.17 0.14 0.15
MgO 0.93 1.25 1.33 5.11 7.31 5.55 5.67 7.78 8.02
CaO 6.27 2.49 3.48 8.87 12.14 8.90 8.76 11.72 10.32
Na,O 1.30 3.13 2.44 2.01 1.70 1.52 1.40 2.00 2.24
K,O 0.26 0.38 0.67 0.07 0.09 0.12 0.12 0.10 0.11
P,0s 0.04 0.05 0.05 0.09 0.07 0.09 0.10 0.07 0.06
(60} 0.00 0.00 0.00 0.36 0.91 0.27 0.33 0.80 0.33
k& 1.35 1.46 1.48 2.30 2.17 2.31 2.39 2.18 2.04
2R 99.78 99.79 99.62 100.14 100.94 100.02 100.41 100.25 99.68
La 4.20 4.32 5.74 6.69 4.71 5.72 5.92 4.52 4.80
Ce 8.58 9.10 11.69 13.88 8.99 11.32 11.84 8.36 8.89
Pr 1.78 1.81 2.13 1.93 1.23 1.58 1.69 1.16 1.15
Nd 5.60 5.63 7.24 9.64 6.52 8.01 8.58 5.90 5.86
Sm 1.26 1.23 1.74 2.1 2.17 2.38 2.69 1.90 1.87
Eu 0.45 0.39 0.53 1.03 0.78 0.88 0.93 0.75 0.69
Gd 1.65 1.54 2.21 3.61 2.98 3.26 3.56 2.68 2.50
Tb 0.36 0.31 0.45 0.74 0.63 0.67 0.76 0.56 0.53
Dy 2.06 1.90 2.84 4.22 3.69 3.94 4.35 3.33 3.16
Ho 0.44 0.43 0.61 0.90 0.77 0.82 0.90 0.69 0.64
Er 1.43 1.31 1.99 2.56 2.18 2.36 2.59 1.99 1.82
Tm 0.24 0.23 0.33 0.47 0.41 0.42 0.48 0.37 0.35
Yb 1.79 1.61 2.44 2.87 2.54 2.72 3.20 2.46 2.23
Lu 0.31 0.27 0.40 0.38 0.32 0.36 0.41 0.32 0.29
2LREE 21.87 22.47 29.07 35.88 24.41 29.89 31.65 22.58 23.25
2 HREE 8.26 7.59 11.26 15.75 13.52 14.56 16.25 12.40 11.51
>:REE 30.13 30.06 40.33 51.63 37.93 44.45 47.90 34.98 34.76
LREE/HREE 2.65 2.96 2.58 2.28 1.81 2.05 1.95 1.82 2.02
SEuy 0.95 0.86 0.82 1.01 0.94 0.96 0.92 1.01 0.97
(La/Yb)x 1.59 1.81 1.59 1.57 1.25 1.42 1.25 1.24 1.45
(Gd/Yb)n 0.75 0.77 0.73 1.02 0.94 0.97 0.90 0.88 0.91
(La/Sm)y 2.10 2.21 2.08 1.55 1.36 1.51 1.39 1.49 1.61
Cs 3.32 1.40 1.99 0.00 0.00 0.00 0.00 0.00 0.00
Rb 8.30 9.70 19.90 2.60 2.30 4.50 4.30 2.90 3.30
Sr 242.90 118.90 149.80 169.37 161.60 210.74 211.37 152.15 143.54
Ba 134.55 119.36 140.34 27.00 21.20 33.10 42.50 28.90 24.90
Ga 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nb 1.50 1.65 1.56 0.87 0.80 1.15 1.15 0.61 0.84
Ta 0.21 0.21 0.22 0.08 0.08 0.14 0.09 0.07 0.10
Zr 51.80 73.40 62.10 72.88 51.60 70.34 69.90 47.52 52.15
Hf 2.67 3.63 3.36 5.66 4.25 5.87 5.86 3.89 4.18
Th 2.95 2.14 2.16 0.48 0.36 0.70 0.60 0.34 0.47
v 0.00 0.00 0.00 298.20 289.66 322.69 316.93 272.07 257.46
Cr 0.00 0.00 0.00 27.90 138.20 21.70 24.90 159.80 250.50
Co 0.00 0.00 0.00 17.92 28.83 22.90 20.67 24.16 28.62
Sc 0.00 0.00 0.00 28.89 43.75 39.04 38.27 35.88 38.24
8) 0.43 0.44 0.52 0.00 0.00 0.00 0.00 0.00 0.00
Y 13.87 11.76 16.92 24.06 20.36 21.66 24.47 18.41 17.50
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R AR, I8 0295 Pb /28 U IR B4 5 R 189.8
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5.1 SKEREMNEREE

