5541 55 3 1
2014 46 H

hOE M R
GEOLOGY IN CHINA

Vol.41, No.3
Jun. ;2014

SRR, BRI, N, S5 R I O R 2 N K R M BR AL AR R RS I]. P E BT, 2014, 41(3): 866-878.

Zhang Xinyi, Wei Yushuai, Wang Chengshan, et al. Geochemical characteristics of genesis of the basalts in Zhongba Mélange of southern Tibet[J].

Geology in China, 2014, 41(3): 866—878(in Chinese with English abstract).

e e B2 3t BXGR Zm I X M ER AL SR AE
R H i B R

KE R MEN TRE BRE REH

(1.7 BH K F A F L R FR, LT 100083; 2.7 BH i K FHM 5 R+, L% 100083)

TRE « JE R 1 £ b DX TR e SR T 8 A VT 4 s VY B AR B BT, o IR S O R A RE R U
PeAE =, Z 2R, Z AR AR A o A A O R R, (PRI A R R
HA = P05 (0.34%~0.87%) , /% ALO;(13.48%~15.38% ) Fll Mg'{H. (15~35) , /5 Fe (4 Fe,0:=7.62%~13.16% ) . Ti(TiO:=
1.76%~3.11%) F13% Si(Si0,=43.57%~51.99%) FFiE , h—E Fe-Ti T, H A2, B Z AR RS SRkl g
AR SS AT TR Y . REA TR RO (La/Yb)y=8.48~32.04) , TCHH B Ce \Eu 54 , B AE K
BT EAJCR (LILE) (W1 Ba  Th) M &3 %7t 2 (HFSE) (WINb  Ta  Zr JHf) , TGI8 Nb  Ta 5247, ‘EELHLEY OIB %I 1
BRACZEFFAE o HOERTLFRFAEFE R M I Z A I T 380, HLAL F— Rk i 15 0 T, A R X Ol 2
AR A B AR M, BT 6%~10% 0 il , A I b T B & s ARz S bR Y . ARSI R fip

2R AT RE S U AR A, 8 7 B R P P 2 1 S PT REA PR

X B ORORAE Fe-Ti ZRE RSB ; #1055 i
X EHS:.1000-3657(2014)03-0866-13

hE 425 . P588.14'5; P595 XHEFRERD : A

IR 5 B A T 4 5 2 B R i 5 IV K il il
FEAEE S A, T A 7 B A R R v S i B
— E 2 BIE PN )2 500, IR AR T KR
WFFE IR, R i L 4 XAz T B — RO R Bl
Tl 47 245 5 P RUSE PN P B (BRI L) (1), 4
B BT B R V5 AR ML DX 22— 122 XN 4 5 Y
(DI PDIE e SU e (2 = S LG TE A U T
TR 3 A LR BIFTEARXS JCREY . A SCHFFERT R AP
W DXIRAR S Jm T A B i BT, I L R R B
N R A AR R TE i A AR IS TR A R e AR, i 5
NRERCE  Z RO U A R BB S
LR KA o ZHBTUATTAE 1:25 T3 DXt 5] 4
PRI ATRZ A (Ey) i Sh 2 AU B0 3 & o8

i BHE:2013-12-02; 2 [E] HH#B :2014-03-10

THRSE S A 2 B rp S RS R I A AL R
AR HE B A B A 2 K-Ar i s ik
Z W PR X AT U B i 81 ((52.85+
1.38) Ma"™) . [N, X T Jatdh Z 4L AR T2
A Y X S BT A TR, = REERE A5 AR
BRI o 2 AR B A L T A A
Tl Z A I R B — B R s
AR BRI FE X AT M A1) RAELE] Xk
i P 2 s e A ) I S I A7 ) K R G R A
A b i a OR A A I E LA S
A1 e A IR R AR B ST, 23 A HOOE A B
SR DI, SR EDBE R Bl Rl 1 2 B 1 2 piE
JFAF L]

