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Abstract: Researches on the Cenozoic volcanic rocks of the Mangbang Formation in the Mangbang area of the Tengchong block,
South China, reveals many granulite xenoliths of felsic granulite and two-pyroxene granulite in trachyandesite. The granulite
xenoliths range 3—5 cm in diameters. featured with aligned formation and blastic texture. Equilibrium temperature and pres-
sure estimates for the felsic granulite xenoliths and two-pyroxene granulite xenoliths are 869 —969 ‘C, 0.94—1.00 GPa and
841—972 °C respectively, indicating that they are high temperature granulites. The crystallization temperature and pressure of
trachyandesite phenocryst is 1 008—1059 °C, 1.26—1.33 GPa, indicating that they were formed in and originated from the low-
er crust to the top of the upper mantle. Electron backscatter diffraction(EBSD) analyses of two-pyroxene granulite xenoliths
show that orthopyroxene and clinopyroxene have obvious lattice preferred orientation (LPO), and the main slip systems are:
(010> [001] and (100) [001], (010) [001] respectively. The deformation mechanism is dislocation creep, which indicates that
granulite xenoliths experienced a strong plastic deformation and metamorphism. The discovery of high temperature granulite in

Cenozoic volcanic rocks suggests that Tengchong Cenozoic magmatic activity may be related with volcanic magamatism and high
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temperature metamorphism in the lower crustal caused by post-collisional extensional collapse, delamination and slab break-off

after subduction and collision of the Indian Plate and the Tengchong block.

Key words: Tengchong block; Cenozoic trachyandesite; High-temperature granulite xenolith; equilibrium temperature and

pressure; electron backscatter diffraction; micro-fabric; petrology.

B 2 A 8 RORL LA AT T
FE T AT AL H e M T AR AR S, A A
2R R Hb DR A= AR L T RO S AR AT T
A5, OF B T 2 R R DR IR R R
#1984 A4 FE, 1995 ; BERL U AT X 4 8r , 1996 ; LA
45,2000 ; 2 B [ A SC 4, 2001 5 5 i A5 F0 5K 2K
2001 ; ¥ /N B %5, 2002 F HEEE4E L 2002 28 N %%
2011) , X L 75 i oo il BT 2 AR L2 BRI A AR
P BIE 5 SR AR 2 (AT M5 55, 2010) 45 112 X B oft
Hi B HT A AR KL T RRORL A R I AT 5 R DL R
TE A SCE Ik X b e AR v i — o AR AR
2 JC A R B OB A LR ) A A R AE IR
FE Ty, 22T 722 ot 5 A 204 B 28 TE AL i 40 20 B 5T
Xof G g PR R it Jo A 32 R SCHEAT TR

1 Xl o 7y 5%

J¥ oot R i g 3 A7 T 9 R AR P 4 T ARG
N SO GE Gl 22 (] o o v A i 0 ARV L A i B
B SR EAR LR & AR P T2 (Yin and Harrison, 20005
BLE E AN RS 2006 5 5L 2 5E,2009) , J# v B A
e LU 5 O L b R e A il 48 D N L B0 B2 Al Bk T8 S
eI 55 9 ot B & A i 8 22 S (Searle, 19885 54
2#4%,2003;Chung et al.,2005; Mo et al.,2007) , 5| &
etk % Az KRR e 75 Lk 3% AN E 3 (Tapponnier and
Molnar, 1976 ; Tapponnier et al., 1982; 3 3¢ {5 %,
2007) I 1L 78 e Jit 2R i 2 R AR 1 78 I A s 170 o L
HLER 53, I LA K B SR ZE W 5T UM & AR TR L s
KigEsh, U SR T 5w m i GR R, — HZ BIRZ
Hb T2 S8 O TE HT AR A D R A A B R Al R )
FCART b — flE A3 1 5 ZHE e ok AR b i o il B A B AT
BB R B TTHT ) RNV &0 A I 8 ) 1k B Dl (52 29 W
ZL AT ) [n] B VU e LB R A AR R LA
FA b 1] = B DT F M 5 D) S B, PG AR LA SR 4%
B A O AR B ) B DDA R S R B K R i
U 8¢ 2 b A AR A R 38 A Sy (BT 1.

