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Trace elements and Pb isotope of the mafic rocks from the Xigaze ophiolite of
Yarlung Zangbo suture zone, southern Tibet: Constraints on the tectonic setting
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Abstract: A series of ophiolitic massifs are distributed along the Yarlung Zangbo Suture Zone (YZSZ), southern Tibet. However, the
formation settings of these ophiolites are still controversial. Trace elements and Pb isotope geochemical features indicate that the
magmas that formed the mafic rocks in the Luqu and Dazhuqu massifs of the Xigaze ophiolite in YZSZ were derived from the

depleted mantle source. The La/Sm and Sm/Yb ratios of the mafic rocks show that their parental magmas were produced by ~10%
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partial melting of spinal lherzolite. Combined with the petrographic observations and major elements of the mafic rocks, the authors
hold that they were formed from an anhydrous basaltic magma. Furthermore, the normalized patterns of trace elements and REE of
the mafic rocks are very similar to those of N—MORB, except for weakly negative Nb—Ta anomalies. These features indicate that
the Luqu and Dazhuqu massifs were formed in the MOR environment. Moreover, the Pb isotope of the mafic rocks indicates that
their mantle sources have similar geochemical characteristics to Indian MORB mantle domain. N—MORB normalized trace element

patterns of the mafic rocks show that weakly negative Nb— Ta anomalies might have resulted from the process that their mantle

source metasomatized old subducted materials.
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Fig.1 Simplified geological map of Yarlung —Zangbo suture zone and ophiolitic massifs

a—Distribution of the Yarlung Zangbo ophiolites and their zircon U—Pb ages from mafic rocks (modified from An et al., 2014; Wu Fuyuan et al.,
2014); b—Distribution of the Xigaze ophiolitic massifs and sampling locations of this study (modified from Wang Xibin et al., 1987)
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Fig.2 Field photos of the Xigaze ophiolite
a—Ophiolitic mélange of the Luqu massif; b—Diabase dike that intruded into mantle peridotite (serpentinite) of the Luqu massif; c—Layered gabbro
of the Dazhuqu massif; d—Massive gabbro and diabase of the Dazhuqu massif; e—Plagioclase phenocrysts in diabase of the Dazhuqu massif;
f—Pillow basalts of the Luqu massif
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Fig.3 Petrographic microphotos of the mafic rocks from the Xigaze ophiolite
a—Gabbro texture consisting of subhedral clinopyroxene and subhedral to euhedral plagioclase in gabbro; b—Subhedral—euhedral plagioclase

enclosed by coarse—grain clinopyroxene in gabbro; c—Diabasic texture consisting of fine grained clinopyroxene and euhedral plagioclase in diabase;
d—Euhedral plagioclase phenocrysts in diabase; e—Fine grained plagioclase and clinopyroxene in basalt; f—Euhedral plagioclase and anhedral
clinopyroxene phenocrysts in basalt
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Table 1 The compositions of whole—rock major (%) and trace (10°) elements of the mafic rocks from the Luqu and Dazhuqu
massifs of the Xigaze ophiolite