ELTR . T EHFE A R A PG 15 7 B HbX 6 X (1212011121229) FG5#E 1:5 7 E A bHIX 4 18X 5 (1212011086037)
e [ R S BRI SE & a3 H (2012CB822000) B4 78l
TEF R SOFE, B, 1989 47 il , A W25 2224 Ll s E-mail : xinyiz0117@163.com.,

http://geochina.cgs.gov.cn H1E LT, 2014, 41(3)



414 53 SRR TR L M DR 2 o P A SR A S R S R ) 867

1 BT

G5 A AT V5% G 2 T 9K e i e 2k Y —
BN T E DR SRR AR Z ] (E] 1-a) , 2
EJL AR B 5 B Al B () i FEE 245 45, A R 40
T A 0aetil . MEERUAR VL AE Ay £ 2 4 A
FATTLL A, F AL i B AR R KT 25 5 I (GMA , R
Tv A K-Tgr 1) . H ¥ W 5KHT 224 (XFB) g g
17 (Oph) B3 A= #2 (AcP) (& 1-b)1,

3271

~ AR R
\ g
)ph) psU

%

N

!

Q__60 120km &,

[JLs—# Wﬂﬂﬁi

B Tv— il - i 4 ok
[ K-Ter— i ¥4 El&*ﬂ%‘%
[ SrG— 2 H #f % 1L & 28°
I Ts— ot 37 3 48 U B
I XFB— [ % U 910 7 72 4t N
[l Oph— i &t 4 [ GHC— & & S 4y 4 847
[ AcP—Hf 7 42 [ LHS—{& ¥ 1 7 HiE

[ THS—4% 42 47 B o o e I PzU— ity A AX-+h AR AR R 41 9 e

Mg g A 2 AR I e S A A
FRE TGP e g A e ™ KR BA Al AN
B (IR MRS ) RS IR B PR
LA FRE AP, Sk A s 5 R R AR AR LAYL
P DX A A — 1 2 3 b 2k B

B R B = S B AR TR AL,
IR P S A A PO RIE, EE D SHR =5
Gi— 11 2 Z A FEREAE 1R 9 & A i AR T8 1) 2 B A
WA U Bk U T, PR A R R/ (R

36° 38° 90° 92°
83° 50° i

yort 40’ 83° 45’ 2
C
50’_I M HI AT (SR B}li}fa S0’
Q 3
Q I SR ] CRRR 3 R A )
2 R R R
> © S Eg
®E® = o \3& &
@ o5 o
B =
LE
2 ®
= e 8 A T
o) R &
Q
E, .dg
N e A VRV
29e0 ﬁ 2 km Q Q E,.dg 297
5! 45
83° 40’ 83° 50’
[ Q |mwmx [ By |#%m [ Eg " Elpr e
b o
(EEDEE (D)3 I-W{‘% I-I%ﬁy’{ | S0

P 5 B B (a) (FBCRE FA 3k 43 X1 (b) M PRIBIF 9 X o 7 161 A% ) o ()@
Fig.1 Location of the Himalayas (a), simplified tectonic map of southern Tibet (b)"" and
geological sketch map of the study area and measured profile spot (c)®

@b R 5 Dl SR £ . PR 1225 7 ME B 2 B e R I L L LR R DX A A 4R 47, 2006,

http://geochina.cgs.gov.cn H1EHLFT, 2014, 41(3)



868 el [

b J 20144F

HALIRECT R B S AR A A AR R R
T EEAE Higaca g st 22 s, ot iX
TN AT B ARTC 7 R 1 TR A REAE , o
FEART S KA MR TUS AR EE X
R RS LR (Bl 1-c) .
2 J7 i

AR YRAIFFE X6} VG 3 £ B B L AR M X YR A
BEAT T R EL ) RO P (T 1= ) B 40 B30T 40 i Joi W
5P A BB RN A e B S56 s e e
A STCRHIE S A A O R AEAT T R A 1A R
SEMPER(S03) (K 1—¢ ) , X B UL S E AT R G0 R 4B
K DA N AR IR 5 N X
A CE R TR