Yesk A AL K A A R LUE T ie s s A
B, R E AR, FEEX ERRHKIER SR
i E RN REAERRY W RERN, B
RIEERBES RS T BM (David et al.,
1981), JEZEFRRY], RHCIE XK At ol LITEFE 72
S A f AR B WSRO A O W
B JE B (Pedersen & Malpas, 1984; Flagler & Spray,
1991) ; R AT LAZEFE 5S40 i) ot ¥ 72 (R 38 R B0
TR 353 5 B i (Whitehead et al ., 2000)

SEAEAFHEULR R, g s PR LR
FaafMMKIEXEMITE La Ml Yb 5 SO, &5
REA LMEN A FIRHIE R A B 45 ik 24
FARIE L B 4K 8% ( Brophy, 2009) . H1RAHE L5 4
B K RIS A0 BRI ROY B S 3RS el T O, IR 4
R AETHILE Lafl Yo SZREAATHE
R, Wl 2 A SO, & =M, La # Yb
HKERSHEFERT MRAKAEREZABRE DA
TREAERG TN BRIV, BLABEELEHTE
YERMAT  RAEE PHICE La fl Yb 2B #T T

5 BEEE SO, SRR La fl Yb & RSB
F1% (Brophy, 2009), B 8 &4E T AR BHEK#FHS
HRAT La.Yb 5 SO, FERMX R, BAAKIE
KA M La # Yb S EEMK, SAX K HEE S, IE
KaE KRAERZREZIUAERE, La fl Yb FRHE
HHE SO, & EF R AL, SO ARG K A 2
FEMA TR R TR U

BB KR & ALO; FR/ANT 15%, 48
11.9% ~ 13.2% , Na,O/K,O Z L5 B K 3.64 ~
8.23, Mg* AL TG B K 37~ 52, BMH N 42, BB
LREE B, — MR EA X bRk 2755 sl
KERATERTHZ T HOERITIE S, B TR
Bug sh i ST T M KA R ARA
BRI BTV ARTY , [FIAS 7K 04 A BRI R A A B2
AL YIS K A A S RIEREER T, BEK R
HAEA BN AR RAER , 9 Wi s e, B
BAHKAER H, ER AL, ERBgE FREEER, B
TR AR T V52 4RF v 7 18 A A 18] ( Pedersen and
Malpas, 1984; K E54:,2007), XEBKIERAH
EikCR=FiRRGHEES, SERME AR
Fournier 4% 75 F1 5 8% 15 38 Karmoy #¢ 4% 2 7 H &4
KL XA A
5.2 PKEKNEEENEESS

LFHAB-BITLE AW IRGA L RWHELT
BHARHFA—E, HATFBEHEUT 3 WSO
ERTHFET RO EIRET P (DMEE,2005; &
X% 2005) , 7EBE — B B - 4R Bt B B
PO WIS 4 4 (FSMESE |, 2005) ; QTE R TR el |,
HNFEA W M X e 4 A T AR T I S A ( E AR E,
1987) , FE & A B T ¥ F1 TG B B2 380 ot DX AH 4% & 31
RIS, LA KRS 2 304 Y 5 R BE X R RS B
MR RA WL, R E IR T 5 I8 RIS,
1985; S 47474 ,2004) ; QA X AN LFFLETE BT o
W SSZ Rlipsk s, M HAESHRKRFE A BLE
B R ER bR L 25 (BUY s b o A b
E R IE KB MOR RIS A (BT %,
2005;Shi et al., 2008),

A X g A B PR AR 3 T SR AR AE R AR )
o FROTEE A (1990 ) TA A B0 g 4 25 AR 2 1 R o )
kW MRS S/NERENRE, BEFT K™
), T AR 5% % (2007 ) 1A SO0 P R4 e 4t 25 7T 6B
T BT IR I 2 3R B, 2 et T UBAR F A4 3 AR 9
8RR DX 1 8 4 5 AR B, JB T SSZRU e S
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Data sources: Partial melting model: Square: Flagler & Spray(1991); Circle: Malpas(1979), Jenner et al. (1991); Solid square: Gerlach et al.
(1981); Light-colored solid circle: Gillis & Coogen(2002); Dark solid circle: Pederson et al. (1984), Malpas(1979) ; Triangle: Kuibida et al.
(2009); Fractional crystallization model: Square: Borsi(1996); Circle: Malpas(1979), Casey et al. (1985), Sircky et al. (1985); Solid square:
Beccaluva et al. (1999); Light-colored solid circle: Saunder et al. (1979); Dark solid circle: Pederson et al. (1984), Furnes et al. (1980);
Triangle: Heiko ez al. (1987); Rhombus: Gaize plagiogranite; Solid rhombus: basalt; Ellipse: Zhang et al. (2007); Circle: Geological Survey of

