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Abstract The Triassic volcanic rocks are distributed in the east-central Tethyan Himalaya as interbeds, and are paleogeographically
belonged to the northeastern margin of Greater India. Major and trace element compositions and whole-rock isotopes for these volcanic
rocks are systematically analyzed by atomic absorption spectrophotometry, ICP-MS and isotopic dilution using Finnigan MAT 262,
respectively, to constrain their compositional variations with time and to infer their petrogenesis. The Triassic volcanic rocks are belonging
to basalt based on the petrographical and geochemical indicators. Low contents of MgO (4.27% ~7.72% ) for these basalts indicate an
evolved magma. High TiO,, TFeO and P, O, contents of the Early and Middle Triassic basalts, together with marked fractionation between
LREE and HREE, enriched HFSE (e. g. Nb, Zr), additionally high ratios of Ti/V, Ti/Y and Zr/Y, indicating a similarity with
Emeishan high-Ti basalts and a difference with Hawaiian alkaline basalts for their higher La, Ce, Zr and Hf abundances. These basalts
belonged to alkaline basalt with OIB-type features that formed in a rift setting of continental margin. However, the Late Triassic basalts,
which belonged to tholeiitic basalt with E-MORB features that formed in the rift setting of continental margin, have low TiO,, TFeO and
P,0, contents, together with slight fractionation between LREE and HREE, low concentrations of HFSE (e. g Nb, Zr). Nd isotopic
compositions of the Triassic basalts show a continuous change from enriched compositions to depleted compositions with time (e. g.
averaging £y, (¢) = —1.2— -0.5— 4.4 for the Early, Middle and Late Triassic basalts respectively ), indicating that magmatic source
changed from enriched to depleted with time. Trace element indicators (e.g. La’Sm, La/Ta, (Th/Ta),,, (La/Nb),y,) show that the
Early and Middle Triassic basalts were experienced variable contamination of lower crust while the Late Triassic basalis were not
contaminated by crust. Trace element signatures and Nd isotopic compositions for the Early, Middle Triassic basalts provide the
discernable contributions from both the OIB-type source and the lithospheric mantle source, in which the Early, Middle Triassic basalts
are related to the low-degree partial melting of garnet lherzolite, and for the Late Triassic basalts are not only characterized by E-MORB,
but also are associated with the larger-degree partial melting of spinel lherzolite. The Triassic basalts are interpreted as the products of
variable degree of partial melting of the magmas that upwelling asthenosphere-derived melts mixed with lithospheric mantle-derived
components at extensional settings with different extents. The Triassic rifting in Tethyan Himalaya is most probably related to the active
rifting involving in the upwelling of asthenosphere, and the less Triassic melts could be attributed to the mantle rising beneath the rift may
cool by conduction, or to the incubating plume beneath eastern Gondwana lithosphere at that time.

Key words Asthenosphere-lithosphere interaction, Incubating plume, Triassic volcanic rocks, Tethyan Himalaya, South Tibet
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Fig. 1 Schematic distributions of the Permian-Cretaceous volcanic rocks-bearing strata in the central segment of Tethyan Himalaya

showing the exposures of the Triassic voleanic rocks
1-Jilong Formation; 2-Selong Group; 3-Rema Formation; 4-Sangkang Formation; 5-Nieru Formation; 6-Ridang Formation; 7-Lure

