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Abstract It is generally believed that Cenozoic potassic and ultrapotassic volcanic rocks in Tibetan plateau are derived from a
mantle source, but recent studies showed that some potassic rocks may also come from a lower crust. The Miocene Bugasi Group
volcanic rocks are a potassic to ultrapotassic volcanic suite distributed in the Cuogin County, western Tibetan plateau. They are divided
into two subgroups: the intermediate-acid group and the intermediate-basic group on the base of their geochemical composition. The
both belong to shoshonitic series. Volcanic rocks of the intermediate-acid group have some compositional features similar to an adakitic
melt, hinting that they were probably generated by partial melting of the relatively K-rich mafic lower crust below the Lhasa block.
However, volcanic rocks of the intermediate-basic group were probably derived from a mantle that likely contains phlogopite, or
generated via fractionation of a basalt-magma from this mantle. The plateau age (15.5Ma) of a intermediate-acid rock is determined by
the Ar-Ar isotope dating, confirming that Bugasi Group volcanic rocks erupted in the late Miocene. Base on age, chemical
composition, regional tectonic and magmatic association, we suggest that formation of Bugasi Group volcanic rocks was correlation with
the N-S direction’s grabens produced by tectonic extension in the southern Tibetan plateau about 15 ~20Ma.

Key words Western Tibet, Cuogin county, N-S direction’s graben, Adakitic melt, Shoshonitic, Ar-Ar isotope dating, Miocene
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Fig. 1

Geological map ( A) of Tibetan Plateau showing major blocks and temporal-spatial distribution of Cenozoic volcanic rocks

( modified from figures of Yin and Harrison, 2000 ;Chung et al. , 2003; Wang et al. , 2005) and Simplified geologic map showing

Bugasi Group outcrops of magmatic rocks in the Cuoqin area, Lhasa block (B).
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Fig.2 *Ar/” Ar age spectra (2¢) for bulk rock from the Bugasi Group volcanic rocks and K/Ca ratios
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Table 2 Major(wt% ), trace elemental( x 10 ™®) results for the representative Bugasu Group volcanic rocks

BSE QL0401 CQI-04-03 CQI-D4-05 CQ1-04-07 CQI-04-09 CQI-04-11 CQI-04-13 CQ1-04-15 CQ1-04-17 CQ1-04-19 CQ1-04-21 CQI1-D4-26

