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Garnet glaucophane blueschist from Pana. implications to
Tibetan tectonic evolution

LIU Hong-fei' and LIU Yan®
(1. Tibetan Geological Survey, Lhasa 850000, China; 2. Laboratory for Continental Dynamics, Institute of Geology,
Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract; Garnet glaucophane schist coexistent with Permian limestone, quartzite and muscovite schist was recog-
nized below Permian ( meta) basalts and altered gabbro in the vicinity of Pana Village within the southern central
Lhasa terrain. The blueschist consists of corroded garnet and amphibole porphyroblasts situated in a matrix of fine-
grained muscovite, epidote, chlorite, biotite, albite, quartz, and accessory rutile, titanite and apatite. Mn and Mg
contents of the corroded garnet enclosing aegirine-rich clinopyroxene, rutile and quartz decrease and increase, re-
spectively, from core to rim. Amphibole porphyroblasts grew in several stages, as evidenced by two different galu-
cophane components in the cores and Na-Ca amphibole and/or Ca amphibole in the rims. The glaucophane sur-
rounded by late glaucophane is richer in Fe and poorer in Na than the late one that is close to the pure glaucophane
end-member. The Si contents of phengite are high in the center but low along the rim. The p-t path, starting above

2.5 GPa-450C and showing subsequently first a temperature increase to 500°C and then a pressure release via
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blueschist conditions to 0. 6 GPa, was reconstructed using a p-t pseudosection calculated for the p-¢ range 0.4 ~2.8
GPa and 250 ~650°C. Such a low gradient is typical for the subduction of a cold oceanic plate along a continental
margin. In combination with early Triassic Chaqupu andesite, late Triassic-early Jurassic peraluminous granites and
Permian fossils within the metamorphic complex, this finding has led to the conclusion that, prior to Gondwana dis-
persion in early Mesozoic, the subduction of an ocean plate beneath the northeastern Gondwana margin took place

during the Permo-Triassic period and that, subsequent outgrowth of NE-trending Gondwana triggered off the final

formation of the Lhasa terrain.

Key words: garnet glaucophane blueschist; Lhasa terrain; cold oceanic subduction; continental outgrowth
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Fig.3 Geological map of an area around Pana Village, showing the location of blueschists in central Lhasa terrain

(modified after 1: 200 000 Geological Map of ['hiasa Area and the authors’ own observations)
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Table 1 Representative composition of minerals in the studied blueschist
o fAE ' Azt st ARA LK A
CWmG L EE RN \ ‘ ‘ N
pB . IR B ) p % % il #% il % B RbEA

Si0, 54.85 56.84 55.49 50.36  47.61 54.18 51.15 49.73 28.98 36.66 36.79 37.81 37.15 54.56
TiO, 0.04 0.03 0.02 0.12 0.08 0.00 0.18 0.25 0.01 0.08 0.06 0.12  0.06 0.04
Al, 04 6.56 10. 82 6.52 8.21 7.08 1.89 23.55 29.33 18.64 20.44 21.11 27.73 23.62 5.84
Cr,y 05 0.00 0.01 0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.06 0.00 0.00 0.06 0.00
FeO 15.20 11.32 13.62  12.82 20.29 10.36 3.71 3.29 24.74 29.13 33.28 7.02 12.96  14.69
MnO 0.20 0.03 0.12 0.16 0.23 0.22 0.01 0.01 0.71 8.36 1.53 0.08 0.11 0.01