AW XA T = 6 v B 2 b2y 4 km 1Y
KAk Ll CIEL 1) R b i) 325 437 8 J v o AR AR e L 1)
7o B T A LT PG 0 B e B 2 X R ) R

A A AT T 20 1 e R 2 T2 1 s — R T
LR (WIS, 1998)  Hip & LA 5 2 IR AL A
Z B U R AR Z R U b i L 5 4 B IR A
T, FEAT R FRRORL 2 L O RRORL A R R
A6 b A 2 AR AR B RO A A R RO A A, —
MEEAR R 3~5 cm, I R ELAE T IK 6 em; 1B A 254
PRI — e K, B K AT 35 10~15 em.

2 LMK R E F e A AR L ER AR o
FFE

A SCRT 5 BT AL AR B 27 5 R 38 SR B 1 vh b
X TEHE & KAk 1R A 5 WML 22 L e CREAMLED.
JI A T 5 A0 B B O 24 A I RR 38 4 3k Tl
E R ETE R E 200 H.H B oo E 89K 4 B ok
F XS DAL (XRE) I 5E , I 5 8 Tt i
PRAEATAL IE L 38 7E 5 At T Hh 5 S 56 ) 3 o 52
A JC 2 A £ 98 R R A Agilent 7500a 1CP-
MS 43 #1620 A 7E b B M 5K 2 (RO Hb i et 7
5 B0 1 58 26 % (GPMR) 58 1, 6 AR
F100~3%. 85 A B & 6 B AZ 1 R 45 44 43 Bt 76
[ Rl 2% o M S5 5 b 3R ) BT 5% T 58 X

HAWBEITR MEITTRSPE R GRE 1 R
2) R b BRAL 2 T 2B 4L GeoKit 72 )7 (H I &
2004) AT 5 A1 BR AL 22 B Al Ak B AR 9 Y A 2 0L 0
O 24 BE F A AR T ERE L A
(F 3) T A7 H 3Kk Ak 27 43 B Bl 19 256 W5, T 0
AR 5% B AL A 32 B AT T AR S D L 4K I 2R AL AR
JRORL A AL AR, 25 32 A A T2 L
2.1 TERNBELGEIFE

5% X A6 b 5 A AR 32 277 T LA 22 L
FPEUBE SRR AR H A KB e o L KA,
SR AR B A 3, D B R RRAR A 3 L o
FURL 45 4, fc K B 2 9T 35 10 ~ 15 em, M A %
(65%~70%) . B K A (15% ~ 25%) F 8 K A
GU~20Y) HM. AV RHEY LM HUKE .
TEAR Z8 8 FECRIE e A A R R R A R R W
A B A R E WAL I S R E OTH UL A K
AMBEMKARS, BERKA KA K AR