Si0, 59.33 61.46 60.25 62.32 63.09 59.64 62.77 59.87 68.93 60. 10 63.75 62.83

TiO, 1.18 1. 11 1.04 0.83 0.85 1.25 0.99 1.27 0.54 1. 17 0.89 0.84
AL 0, 15.33 14.73 14.62 14. 65 14.95 14.45 14. 66 14.55 14.45 14.60 15.57 15.51
Fe, 0, 6.16 5.1 5.70 4.82 4.95 5.65 4.76 6.08 3.37 5.82 4.95 4.62
MnO 0.08 0.13 0.06 0.07 0.05 0.08 0.07 0.06 0.05 0.06 0.08 0.08
Mg0 3.37 3.13 3.41 2.99 2.38 3.78 2.82 3.35 0.70 3.33 1.86 1.93
Ca0 3.88 3.42 3.83 3.60 3.20 4.07 3.34 3.93 2.18 3.66 3.10 3.31
Na, 0 3.06 2.81 2.75 2.92 2.72 2.69 2.86 2.74 2.99 2.88 3.43 3.14
K,0 6.59 6.39 6.20 6.31 6.40 6.40 6.07 6.17 5.1 6.35 5.85 5.47
P,0s 0.08 0.14 0.37 0.19 0.26 0.34 0.27 0.38 0.08 0.34 0.12 0.19
Lol 0.77 1.82 1.86 1.54 1.60 1.18 1.03 1.25 1.24 1.17 0.15 1.57
Total 99.82 100.25 100.09 100.24  100.46 99.53 99.65 99. 65 99. 66 99.48 99.75 99.48
Se 11.2 9.98 9.86 7.72 2.55 10.9 8.29 10.2 2.51 9.58 7.10 6.32
v 136 107 131 103 80 134 10) 133 55.8 i3l 77.8 81.8
Cr 100 101 76 77 65 105 €7.2 100. 1 6.95 89.0 17.6 31.7
Ni 65.7 60.2 43.6 42.2 40.4 20.5 44.6 61.8 3.78 61.5 13.6 16.3
Rb 486 43} 438 410 434 458 405 456 322 456 393 344
Sr 1278 1119 1124 1060 960 1220 1000 1179 1049 1178 1248 1049
Y 13.1 13.9 12.2 12.9 10.9 15.7 14.7 15.0 13.8 15.8 19.7 16.1
Zr 428 356 357 330 328 376 341 380 329 381 361 312
Nb 32.1 27.0 28.5 25.9 26.2 33.6 26.3 30.9 19.8 30.7 29.2 22.9
Cs 18.5 23.3 19.8 21.7 41.6 21.6 19.7 24.4 25.2 20.6 34.2 28.2
Ba 2645 2657 2463 2204 2113 2426 2042 2150 1599 2375 1928 1784
La 35.4 34.2 30.8 40.0 48.2 39.5 48.6 40.3 46.4 42.1 58.6 52.2
Ce 72.9 69.0 65.1 82.2 92.7 86.3 99 89 98 93 124 104
Pr 9.39 9.65 - 8.67 11.2 11.9 11.9 13.0 12.0 12.2 12.4 16.1 13.5
Nd 39.0 40.8 36.9 44.6 46.9 52.9 52.6 52.7 48.7 53.8 68.3 52.6
Sm 7.80 8.61 7.43 8.93 7.81 10.42 9.93 10.53 8.98 10.49 12.48 9.75
Eu 2.36 2.64 2.22 2.25 1.85 2.63 2.32 2.64 1.82 2.31 2.48 2.03
Gd 5.31 5.60 4.9 5.67 5.23 6.66 6.50 6.72 5.69 6.77 8.17 6.45
Th 0.65 0.69 0.62 0.66 0.57 0.82 0.74 0.79 0.66 0.81 0.96 0.73
Dy 3.12 3.14 2.85 2.93 2.40 3.47 3.36 3.35 3.07 3.53 4.30 3.41
Ho 0.51 0.53 0.48 0.48 0.42 0.60 0.56 0.57 0.53 0.59 0.76 0.60
Er 1.34 1.39 1.22 1.31 1.08 1.51 1.49 1.50 1.47 1.57 2.02 1.67
Tm 0.19 0.20 0.17 0.19 0.16 0.21 0.21 0.20 0.22 0.21 0.27 0.24
Yb 1.24 1.31 1.17 1.27 1.02 1.35 1.36 1.33 1.42 1.37 1.81 1.58
Lu 0.19 0.21 0.18 0.20 0.17 0.21 0.21 0.20 0.22 0.22 0.29 0.25
Hf 11.4 9.75 10.1 9.59 9.30 10.6 9.81 10.37 9.50 10.4 10.5 9.03
Ta 2.04 1.74 1.83 1.72 1.66 2.07 1.73 1.89 1.42 1.96 2.00 1.52
Pb 82.3 76.3 62.7 67.2 67.2 56.8 69.7 57.4 45.7 50.8 86.0 70.0
Th 77.1 70.4 62.9 76.7 72.5 78.4 84.1 75.7 63.0 71.0 80.3 64.1