MgO 11.52 9.69 11.60 12.88 8.85 17.51 3.88 2.75 15.32 1.23 2.40 0.06 0.02 5.93
CaO 1.23 0.81 3.52 8.78 9.69 11.24 0.03 0.01 4.92 5.09 23.98 23.22 9.86
Na, O 5.44 7.11 5.41 2.91 2.20 0.99 0.20 0.49 0.03 0.02 0.00 0.02 8.31
K,0 0.06 0.02 0.03 0.18 0.16 0.03 9.75 10.02 0.01
Total 95.08 96. 68 96.33  96.42 96.22 96.43 92.47 95.88 88.40 100.91 100.28 96.81 97.20 99.25
Si 7.684 7.899 7.843  7.256 7.164 7.705 7.015 6.582 6.008 5.843 5.834 2.980 2.979 1.995
Al 1.083 1.771 1.086 1.394 1.256 0.317 3.807 4.576 4.554 3.839 3.945 2.575 2.232 0.252
Ti 0.004 0.003 0.002 0.013 0.009 0.000 0.019 0.025 0.002 0.010 0.007 0.007 0.003 0.001
Cr 0.000 0.001 0.000 0.000 0.003 0.000 0.002 0.000 0.000 0.007 0.000 0.000 0.004 0.000
Fe** 1.688 0.265 0.672  0.511 0.599 0.568 0.000 0.009 0.153 0.055 0.416 0.782  0.347
Fe?* 0.113 1.051 0.938 1.041 1.954 0.671 0.426 0.364 4.2890 3.730 4.358 0.107
Mn 0.023 0.004 0.015 0.019 0.030 0.026 0.001 0.001 0.125 1.129 0.205 0.005 0.007 0.000
Mg 2.406 2.007 2.444 2,766 1.985 3.713 0.793 0.543 4.734 0.292 0.567 0.008 0.002 0.323
Ca 0.184 0.120 0.533 1.356 1.562 1.713 0.004 0.001 0.839 0.865 2.024 1.995 0.386
Na 1.676 1.915 1.482 0.812 0.641 0.272 0.053 0.126 0.010 0.005 0.000 0.003 0.589
K 0.010 0.004 0.005 0.033 0.031 0.006 1.706 1.692 0.000
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Fig.4 BSE image(a) and X-ray diagrams(b,c,d) and inclusions from the studied blueschist
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a—rp-t 5 11 & ( pseudosection ) , FLAEL -8B (14 4 A R AR, Si0, 49.05% , Ti0, 1.45% , Al, 04 13.87% , FeO 10.76% , 0, 0.40% , CaO

7.34% , Mg0 5.74% , Mn0 0.24% , K,0 0.66% , Na,0 2.49% , H,0 8.

00% . Jirp CaO iR UG i MBS, Bt U 2R O AT

NG BB 2 EEH B E BE AL Holland & Powell (1998) K FUBURTAR . S A1 i A1 SR EF A1 (Y 15 A 2 5 Massonne and Willner
(2008) , B A1 4 Fuhrman and Lindsley (1988) o #4755 {0 Ae—5i#F 41 ; Bt—R = i Cam—45 BT N 415 Ch—4% Y841 5 Ep—4% i 41 Gt— A1
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a—p-t pseudosection for the composition, Si0, : 49.05 % , TiO,: 1.45% ,

AL, O;: 13.87% , FeO: 10.76% , 0,: 0.40% , CaO: 7.34% , MgO:

5.74% , MnO: 0.24% , K,0: 0.66% , Na,0: 2.49% , H,0: 8.00% . The applied solid solution models were: Bio( HP) for biotite, Chl( HP) for chlo-

rite, Ep(HP) for clinozoisite-epidote, Gt( HP) for garnet, Pa for paragonite,

Pheng (HP) for potassic white mica, Tc for talc ( renewal format) as well

as those for aegirine-bearing clinopyroxene,, pumpellyite, and stilpnomelane introduced by Massonne and Willner (2008 ). The latter model was enlarged

by the Mn-stilpnomelane model. As amphibole model, GITiTsPg ( renewal format) was used, however, the pargasite ( Pg) component was replaced by the

magnesioriebeckite component. The Margules parameters for the binary joins between magnesioriebeckite and the other amphibole components were set to

zero. For plagioclase the model by Fuhrman and Lindsley (1988) was used. Abbreviations: Ae—aegirine-bearing clinopyroxene ; Bt—biotite ; Cam—Ca-

rich amphibole; Ch—chlorite; Ep—epidote; Gt—garnet; Hm—hematite; Im—ilmenite; Lw—lawsonite; Mt—magnetite; Nam—Na-rich amphibole;

Pa—paragonite ; Ph—phengite; Pl—plagioclase; Ri—rutile; Te—talc; Tt—titanite
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Table 3 Geological comparison between central Lhasa and central Qiangtang
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Fig. 13 A model for tectonic evolution of Lhasa terrain during late Palaeozoic to early Mesozoic periods( modified from Hsii et al. ,

1995; Yang et al. , 2009)



553 3]