Tibet Autonomous Region®

K EBE(2007) A A BUU MHERL R4 b A ALK
ERERED BHZY RN, RZXPITENA,
SEURHCAE XK A R4 I A 7E TiO, - Mn - P,Os
K (E 9) L, WEESMAH L RAERRN, HH
RRIEREGHEEBRENHETRUE RS AL
R AR, PRI B e 5 T BE TR BR TR o b i
MK, )8 SSZ it igs .
5.3 MEBX

BEOS W IR VL1 R 4R 30T P A AE S e 1] — BLFRAE
Sl WREE P EHRAA R 1:25 7 REE
KUY BHAW-RIHR=BL- RIS LNER(IEL
FE%,2004) ,1X 5 Suess(1893) HIFHR AT E XA K
Sengor(1987)BF R &5 R —B. HEEAWBEE b
TR A RO R R LA ST R B R B R A
RFEEREMERTFHRS CHERE (BEES,

1991 ; B 5 B2, 2004 ; 3K F 845, 2007) , B =B 4
EESCAIIESE . X SRRITEN RHPREIN
EXE—FE, MIBAZN RS R KD ZNA LR
IEIFE =B LR, XA LR BN “F5iR
#Z #k” (Tethyan Paradox). Bij AXfI#EH A
BRI RIF T KB BIR THE, (HR AL REEN
U A A B R B A P 3X — [i) B PR 57 I Bk (Sengor,
1987), BEEBIRTAERARBRA KEREWES
O IREE SN T MOR BIA SSZ &L BT EER T
KFEY 5 (Mid-ocean ridge) , J5 E TR T vty |
( Supra-Subduction Zone ) ( Pearce et al., 1984;
Pearce, 2003), HEIAIHEREW, R AHES
Wb g TRAF, I HIRERIT M4 K 2 HE R SSZ
%Y (Stern, 2004), BE/HI-RILH e &A1 7™ 55
REMA LM X —H, RETEHRKEHER

O FRE G KHREAR. 2002, H4 A R E K 5 2 i 4 oW g
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TiO,

ORB

od
IAT

CAB

MnOX10

B9 BUliEEEMIEE TiO, - Mn - P,0Os Elf#
(R Mullen,1983)
Fig. 9 TiO; - Mn - P,O;s discrimination diagram
of lavas from Gaize ophiolite (after Mullen, 1983)
MORB—#H XA ; OIT—HBEELRE; OIA— ¥ SRt
ZRE; IAT—SWNHLRE; CAB—FHRELRE
MORB—mid-ocean ridge basalt; OIT—oceanic island tholeiite;
OIA—oceanic island alkaline basalt; IAT—island-arc tholeiite;
CAB—calcalkaline basalt

P,05X 10

SSz Mispsks , WA T E X R EAETZE BT
WM R B 2 ) SSZ R st A, M15 A4 i1t
IO7 AR, 2% R B ST VR AR v 5 0 P9 B U 17T S 97 5K B D
BN, B e & VU B BE A W] SSZ B i 4 WY [F] AL
RERRF 167 £ 1.4 Ma, TG RIS D i
YIKIT 4 1o ARF b 7 B 4 (3R 4T,2007), X — 3R
R DL B B A TR R 2 k7

HAM-BILEPRBEAG R EBREY B E
Os G441 Re TR R 207 ~276 Ma(F15 238 +7
Ma, Shietal., 2006), BEIRE R Re-Os [N E KB
AR, HESIA AR RRRGTEN =84 i
BEZ2IT F K% R (Suess, 1893; Sengor, 1987;
FEV%,2002; Tl R5F,2002; (£ 4L 5%E5F,2004) #
5o WRRRUL, 4 X 38 3 P iR 7E X — Bif ] 22 2 X
FLAN KBt At 5% 2448 7 3k, Bir LUAT DL X — S8 1E
PEA BRI R R E RAE IS Ja] (Shi et al.,
2008), HFHNIEskE SRS A FL TFHA
W RVLEEAH, BT DAHE S 3 X 9 A5 4R S A A
M E iR =S P skEH (B 10a).