Formation ; 8-Zhela Formation; 9-Sangxiu Formation; 10-exposures of the Triassic volcanic rocks. Base map (Pan et al. , 2002)
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Table 1 Chemical compositions of the Triassic volcanic rocks { major: wt% ; trace element; x 107%)
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B Tyn Tys Tr
HE LZX04-1 LZX04-2 BL04-2 BLO4-5 BLO2-2 BLO2-3 BLO2-5
Si0, 42.06 40.78 43.4 42. 84 51.68 51.48 51.34
TiO, 0.81 1.35 5.28 5.18 3.88 3.91 3.94
Al O, 13.96 13.10 12.13 12.19 13.18 13.48 13.54
Fe, 05 1.37 1.81 2.78 2.88 2.67 2.87 2.5
FeO 8. 12 7.64 10. 52 10. 88 7.95 7. 69 8.25
MnO 0.15 0.16 0.19 0.2 0.14 0.13 0.16
MgO 6. 44 7.72 5.43 5.54 4.27 4.42 4.45
Ca0 8.44 9.91 7.65 7.34 4.34 4.52 5.32
Na, 0 1.33 1.24 2.76 2.61 4.97 4.3 4.98
K,0 0. 66 0.72 0.017 G.C17 0. 2! 0.78 1.37
P, 05 0.11 0.11 1.48 1. 52 0.48 0. 48 0.47
ki 15.76 16. 61 7.79 .67 4.94 4.56 2.7
2E 99.20 G2.96 98.93 08, &z 98. 81 99. 12 99.01
Mg* 57.20 62.40 45,63 45.29 45.98 47.33 46. 38
TFeO 9.35 9.27 13.02 13.47 10.35 10. 27 10. 50
La 6.4 6.1 41.1 43.6 37.2 37.5 35.5
Ce 16.5 14.9 95.9 9.5 79.3 78.1 76.4
Pr 2.3 2.1 14.4 14.4 10.7 10.4 10.6
Nd 10.3 10.0 64.5 67.8 44.3 45.5 43.1
Sm 2.9 2.8 13.9 14.1 10.2 10.1 10. 1
Eu 1.0 1.0 6.6 6.5 3.2 3.1 3.1
Gd 3.4 3.2 12.4 12.6 9.4 9.4 9.0
Tb 0.6 0.6 1.7 1.7 1.4 1.4 1.4
Dy 3.6 3.3 8.1 8.2 7.6 1.7 7.4
Ho 0.7 0.7 1.4 [.4 1.4 [.4 1.4
Er 1.9 1.8 3.2 3.2 3.5 3.5 3.4
Tm 0.3 0.3 0.4 0.4 0.5 0.5 0.5
Yb 1.7 1.5 2.2 2.2 2.9 2.9 2.8
Lu 0.2 0.2 0.3 0.3 0.4 0.4 0.4
3Eu 0.99 1.0l 1.51 1.45 0.99 0.96 0.97
(La’Yb)y 2.73 2.86 13.59 14. 35 9.24 9.16 9.02
Sc 38.2 25 18.5 19 22.7 23.1 23.5
Cr 266. 3 292 48.8 50.5 116.9 119.7 132.8
\ 229 214 347 357 262 264 290
Rb 37.2 38.0 0.10 0.08 19.4 17.5 23.8
Ba 106 71.5 112 100 409 659 735
0.50 0.47 2.3 2.4 5.0 4.6 4.1
U 1.19 0.08 1.45 1.47 1.88 1.37 1.57
Nb 8.4 7.15 31.9 3.2 30.5 31.7 30.6
Ta 0.35 0.37 2.5 2.2 2.3 2.3 2.4
Sr 146 172 466 383 394 319 277
Zr 84 70.7 249 244 335 345 331
Hf 2.4 2.26 4.7 4.8 7.3 7.2 8.2
Y 16.5 16.5 31.6 31.7 32.7 32.5 31.7
La/Sm 2.20 2.19 2.95 3.09 3.65 3.74 3.52
La/Ta 18. 14 16. 59 16.44 19. 82 16.18 16.32 14.78
(Th/Ta) py 0.96 0.61 0.44 0.53 1.05 0.96 0.82
(La/Nb) py 0.78 0.89 1.34 1.45 1.27 1.23 1.20
Nb/Nb * 1. 60 1.43 1. 11 1.03 0.76 0.82 0. 86

. LZX04-2 3 2004 SER IO WIIAL B, Mg® = 100 x Molar Mg?* /(Mg?* + TFe?* ) ,Jr 1. TFeO = FeO +0.9 x Fe, 053

Nb/Nb* = Nbpy/(They * Lapy)"?; TR N.PM 435 Fe/R B B 70 DR 05 1 08 bt AL 08
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Table 2 Rb-Sr and Sm-Nd isotopic compositions of the Triassic basalts

w2 BE x:{;)-") ( xls(;_s) ( x?g'_ﬁ) ( x?;%) TRy jsi/;? (TS/®Sr), Mg Mg I‘J(N‘:/Z:Nd (NG M), snalt)
B ;o n7 182 29 105 0506 07134119 0.7194 012 0518%6:13 051617 5.0
2 LZX042 ®6 1806 31 108 063 0TW6M4 07102 0175 OS85+l 059 38