XA - 5 IR R R TN o A B HL A 3 T S 211

— B R SR BRI ST A B A AR
IR B R figp L 7 i Ee A e, = & thE R AE
WG B A (Kapp et al. , 2005 ;Chu et al. , 2006;
FPPEESE,2006b) o X AR BN RE i R X N AL 22 1
T WOV Y RGP, B AN BB S A S YR T
FEAR i T B A 48 W A R 2 17 i, O B A RE
il B BL S s e bR 1 e AL, 5 3 S R =
Bt B WA R B2, AR R R A 0L
(E12) . AR, 584 WS A48 1 B0 055 o 41
BB R AT AE A AL 7R . VP 22 E R B 3
iz Bl i b B X LA R Bl AR AL 2, T g s N IE
T e = S AR e (4544, 2003 5 il Kk Bt AE,
2003 ;51 a5 it 55, 2006 5 5K 75 K A, 2007 5 224k S 4
2008 ) , fEXE B Hi bk A B S8 By A A IR A T
A C5RZ 85 ,2007) o SRR HE TN 2 s 2 A
R L IE AT DA Ry TR A AT 3 2 i) R AR T 1 44K
o WD, — L2 g A O RL g B R 2 A g e 2
S RTRE R B IR, 2 R 5 20 o 1 L A o ) 7 4
(M HEHE4E,2006 5 42 55 15,2006 ), {HIZ LA 1) &
PEAN A A X 2H 5, A h AR 2 Guitg M B R R 2
B, RUIHAR ] BBV 09l s R Rl 2, T ] fE
R SR 2% . e VR TR Sk B RE AR e
SRIFAE LA P20 A HARF i B B ) 7 4

BT Lo br, ZE A PR — A Y R A
W e S oy 2R AR R p A A R (BT 13)
M E =R b = F A, P ARV K
SECH RIS AR IR vl A /N TE X U AR
Rt FRIRRIY. A Bl 30 2% 43 590 B 18 1 7 2% LA A ik T e
RO R IR AR Y TR A R Ak
o TR TR IR IR T A O R, I 2/ i
B B T DR Ll HR AR D) 23 53] v ) BU A R B AR B R
BRI KRl 2 A e E - B AR R 2 5 (18 13) o eI 7E
XITLA R REARAL 2%, il Tl PR v AN iy, 7E 3044t
BRI & B A I St 2 R S 5 IR K
Wah, B = & Al ko s S A A
(E13),

W = T I 30, oty R SR S0 A AT 45, G IS
Z i AR U2 A TR T b R M, SR ARVt R
AT A, BB AR X R] BB S B S G R, I
TG ) b 58 T, T R A A 1 o i 3%
AR R RIS E SR AR L R e
IXIBL A K i 2R I & A AL 92 i — B R 45 il P 1 [n] Hb
M.

LGRS B 391, X0 BC 48 KB AR L SR AR Tk
I A T U P 5T L, BB S B IF B L RS, T
R A WO R b, I R 0 Ul Kb 1 2%
B ZTE UT EL AL L 5 2T AL R BRI R

S B3 TR 22 5 VR o 5 e g
MR T FT LA A A 8 747 R 128 B BT JL AR K 1 55
ST IR , HVRL B M e oA T B B R A L T AE
T G 5 L 2 L LA R DR B AR
FEIRTT 46128 AR TR 5 , L S — e 25 L e
0 0 S B
5 5B

LB ML Py BT T B3 A B A 0 11 R 1
B b 25 T RS R A, J 0 T 1 I
FrsB AR R, B — YT PE RS TR I RE S5 T
R HTVE AP A L AR TD AN K AR 62 L) R
KPR 0 1 T 0 2% VR S R o BT T 110 5 FE 2
Bt WIS R T (MO Bl 2538 4y e R
i e N S P DT B T e = T A
L KRN R el 43 3 e A L 7 o
P PR IR T4 K I T 2 B4 TR T B4 LS
COEDAT I

s 2B A7 Aedy X5 Massonne H J i Fo
Theye T 1§42 & T 384+ 5 A7 2048 4L 22 AL 3] /@ AL
DS MR T R A B, AT A R By XA R
W ERRE L BT ELELRIN, BILE 4
FRANFRELRRBEFTEZL, ER—F K
TR 0 Bt

References

Allegre C J, Courtillot V, Tapponnier P, et al. 1984. Structure and evo-
lution of the Himalaya-Tibet orogenic belt[ J]. Nature, 307 ; 17 ~22.

Bao Peisheng, Xiao Xuchang, Wang Jun, et al. 1999. Blueschist belt of
Shuanghu area in center-northern Xizang ( Tibet) and its tectonic im-
plications[ J]. Acta Geologica Sinica, 73(4) ;: 302 ~314 (in Chinese
with English abstract).

Chang C, Chen N, Coward M P, et al. 1986. Preliminary conclusions of
the Royal Society and Academia Sinica 1985 Geotraverse of Tibet[ J].
Nature, 323. 501 ~507.