%7 AROR B0 A5+ T VG Tt o by BT A L v e R BRS04 1) & B B kT 809
EALECH A EALED QIR kﬁmt%—‘g@;\&éd REA-—=F/F
LT ] L= 2
%E%%%71J2K7 ?E%ﬁﬁ%z“% S0/ T 7 JBE iz T B
BT b b e o s 1]
Fig.1 Geological sketch map of the Tengchong block
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Table 1 Major elements of Cenozoic trachyandensites in Mangbang, Tengchong
S REEMIE AAEM SO, TiO: ALO;  Fe;O; FeO* MnO MgO CaO Na;O K,O P,O; H.OF CO, it
TC-25-2 4% MW %1% 56.80 1,18  16.40 3.39  3.53 0.09 4.16 6.26 3.50 2.99 0.37 0.95 0.06 99.68
MB-3 T MmEZ A 56.90 1.18  16.60 3.18  3.72 0.09 4.04 6.26 3.52 3.03 0.37 0.82 0.04 99.75
T2 BHEEFEREAEBRLUEHETESWER(107°)
Table 2 Trace element of Cenozoic trachyandensites in Mangbang, Tengchong
BiS REEE SA%EM La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ba Rb Sr Y
TC-25-2 14 M2 s 61,4 115 12.3 44.6 7.66 1.68 6.35 0.89 4.89 0.92 2.64 0.36 2.36 0.34 755 82.4 536 26.5
MB-3 s M2 iiA 63.4 119 12.6 46.5 7.74 1.8 6.46 0.91 5.02 0.93 2.72 0.38 2.33 0.35 787 86.1 5556 27.2
S REEMIE A HAXM Zr Nb Th Pb Ga Zn Cu Ni V. Cr Hf Cs Sc¢ Ta Co Li Be U
TC-25-2 fisd i3 MmE s 256 24.4 17 23 18.9 78.4 20.4 28.1 118 67.2 6.13 0.42 16 1.31 26.7 10.4 2.07 1.86
MB-3 TR M2 iA 269 24.7 17.7 19.8 19.6 78.7 17.4 28 121 63.5 6.38 0.5 16.3 1.34 25.4 11.1 1.97 1.92
3 BHEBEFEREERUERRNEEETYETFRERS ST (%) ER
Table 3 EMPA results of minerals of trachyandensites and granulite xenoliths in Mangbang, Tengchong
FEf S HARM FPWAKF NaaO MgO Al,Os SiO; CaO P05 K2O TiO2 NiO FeO* MnO Cr;Os Total Mg# Wo/An En/Ab Es/Or
LHMEA 0.02 21.05 1.01 53.66 0.95 0.01 0.00 0.16 0.03 22.27 0.43 0.06 99.65 62.73 2.00 61.48 36.52
TOMB 1 KT HEMA 0.12 14.28 0.93 53.6620.91 0.38 0.03 0.39 0.04 8.95 0.21 0.14 100.0373.99 43.77 41.61 14.63
ALEAE RKA 5.27 0.09 26.8456.95 9.69 0.23 0.53 0.06 0.01 0.18 0.00 0.01 99.85 49.60 48.78 1.62
P A 5.18 0.04 26.8657.78 9.90 0.07 0.70 0.04 0.00 0.13 0.02 0.06 100.78 50.25 47.63 2.11
LML 0.00 21.15 1.57 52.13 0.78 0.00 0.00 0.19 0.00 22.90 0.51 0.00 99.23 61.80 1.61 60.80 37.59
LHMA  0.00 21.18 1.40 52.29 0.65 0.00 0.00 0.04 0.00 22.99 0.54 0.02 99.11 61.69 1.34 60.86 37.79
- EHMEA 0.00 20.47 1.19 52.17 0.71 0.00 0.00 0.12 0.00 24.24 0.54 0.00 99.44 59.77 1.47 58.89 39.64
MB-DS-1 ;;gg Pk A 5.42 0 0.03 26.9855.11 9.91 0.00 0.66 0.00 0.00 0.18 0.00 0.04 98.32 49.28 48.77 1.95
Pk A 5.34 0.02 26.9655.63 9.76 0.00 1.10 0.00 0.00 0.10 0.00 0.00 98.91 48.61 48.13 3.26
PikA 4.95 0.02 27.9953.7110.84 0.00 0.51 0.00 0.00 0.15 0.00 0.00 98.17 53.93 44.56 1.51
FKA 4.24 0.03 29.2352.2512.01 0.00 0.37 0.00 0.00 0.23 0.00 0.00 98.37 60.32 38.57 1.11
LA 0.01 19.87 1.81 52.34 0.74 0.01 0.00 0.10 0.00 24.05 0.67 0.07 99.66 58.04 1.54 57.15 41.31
. BEA 0.02 2012 1.24 52.37 0.65 0.00 0.00 0.11 0.00 24.64 0.67 0.03 99.84 58.66 1.35 57.87 40.78
MB-DS-11 —?;z?f EHMEA 0.02 20.30 1.18 53.30 0.70 0.00 0.00 0.02 0.00 23.67 0.63 0.09 99.90 58.22 1.43 57.39 41.19
WM 0.48 13.01 2.15 52.97 20.01 0.45 0.00 0.11 0.00 10.45 0.33 0.00 99.93 64.11 41.48 37.52 21.00
LML 0.38 12.54 2.13 52.5720.88 0.00 0.00 0.10 0.02 10.15 0.27 0.13  99.16 65.41 43.92 36.68 19.39
WA 0.02 26.08 2.80 53.36 1.63 0.00 0.00 0.45 0.01 15.27 0.33 0.01 99.97 75.37 3.28 72.90 23.82
TC-25-2 ML % 1 f @4 0.41 15.82 3.82 51.7819.11 0.21 0.00 0.83 0.00 7.10 0.18 0.26 99.53 77.25 40.15 46.23 13.62
FKA 3.84 0.10 29.5753.3612.55 0.17 0.36 0.10 0.04 0.40 0.00 0.00 100.49 63.66 35.25 1.08
WHIMEA 0.04 26.37 1.87 53.99 1.60 0.02 0.00 0.05 0.00 13.53 0.32 0.04 97.82 75.69 3.19 73.27 23.54
MB-3 M2l EEga  0.47 14.07 3.72 50.2218.88 0.01 0.00 0.67 0.00 9.49 0.22 0.04 97.79 73.63 41.53 43.05 15.42
R 4.14 0.08 27.4553.2911.69 0.35 0.43 0.03 0.00 0.50 0.00 0.00 97.95 60.13 38.55 1.32
MM A 0.02 43.72 0.02 39.91 0.18 0.00 0.00 0.02 0.18 14.76 0.23 0.04 99.07 82.82
TC-24 K2 g SHA  0.00 43.49 0.01 39.94 0.16 0.03 0.00 0.00 0.18 14.80 0.21 0.00 98.82 82.34
Wil M4 0.46 11.68 5.06 47.77 21.40 0.31 0.00 2.70 0.00 8.98 0.15 0.04 98.55 68.30 47.35 35.96 16.69
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Fig.2 Macro and micro characteristics of felsic granulite and two-pyroxene granulite xenoliths
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Table 4 Two pyroxene geothermometer equilibrium temperature of trachyandensites and granulite xenoliths