R1HENRGEERBAMXITHEREHRREAEEEETE(%) MBETRA0) RS

ik % ith KArih
PEM LQIS-8  LQI527  LQI5-12  LQI5-19 DZzI5-1  DZI56  DZI5-10 DZI5-30  DZI5-19  DZ15-31
SiO, 50.17 50.62 4938 4954 50.80 48.89 51.17 49.79 49.92 4925
TiO, 1.20 1.17 0.99 0.80 1.29 1.02 0.65 1.00 0.61 0.31
ALO; 15.34 15.46 15.64 16.10 14.98 1531 16.44 15.84 19.74 18.90
TFeO 9.61 9.79 8.47 8.55 10.40 9.60 7.63 9.09 6.25 4.49
MnO 0.17 0.17 0.15 0.15 0.15 0.15 0.14 0.15 0.11 0.09
MgO 6.88 6.59 7.08 8.04 6.83 7.84 7.48 6.90 5.67 6.93
CaO 8.79 9.64 9.81 11.10 8.82 10.05 8.89 10.30 9.50 12.90
Na,0 3.62 3.70 435 2.73 439 3.63 471 343 3.74 238
K,0 1.14 025 0.34 0.49 0.22 0.09 0.07 0.49 0.71 132
P,0s 0.09 0.09 0.07 0.06 0.10 0.07 0.06 0.08 0.02 0.02
LOI 2.57 228 342 232 2.39 3.20 3.13 2.72 324 3.06
Total 99.58 99.76 99.70 99.88 100.37 99.85 100.37 99.79 9951 99.65
Fe,05 2.10 1.74 1.77 142 2.65 2.55 1.72 2.19 1.49 0.88
FeO 6.76 7.24 6.03 6.42 6.97 6.34 532 6.21 428 325
Sc 38.1 36.3 384 354 347 39.5 31.0 354 28.9 354
% 2442 257.1 234.6 198.5 240.7 248.6 190.2 216.5 209.5 156.9
Cr 152.3 119.6 169.8 2742 783 2923 145.5 184.8 40.8 450.8
Co 35.8 354 333 327 37.9 39.4 32.8 337 352 239
Ni 593 50.6 59.1 83.8 402 715 64.1 66.2 497 127.0
Cu 70.0 116.7 532 558 262.2 232 315 54.9 125 4.0
Ga 16.00 16.60 13.90 14.40 16.10 15.80 14.00 16.20 15.70 13.70
Rb 5.80 1.96 5.44 6.05 1.39 0.64 0.36 322 332 7.02
Sr 202.0 310.0 150.0 275.0 203.0 160.0 175.0 284.0 597.0 338.0
Y 27.6 273 232 184 274 223 17.6 232 119 113
Zr 80.3 74.8 585 44.8 827 60.8 537 70.9 344 19.1
Nb 0.83 0.80 0.84 0.65 1.41 0.82 0.63 0.84 0.40 0.33
Ba 19.60 9.66 13.80 13.10 10.60 6.57 2.89 6.19 9.77 11.00
Hf 2.15 2.12 1.79 145 2.02 1.56 1.30 1.82 0.90 0.64
Ta 0.08 0.08 0.07 0.06 0.09 0.06 0.05 0.06 0.04 0.04
Pb 023 0.26 0.26 0.19 0.40 0.99 1.64 0.61 0.12 0.40
Th 0.07 0.08 0.06 0.06 0.11 0.09 0.12 0.09 0.05 0.04
U 0.04 0.05 0.05 0.03 0.05 0.05 0.04 0.07 0.04 0.02
La 2.72 231 2.14 1.62 3.15 1.97 2,01 238 1.17 1.10
Ce 9.44 836 725 562 10.10 6.86 6.48 8.01 3.87 3.62
Pr 1.54 137 1.15 0.88 1.62 1.15 0.99 1.31 0.59 0.61
Nd 836 7.92 6.30 491 8.83 6.33 526 7.19 3.16 322
Sm 2.79 2.63 2.18 1.73 322 2.10 1.89 2.26 1.09 1.15
Eu 1.09 1.04 0.93 0.74 1.10 0.90 0.77 1.03 0.59 0.54
Gd 3.53 3.34 2.85 223 343 2.75 235 3.07 1.49 135
Tb 0.68 0.69 0.61 0.47 0.65 0.53 0.43 0.56 0.27 0.27
Dy 4.75 442 417 337 5.05 3.77 295 4.03 1.87 1.95
Ho 1.12 1.02 1.02 0.78 1.09 0.87 0.72 0.90 0.44 0.47
Er 3.09 3.04 2.77 2.13 3.02 236 1.93 2.64 131 1.24
Tm 0.48 043 0.43 0.36 0.45 0.37 0.28 0.37 0.20 0.20
Yb 2.90 2.90 2.87 2.10 2.83 224 1.88 232 121 1.08
Lu 0.45 0.47 0.4 0.32 0.4 0.34 0.29 0.37 0.19 0.18

fIF N-MORB, # K A A1 X} F N—-MORB It 7~ B I
MR 0 &R & i, (ST BB AR T N-MORB.,
5.3 £% Pb R H4HTE

B AR AT IR A 4 75 P[RR O 450 W3
2 IR RIRAT A A S A P [ 2R L AR fy
Rl AH X 458 /0, H: 2P/ “Pb 14 A% Ak 5 Fl A 17.54~
18.05, *"Pb/**Pb A2k {5 [l 15.42~15.56, **Pb/**Pb
ARV R 37.67~38.17, ARHEAE S Th U .Pb & &
XT Pb R 2 LUAELIA B[] A TE T H5EE (/=140 Ma) , £ IE

