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Zircon U-Pb dating, geochemistry characteristics and tectonic implications of
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Abstract: The Chaiwa area of Tibet was located in the middle eastern part of the Tethys Himalayan structural belt,
and a large number of nearly East-West trending mafic dykes were widely developed. These mafic dykes were of
great significance for studying the geological structural evolution in this area. This paper has carried out systematic
petrology, chronology, and geochemisiry studies on the mafic dyke rocks in the Chaiwa area. The rock types of
mafic dykes in Chaiwa area were mainly diabase and gabbro porphyrite. Zircon U-Pb geochronology revealed that
the crystallization ages of mafic dykes are 146~ 145 Ma. The basic dykes in Chaiwa were enriched in Ti, Fe, and
P elements, belonged to alkaline series and enriched in LREE, showing the feather of low SiO,(47.20% ~50. 54%)
and high Mg®(39. 78 ~53.79), which were relatively enriched in high field strength elements(Nb, Ta, Zr, HF,
Th) and were similar to the geochemical characteristics of the OIB. These geochemical characteristics indicated that
the Chaiwa mafic dykes were originated from the partial melting of the asthenosphere mantle and were formed in
continental margin rift setting. Combined with the development of mafic rocks in regional volcanic province, it is
considered that the mafic dykes in the Chaiwa area were the products of the Kerguelen mantle plume under the back

ground of continental margin rift. Although the crystallization age of the Chaiwa dyke was earlier than the peak period
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of Kerguelen mantle plume activity (132 Ma), it might belong to the small-scale magmatic activity before the peak

period of mantle plume.
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Fig. 1 Sketch map showing tectonic units(a, modified from Zhang Jinjiang et al. , 2007) and simplified regional geological map

(b) of the Chaiwa area, Southern Tibet
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Fig. 2 Profile map of mafic dykes in Renwenle-Zongwa in the Chaiwa area, Southern Tibet
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Fig. 3 Field and orthogonal polarized photographs of diabase(a, b) and gabbro porphyrite(c, d) in the Chaiwa area,
Southern Tibet
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Fig. 4 Zircon cathodoluminescence images of mafic dykes
in the Chaiwa area, Southern Tibet

R P L B DX S R 5 0 TS AT i 14

Fig. 5 Zircon U-Pb concordia diagrams of mafic dykes in the Chaiwa area, Southern Tibet
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3.2 FEARMIKLFHE
FEHICERHIE
M 2 AT UL B R X M KA B Si0, i

3.2.1

47.20% ~ 50.54%, HJ{E N 49. 13%, TE Zr/TiO, -
Nb/Y FElfif rh f A PE 2 X3 (B 6), ALO,
B 11.96% ~14.13% , ¥l }13. 40% , TiO, &

R2 BHERMREMRKEEE(w,/ %) WEMHELTE (w,/10°) AR REXSH

Table 2 Major(w,/%) , trace and REE(w,/10™°) elements of mafic dykes in the Chaiwa area, Southern Tibet

RS 2-Q1 13-Q1 15-01 20-Q2 20-Q3 22-Q1 24-Q3
Si0, 47.20 47.66 48.86 50.38 50. 54 49.90 49.40
TiO, 4.20 4.23 3.46 3.62 3.60 3.81 3.89

Al O, 11.96 13.20 13. 40 13.31 13. 80 14.13 14.00

Fe,0, 2.50 3.43 2.46 1.57 2.07 1.86 3.86
FeO 9.07 7.08 7.91 9.00 8.17 9.78 9.13
MnO 0.15 0.12 0.13 0.14 0.13 0.16 0.16
MgO 5.91 5.23 6.61 5.23 5.54 4.69 4.67
Ca0 9.71 7.44 8.94 8.31 7.46 9.22 9.32
Na, O 2.68 2.62 2.59 2.98 2.96 2.72 2.51
K,0 0.60 0.86 0.82 1.39 1.62 0.92 0.82
P,0, 0.50 0.46 0.42 0.52 0.52 0.47 0.47
LOI 4.73 7.07 3.90 2.70 3.22 2.34 2.02
Total 99.22 99.42 99.49 99. 14 99.63 99.99 100. 26
FeO" 11.32 10. 17 10. 12 10. 41 10.03 11.45 12.60
Mg* 48.20 47.84 53.79 47.24 49,60 42.19 39.78