BLO4-S 01 .5 138 650 0005 0.70606+25  0.70674 0128 051525 05139 -06
R B PKE B8 1R 01283 05I5M6 05131 -06
B BLOLSH fER L7 536 0.1315 0556217 GBI 0.5
@ BLO4 B7 6.0 0157 0ISTS GSISB 03

BLOA-1 B4 66 0123 051510¢.8 051318 0.5
# BLO25 2i w7 94 @3 0zl 0MBReB 07 0132  0S5R:R OS2 -0.9
Z BLO23 47 M82 98 40 012 0700418  0.70%69 0134 05146110 05145 -15

. (YRb/®Sr) cuup =0. 0847, (¥Sc/%Sr) cuun =0. 7047, Ag, =0. 0000142Ma™ , (¥ Sm/"™ Nd) iy =0. 1967,

(“Nd/"Nd) cyur =0. 512638, Ay =0. 00000654Ma” ;

MO RRE BMEXRASHBGEE 4 YA K 245Ma 230Ma f 215Ma( KB R %2004 ) #H1TR( B ERIE .
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s | Ul
l:: 001 |- ¢ &
NUUE mlsrRy * I3
t M F
L . |8
ERMERE | BEERE 4
0001 Ly 1) . el S

0.t 1
Nb'Y
B2 =84 KkIE Nb/Y-Zi/TiO, K
(#£ Winchester and Floyd, 1977)
Fig. 2
rocks (after Winchester and Floyd, 1977)

Nb/Y-Zr/TiO, diagram of the Triassic volcanic

4 WETTENRGRHRILS

HOAZRARTI TR EBER,. TREE=205.0x10"°
~212.0%107% 15 209.6 x 10\ REH L TESHHEE
B, B4 LREE, (La/Yb), =9.0 ~9.24, %47 9.1, HREE
FSRBE(YDAT28x107°~2.9x107°)  HRERKER
REALBWA, L Eu R¥(SEu = 0.96 ~1.00) , R BH
REMKAOMNIBELER,

RRAXRECLRARHMB LIRS R, TREE =

266.0x107° ~275.9 x10°° , #2710 x 10 ° , B EHK 1
AREMEBEEHREE TRIHUZRE, (La/'Yb), =13.6 ~
14.4 5 14.0, HREE £ EHK(Yb ¥ 2.2 x10°%),
BMREXBXREEORA. RRAXRERE HHRFIE
RAAHEHNIE Eu ¥ (8Eu=1.45~1.51),
BUAZXREHR L TR LBRMK(FEY I REE =50.0
x10°°) RERL TR EBRERS, (La/Yb), =2.8,
BEAHEuRH(SEu = LOO)HERBERERKONIE
FRSMBLETREEMMEEEAEMRTRADHMBES
ZRAE.
ROEAMBRAXZRENHELERSEVRRTEW
A, NADH C SRFHH123.1x107°  BFEACFTER
49.7 x 107, B N4A K 279.2 x 10 °°,
UK BiEaNETE Nb/U HIERMEHEE R EHTE Nb
% ,0T Thla 5 Nb AFMALMAAENE,HFHS UKH
e, RS AR, BT LA Eisele et ol (2002) 3R F R 86 Hibg 47
WAL Th LafERS B TR R KGR EFE N BE . Nb &
EIRB AT H AR A: Nb/Nb™ = Nby,/( Thyy - Lapy, )7,
PHOHZ R Nb/Nb* =0.76 ~0. 86, BiREZM A Nb §¥,
&Jmpn R E Nb/Nb* =1.03 ~ 1. 11, L4314 F Nb § %,
MBMAZKSE Nb/Nb” =1.43 ~1.60, LB BIE Nb B¥,
HREHMBRAZRE TVV (S5 FH K 86.3
89.0) Ti/Y( 4 B F-H% 725. 3 F1991. 1) F1 Zr/ Y (43 B F 1Y
H10.4 F7.8) WEHER, SKBILE T KR E MU
(5B FEH N 67.0.636.1.9. 4, 14 1% ,2003),
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Fig.4 Sr-Nd isotopic diagram for the Triassic basalts
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FEREHBIRELM B TR AR E(E3b) , REBEP AR
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HHEM T ARESH HERIES E-MORB XML,
ZEBLERA"S/*Sr J1'° Nd/™ Nd [RAL 3 8 Wi X 1 K
FRBEELZ2 ASGA. RRMA. BENHAXREN
(Se/*Sr), 18 4> B 25 0.708521 ~ 0.709069, 0.706704
0.711994 ~0. 712022, £, () 381K - 1.5~ -0.9, -0.6 ~
-0.313.8~5.0, AOH FREAXRELRWVIE S FH
NEHNESFEREERRERX HEL OB BT E MM,
LR AR B R R E A T AR, Rl B S HEX
BER(RPH%E,2005; Zhuetal. , inpress), EEFTEN
2,7 S-Nd A KAHXE E(E4) , EFHRDH REH
TREHREEX T —-HAEXXER. B=BHEMNHAL
RA W 5r Nd R ZEF7EWESF P A, B Nd @4
FAXHLE T )45 Sr B0 R 7 W RE R ik R 58K
W BREL T IR 24 2¢{ Yogodzinski et al. , 1996) , 18 N4
HEAEAPEARERREY Y BEIRE— &K, &
Nd Ry EHR L, =BEZREMHNEZEL 55, MAHREG
A-RRATRIMNA, F 2 ey (1) A - 1.2 -0.5-4. 4,
BRTEXERARME LI FESRNELEE.
EBKHME N LR =B L X RE R FEARA
IE AR A X R A K & Mot BR AL R #8396 % 48 4L
(%1,%2,83),EREARALBREMNITHELER, 1
BERABEMEMNER, GARRE TR BELFEN T
RUFAREFTURZR=ZBLIREESNERRE,
FRATREMIRES A NEEERL,