25 53 7R (°Pb/”Pb), 14 725 Ak 10 N 17.46~17.94,
("Pb/Pb). A5 Ak L Bl hy 15.42~15.56, (**Pb/**Pb), 2F
b3 Bl o 37.35~38.13. 7£ ("Pb/"*Pb)— (**Pb/**Pb),
FICPb/“Pb),—(*Pb/™Pb) [Af# I (& 6a.6b) , 1
KA I f Pb [R50 28 B0 T HE S e ek e
HA AR TS £, H o276 AEEEVE MORB IX.
B, XSRS 3k SEBE R B A 1 M U X B
E[1EE 7 MORB BY )3 R A BURFAE o TR 5 g A g
FHERRBTUE A 1) Po [RIA 2R LA DI 5 D) R R
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Table 2 The compositions of Pb isotope of mafic rocks from the Luqu and Dazhuqu massifs of the Xigaze ophiolite

**;:ﬁl:l %fi Pb U Th ZSSU/Z(IJPb ZSlTh/ZO-th Th/U (2()6Pb/2()4pb)o (207Pb/204Pb)0 (ZOSPb/ZO4Pb)° (206Pb/204pb)] (207Pb/204Pb)] (ZOSPb/Z(MPb)‘

LQI5-8 A 023 004 007 1161 1964 164 17.81 15.47 37.71 17.58 15.46 37.59
LQI527 XA 026 005 008 1123 1977 1.70 17.81 15.48 37.78 17.59 1547 37.65
LQI5-12 JE4EH 026 005 006 1294 1573 1.8 17.80 15.46 37.67 17.55 1545 37.58
LQI5-19 JE4E4H 019 003 006 1017 2156 205 17.87 15.50 3791 17.67 15.49 37.77
DZ15-1 X4+ 040 0.05 0.11 7.63 1861 236 18.05 15.55 3815 17.91 15.54 38.04
DZ15-6 XA 099 005 0.09  3.10 5.81 1.81 17.54 15.42 3738 17.48 15.42 37.35
DZ15-10 W%k 164 004 0.12 1.41 479 329 17.77 15.50 37.79 17.74 15.49 37.76
DZ15-30 #FE4E 061 007 009  6.86 9.79 1.38 17.78 15.48 3773 17.64 1547 37.66
DZ15-19 FEK4 0.12 004 005 1848 2843 149 17.82 15.48 37.81 17.46 1547 37.64
Dz15-31 fEK#A 040 002 004 332 6.33 1.85 18.01 15.56 38.17 17.94 15.56 38.13

41 15.9

(a) (®)
0 ] 15.8

15.7 A

39 A

= =
£ €1 HMORB " S
& (140 Ma) \fl & 156 ©))% % UMORB
=) o
E o 2 asom_
g & 155 - X/ b4 ] (140 Ma)
\
37 4 T K P6 K 7 ¥ IMORB
(140 Ma) 154 "
Gabbro of Dazhuqu (this study) pM
36 - - - . - 153 - - . .
16.5 17.5 18.5 19.5 20.5 215 16.5 17.5 185 19.5 20.5 215
(206Pb/204pb)‘ (zoapb/zwpb)‘
iy = AN
5] 6 4> Pb [A) iz 3% HU(E <1 it

a—("Pb/*Pb)—("Pb/*Pb),; b—(*"Pb/"Pb), —(**Pb/™Pb); 5 IE4F % M =140 Ma., A FEEAIIL K VG MORB FIEI 7 MORB 712 il #& Mahoney et
al.1998 fll Zhang et al. 2005, IACAPETUFYI(GLOSS, 4 Ben Othman et al., 1989, JtF3kZ:%4(NHRL) 4 Hart, 1984, F T He m T &5 A7
MBS Pb R 3B IR Sk (4 D6 RE 45,2006 54 37 1645, 2006, A5 45,2007, X1 € 4:,2013; Liu et al. ,2015)
Fig.6 Plots of Pb isotope ratios
a—("Pb/"Pb).versus (*“Pb/*Pb); b—(*"Pb/*'Pb), versus (*“Pb/*Pb). at 140 Ma. Fields of Pacific and North Atlantic MORB, and India MORB after
Mahoney et al. (1998) and Zhang et al. (2005). Field of GLOSS after Ben Othman et al., 1898 and NHRL after Hart (1984). The data of Pb isotope of
the Yarlung—Zangbo ophiolite afterNiu et al. (2006), Zhong et al. (2006), Xu et al. (2007), Liu etal. (2013,2015)