CA BERER T, JEA M- TR VL 0 48 37 PR AR b TH
B (R ZEAS R B B I R — A, #OR % (2009) F1
SREFLPE 55 (2009) L5 A VTR - & WAL L K L TE Bl
RN SE T AR R DU B o i

HEWFERENFRBER, AABEFRERT FHX
ARF T D[] Ay B = Bt (P 10b) o AR SCIR , K
Mg sta PR IR A8 A U-Pb MBUEHEE N
189.8+ 1.9 Ma, BRAF M2 H 5 0r v B4 0FF 1o 114 o bf
[ , 45 75 BE 2 B985 VL 4R 8 0 7 o ) e X RO
Bt RE TR ER(E 10c), THLTE SO LLER
FRIZR 5 i DX AR 4R 40 2 28 /0t 76 AR B0t TR R T 4 o
TS (B ARAHL, 1990) o THTAE 2 S P BRBE A W 3t IXC,
BEA BRI AT AR IR 2 /0 A b OR B HHE T R 40F w7
W (S{7XT,2007) (B 10d) , 7T 0L, BEABI-IRILH
B EAERBEAM R ER TR WEK =8
HEAED R, A -RILH R ERE
Ie] PG B A YR KA I v T 3, B 1) %5 B 44 40 ~ 50 Ma,
TXFPFE LG0T b T 8 A O B e )28 S B0 AR L
WA EH A INT B R AW, TEYH
(2002) AR KW, BEA B -RILH R RITERBEN T
FHipsts EE PR D R Za kD HER BT
BARASHES FHRNERCEHAS; ERTIH
X,k - R A BRI DART AN FHAES
FRISR A RAE R HARZ L, RHERTH
R AT E R R D - R 2 &30 ; B w7
FHAHAW MK, RETURAT DESL R ik P i
(34,1997 ;Wang et al ., 2000) , FERESAZ L
AEABE—EM O EH A ILAR AT S,
BRE, R BRERFEZESER O EHE 2
JEEH ., TEFEH(2002) A0, EFHEER A AW
WX, AR EERATHZE RO EHHBE S
KPRk EE (19 Mg & A DB E HRD
G P B DR AR IR T T R B B R H ., &2
I, BEA M- RIT 2 A B TE L (B 10e), Mgt
A B R BV 2 2 VTR M X LT DA, SR
WSS VL% A1 O P B (8] £ 7R 1o P R M 22 37, B R AR
R D R BB BRART R, HRBEAN
40 Ma( EEF%,2002),

6 45

BOWEHCTE 8 R A BEA MR R R I R
Bt o B o ol R B ESE A TR  RUTE B, R
Mg LA A RIS FHAL R A R A4 A
BIUEAA SIS R, SRR Bl e gs R
SSZ Ribpsth . FHCIE R A S A R IMBCE B4R N
189.8 £ 1.9 Ma, RIHBEABI-IRITLES UM b X 7E
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Fig.10 Sketch map showing tectonic evolution of the Bangong-Nyiang suture (BNS)
a- 00 RejO00 00 tRD=238+7 Ma(Shi e al., 2006, 2008) O 0 O 0O 00O O [Buess, 1893; Sergor,19W7; 0 0 00 [(2002; 0000 O
2002; 0000 o4 OO0 mOiopooooooooUO0oooooooo O DO0DOOUODDODWOOD™OooOLOOOoLDO
000000000 (0D000@OS; 0000 ®RO); - DOODDDDDWMODmMUDUDLO0DOUODUOO(1®.8+1.9Ma)0 O
0000 MmOd0o00000oO00o0000(o0®eo); ¢ 000000000 Mmoo oooDoogooooooogoooog
(S, 2007); e OOOCOODOOOCOO@MOOOOMDOOO
& Re depleted mode age (tRD) =238 + 7 Ma of Dongqgiao ophiolite (Shi O “ ,, 2006, 2007) and previouswak ( Suess, 1893; Sengor, 1987;
Wang et al ., 2002; Wang et al ., 2002; Ren and Xiao, 2004), suggesting that the Bangong-Nujiang Tethys Ocean was opened at least from late
Pennian-early Triassic; b- in Dingqging area, estem part of the Bangong-N ujiang suture, the subduction of the Bangong-Nujiang Tethys Ocean
took placein late T riassic (Jiang et al . , 2009; Qiangbazhaxi et al ., 2009) ; c- in Gaize area, middle part of the Bangong-N ujiang suture, the sub-
duction of the Bangong-Nujiang T ethys Ocean took placein early Jurassic (189.8 + 1.9 Ma) ; M eanw hile, subduction happened in Donggiao area,
midd le part of the Bangong-N ujiang suture (Hu, 1990) ; d- in Bangong areaof Ritu County, westem part of the Bangong -N ujiang suture, subduc-
tion of the Bangong -N ujiang T ethys Ocean started before Middle Jurassic (Shi, 2007) ; e- during thelate Jurassic and early Cretaceous period, the

Bangorg-Nyiang suture wes formed completey
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