S A MR AL~ A AT RE f 2L 9 1, 3595k B S
11 S03, = 5 70 R WA 78 1 s K 2E AR Hr b0 5
B, 5% 25 [ H0 ARLISO0X P+ X 528 5% 6 oltiik
1, 3 HTAE FEAR T 5% , 43 Br i3 5 75 138 I Gao et
al®”, R ITRAR L RFNAEL R IR P
5T [ 5% T 45 5236 28 ICP-MS 4325 52 i, 1] ICP—
MS I, SR FH i 43 BT F JBR B 55 8 B4, A
#vi5 ELEMENT 2, 0 Hrks B BRI T 10%, 208
DRy 7 L e B M 2

3 45 R
3.1 ARFHEHE
IR SCHE SR R P B L3 PG Wz IR A e A T T K

S03-08H1

TR T (S03) 4 il (P 2) , 1 S 5 A 29945755 N
83°44'06"E. izl IRAL A FRUARE S L
FRER U N =, I 2 mk M Bk A el s s Ak
K LA, SR ARG S . X
B2 SREUA B)R A DR YOE A
FrE A B T TR T

TR E R XA, AL TR 5 6, B
i ] 2 K SR O - K B, Z B AR . A AR

] B2 H sBER A5, AL A ek i, 25
R 1) R AR A MR T A o AT B A H 2

(K 3-a) , Hor DR FRBHE A F, S A 55%,
DY BI04 20% , Al KA1 5 2 5% , e kT A%
LB 3%~5% , HoAth Ay A 5O Ak
T2 15%; BER G Z A (B 3-b) , B i 38
WA, S 5%, FE 0 BB Y AR A (=
2y 83% ) ARG B AT (T2 7%) , & 4 Jm ) (Anis
BRE) 29 5%, FER B APR S50 . S AL X,
SALZ R BE MIETE SR IRDE 58—
£ 0.8~1.5 mm; A {918 LA AR KN —
M 2~4 mm, K, SR 5%, 22 L5 AT eI
PR 8 i8E 2B, AR/ 20 emx80 em, HES
EIEUZER
32 FETE

AR S 5T 1 9 (4R i 24 AN [R) R B 11 ol
A W A AR s LR K il 3.68%~9.51% (%
1) o FEAY S0, & AR b F 43.57%~51.99%, 5% 1
4(S03-10H1) Si0, 1% f e i , HABAE i S0, & 44

30° \

S03-10H1
S03-14H1
2 |

S03-32H1
i S03-34H1 o
§03-23H1 2 - ! >303-38H1 SO03-40HI
Ny, SN RNED N T
v/ el N DN = N5
K 7 P AR 7 - - < J 2830 32 33 L R Q<1<1 e < rr
20 63| A NN RN 3 AR N N
52/23 NN A N 1° 3NS N TS
19° # s\ 2 AN 4
14° 550 0 50 100m
50°
VAN S o | A& A e e = e TR IECET iy ey (Mo S i g .
Eaammms s mmes Eus B gwiovs Eas]mms [2F8 Jmmes [ xite [O] s foa st pa

[ 2 i p e B DX

A SN T A

Fig.2 Profile of mélange in Zhongba area, southern Tibet

http://geochina.cgs.gov.cn H1E LT, 2014, 41(3)



SRR <P L M DR 2

P KR BRI SRR B H A R 869

F41E 3

P13 A 2 A A U A
a—HRARMRBHAT (P S ZRBF (G ) , [ ER45HE 3 b— it A7 BE A (Cpx) M AR AR BH AT ZE T (PD)
Fig.3 Photomicrographs of Zhongba basalts
a—Lathy plagioclase (P1) and tachylite (G), intersertal texture; b—Augite phenocrysts (Cpx) and lathy plagioclase matrix (Pl)