i aines AR Wood and Banno(1973) Brey and Kohler(1990) Taylor(1998)
TC-MB-1 < B TR BL 75 4 1 947 869 969
MB-DS-11 TR RRORL A 1 890~919 841~887 916~972

MB-3 HELTHT 22 11 1015 1042 1008
TC-25-2 HLIH % 1L 1059 1052 1055

Z1 A AF (20100 X R 23 LU 22 S THER i 0 5 3
T (998~1 108 “C) & — B . B 7R KR 7
S5 BT A Ui R B AT TR TR 22 1 S 4
F18) S A5 5k BEE 33X 3 W JRROR 7 A A 22 7 T v TR R R
FRAE SR FH S TIRL T ¢ 11125 AT AR I AR IR IR
T R R TR A T 5 VR B L b 0 T

3.2 EAHItE

AR A Ellis (1980) M RHE A7 — B R4 A1 H
JoT 3 X R R A AR AT TV R TR T
I AR T AR R R TR B R R ) e R AR AR
SCXFAF AR 2 Ll O e ) 1SR R
Ellis(1980) RHE A7 — BRI A #5135 35 £ %
M AT T RBUG B LR Ellis(1980) B A A
— BRMNE A 1 1 T ) T RS A AR A A T R
(AR B3, FH 2 I T T 1 i 538 AR 2 —
E=3n W (DY Bl ol 7 S o i) i A S e W A I
8 Uk B2 T 3 V- A 40 ) 46 i R AT AR AT R R R B
i 5.

M5 BT 1Ak AT LA K 0 S5 ROk
ALV RR R AR AR TR R R 0.94~1.00 GPa, i
FELTAD 22 L0 B 45 & 7 5 Hs 718 1.26 ~1.33 GPa.
FR A T M7 AL b i P 2 db R B BE 0.034 GPa -
ke ! GRS B4 L 2003) I T o IR R A1 28 3
EGRELTHD 22 1L 25 B b 2 o 1 R D TR OB R
TR K 27.65~29.41 km 18 T Hi5% , T KL 22 11
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TR 5 55 11 it e R 30 b R ) B T 4R 4 19 322 X b 52
TRARSLFE N 7% 22 T 3 23 M R E S 30~50 km Y
WF 5% SR W) 5 1Y (Lei er al.,2009) . 4k, 40 5 LA
ZAH Mg® =100(Mg/Mg-+Fe® ) A S 31 51 Jit A
R I R B 1 — A H S ke A B R R IR
JE L — A R A LR A K Mg™ ol 65~75, 3
VR RE A 60~70 km , 11 BF 5% X 38 A AR OHL i 22 1
M Z R A Mg® =56.3~57.0. KK FF 4
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JE R BEAE N B /N i R L DR e KL T 2 1L
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Table 5 Cpx-Pl geobarometer equilibrium pressure and forma-

tion depth of trachyandensites and granulite xenoliths

RS EERaE- <31 JE 11 (GPa) W (km)

TC-MB-1 K38 URAL A A 0.94~1.00  27.65~29.41
MB-3 HLH 2 L 1.26 37.06

TC-25-2 HLA N L 1.33 39.12

R B SR IR Ellis, 1980.