5 g
5.1 ERER

ERBTEANEMRLE(ESa)  ATHAXREMN TR
RREZREX (A  REAZRAMNTRABELRE
(AIR) SRATRZRAE (AL X) ¥R, BN X REN
MFRIZERE + KWLM XREX(CR), #—5HMH
Th/Hf-Te/Hf B4 (@ 5b) , DA KR AN FRR RS
BHZREX(V,X), REAXRAN THBAETRE
K(VE) , BMAXRENTHARS AEERSHHLR
HX(V,X),

AOAMBRAPARTUR T LBFEFE, BN R
KEBAR, 5SASHMBRAMLL, BMAREHESR
BERARMK, SGatReZERER, EEAN=RE Xl
EHRETFTAEANGRNEERP ARDAMBEAWMKEL
REBRTAHEBNANRZE RS, /R KB k&R K,
HNEaERIME,

5.2 MERR
FHETERARRAHUNIRESR AU LERS

SEAERERANER, FEEmBERM ARt RS g

RN ZEAL, % P 3K 95 /R ¥ (X 4§ 4k ( Taylor and McClennan,
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(a)

Zr/4 Y
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(b) |
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T 1 T rrrr

T T T T rTrIr]
;
2
)
s

0.1

Ta/Hf

A5 =BLZRAEWEIFEIRG

FER a (Meschede, 1986) i A [ -BHZRE: AL-BRAH
HERE + RARNKZRE; B-E-MORB; C-HANKIRE +
RIWRMERAE; D-KLMK RS + N-MORB. £ b (EZR%,
2001) 1, | -ARREEN% N-MORB X ; [-HsiC B TRE
R(I,-kESWERERX I, HMESMERKZXLMEIRE
X); I-AFEEAZREX (S .8 L KRS KX & T-MORB E-
MORB) ; V-KER X RER (N, M HNE REEZ RS NE L
RERX, N-BARASHETRAR, V- KRR KW (RMEHR
B)ZREX); VHEARZTRAEX, #RAFSHEE2

Fig. §

Triassic basalts

Discrimination diagrams of tectonic settings for the

1985) ., B/ W% % ¥ ( Lassiter and DePaolo, 2000; ks
4, 2004) K HFEHMBY T ERKBEA K La/Ta HIH
(—MR7E 8 ~15) T2 B A A W 308 1B 30 J5 WL LU (EDHE TR R 4
fm, — 7 25 L k{8 La/Sm E(EAE G K, B 2 A RB R
THREYR, MW La/Sm LLEHBREHR S, —BES LI E A
F1AUEY, ZREAFARTRENFEE TE LEE
AR, ZHARMPRBEX AN -, FA=BLEZTRE
#) La/Sm = 2.19~3.74 La/Ta = 14.78 ~19. 82,k TR/