Chen Yulu, Zhang Kuanzhong, Li Guanqging, et al. 2005. Discovery of
an uniformity between the upper Triassic Quehala group and its under-

lying rock series in the central segment of the Bangong Co-Nujiang



212 e

28 %

junction zone, Tibet[ J]. Geological Bulletin of China, 24 (7). 621
~624(in Chinese with English abstract).

Chu M F, Chung S L, Song B, et al. 2006. Zircon U-Pb and Hf isotope
constraints on the Mesozoic tectonics and crustal evolution of southern
Tibet[ J]. Geology, 34: 745 ~478.

Connolly J A D. 1990. Multivariable phase diagrams; an algorithm based
on generalized thermodynamics[ J]. Am. J. Sci. , 290 666 ~718.

Connolly J A D. 2005. Computation of phase equilibria by linear program-
ming: A tool for geodynamic modeling and its application to subduction
zone decarbonation[ J]. Earth Planet. Sci. Lett. , 236 524 ~541.

Deng Xiguang, Ding Lin, Liu Xiaohan, et al. 2000. Discovery of blue-
schists in Gangmar-Taoxing Co area, central Qiangtang, northern Ti-
bet[ J]. Scientia Geologica Sinica, 35(2): 227 ~232 (in Chinese
with English abstract) .

Deng Xiguang, Ding Lin, Liu Xiaohan, et al. 2001. Petrology and ** Ar/
% Ar isotopic ages of blueschists in Gangmar, central Qiangtang,
northern Tibet[ J]. Chinese Science Bulletin, 45 (21): 2 322 ~
2 326 (in Chinese with English abstract) .

Dewey J F, Shackelton R M, Chang C, et al. 1988. The tectonic evolu-
tion of the Tibetan Plateau[ J]. Phil. Trans. R. Soc. Lond. , A327:
379 ~413.

Fuhrman M L and Lindsley D H. 1988. Temary-feldspar modeling and
thermometry[ J]. Am. Mineral. , 73 210 ~215

Guynn ] H, Kapp P, Pullen A, et al. 2006. Tibelan basement rocks near
Amdo reveal “missing” Mesozoic tectonism along the Bangong suture,
central Tibet[ J]. Geology, 34. 505 ~508.

He Zhonghua, Yang Deming and Wang Tianwu. 2006a. Age, geochemis-
try and its tectonic significance of Kaimeng ophiolites in Jiali fault
belt, Tibet[ J]. Acta. Petrol. Sin., 22: 653 ~660(in Chinese with
English abstract) .

He Zhonghua, Yang Deming, Zheng Changqing, et al. 2006b. Isotopic
dating of the Mamba granitoid in the Gangdise tectonic belt and its
constraint on the subduction time of the Neotethys[ J]. Geol. Rev. ,
52, 100 ~ 106 (in Chinese with English abstract).

Holland T J B and Powell R. 1998. An internally consistent thermody-
namic data set for phases of petrological interest[ J]. J. Meta. Geol. ,
16: 309 ~343.

Hsii K J, Pan G T, Sengor A M C, et al. 1995. Tectonic evolution of the
Tibetan Plateau: a working hypothesis based on the archipelago model
of orogenesis[ J]. Int. Geol. Rev., 37. 473 ~508.

Hu Daogong, Wu Zhenhan, Jiang Wan, et al. 2005. SHRIMP zircon
U-Pb age and isotopic study on the Nyaingentanglha group in Tibet
[J]. Sci. China, 35; 29 ~37(in Chinese with English abstract).

Hu Ke, Li Cai, Cheng Liren, et al. 1995. Gangmacuo-Shuanghu blue-
schist belt in central Qiangtang raea of Tobet and its geological signifi-
cance[ J]. Journal of Changchun University of Science and Technolo-
gy, 23(3) . 268 ~274(in Chinese).

Huang Xiaopeng, Li Cai and Zhai Qingguo. 2007. Geochemistry and tec-
tonic settings of Indosinian granites in the Mayér Kangri area, central
Qiangtang, Tibet, China[ J]. Geological Bulletin of China, 26(12) ;
1 646 ~1 653 (in Chinese with English abstract).

Jin Chenwei. 1981a. Northern Xizang Intermediate-Acidic Intrusive Rocks
Belt[ A]. The Scientific Expedition to the Qinghai-Xizang Plateau.
Magmatism and Metamorphism in Xizang ( Tibet) [ C].
ence Press, 99 ~111(in Chinese).

Jin Chenwei. 1981b. Volcanic Rocks of Xizang[ A].