ERIE S IR T R 37.06~39.12 km W& 75 & FE
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30 kern M K. 3[R A 150 B v dR JRRORL 5 A 72 BT 5 8 AR
FRAR T 22 111 5 2RO W45 0 TR R ) B R
) o PR T T M5 TR I 22 L By T o
TR b 72 JiCH — b b e TS, JRRORE 2 5 R 1f 22 1L
FE A I B B A 25 K 2910 km.
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72 1) 15 TR 2 5 T8 R R F T b 52 IS0 19 B A AR
FETE 22 L1 T BT AN R R BE L B AT A A 1 — 22
Fi—HRRFEEN =Y. X RS TamE
(2010) e 30 XF 1 o i e v 355 B 24 1) K 28 v B ik
i — MR R AR (RN RS A, DR
ORI A ZO B S A KA A A L IR
T s P 14 45 8 S T 106 B s e it B A AR
L R AL AR BE AT 2 2R B DI R 11 B HE R4
At A AR A T BT AT I OB A .

4 FRRLCA LR EBSD i 44 43 Bt

L3 B AT 55 (EBSD) J& — Fl X S2 3 4R 4 6
AT A7 000 e ) R L AT LA 3R BURE i 2 TET LA A0 K G
TR YU B P 5 A 225 A 11 = i £ L OO T XA ok
2006 ; TR 4255 ,2007) s ARSI T M RRRL A
LR FE i (MB-DS-11) #F 17 T HL 7 75 5 A7 5
(EBSD) A8 ¥ 5 1w 41 44 43 A 19400 26 Bk 5 3 23 T 7
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TIPS I 78 A F (Martelat ez al.,1999). I, Bk
KA ALK 5 75 32 i AS B () 5 IR s )
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Fig.3 Pole diagram of LPOs of clinopyroxene and orthopyroxene in two-pyroxene granulite

a. TR R B RO A7 A D I D7 (52 B i % R PR (A T BT S BREE R ) 5 b TR IRRORL R AR O R A R 10 8 D7 5 A R PR R T BT o

B



Bl

AR RRAE < P VY I rb b e A AR vl o R PR 6 1A F) 2 B % R 815

5 IR L

Jit5 ot B A S v A — T AR AR I 22 K L
A1 22 L2 B JIT 8 OB 5 B AR 5 HH 2 0 ) 2 L7
S R B R R AE S DA R AR T A B S B A A AR T L
Tl (840 25 0T 5 45 SR 32 WY R TG 22 1 2 e i 0 JBRR
W7 RN OB A A, DL AR 5 5 AR 1 I8 iR A
A S B B PR DG R TS AN [ A s — 78 BT — S IR A
(7= 1A H R A B AR A R IR 5 A A AR
R S A 1% o AEAR 08 AR ORI R B 2 18R, TR AT 43 8%
AT AT i bl e 2 350 7 26 A Ll o v TR R Y
PR B AR B LA 35 b o SCABGE — 2B i
5.1 SRERFANABETRONR

A BIBFIE 2R B L 0 vhth e bl A AR 2 D7 T P Y
AN [e) P B 1) B A 3 — 8 BT — A SR AR, B L )
T R R B G 1 e — R AR AU i R
TG B0 BT 4300 5 v R BT RS VT R e 4 0 2 ST
FER AR o Ok — Hlf 48 G %5 V) 5¢ & (Searle, 19885 Yin
and Harrison, 2000; % & 2% %, 2003; Chung et al.,
2005 ; BLE F FIIEEEHE L 20063 Mo et al.,2007) . [ b
PR AR K LA B e T 0 B JRR R R R
JRRAL A TR A, S 5 rh A A LU B S 1 £
h— il 48 R OGRS S B RO W S — R
A AR IRF e — e LA A O, T RE R — Nk
H T LA ) AL AE 5T S WY R e b e D % 5 ED B AR B
i i) 37 A AR K A R o — TR 1) 2 S AR 4k A A
FR AN S Hb XA FEBORE 5 FH A2 S /R FH 4,
ol R JROR A A o 06 I A AR Dl 74 ~76 Ma(ZE v
45 .1998,2000 3 B R 3F 45, 1999) 4 ¥ wh M He b 3 41 X
A 30 U R Ml DX BB A 0 T AR T AR DU S
45~69 MaC T MRAISh K38, 1999). HFTM 1k 15 vl b
N J G 0 R e BRAR BB JRRORE 5 AH 8 S5 = 1) TE 4
LU RAE s b e e A A LU L P A 3 — A
Jo — A ST S S A op — Rl A G T L8 e R R
FR— BRI ERAE I 5 R 3 IR B (B Ja 2245, 2006)
WA AT REAE H T #5818 TR RRORL 5 5 9K T i i b B
G 1 St — 3 2 AR v — 9 s A A A T — 7R T —
IR B R B A AR L R Bl L R S
AT RE 5 LR AE AR b — A LS e R P g
PrRUTA A 7 S I S 2000 H s 4 b 9 ek P A R
B SR AR AE R G CBERLRI X 5T, 1996 5 4 3R
RO L, 19965 i Ll AT 4 R B, 1997) AR XS F 58 A= X
P57 2 b Je (0 RO, BV T BEAE 76 Hh A AR 1 Y
TP A 9 g TRLRR R 5 AR A R L e Pt — R