30 F i i \
= % uc
) 7 Deccan B 338 | ve W
25F o |
7 :3 /
MRB .” ,
20 [~ ' £ /
s LC J ’
S g
2‘ < e I:L ,‘/ A
= 15r *‘A 7 6 L e ¢ ;,-,\\’vu\,
] ! RS~ R
S) ! xx ZRE - o
. i P’ - XA
1.0 (&7~ e
B ik R y oo
. ¥ AT 4t fihe LU E-MORB
05y ”-\H.‘O‘jf (_.’\l{n]( s
HTB  \
LR
(01§ || BN S N | N N, T N_— S B S —
O 1 2 3 4 5 6

(Th/Ta)py,

Ee6 =BEZRAMFTIREAFER

PM-JEZ4 Hi 98 (Sun and McDough, 1989); SCLM- & 7 [ iz v
(McDonough, 1990); N-MORB #% Sun and McDough ( 1989);
UC MC LC 2 HifRK b 8, b #A0 T #4572 ( Rudnick and Gao,
2003) ; URB-3£ 52 #1 IR e M F1 MRB-52 1 55 1B Y ) Rajmahal %
B (Kent et al. , 2000) ; HTB-E B ERN T X R & HAB-H &
HHMME LKA Deccan-BE 8. HEXRAPEMELFSH
A3

Fig. 6 Discrimination diagrams of crustal contamination for
the Triassic basalts s

Primitive mantle ( PM) from Sun and McDough ( 1989 );
Lithosphere mantle (SCLM) from McDonough ( 1990); N-MORB
from Sun and McDonough (1989) ; Upper crust (UC) , middle crust
(MC) and lower crust (LC) from Rudnick and Gao (2003);
Unmodified ( URB) and modified ( MRB) Rajmahal basalts from
Kent et al. ( 2000); Hawaiian tholeiites ( HTB ), Hawaiian
alkaline basalts ( HAB) and Deccan H% & % ( data from htip://
georoc. mpch-mainz. gwdg. de/georoc/Entry. html ) ; oth(;r basalts

data and symbols are same as Fig. 3

HBEX AR T RAR RISy FSt, ERRENREZE
B R TEIR S

Neal ez al. (2002) A%, BE TH@HBHENZTRE, K
(Th/Ta) py +(La/Nb) py FLEE/NTF 1. M 6 dLA]T LIE
VAR Z A A B 08 ST AR PR ML S #E
ML ERE GREZRE, 2004) HRRBE LR A MR
KR A E KA E-MORB # S B L T (Th/Ta)py < 1 M
(La/Nb)py <1 MERN, M — B ZBHTREMN
Rajmahal Z &% (Kent et al. , 2000) WM B G+ L7, &
BAX B LB AT LA A St R B X R P Y R A T
o ZXATHMBRAZRA (Th/Ta)pw LLE/NTF 1,
(La/Nb) , HLIEBE KT 1(F 1) ZE 6 LARRH SR T 5T
EE R X T ADANRRAZR AT
HTF %A — KRR, 2R b L7y iR R A o] R TR
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he GRP=ZBHZREASARME, =S HBMAZL
B A (Th/Ta) py (La/Nb) o ELEB N F 1, 7EE 6 EAH T
A0 ES 5 N-MORB 2 (8], 3£ T OIB % 3 b8 if X 71
W HEREMAY R AR, RAIELREANEEZ 1
FIRR,

— M, IR TR A MR T HRIRYE, AT R
BERBTLESHEUNERIRERAS SEENRFTY
RANSHT_RARBREGERTERETREE. AFACAHN
Sr-Nd [RIA R E4E , i3 EDEE ¥ Kerguelen 3108k 7=H) 5 i) &
SHA R (U0 Kerguelen B 5 Site 749 % 7% 58 5 e S749C-
16R-6,Frey et al. , 2000) MR K LA B EL B4R ER
W EERAEE MR FARLSE Zhu et dl. ,
2005) AN AN EEL L HHFTY R (INEPE R Kerguelen
HE Site 1137 WABA-B=B A KA, Ingle 2t ol , 2002)
ARG R TR E SREFRB =R TR AR
RABRE _mARSHAR(R 48 550.Q) , R UFRE
ELEERRERONG I Bt/ DO P -k =5 A i
10K