A/CNK 0.92 1.21 1.09 1.05 1.15 1.10 1.11

o 1.73 1.65 1.57 2.22 2.40 1.72 1.58
St 28.47 27.21 32.42 25.93 27.21 23.49 22.25
AR 1.36 1.41 1.36 1.51 1.55 1.37 1.33
Cr 274.82 143.26 248.86 180. 06 218.28 84.23 87.92
Ni 94.12 56.50 110. 69 67.28 83. 14 51.52 53.52
Co 37.72 31.37 37.41 29.60 32.90 33.77 34.76
v 341.36 246.95 280.98 185. 66 272.67 257.38 260. 11
Rb 29.3] 42.31 45.33 271.02 82.15 26.70 15.38
Sr 501.85 571.70 565. 35 820. 47 1159. 31 597.02 593.27
Ba 372,22 468.34 430.06 510. 68 632.32 403. 60 367. 69
Sc 38.02 35.61 35.92 32.39 34.77 27.90 24.39
Nb 41.22 30.57 27.39 35.35 37.85 30.88 32.16
Ta 2.70 3.01 2.19 2.20 2.52 2.11 2.24
Li 26.32 30.07 23.92 29. 80 30.56 14.00 14.94
Zr 724.08 298.87 283. 17 751. 41 762. 48 817.10 693.29
Hf 15.48 9.05 8.82 16. 98 14. 88 17.91 15.73
U 0.88 0.55 0.56 1.00 0.92 0.99 0.89
Th 4.09 3.45 3.37 7.18 4.24 4.45 4.00
W 11.96 5.22 13.13 14.21 10. 40 11.59 13.22
Ph 17.47 16. 84 18.77 14.99 13.18 13.53 14.26
Cu 70. 02 27.07 31.68 38.62 38.79 25.68 27.20
Zn 146.75 140. 33 141. 56 122.46 138.39 141.73 150. 68
Sn 4.65 4.95 3.87 3.87 3.75 5.10 6.14
Sh 0.90 1.50 1.34 1.15 1.05 1.65 1.27
La 51.47 46. 34 43.61 46. 11 54.39 40. 00 37.45
Ce 93.41 83.55 77.42 102.22 98.31 75.76 74.75
Pr 14.15 13.36 12.22 16.86 15.73 12.25 11.97
Nd 52.02 47.88 44.80 57.59 53.91 44.62 44.22
Sm 12.38 11.24 10.71 13.44 12. 69 11.23 10. 88
Fu 4.25 4.32 3.69 4.25 3.99 3.86 3.67
Gd 13.27 12.10 11. 41 13.97 13.63 12.05 11.81
Th 1.92 1.67 1.63 1.99 1.92 1.79 1.71
Dy 10. 11 9.05 8.53 10.71 10. 21 9.73 9.60
Ho 2.01 1.88 1.78 2.09 2.03 2.02 1.89
Er 4.71 4.34 4.28 5.08 4.89 4.93 4.84
Tm 0.62 0.56 0.56 0.66 0.60 0. 64 0.59
Yh 3.40 3.16 3.11 3.72 3.43 3.71 3.34
Lu 0.41 0.37 0.38 0.48 0.42 0.46 0.39
Y 30. 64 28.35 36.00 32.00 41.00 28.00 34.00

S REE 294.78 268.17 259.73 311.18 316.70 251.21 250. 65
LREE 227.68 206. 69 192. 44 240. 47 239.02 187.72 182. 94

HREE 67.09 61.47 67.29 70.71 77.68 63.49 67.72

LREE/HREE 3.39 3.36 2.86 3.40 3.08 2.96 2.70
5Eu 0.33 0.37 0.33 0.31 0.30 0.33 0.32
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Fig. 6 The Zt/TiO,-Nb/Y diagram of mafic dykes in the
Chaiwa area, Southern Tibet( after Middlemost, 1994 )
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Fig. 7 Chondrite-normalized REE patterns and primitive mantle-normalized trace element spider diagrams of mafic dykes

in the Chaiwa area, Southern Tibet ( standardized values and standard OIB ,MORB data after Sun and McDonough, 1989)
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TR AR M 138211 Ma( BEEHMAZE, 2007); TRF 4.2 EMEKESHIERX 4T

b DX A 25 AR AR IS 20 ) 134.9+1. 8 Ma Al
135.5+2.1 Ma(Jiang et al. , 2006) ; HE FFirIX
FePE KA 25 RAERY N 138 ~133 Ma 131, 71+2.7 Ma
F1135.0+2. 4 Ma(fEvh45, 2014; R, 2015); 4L
VU RR M 23 5 45 AR 8 0 132, 9+2. 4 Ma (#7855,
2014) 5 ZA7 M X e Tk 48 b AR 4 0l ok 137, 3+
1.6 Ma,147.3+3. 6 Ma( T 5, 2020) , Al UL, &
AP T B Sy Ay e 2R o R AR R AE 136
~130 Ma H1 150 ~ 140 Ma P4 I} B ( 3 2% &