AR AL 3 — 728 T — 5 300G sl A s £ He e D) o 4% {7 B
T3 A0 AR R R S RC % 1 L2 SR T i AR
AR AT T R A AR B A e () b ) 5 R e b
A v — Rl A S A PR UT AR A T BT S 0 b i
W0 1 T R s 2 T A RIS AR I R s — AR T —
IR Bh (G 7 W45, 20065 W V9% 45, 2007 5 9 1 %
45,2009) , AT LATE A5 340 Hb A 8 E 25 ) 1 1 o it B 9 58
N HbFE AR B R R, AR T e P A
TRPRRL 25 S A B 1 38 4 i K L1259 T 20 0 e b AR
S X, RIZS ) b AT R IR G R R — AR iR
AR T AR v — il 4R s L OO RS A R AIE. X A 5
b 3Ry BT 4 DB 4 7 A A B B Bl R () ) 18] AR
5 b1 o b 2 L O R AR SR USRS TE
R LK R 19 245 32 — 0 HY (Huang and
Zhao,2006;Lei et al.,2009). K I, FeATTHEI A X387 4
AR 20 L e s I RRORE 722 o A B R AR T R R
Az 0 A — fR T i 2 T
52 SEKNEEEEZIMNRERERY

i ot B G S T — S A AR T B s R e
BB — B2 AR i A R AR AR — R ok
L A I 2 AELXGS 3 A A B 1 iR — HL
L — KA ORI A — R A 0 B B A 1 T
FEAG 2 FOARRIE B 8w A AL Bl 2 B
R R ) A3 T A A vp — Rl A S TR A S TR 3 T D
A FH 8 5 AL L A ORI AR . 1994) 5 K 1liE 3 5
EIJ A B e 30 A 1) 2R A4 DR o G FRE TG G T 2 i Y
7¢— WA B AR S 300 A KRR CE I, 1999) . 1 vft
BRI TR Hoe BRORL S AR Y & IR B AT
RE 7B A AR 1L W K 22 D MR 1 T — G 1 M
Fe R AT IR B R RRORL A A AR VR, X 5 B
M e i 11 St — it 1) A e — Al 4 S S B0 il
FEVESRPRUTAINR F Wr 5, Mo g 9y B 1 3 a1 0% Al &
T SR AR T I 8 TR RO S AR 1 — AR TR —
WIS U)K R G55, 2007)  IF & X — 1)
T — AR I — A P A R A A A A 2
BA — M LR A — X R Z A — LA s
WA B, DL S 1t DUR B AE A R B
FSLRE) 3 A58 349 2 3 1 e ELART o — il 48 55 SR A P )
T PR B 1 BUE A, T 33X — XL A 1 PR 5% AR AIE 1F
e b ORF oz R T RS 0 i oA b 5E 5 A2 B o R ek
T8 S b AR B AR A SUEE R AR DAL I, T vl B AR S
A AR T2 L v R R R A AL A 2 B R
AR AR KL 2 ST B0 N 55 B JEE Al R R v b B Ay
T — AR A R 35 8 — R DR AR A DB B L b s )