Beijing: Sci-

Scientific Expedi-
tion to the Qinghai-Xizang Plateau. Magmatism and Metamorphism in
Xizang (Tibet) [ C]. Beijing: Science Press, 212 ~270(in Chinese).

Kapp J L D, Harrison T M, Kapp P, et al. 2005. Nyainqentanglha Shan:
A window into the tectonic, thermal, and geochemical evolution of the
Lhasa block, southern Tibet[ J]. J. Geophy. Res., 110, B08413.

Kapp P, Yin A, Manning C E, et al. 2003. Tectonic evolution of the ear-
ly Mesozoic blueschist-bearing Qiangtang metamorphic belt, central
Tibet[ J]. Tectonics, 22(4) : 1 043.

Leake B E, et al. 1997. Nomenclature of amphiboles: Report of the sub-
committee an Amphiboles of the International Mineralogical Associa-
tion, Commission on New Minerals and Mineral Names [ J]. Am.
Mineral. , 82 1 019 ~1 037.

Li Cai. 1987. The Longmucuo-Shuanghu-Lanchangjiang plate suture and
the north boundary of distribution of Gondwana facies Permian-Carbon-

China[ J]. J. Changchun Univ.

166 (in Chinese with English abstract).

iferous system in northern Xizan
Earth Sci. , 17(2) . 155

Li Cai. 1997. The “*Ar/ * Ar age and its significance of the crosstie from
he blueschist in the Mid-Qiangtang area, Tibet[ J]. Chinese Science
Bulletin, 42(1) . 88.

Li Cai, Li Yongtie, Lin Yuanxian, et al. 2002. Sm-Nd dating of the pro-
tolith of blueschist in the Shuanghu area, Tibet [ J ]. Chinese
Geology, 29(4) : 355 ~359(in Chinese with English abstract).

Li Cai, Wang Tianwu, Li Huimin, et al. 2003. Discovery of Indosinian
megaporphyritic granodiorite in the Gangdise area: Evidence for the
existence of paleo-Gangdise[ J|. Geol. Bull. China, 22 364 ~366
(in Chinese with English abstract) .

Li Cai, Zhai Qingguo, Chen Wen, et al. 2006b. Ar-Ar chronometry of
the eclogite from central Qiangtang area, Qinghai-Tibet plateau[ J].
Acta Petrologica Sinica, 22(12): 2 843 ~2 849 (in Chinese with
English abstract) .

Li Cai, Zhai Qingguo, Chen Wen, et al. 2007a. Geochronology evidence
of the closure of Longmu Co-Shuanghu suture, Qinghai-Tibet plateau
Ar-Ar and zircon geochronology from ophiolite and rhyolite in Guogan-
jianian[ J]. Acta Petrologica Sinica, 23(5): 911 ~918 (iin Chinese
with English abstract) .

Li Cai, Zhai Qingguo, Dong Yongsheng, et al. 2006a. Discovery of eclo-
gite and its significance from the Qiangtang area, central Tibet[J].
Chinese Science Bulletin, 51(9): 1 095 ~1 100.

Li Cai, Zhai Qingguo, Dong Yongsheng, et al. 2007b. Establishment of
the upper Triassic Wanghuling formation at Guoganjianian mountain
central Qiangtang, Qinghai-Tibet plateau, and its significance [ J].
Geological Bulletin of China, 26(8): 1 003 ~1 008 (in Chinese with
English abstract).

Liu Qisheng, Jiang Wan, Jian Ping, et al. 2006. Zircon SHRIMP U-Ph
age and petrochemical and geochemical features of Mesozoic muscovite

Tibet[ J]. Acta Petrol. Sin., 22.

monzonitic granite at Ningzhong,



553 3]

XA - 5 IR R R TN o A B HL A 3 T S 213

643 ~652(in Chinese with English abstract).

Lu Jipu, Zhang Neng, Huang Weihong, et al. 2006. Characteristies and
significance of the metamorphic minerals glaucophane-lawsonite as-
semblage in the Hongjishan area, north-central Qiangtang, northern
Tibet[ J]. Geological Bulletin of China, 25(1 ~2) ; 70 ~75 (in Chi-
nese with English abstract) .

Massonne H J and Kopp J. 2005. A low-variance mineral assemblage with
talc and phengite in an eclogite from the Saxonian Erzgebirge, central
Europe, and its P-T evolution[ J]. J. Petrol. , 46 355 ~375.