KT 50% , R FARERRAE ; TIO, & K & , 2 T
1.76%~3.11% , — % K F 2% (B S03—08H1 F1 S03—
14H1) , = F MORB (1.5% ) Al il & K Flin Flon 7 Y
Long Bay A7 5 L i A (1.35%~2.29% ) >, 54t 3%
PR Z 1A (OIB) #23 (Ti0=2.87%"") ; Fe,0s &
AR ARME T 7.62%~13.16%; MgO 81k
K (2.44%~7.60% ) , Mg 4L T 15.22~35.08 , A%
F IR H K (Mg'=68~75) , B A& T H it
B2 o SR 5 ALOs B i A1, A8 1L T 13.48%
~15.38% ; CaO Hl P,O; 7% 1t 43 il A% b F 5.23% ~
13.73%%110.34%~0.87%. FEANIG B E 375 0 8R40 28
&l fi# (Nb/Y-Z1/Ti0, % 0.0001°7) (& 4) Hv, K HF 40k
i Ve T 2 A X, A T 5 7 58 A R IfT
Zit .

LK A RE i P S03-34H1 (Ti0.=2.86% . FeO'=
12.05% . FeO"/Mg0=4.04 H. Si0, < 50% , £ 1F J& %
P JE T — PR R A L A Fe-Ti XA
Fe-Ti Z B & —Fh PR 1Y & Fe Ml Ti(FeO' > 12% .
TiO, > 2% , H. FeO'/MgO > 1.75) . %% Si 1) JE Pk 43¢
A0 Y AR A ) AR SRR (RIK &
i) HEE PR E /NS 3K B h L AR
Fenner 43\ (& 2k FURE RS KA 30 = AR 1 25
Ay, A BRI Fe~Ti KA, Hflke it
ok R B & Fe  Ti L FTRERRAE , B A AR Y
Fe,0; < 10% , TiO, < 2% ,FeO'/MgO < 1.75 1§ SiO, >
50% , H Br A FF a9 B A BAL A MgO (2.44% ~

7.60%) Ni(13.22x10°~104.19x10°) .Cr(4.37x10°~
55.69x10°°) & A Mg’ (15~35) 1, X LEHFE L A
ST REEL R T Fe-Ti ZRA &R

PP E 2 X E R T AE DL Mg R As b 1Y Harker 5]
fif I, s A Si0: (28U T 50% ) (&l 5-a) . 15
TiO.( > 1.76%) (& 5-b) Flf& P,Os( > 0.3%) (€] 5-f)
FRAE Bl Mg O REAIR , He FeO™ & i i (& 5—c) , %
W AT BE R ) T WG sl BR Bk 45 & 0 1 i M
f e . Bl M fIRRAR , ALO, & HE s (K 5-d) , B
Euth AN HA R fem R kA RH A 4SS i or 5+

10
AT Mk Wi
b B
g s
2 o1 b WAL/ HLif
Q Wiz
IS
U I
‘ : A 5
0.01 ZilE/ 2 &
Y s ‘EJ
RIATTE X g e N
al
0.001
0.01 0.1 1 10

Nb/Y

&4 P L3R Nb/Y-Zi/TiO,x0.0001 432 4] figt!
Fig.4 Nb/Y-Zr/TiO,x0.0001 diagram for Zhongba basalts""

http://geochina.cgs.gov.cn H1E LT, 2014, 41(3)



870 i ] Hh Ji 20144F

R BEMEHRERENZREETETE (%) FMETE(10°) HER
Table 1 Major (%) and trace element (10™°) components of Zhongba basalts from mélange, southern Tibet
FEi > S03-08H1  S03-10H1  S03-14H1  SO03-17H1  S03-23H1  S03-32H1  S03-34H1  S03-38H1  S03-40H1