([#5a,5¢) , H N-MORBAREAL M TR EL /8 5 B g 38 40 45 il R 5 1) 384 v i & AE W I8 43 55
WARHE VI 28 T 1(&15b,5d) , RIPERGX L% (Aldanmaz et al., 2000) . 45 & 7 7w, K AT il A
AERR A 7 B IR X, B AR S A A RRE S 349 2 i MO 0 il e 4 2k
FESL B Po [FI A RIS AEENEEVE MORB L I 2 N b HAR A Al AR FE 244 10%

(E6), — X e R IR T 5 Hig, 5— 6.2 HRHIERE

5 TET B 7 T AR B 0 e i 0 DX B R b S kA A VE R AT e iy b B E R4y, H
UL 1Y 3 R Ak 7 F7 AiE (Mahoney et al., 1998; Xu and W Ui 4 5 (0T PR A — B AR 205 QTR Y 45
Castillo, 2004; Zhang et al., 2005; 4 I #5 55,2006) . sCRMICEE,2014) . MWEPAMHLOC FRORF | B il
A2 AT RO A R o i L R PO AR B R RV STER M S R B A AR I K
ISR Z BN G Z AP (I Sm) MERM £ (W Yb) B P AR S K . gL A K2 L
i AR+ (A La) FUh s £ (A0 Sm) Z a4k AR IBRRZ R A H 20 a s s kg AR
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Fig.7 Diagram of La/Sm versus Sm/Yb (after Aldanmaz et al., 2000)

PM, N-MORB, E-MORB data after Sun and McDonough (1989)

HR A Hu B AN A T (R 2b) o 3 SEARAIE 502 3 4 5k
A HE—3 (Purdy and Detrick, 1986), A7 1A {4
MRS A O B AMEEIE 5 A AL (H 2
KB IR/ N E RO PR R A (1] 2¢,
2d) , RUIRAT A PEFEIE B R TP A — i
B AR Dr o IR E Rk G KA 2 g
OV S 2R B 250 (K] 2¢) , REPERK i &
A — BRI A3 5 o MERA R WL B AR A7
2 AIEARHS A AR (E 3b) , DL ARHS A 45 5
RFRRUEA . A, RTINS A A s e
LA IE—2F BIE M RHS A B (18 2d, 2f) , x4
FEAEHR U B BH A B R 25 S T A AR 2
AR, LA A 2 e R W L B A R oK S
P AR R A 235 b T B, DT 4 38 K A 45 it B
], SRMAETCK FREE T, BHC A A RN ot
I 2t i (Sisson and Grove, 1993; Botcharnikov et
al., 2008) . AU, AT DAMEWTIE ORAT i BE kB A
)4 g — PR IR TR R B R L ek L
RITAHK

55 I F Wi s e TR bt (SSZ) ¥R 32

SRR AR A P 5 T BT A MR b2
AF T BE A HoA B M B E 4 (Miyashiro et al., 1973;
Pearce et al., 1984, 2014) ., R1, M Zr—Zr/Y FE i K
A (& 8a), H g I i 5 5t 1l AR AT ff 44 K 43
rraE s TP L RA T, U DO TRET X
KA HERRESIIG ZHZ R A X B, 75 (Nb/
Yb)u—(Th/Yb)AHICE (1] 8b) , i il AT 44
FA S E RS S R R A 2 s
F b 2 i W) J s B B B R (ND/Y b)n A (Th/Y )y EE
B . 7ENb/Th)—(Th/La) A& & H (& 8c) , 1% Hh A
FA R & BH S DO F O RIS 2 2 i, o8
EYEANTEPHZRA K. 3 S RRAF R 3R I %
it A RAT e Ak B A A A T T
BEAL, i it R R AT i R A A B BRORE A s o AL
REE it /045 X, 5 N—MORB i 745 3 58 42— 2 (&
5a,5¢) , WG /R EEE AL TP B ST, fEN-
MORB Fr#f fb i it 70 R e 40 A =0 p (18] 5b, 5d)
5% F R R AT 16 4k 2 A el T R AR AR T A X
T Th A1 LREE /5 % 1% Nb—Ta i 5% % , Ifii Th.,
LREE .Zr Hf Ti &4 |5 N-MORB i +F—3
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EROR B 1T RN AT A o 3k A 7E 52 7 Nb—Ta
U T Nb—Ta $4 7 H AR 2 FH N K 2 SSZ
B ) 3 22 E 40 (Hebert et al., 2012; 2= 3 & 4%,
2012) o SR, AELAS VR B 2 3 il AR AT it 5 A 1

Pb [Al i R 45 A 7% A B[ EEE MORB Hbfg s, 177 i 46
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