Massonne H J and Willner A P. 2008. Dehydration behaviour of
metapelites and mid-ocean ridge basalt at very-low to low grade meta-
morphic conditions[ J]. Eur. J. Mineral. , 20; 867 ~879.

Mei Huojun and Lin Xuenong. 1981. Ophiolite of Xizang[ A]. The Sci-
entific Expedition to the Qinghai-Xizang Plateau. Magmatism and Met-
amorphism in Xizang (Tibet) [ C]. Beijing: Science Press, 147 ~
211 (in Chinese).

Morimoto N, Fabris J, Ferguson A K, et al. 1988. Nomenclature of py-
roxenes[ J]. Am. Mineral. , 73 1 123 ~1 133.

Pan Guitang and Ding Jun. 2004. Geological Map (1:1 500 000) of Ti-
betan Plateau and Its Adjacent Areas[ M]. Chengdu; Chengdu Car-
tographic Publishing(in Chinese) .

Pan Guitang, Mo Xuanxue, Hou Zengqian, et al. 2006. Spatial-temporal
framework of the Gangdise Orogenic belt and ite evolution[ J]. Acla
Petrologica Sinica, 22(3): 521 ~533 (in Chinese with English ab-
stract) .

Qian Hui, Jiang Mei, Chen W P, et al. 2007. Tomography of Gyirong-
Lugu profile ( Hi-Climb) and the subduction of Indian-Tibet collision
[J]. Chinese J. Geophy. , 50(5): 1 427 ~1 436 (in Chinese with
English abstract) .

Qu Yonggui, Wang Yongsheng, Zhang Shuqi, et al. 2003. An inspiration
from the section of the late Triassic Duoburi formation in the Xainza
area—Stratigraphic constraintson the Indosinian movement in Gangdise
[J]. Geological Bulletin of China, 22(7): 470 ~473 (in Chinese
with English abstract) .

Wang Fubao and Jin Chengwei 1990. Plutonic rocks in central southern
Xizang[ A]. Chinese Academy of Geological Sciences. Metamorphic
and Igneous Rocks in Xizang (Tibet) [ C]. Beijing: Geological Pub-
lishing House, 100 ~ 198 (in Chinese with English abstract).

Wang Genhou, Jia Jiancheng, Wan Yongping, et al. 2006. Forming and
tectonic significance of the Youxi tectono-schistose formation, north
Bagen coutry, eastern Tibet[ J]. Earth Science Frontiers, 13 (4):
180 ~ 187 (in Chinese with English abstract) .

Wang Jianping, Li Qiusheng, Liu Yanming, et al. 2003. Tethyan Geolo-
gy of Eastern Tibet (Xizang) [ M]. Beijing; Science Press, 330 (in
Chinese with English abstract) .

Wang Yujing, Wang Jianping, Liu Yanming, et al. 2002. Characteristics
and age of the Dingqing ophiolite in Xizang ( Tibet) and their geolog-
ical significance[ J]. Acta Micropalaeontologica Sinica, 19(4) . 417
~420(in Chinese with English abstract).

Xiong Xingguo, Yue Long, Xu Anquan, et al. 2006. Geochemistry and

geodynamics of the strongly peraluminous granites in Darying, Qiang-

tang, Xizang[ J]. Geological Bulletin of China, 26 (4): 41 ~46(in
Chinese with English abstract) .

Xu Ronghua. 1990. Geochronological study of granotoids and metamor-
phic rocks in Xizang[ A]. Chinese Academy of Geological Sciences.
Metamorphic and Igneous Rocks in Xizang ( Tibet) [ C]. Beijing: Ge-
ological Publishing House, 287 ~ 321 (iin Chinese with English ab-
stract) .

Xu Ronghua, Scharer U and Allegre C J. 1985. Magmatism and metamor-
phism in the Lhasa block (Tibet) : A geochronological study[J]. J.
Geol. , 93 41 ~57.

Yang Deming, He Zhonghua, Zheng Changqing, et al. 2004. Zircon
SHRIMP U-Pb dating of Dezong granitic gneisses and its geological
implications in Menba area, south Tibet[ J]. J. Jilin Univ. , 34. 10
~ 14 (in Chinese with English abstract).

Yang Jingsui, Xu Zhiqin, Geng Quanru, et al. 2006. A possible new
HP/UHP( ?) metamorphic belt in China; discovery of eclogite in the
Lasha Terrane, Tibet[ J]. Acta Geologica Sinica, 80(12) . 1 787 ~
1 792 (in Chinese with English abstract ) .