5.3 HEERER

—HE, RERM AR SR X RENT B, %8
EEERETABBRENSBER, PEBHERENE
IF Eu % 1 R B S AL AR e 7 M 4 B 4 B T
AW, B—E, R PSR T RESBRERT AR
REEH, BT 4 47 R 5 0 MgO & B F 5.54% , Mg" f§ T
45.63 HIATCE Cr S RIE BB ABEEK, KB LR E Wk
{60 MO Cr & i, U AU R BB AME M 945 2 . AL
RAABERTHEOE TN, BREXRETHEZTF
HFRL(E 6) 8 FH3%E MgO.Cr & B IHH (4151
7.24% ,215.0 x 10 %, Rudnick and Gao, 2003), % & & 1§
MgO.Cr & BT 5 TR RAMBRINERRA, B B
ABERMEFZIR, R, b FREBHTREGMRTE
SRR RH BT M IR AT R, B L LR B MeO & B
WHSABERERAGT X, BTEEIRT G HLRA.
RTER AR NE R ST YRRNA TR, Hi,
B HEEHEREMATE O S RRENSERTER
B R TRET WGSBS R, AHFE =8 LR
ERR ORI, SRR R T RNE SR ST Y
MABE R TREE NS BERRSEREE R P W
MgO .Cr & 1t K KFEIE .

5.4 RiRkE/ B0 EXR

BTk B & O RMSEER Fe 5 BEH KX AT 1B
31K 5 B4 ( Lassiter and DePaolo, 2000; JK#F&% 2004),
HEEXE P=ZBHXRAENE TFO0 SR (A HFHH
10.38% ,13.25% ) Af L FRHILEMEM S Z LM TR E
(FRRE, 2004) ,FHl, HH TFeO SRR TRBFES
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BRMGEHBE A, 8 (1998) 5 & FhiEdt LR A%
BXEMSEHBIREE  ES Al EG AR EAZRE
MG ARA XN LR AT URBIES, 4 LH LREE
HEME, B, AR ENKENERELRE
Nb &8 <10 x 107°, if] 55 e b8 $uAE A XM Z R & (0 OIB)
Nb EE M >10x10"°, Ti/V &t 2k, i MORB i)
Ti/V # B 20 ~ 50, B IHiBE XA K 10 ~ 20, 1] 5 3108
PAEA XML RA (0 OIB) T/ V B HLAEE# >50 ~ 100, &
NE =B ZXRAENE Nb £E (45 FHK 30.93 x
1074.31.55 x 10°°) . & TV Bl (4 3 E K 67.12,
63.33) , REHR T TR EARABAXRZI TRRNE L
(B3 S RME I WEF LR T ERES)Z
RIS R AR, O E T2 KXRES OB
RAWNBRERN % -8t ZREH E-MORB R 2Rk
AFIECE3) R R IR X FE S OIB R A X A 3K B b
M. XMIARE AT LAS Bl — RFV M FIE A R, 0
FMAZEEE(1993) BHE— &R RN ZE R A RXAFE
B9 5| E ## ( La/Nb-La Nb/Th-Nb) , 8] LL{R 51| th $4 Th 4 0 &
RAXRERE OB #4444 BEMAZXRARANT MORB
5 OB ZRIMER(E7), WH-TaHf B (EER%,
2001) h BR =B KRS B A A BA IR 1 M Hh B
F R (B Sb),

B OIB Bl 07 X Y R vl fE Xt = B0 X R A KR
EUHRFETEER W, B TAXEEEHR, =84
XREDEABMBY RN TR R RE RSN

(1) Deniel(1998) 12t T IR ESHE HIB TR AF X R
ERBEXTYHASHARER ZEARERASAZRE
MBREHZRENN FREARAH_EHNAEANTRA
BaM_BRMEAMEXZE(H8) , ZHXEZTRES
ARAHEHRENB L BREATX. SKBEERRE
MR, BIEZREN T 5 RAAA ML ERSSE
ERihZ - (& 8) , H HREE 8% 38 (A 3) ,Ce/Yb HLHK
(H9.87) , RFKERGAH T EHNANEMERE X,