U 20.8 16.3 13.9 16.2 12.5 17.1 16.5 16.8 14.6 16.3 17.6 14.1
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Fig.3 TAS diagram for volcanic rocks of Bugasi Group in
Tibetan Plateau (original diagram is from Le et al. , 1986)
(Data for volcanic rocks of Bugasi Group are from Nomade
et al. (2004) and Note 1), and this study; Data of the
adakitic rocks of northemn Tibet are after Wang et al.
{2005) ; Data of the adakitic porphyries of southern Tibet
are from Hou et al. (2004)) .
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Y vs. Sr/Y diagram of Bugasi Group volcanic
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FE A (Yin and Harrison,2000) , T fiI 3R R BE BRI E HY 65 ~
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1993; Muir et al. , 1995; Bames et al., 1996; Xu et al. ,
2002; Qiang et al. , 2005) , WITAANTEFH P RF &
RUTRETEEEOPREXLAHTEARBXRT
ERGTRUBESBERERY. BAH:OERREEE
HETERASFHENEEERERNE LREEFENR
B, OXEPRUEKNEFTERRH SO0, 58 (57.76% ~
68.93% ) ,RULEA AT By 3udd A B I M HE M EHE T
(Baker et al. ,1995), @) La-La’Sm La-La/Yb (& 8) 7]
ML PPR A B AP R R AT - WS T A T T R A R K
L g R B ¥R A A LT Y o

HEE R, TR FAPRYE XL ERE RN E X2
MR FRE RN ER, LFEMRZ THTRE
BERT SOkm( MRV B R R, L g b B st < B B 7
K7 70 ~80km( Allegre et al. , 1984 ; Zhao et al. ,2001; &%
SCRR%, 2002)  E IR X T 5T A9 M T AR K T R
BRI EEMNES (KT 1.2GPa, Rapp and Watson,1995) ,
Euk, BATAHBIRE 8 T s e AT B P A BE Sl IR Y
RS R, RERE = A 1 G S A P RRYE KA .

5.3 HEFAREHMLSANRR

HESFHPEE KL EHR PR KIS AMELER
EHLA S0, ML H Y MgO .Cr Ni HREE W& & B "G &
HARR KA A ERNEEX, STHEEEE (1441 x107°
~1638 x 10" ) MIEH R H (B 7) AR Fu WEHB R R H
(M o) BB ARHAREEE X, 18 186 AT RE R b op 221
KL B IR X H8 IR X ( Turner et al. , 1996) 3 & XK B
IS IR X MBS A T B R

HEMRb/SH( >0.2) HBEZNEE Rb/Ba( >0.13)
K TVK(<0. 16) A FE L MM ERBEEXNNIE
(Erlank, et al. , 1987) , T EB 5SE K Rb/Sr HHER AN E N
K/Nb( >1085) 1K/ U/Pb(0.18 ~0.21) AR X N & =
fp9FaE X ( Hawkesworth, et al. ,1990), i@ FH P E M
KA BB D& AFE, B Mg" .8i0, 5 K,0 X —
ERNHEXE BRENRET-TEHNEX, FLHESH
THEELZEMANA . EHK Rb/Sc( >0. 1) KA Ba/Rb
fH( <20) RARXHEET YR L =8 K E (Furman and
Graham, 1999) . DI biX etk kil & R E AR K
RARANEEZEBNHBEX, HIEHEREFTHE
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Fig.8 Lavs. La/Yb and La vs. La/Sm diagram. Data from published( Bugasi Group intermediate — basic volcanic rocks, Nomade

et al. (2004) ) ; Bugasi Group intermediate — acid volcanic rocks, thie study.