2010, 2016; T H&E, 2020) , ARBFSE3AE 2 M
KBy 5 W45 FAF I 43 0 R 145. 99 £0. 98 Ma Al
146. 12+0. 72 Ma, R ETW MR = S e

FEE I Bl AR TP AT
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Fig. 8 La/Nb-La, Nb/Th-Nb and Y/Nb-Zr/Nb, Th/Yb-Ta/Yb diagrams of mafic dykes in the Chaiwa area, Southern

Tibet (a, b after Li Shuguang,

1993; ¢, d after Wilson, 1989)
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R3 BEERMEXEMIET OIB BLAME FRETELLE (OIB X#EHE Weaver, 1991)
Table 3 Ratios of trace elements in mafic dikes and OIB igneous rocks in the Chaiwa area, Southern Tibet
( OIB data after Weaver, 1991)
Zr/Nb La/Nb Ba/Nb Ba/Th K/Nb Rb/Nb Th/La Th/Nb Ba/La
18.2 1.37 13.7 108 249 2.1 0.098 0.131 10.0
X 9.8~26.5 1.16~1.59 9.0~16.7 71~149 121~355 0.48~7.67 0.074~0.156 0.099~0.203 7.2~11.6
EM I OIB
Walvis Ridge 11.5 1. 19 17.8 - 213 - - - 14.9
Walvis Ridge 8.4 0.92 14.0 - 267 - - - 15.1
Walvis Ridge 6.1 0.87 14.7 - 373 - - - 16.9
Gough 6.8 0.97 16.1 154 432 0.99 0.110 0. 105 16.6
Tristan da Cunha 4.2 0. 86 11.4 103 307 0. 88 0.128 0.108 13.2
Kerguelen 5.3 1. 14 14.4 126 355 1.17 0.107 0.122 13.5
EMI OIB
Tutuila, Samoa 7.3 0.89 7.3 67 248 0.59 0. 126 0.111 8.3
Upolu, Samoa 4.5 1.09 11.0 84 254 0.76 0.122 0.133 10.4
Tahaa, Society 6.5 0.97 10.9 71 378 0.85 0.163 0.157 11.3

4.3 HFERSE

W H IR H HE A i A 2K 2K La/Ta B
(— R 8~15), ZE A A B IR Y 5 % L E &
I (— KT 25) , i La/Sm {HAE LA K 4
RARZ R e R YT, 12 Ho A 2 b i (i
K F 5) (Lassiter and DePaolo, 1997; ik 45 4%,
2004) , B R X FEME K 5 LasTa (124 15. 42 ~
21.58, H(H K 18.95, La/Sm (N 3.43~4.29, 1
R 3. 87, HA KA BTl R bR 32 W B 1 A

P b3 B8 ST ) B TR Y s Thy/ Ta {E2H 1. 15~3. 27,
YIE N 1.86, Zu/Hf (H o 32. 11 ~51. 23, ¥{EH
41.77, Yo e 152 {8 (Sun and McDonough, 1989;
Weaver, 1991), $5/R Al Z H7c iR Y, 7F La/Nb-
La/Sm [EIfig (& 9a) v, B PUH DXEEPE kA B izt 2
HiseW iR G a2k, HARFRIH IEA X, 7
(La/Nb) py—(Th/Ta) ,, Elf# (& 9b) Hr, Bk 2
b, KREBHEN A Kerguelen Mg #: A ¢ 1Y
OIB ALK B X 8, [l i s RS2 Hhse iR 2L

. 3
a b
l:l bl
4| O ehifib g
2F
= 3t s
z £
i L
S Z
2 a2l = jKerguelenf] %
s FIOTB Y b plé 4
M A ' ‘
{8 A
1r @ Bk A g
0 L ! 1] L L 1 L L I 1 L L
2 3 4 0 2 4 6 8 10
w{La)/w(Sm) (Th/Ta)py,
B9 gr RO X Bk A La/Nb-La/Sm Fl(La/Nb) py, = (Th/Ta) py, FI5Ef# (3 Zhu et al. , 2007)
Fig. 9 La/Nb-La/Sm and (La/Nb) ,—(Th/Ta),, discrmination diagrams for mafic dykes in the Chaiwa area,