Yang Jingsui, Xu Zhiqin, Li Tianfu, et al. 2007. Oceanic subduction-
type eclogite in the Lhasa block, Tibet, China; Remains of the Palea-
Tethys ocean basin? [ J 1. Geological Bulletin of China, 26 (10) .
1 277 ~1 287 (in Chinese with English abstract).

Yang J, Xu Z, Li Z, et al. 2009. Discovery of an eclogite belt in the
Lhasa block, Tibet; A new border for Paleo-Tethys? [J]. J. Asian
Earth Sci. , 34. 76 ~89.

Yin A and Harrison T M. 2000. Geological evolution of the Himalayan-Ti-
betan orogen[ J]. Annu. Rev. Earth Planet. Sci., 28 211 ~80.
Zhai Qingguo and Li Cai. 2007. Zircon SHRIMP dating of volcanic rock
from the Nadigangri formation in Juhuashan, Qiangtang, northern Ti-
bet and its geological significance [ J]. Acta Geological Sinica, 81

(6): 795 ~800 (in Chinese with English abstract) .

Zhang Hongfei, Xu Wangchun, Guo Jiangiu, et al. 2007. Indosinian oro-
genesis of the Gangdise terrane: Evidences from zircon U-Pb dating
and petrogenesis of granitoids[ J]. Earth Sci. J. China Univ. Geos-
ci., 32, 155 ~166(in Chinese with English abstract) .

Zhu Dicheng, Pan Guitang, Mo Xuanxue, et al. 2006. Late Jurassic-ear-
ly Cretaceous geodynamic setting in middle-northern Gangdise: New
insights from volcanic rocks[ J]. Acta Petrologica Sinica, 22 (3):
534 ~546 (in Chinese with English abstract).

Bt e 32 228 3Tk

B, B, £ 45,5 1999, VU AL BRI M X el
HHER L T]. HBTR 73 (4) (302 ~314.

PRERL, 5K 9E 8, 25000 , 45, 2005, BEAM—RILai & B L =%
GRS TMRA R AEA A RRN AR LB XL I].
SRR ,24(7) : 621 ~624.

ARG, T AR, AL 2000. AL IESE AR X F H—BEE AR
AR BT HBTR:,35(2) :227 ~232.

A, T MR X/INGL, AL 2001, 5560 IR PR X3 M IX
PR 2 B A A AEARE )] RLiE 4,45 (21) 2 322 ~



214 a0 W % k& 28 &
2 326. ~2):70 ~75.

XA, L. 2005, GEACIKAR A R X KA F AR A1),
HIPERT2E,12(3) 189 ~90.

FEPERE A TERH , ORI, 2006a. VUG BB AT L SR A A HOAR A
BRAC2 AR A E ST ). A, 22(3) 1653 ~660.

FIVBREE BB FRH T, 55, 2006b. RIS ] ELAE i 4 TR 280 4 2
X A 2R [T . HUSERTE, 52 100 ~ 106.

W v, 2 A RS 1995, PG R 36 3 v R X B Al — U WE A
Aoy MM RE R LT RABFEHF B ,23(3) 268 ~274.

BHAY), R 7, %, 2005, POECE T Rl hA B SHRIMP £
A1 U-Pb 441 Nd [N R WFFE[)]. H R, 35 29 ~37.

OIS, 2 A RRE. 2007, TUREIESE P IR AR G H X E 7
165 A I R 2E R AE B SR A BE [T ], M@ 42,26 (12) «
1646 ~1 653.

SR, 1981a. L PERYE R AENL AL P EBEBE T R R A
Bl SN VORCE S IE SRR E A [ C. bt Bh2= i it
99 ~111.

. 1981b. PURCA LA [ A]. Bl BT 8 R LR G R B L

BA. PURCA A SR VR L C. duat Bl ik, 214 ~270.

A IR IR B S 2002, VG FEOULIE ML X A R A Sm-

Nd [ E 4[], HE M5, 29 (4) :355 ~359.

A BRI EHER, . 2003, RS S X & B ED S EDEAE i

N A=t R LA ZERIEdR [T ] S 4z .22 :364 ~ 366.

AVEKRE L PR 3,5, 2006b. 55 RS H TR A Ar-Ar

SEAE[T]. AR 22(10) 12 843 ~2 849,

AR M5 30,48, 2007a. 55 e B ARl — XU AR B 4 5

WA I AR IRk B R AR gk s SR S0CE Ar-Ar il

SHRIMP 4548 1 20| 1. 4 24% ,23(5) 911 ~918.