(2) HRBAZHEHNER I BRERMEREER
# HREE #xf P38 0 Lo & 2 R, 1 4 A A R
MERERBEERN, MERNEREAERTI IREE
3%, o H 2 HREE 3% /3-8 09 %$4E (Lin et ol. , 1989),Ce/
Yb thEHE ., BOEMEREAZRAER T TR MELEH
B((La/Yb)  FEE 4 3% 9.02 ~9.24 1 13.59 ~ 14.35),
Ce/ YbH.(E T (TS 4> BIE 26. 57 ~27. 43 F144. 21 ~45.64) ,
FHEERESRBE OBANEABBEYEMKESS
BRAX,

(3) —MRIARF . e (t) <OMZXREXFAXKMER
R 308 , P D A VIR Nd RO R LI/ T 0( ey, (2)
=-15~-09) REAXKE sy (1) = -0.6~ -0.3,1
AN HRKAM en (OEFHIHR-0.5/-0.6(F2),
Sr-Nd R BAMEH(E4)  RBAMBEUZRERE
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L1yl 1 L1l I Lol
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D MORB
\\
N
S
L
Z -
i IAB
1 L1l L1 ol Jowdo o Litull 1
0.1 | 15 100

Nb (x167)

H7 =BLZXEA OB BEXFHERBETE K H B, 1993)
Fig. 7 Trace element discriminetica diagrams ( Li 1993) o the Triassic Lezaiis showing characteristics of OIB-type source
IAB. island arc hasalt; MORB. 1aid-ocean ddge basalts; OIB. ocean island basalts. Symbols same as Fig. 2

H8 =BLXRE Ce/Y-Zr/Nb E##( Deniel, 1998)
Fig. 8  Ce/Y-Zt/Nb diagram for the Triassic basalts
( Deniel, 1998)

RE R TR & (H 4 7 H5O0.Q) AR AXE
REMFEEEREHRERZ I FTRJHOEEL OB B
FHREAEXNEOBARY T MANBE (Zh e ol ,
submitted) —B{ (& 4 HHTLQ) , AR RX LXK AR
REZ BN T & A B e Y R AR
RERAZRARAFEHMBHE Eu 75, H 4 A8
MEREE— RETENHEN T EERER, SHERL
TRML YA BT EL AR OB KGR R Eu
RERFR ERABRT - BRERET WAKNSE, BG4S
TEMRR R A IE Eu B8 B2 FERK AR, BEH
FEE RRAXREHAFFEREMKA; £=.5TH
REXERR RRIEASENTHRAAEMNIE Eu BH
(RWFAERE,1997); BN, ARKETEERMET A9#

iR ( RIS, 1989) B 7 T o] BB fE m A IR
YIREE T 8 RARGTRERMEM. RRALXRS
HREE Z 2. BER L TR MEAR  HATR(MCO) T
B, i 08 r Lk P | & 3738 o R B R IR 80
TR (E 3b), REH IR AR IBFRET AR KB
SRR ERERERRERAILTY; Ret, RRA
ZRASTHEYEXAFEY (E 6),HIE Eu 7% T RE#
— SR REFERE THRRNYRAS: HiRREAZ
RAEZER T OIB BUEK MR (E 5b,ET),—
A OIB B IR IR T B aR K0t 0 3t 08, YR B B 8, R,
RRAZTRAIE Eu ¥ MERELET, R A FH KR
MBI EIRE K LR T A0 BENE - SRR, &
AR, A KA T R R AR RIEN, R 5
ERBEOBTED BAEQOMORGET YNNI ESER
ER, SHAARKMN Mg0.Cr SRR B,

5.5 HAMEA

TR S X R AR KA, OIB BB X i
FEAERTEMB AR X B ARAS RS . AN TH]
KR SRV R AR E X B KR EbSE F AT
BHRE, Eh KRB S 55 A B R LG H8 R4 ( Weaver,
1991; Hart et al. , 1992) , it R BFFP L E A X, b 08 4 4 15
FAFFE T B 08 ERTE A OIB 2 b8 17 (X /9 F EH 44
HE (Jiaet al. , 2004)

BWRI(199) FEITE KK R AKX WIE X g0, W R
5 OIB MR A MM AR BT RARBRTINRE
AABMEZ T KB 8 X, 3 BT B Bkt 2
P EEABMNENA LI ZBAT. BE, A METE MR
REREERZRAE(OB) NEARATEESE AKX
RE, eEMNUESE5aBEETHER. Sht, aTFRELR
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TIZRASZAEAN Sl A BEEERE X (Xu
et al. , 2001; & fE%E, 2003; Xiao et al. , 2004) , T E R T &
WA TEGE, Bt %46 E301e, RITA kit
L ABHZRASEREILR T ZRE ZEWHMUERES
EEEBHZRAZAMNERE(E) BT EERHRIH
ZREKPRMEEABAS . B, SHRHE DR
FRAR=ZBLXRERBN—MBEA RS NHOHRELE, &
HBHBESH BB RS EABEBRESE
ERABREMNKERT RERERRBE™Y .