SiO; 43.57 51.99 47.58 44.56 45.71 4722 46.47 44.89 46.83
TiO, 1.91 2.41 1.76 2.66 3.02 3.11 2.69 2.98 2.03
ALO; 13.48 15.14 14.54 14.26 15.33 15.38 14.41 14.34 13.67
MgO 5.84 2.91 2.44 4.75 3.32 4.45 2.80 7.60 4.62
MnO 0.25 0.38 0.09 0.15 0.15 0.16 0.10 0.16 0.12
Fe;O3 8.34 10.98 7.62 12.08 11.83 10.22 12.58 13.16 9.07
CaO 11.43 5.23 9.55 10.03 8.68 7.52 7.97 7.80 13.73
Na,O 4.71 6.99 7.91 4.92 4.81 5.60 5.17 2.18 1.94
K>O 0.11 0.09 0.10 0.16 1.17 0.20 1.12 1.48 1.36
P,Os 0.39 0.59 0.66 0.36 0.87 0.56 0.64 0.34 0.34
LOI 9.51 3.68 7.83 6.24 5.28 5.75 6.27 5.60 4.08
SUM 99.54 100.39 100.07 100.18 100.17 100.18 100.23 100.54 97.79
Mg" 35.08 18.00 20.22 24.05 18.57 26.04 15.22 31.96 29.05
Li 36.04 16.53 17.34 17.23 22.55 35.58 13.71 29.48 6.43
Be 1.01 1.80 1.23 0.84 1.82 0.91 1.33 1.13 1.03
Sc 21.13 7.83 6.39 2.63 19.53 19.41 1.56 31.67 23.73
\% 303.36 317.92 163.50 263.06 276.17 281.77 275.23 371.16 313.15
Cr 28.29 437 30.02 46.84 176.62 55.69 291.13 34.98 24.47
Mn 2141.90 3020.53 710.09 735.61 1137.46 1344.79 595.76 1233.62 1029.32
Co 50.35 29.27 23.49 39.17 38.92 35.89 20.45 45.99 31.03
Ni 87.35 13.22 53.30 77.21 99.31 50.38 104.19 73.43 46.90
Cu 64.73 35.10 18.28 32.92 48.21 38.68 47.01 91.93 65.09
Zn 112.36 102.84 138.97 98.81 123.20 192.60 119.07 100.17 79.90
Ga 20.32 22.15 14.85 20.28 25.26 25.79 15.05 24.17 27.51
Rb 1.69 1.07 1.65 1.85 27.83 3.12 18.97 35.28 10.45
Sr 424.55 220.89 180.00 212.65 801.07 1151.68 168.43 541.47 142.68
Zr 158.62 256.18 420.32 205.74 354.60 354.47 327.45 243.94 174.20
Nb 27.42 52.97 60.75 22.03 50.20 50.57 31.73 33.10 2222
Mo 0.63 0.66 0.90 1.45 1.95 0.85 1.43 0.55 0.99
Cd 0.36 0.24 0.34 0.35 0.48 0.40 0.32 0.29 0.21
Sn 1.32 1.95 2.69 0.73 2.07 2.75 0.35 1.89 1.60
Cs 0.30 0.12 0.31 0.03 1.93 0.32 0.69 0.98 0.20
Ba 1257.18 127.24 99.44 71.32 180.64 101.67 189.36 502.34 251.16
Hf 3.91 5.46 9.91 5.08 7.36 9.17 7.69 5.99 422
Ta 1.70 3.25 3.82 1.42 2.84 3.58 1.91 2.08 1.46
W 0.59 1.61 0.90 0.75 0.58 1.26 1.20 0.38 0.52
Pb 2.11 3.55 7.04 3.56 3.56 3.14 10.19 2.28 2.30
Bi 0.01 0.03 0.05 0.03 0.02 0.02 0.05 0.02 0.01
Th 2.92 6.18 7.33 1.04 5.77 6.53 1.46 3.67 2.72
U 0.91 1.44 1.96 0.37 0.78 1.02 0.89 0.86 0.71
La 20.69 33.18 51.37 13.53 45.20 45.39 21.25 27.15 21.28
Ce 43.86 76.32 109.27 40.94 96.15 97.76 49.90 63.89 49.05
Pr 5.62 8.46 14.56 4.24 11.82 11.70 4.62 7.83 5.71
Nd 25.03 35.89 56.99 18.99 47.20 49.70 20.52 33.34 24.58
Sm 5.22 6.98 9.65 425 8.79 9.33 4.29 7.00 5.40
Eu 1.89 2.42 3.05 1.46 3.00 3.00 1.44 2.64 1.96
Gd 5.22 6.81 8.82 3.85 7.96 9.49 3.97 7.00 5.05
Tb 0.72 0.84 1.08 0.49 1.03 1.31 0.48 0.89 0.69
Dy 4.55 5.61 5.69 3.33 6.38 7.39 3.06 5.78 4.40
Ho 0.95 1.06 0.96 0.66 1.23 1.51 0.56 1.11 0.91
Er 2.47 2.88 1.99 1.73 3.07 3.54 1.41 3.05 2.49
Tm 0.34 0.39 0.22 0.23 0.42 0.48 0.18 0.41 0.33
Yb 1.75 2.07 1.15 1.13 222 2.81 0.90 2.39 1.78
Lu 0.27 0.30 0.15 0.16 0.34 0.45 0.13 0.33 0.25
Y 21.59 26.25 20.45 7.86 29.37 32.55 9.35 26.09 20.09
Y REE 140.17 209.47 285.42 102.86 264.18 276.41 122.05 188.90 144.03
(La/Yb)x 8.48 11.50 32.04 8.59 14.60 11.59 16.94 8.15 8.58