A IR HKME, 55, 2006a. T 56 5 I8 Hh BRAR M 5 1 Kk

IRILE[T]. BhaEEHR,51(1) .70 ~74.

A BRI, B M, 55, 2007h. 5 96 55 i I8 S v AR AR T AR 1L

A AL R R[] BB, 26(8) 1 003 ~

1 008.

7. 1987, JpARESRGH - VLR B 82 45 5 A o B2 X B

PACALT]. KFHFTERE =], 17(2) 1155 ~ 166.

. 1997, VGFRIESE W R A T 48 N A 40Ar/39 Ar g AR R L

HBRE SCLT]. BhaEiE,42(4) 1488,

ZEAb U AR R K, S, 2008 7 5= b {4k Hh (1 BN S0z B R AR
REFUERLT]. A A%EH,24(T7) 21 595 ~ 1 604.

XUEFME UL T3, P, 5. 2006, T & B K ALK %5 SHRIMP
A U-Pb 4E I8 JCA A IRICFRFAE [T ). A %R ,22(3) :643
~652.

FGEBE, K fE, B0, 48, 2006. JERALIESE b LLHE I Hh X A
A+ A AR WA A I RIE B LR T ] M B AR, 25 (1

2

2

4

4

4

4

#

ES

MEJRAY M. 1981, PR dELkA [ AL, i ERR % B 75 9 o A 45
GREZEN. VUBCE SR E S AR AL CL. dbat: B2 R
#,147 ~211.

WHESE, T 1R, 2004, 5 J5 A AR IX b BT 1] (1 :1 500 000) Az i3 BA
FIMT. S - s el s .

TR, B B, 45 2006, [X)JRC 0T LA Y I 2% 4 kg R Ak
[J]. A E24, 22(3) :521 ~534.

B M,2% M, Chen W P, 4E. 2007. ¥ 5 i i 35 B -5 4 (Hi-
Climb ) 2718 15 5 EVCRERE (9 Tk VE R (D). BR324, 50
(5):1427 ~1 436.

ok 5%, E KM, SRAIEE, 4. 2003, PO A LI X i = Sttt 270 H 41
HbJZ BT R R T BN S8 i 2 2= 20 [T] .
R ,22(7) 1470 ~473.

TR, A 1990, PO R AR IR B S LA L. rh R A B
PEREAS E M KR C L JETE 5T s A, 100 ~ 198.

FARJE BHFR, T ACE, 25, 2006, R4S P T B LG 7 T S i
PR Bk 1 5 L] Hh2F i 2%, 15 (4) 180 ~ 187

TV BRE R S8, 2003. PHEA A SR [ M. b
g, 1~ 330.

TR, FHEE WL, AE 2002, VU T g sk RRAE AR R
TR XL A A 24, 19(4) 2417 ~420.

R, T, R4, A 2006, PUEIEIE IR R N R B AR i A
BRAGFARAE K Bk H F12E R [ T]. HuJFuidi4ft 26 (4) 40 ~46.
VFoRAE. 1990, EREZRE TR ERIR LR FE[ AL h E M
BleEbe. FOMAERTE oA G, dunt M At 287 ~321.
PR, Fph e, K0, 55, 2004 PG B b DX 7 S AR 1 R RS
SHRIM P 47 U-Pb 4R Kot Sl 7 SCL ). 5 AR 2F 4 4t (M Bk

BlspR) ,34(10) 112 ~14,22.

W gk, VERREE Bk A, 45, 2006, Hh [E BT N AT REAEAE — S8 10
/8 (7)) 28 S — 5 R e S L B b A vh & IR R [T ]
HoFiE A, 80(12) :1 787 ~1 792.

Mg sk FR 5 2R AR, 4. 2007, 8w J5Ths = sl b i) RV AR e
RUTHEA R A AR B (U], HbBGE R ,26(10) 11 277
~1287.

o . 1988, DAL 2 B & W IN A A A (1], v B X 3
(2):190,193.

BIKE, 25 7. 2007. A6 IEHE A0 LR C  H 4kl A B A
SHRIMP 5E4F Je ot X[ )], #bJF2A4R ,81(6) :795 ~800.

TR IRIES  FRAERK, A, 2007, X IT ER S W L R AR R
e U-Ph AERE RS A RRAENR [T] . MhERRl S ——h [ 3
JEARE2EI 32(2) 1155 ~ 166.

o B B RESE , BUE A A, 2006, X T LA R 2 R S
HERS SRS LA AR [T, AAR,22(3) 534 ~546.