DAEBREMR, & KR RES KB 2ud Y T 7
R, BB XMRERHTUME H KREOZA%EGBR
B RANBER(Gaina et ol , 2002) , W7 e fF 8 A B
P (MEMNRS W R ) B RE—RIIKLEREH
(Sheth, 1999), P=BHBRAXREE Eu BHERHER
#) OIB R ER (L2 4R1E 03 T o e IR ER i B iE 3hin
Bl BIRSRME LM KR FRmEOE, AR ERSE
MBS HRANE FAR=2HERNTIRAME,
Frh FTREBE YR, RXEHEERK, SBOLBY &
REBREENTEMER(BXYRFERE A BHE DL
REAGHMEE) ERABAZREBRPEFEIBRE
BEMNRZRARER. HILEX, FRNE SHREBX
ME P=B i PIg =8 ZRERER N B F LT
ZRRTFAEABTEHOKKBMERTLBYENEN
EH ZHRRENRAERABRITERAFENREGEAN
1358

AT =840 K Ll B B b R 88 R BT T8 s A9 B K B
BE ARABEZHBEYRE - BIED, FRIEDSH
P ERB RO A ARE ZE KB AR TERT
White(1992) AN, EXEAT , EXRE#MNSZ FRXRER
A BTN B B, RA DB R RRB A A K
BABRE D, P EAK S EABEOEEERE TR
HE XA WRRBZ AR SERES T RKH R, &
&) g it 10Ma B ZE K, WAHZ T B L B o8 Y %
M FEREATES, =EHBARELTH O BE HE
E—E &N TEMEREN MM E 3 ~dkm( LEXHTE
), BB AR KLEREE., XRHAREXMFT
UMBHEGESNREPTRAB=RLAEAKP XILE
FER BNz E LN R—_BLKITHR T HRNKE
H,.#—H3 B {3 % (Sciunnach and Garzanti, 1997;
Garzanti et al. , 1999; TH/E%,2000), Hit—FFEHE
BRI, Kent(1991) HR48 K B BE . 7 MUK ) 2 0 R 1 3 6
HOARAFAE , 32 AE AR X LA K Bt B 5 AR AT Y 150Ma B9t [a)
BEANAKNLAKME ABTEHARFE-TEEKHS
B A HOBAE (Kent, 1991), HFERABEHE INEFEREK
WAL ME LR T RENEIL RS, 7E 130Ma LIAT, KM EE
07 H B3R K FI T 4L 76 4 % A ES #R B (Jan Golonka,
2000) , Bt , R ATIA X F < 399 2 17 ) A 0 Ak 48 K %ot % AR 4%
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R EDRRESPRASRA OB R I EREMED
B b2 K R ENC ) =R 2 A LA KA AT REE AR,
BEFEE#H —FHERAB R LS.

6 i

(1) BREESRARTHRABE=REATHNP
SRMBRAXRENKHAZRETRFRE OB B
RAEHENBETRE  ADHARRAZRAER T —
ERETHRRY: =Bt RNAXREIKEA%ZR
AHYF/TRA E-MORB MM AR L, RAEZ R
B3,

(2) B A=FHXEEMRUZHFESHELR Ti
KRS, UF I La Ce Zr HI FTRTA S THER
B g RE RULZ S, NIRRT S A B MRy HAENE,
HeEMMADAMREHTRESAHAH SRS
MR AERA X, B NENE ZRE SRRaE g
M s B R BRERMERE R

(3) ZREXRAWHEBN LHH KRB BEY RS
HABBEY RS EERRBENNKER T RERE
BRI

4) HERGESNBFH=RLREEARTERE
FHPB MR, BN R KL SRR RAREH
ZF L% #2089 5 ey T 4% S 4E T % A9 B B3
EAEZH K R EBEOR R
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