1 LOI—482 i ; SUM— BRI Mg ™= /R B 100* (Mg /(Mg”+Fe™) ) o
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Geochemical characteristics of genesis of the basalts in
Zhongba Mélange of southern Tibet

ZHANG Xin—yi"’, WEI Yu—shuai'?, WANG Cheng—shan'”,
SHANG Yong-mei'’, LIANG Wei—xin"?

(1. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China,
2. Research Center for Tibetan Plateau Geology, China University of Geosciences, Beijing 100083, China)

Abstract: Zhongba Mélange in southern Tibet belongs to the accretionary wedge in the western segment of the Yarlung Zangbo
suture zone. The basalts from Zhongba Mélange are in coexistence with radiolarian chert, siliceous shale and mudstone, showing a
pillow structure. The age of basalts is constrained to the early Cretaceous by radiolarian assemblage in its companion chert. The
basalts have relatively high P,Os(0.34%—-0.87%), lower Al,O; (13.48%—15.38%) and Mg’ (15—35). The samples are characterized by
high iron (Fe.0:=7.62%—13.16% ) and titanium (TiO,=1.76%—3.11% ), and poor silicon (Si0,=43.57%—51.99% ), and can be
classified as Fe—Ti basalts (ferrobasalts). And the basalts are alkaline. The Fe—Ti basalts were produced through a high degree of
high iron and poor silicon trend differentiation. The REE patterns are similar to those of OIB, with LREE enrichment ((La/Yb)=
8.48-32.04) and no obvious Ce and Eu anomaly. The basalts have typical geochemical characteristics similar to those of OIB, with
the enrichment of large ion lithophile elements (LILE) (Ba, Th) and high field—strength elements (HFSE) (Nb, Ta, Zr, Hf), and no
obvious Nb and Ta anomalies. The geochemical characteristics suggest that the basalts were formed in an ocean island within an
extensional tectonic setting, and the magma originated from enriched mantle composed mainly of garnet peridotite with 6%—10%
partial melting. Geological signatures of whole—rock trace elements indicate little or no appreciable crustal contamination for the
samples. The Zhongba basalts might have been derived from the mantle plume, which suggests that there probably existed a hotspot
in the Neo—Tethys.

Key words: mélange; Fe—Ti basalts; tectonic setting; hotspot; southern Tibet
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