REE A RS IEX (P RESF, 2005) {IREKITE
f TR — R AR

TEHE B B R DX dgt 2Rt 2 (10 250,000) B (9 7 S5 40 43
PRSP AE - MBS (PI9-1TH(R)1),Si0, X
51.82% ,MgO 3 8.9% ,K,0 X 7.24% ,7E TAS AR H LR
FHEELE(S2 X)), SRITATHPESE AL EHF
SM, AR ERK Rb(686 x107°) .Sr(1915 x107%) \Ba
(3997 x10"°) % LILE SR/ M&K LREE 3 &, ERERF
B E AR B La-La/Yb E (& 8) vl &1 & 55
HPEHKLEATERHE RS RERERN WRER
B P19-17H(R) 1 4 B M8 55K 55 fh 5 5 1 B, AR 4 o et
KEARNZAEELL PI9-1TH(R) AN AR EEDN
Ba.Rb.Sr #l LREE § &, AW MIA MR 50, ©17
MIXZRISFHEE Bl PI9-1TH(R) | BEREAH H L &Mk
WA E MK Ba Rb.Sr.LREE S B REHMN K,0 5 &,
Bt P19-17H(R) | R AT RERFER TR P B LB HNE
EXRMAR, B RERE R ERHBEX,

ETLA LM, G 4 B K LA H R T RE
EHERE-BMNMBENERX ST R BEmS B
mRIE B

5.4 F AT
EHE-REKMEREFHS G FRERAAE
st A R 4F B Bt ( Coleman and Hodges 1995;
Blisniuk, et al. , 2001; Hou et al. , 2004) , EHIHEIREH
BRSO X X R EER T, IZ8H A 10 ~ 18Ma [
RGP IR, PP 4% B8 4R 38 T A 3K 35 3D (Coulon et al.
1986; Tumer et al., 1993; Miller et al., 1999; Willams,

et al. ,2001; Chung et al. , 2003; Hou et al. , 2004) , BN

RXB R AN Y, R A E X5 8] A R R R B A
PELR A T 1 2 AL AR, BT R X R A R Y
724 ( Coleman and Hodges, 1995; Blisniuk et al., 2001;
Willams et al. , 2001) o FRATHFSTX ) 15.5 ~ 16. 1Ma 9 KL
ATRAT Rt S7EX B A P X 26 DX fek R 1 R AL RO R I
] A AR K

MRV R ENE KRG E 20 w8 T HE4 -
BT 5% & LG B 3 ( Kosarev et al., 1999; Zhao et al. ,
2001; B4 3CHR%,2002) L KRR S B ML B
KB R T IRRY) KRG Y B B pE b R a0 B 3R AL
B XEYETREATRIET R REALE, B
SEZBNERRK, FErTREETFHAHA, b TR
MWIENEE KRS A B EN E-RETL A8 & WL R A M, 5
EHERRTHRERBEY REIHRTE L AE RS
B s AL R B A B AR R AR fd ( Peter et al. , 2002) ,
FR e P A L TR AU i E B E AR 20 ~ 15Ma 2 KIS P {6 R
Mt ER =4, R d TREBYRES T REH
BOBERTHETES SR FHBN SIS ER, NI E
KEMRAEFGERY R, X LRI T 52 R
EHEHH L AR T I AEZ XS T TR
ZHHIEEGE L &S R T RA G SF A B K EA
MR, TEZTERIRNESERENPEEELK L
AR SATGESFH PR AL A FIeTfEk B £
AR IR AT RERR 1R B T M 72 A 2R M 5 3R A 3L [R) on b i S 1
T &R FHAFEW(AT 40km 2 F) BB MR FR 19
o IR, AR T BA — ST IR A TS (RS R Y
PR, EINE E SR R R A3E I B R
TAEFHFRE RS,




BARE FREREFHDETHEAEFAFAKLE AR

6 &l

(1) Bt SR E XA R —EHR-BHERN
KilE, BT B P R X WA, o5k B
M REBYE KX

(2) EFHPREKLVERTAL ARSI FHAS
— SR TIRK TR (R A FAE , ENTAT BER BB MR T
TR B R R AR R

(3) HGFAFEEKWARRT -G EsE
MEEGBEAX, IERRAZMEHEEERN DR
=4,

(4) BT 15.5 ~16. IMa ZE A W ATESF 40 K 1L & AT BE
LR RAIEE R 15 ~20Ma JY (8] 3 1 R 15 3 7 A A9 R
EERER XK.
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