Southern Tibet( after Zhu et al. , 2007)
BRI, 5T PEsE R 55 HE Rudnick and Gao (2003) ; R HBIEYE Taylor and McLennan( 1985) ; - Bl #u#E HE McDonough
(1990) ; 5 Kerguelen £ [ OIB KA Zhu et al. (2007)

data sources: upper crust, middle crust and lower crust according to Rudnick and Gao (2003) ; primitive mantle data according to Taylor and McLen-

nan (1985) ; lithospheric mantle according to McDonough (1990) ; OIB igneous rocks associated with Kerguelen according to Zhu et al. (2007)
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ARk, R B SR DO AR TR S
RE, TR =S5 AL T B K B i A 5
(AOEBAE, 1990; T MR EAE, 20005 4 5 4%,
2005a) o BRI LERE AR 2 tHE—5F e R AR
KB, S BOMEE AT 48 5 w5 S A
b DX B Rk 120 2k Ak TR 5K R R 1 A 58 L A T
W RO R IR B 1 R, SR MmEIN S
Higish, MR DR Kk R ) 3 ok
WA (CRB LSS, 2005a; TEANEE, 2007), MEH
HWTR R, R s SR B T L —A P

FEMENK A S F5 40 X A YY1 T4k sh R B i 2
KAL) 3 A (BRI S, 20055 R0 A, 2005b;
R4 2014 T, 2015) . B UM X H M kA 7
Th/Hf-Ta/Hf [EIfif v AR 16 5445 28 F il N 24
Aot LR A X (K 10a) , EMIEICR Z/ Y -Zr
FTi—Zr Bl = BV AR N KB X (& 10b
10¢) o SRTALE XIS TR 4 Rxt bk B, I
i DX ks 5 R T B SRR B IS L —
MRS R FH LR W ERILZ AR AE AL, 2
g AR s B R R DR AE N AF ], DA A 5 IE
ST B R IX FEPE KA Y BT KB 0 3 1%

100
g o —
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Fig. 10 Th/H{-Ta/Hf Zr/Y ~Zr and Ti-Zr diagrams of mafic dykes from the Chaiwa area, Southern Tibet(a after Wang Yunliang
et al. , 2001; b after Pearce and Norry, 1979; c after Pearce, 1982)

358 TA A Comei-Bunbury KK A4 F 45341
TR PG AT = VAR R 7K, 5 Kerguelen i
A Sk A 2 e B AR DL b 3K A S AR R 3 1Y)
BUARH, F87R BN Kergulen HuE AT 75 3% 191G
BB YIRS RIS, 2004, 2005a, 2005b, 2009;
HHAE, 2012; TS, 2016) , MG AR i A
GE DR AR 3 007 B % L, B PO M X R ks 5 e 2
W SR 22 A et S DR T R S K G 8, 48
RHZA A AT RE Y Kergulen Mg A28 V1A G, B
FUHBIX FEPE KA B 45 AR IR 20 0 146 Ma, 5 Comei-
Bunbury KA CE A R F5H LB G X ik
IS AR (147 Ma £ 7)) R 4R (T A,
2020) ; 5 OIB ByHEERAL FRAEARML, WEREATR
[FIR AR W, — Mk Ry, X OIB i& 5 Kerg-
uelen UM 1 FAH 5G9 72 95 (SR 55 4%, 2005a) ,
PRI, 2B DX JDC I 32 0 K il 120 2% 5445 78 53¢
T Kerguelen g H:AE B4

FHIWFGE & 8L, 7E Comei-Bunbury K K B A4
T A B — B R RV 8 YT A — B i X R KR
OIB BUIEVEAR A FIWE T 2 (PR ) , 25 AR
144~ 140 Ma, P15 BT Shr e J0 R i X
SEEAEIRY M 135~ 131 Ma IR FHZLRA ., MIREL
FIAE IS BOIE K B, E R X ZEPE KA 5 Comei-
Bunbury FERFITER OIB K Il B 45 T AR WA 130T
B2 F Kerguelen Hb i A¥ 143 (132 Ma) ( Zhu et
al. , 2009; /R, 2017; TWEE, 2020), "THER
T HiulE A G 1 2 1A /N RIS SRS Bl SR 1
Bl & T R K KBS B (Zhang et al.
2013) .
5 58

(1) EERMXERTREZIERG N, PSS
FER By E Rk s, BA K Si0,(47. 20%
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~50. 54% ) FilEEs Mg* {8 (39. 78 ~53.79) FHIE , & BT
25, EHERM T ICE (LREE) , Hi75ItE (Nb,
Ta . Zr Hf Th) #X &4, BoxH L OIB iy HiERfb 2%
FEAE

(2) FEVEDKA EE AN 146 ~ 145 Ma, HAR
1B BT Kerguelen Ml A6 s AGIEHA (132 Ma) ,
AR ER T Ml AR 0 A 2 i A0 /N RS I Bl

(3) B RLHEME KA A U5 T 49 It Pl b g 7y 38 o0 4%
filt, W TR GRAT ST, 456 KK K
FERBMANET, B IX I ks b e K il
LRI ET Kerguelen Hub&H:A/E 94

B AXLELE 1S FRBMET A& L
R BB AG, Bhn TAE 8 E A AR AL ER A BR
BRSO AT R
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