816 HoBR A} A —— i [ B A R 4R % 39 &

ot 0 T L BT SRR AR B i R A Bl P
7 — WA AR DT R

6 &5t

(1) ¥ o b B AR 8 15 B & 7 AR AR BT I 20 K Ll A
R TS 22 L1 R RRORE 5 B A 32 7 SRy K B RROR 5
R R A R IR 5 RN 2 3 1 M T 42 1 TR
JE IR A 5 2 B RO 25 AH A 5T S 5 R R RN R
H9:841~972 °C,0.94~1.00 GPa, £ H L T
e TR PR R 7 R AR L TR 29 R 27.65~29.41 km Y
b e s TR T 2 L A R R R ) e 1 008 ~
1059 °C,1.26 ~ 1.33 GPa, & ¥ T T Hi 7% %
37.06~39.06 km Ab. v Ik JBERL E AR A2 5T/ FH i A 4
U] BE A M Pt 2 ]

(2) R AL 1Y B 75 HUN AT S (EBSD) W i
YARE A3 AT IF 5T 22 B, R 7 A 58 O 1) I B RH E
A1 ¥ LA B 0 R O 2 D A2 CLPOD . &L 5 /8 A1 A
BRI A W R 4 . (010) [001 1F1 (100)
[001],€010)[001 ], & BIAE KBl T b 5% 28 T8 A8 i B4
L S (NI VA e g A VAR Y Ay S e R |
e Tk 98 M 7L T R RRORE S AH A2 B A .

(3) 1 o by R A< 38 0 A AR K L o T2 L
R R PROR 14 & I AR BH L B AR AR L A IR Bl T g
5 B R A e 4 ) iR ) R R et B RF v — Rl 4 3 1
S A R ¥ 85 — R DURIAR Fr B, b e A T L
Ul ™ A KT KRR S BT M oe R A
TRLRRL 5 A AR S5 B LA AR A D) 56 &

B RHEANABELFRERRENFS
EREL! B SRR A T RE S MR X
FRABPLTHE NG, FI LTI EG
HERPAEEHGAIRIFGR AR B, £ —
i Sy

References

Brey.G. P., Kohler, T., 1990. Geothermobarometry in Four-
Phase Lherzolites II.New Thermobarometers,and Prac-
tical Assessment of Existing Thermobarometers. Jour-
nal of Petrology,31(6):1353—1378. doi: 10.1093/pe-
trology/31.6.1353

Cao,S.Y.,Liu,J.L.,2006.Modern Techniques for the Analy-
sis of Rock Microstructure; EBSD and Its Application.
Adwvances in Earth Science, 21 (10):1091 — 1096 (in

Chinese with English abstract).

Chung,S. L., Chu, M. F., Zhang, Y. Q.. et al., 2005. Tibetan
Tectonic Evolution Inferred from Spatial and Temporal
Variations in Post-Collisional Magmatism. Earth-Sci-
ence Reviews.68(3—4):173 —196.doi: 10.1016/j. ear-
scirev.2004.05.001

Cong.B.L..Chen,Q.Y..Zhang,R.Y..et al., 1994, The Genet-
ic of Cenozoic Volcanic Rocks in Tengchong, Yunnan
Province, China. Science in China (Series B),24(4):
441—448 (in Chinese).

Deng,J.F., Zhao. H. L., Mo, X. X.., et al., 1996. Continental
Roots-Plume Tectonics of China—Key to the Continen-
tal Dynamics. Geological Publishing House. Beijing (in
Chinese).

Ding,L.,Zhong,D.1.,1999.The Metamorphic Characteristics
and Tectonic Implications of High-Pressure Granulite
Facies in Tibet Namjagbarwa, China.Science in China
(Series D) ,29(5) :385—397 (in Chinese).

Dong,F.L.,Hou,Z.Q.,Gao, Y.F.,et al.,2006.Cenozoic Gran-
itoid in Tengchong, Western Yunnan: Genesis Type
and Implication for Tectonics.Acta Petrologica Sinica ,
22(4):927—937 (in Chinese with English abstract).

Ellis, D. J., 1980. Osumilite-Sapphirine-Quartz Granulites
from Enderby Land, Antarctica: P-T Conditions of
Metamorphism, Implications for Garnet-Cordierite
Equilibria and the Evolution of the Deep Crust.Contri-
butions to Mineralogy and Petrology ,74(2) :201—210.
doi:10.1007/BF01132005

Fan,Q.C.,Liu,R.X.,1996.The High Temperature Granulite
Xenoliths from Basalts in Hannuoba. Chinese Science
Bulletin ,41(3) :235— 238 (in Chinese).

Fang,T.H., Ma, H.W.,1997. Optimal Geothermobarometer
for Constructing Paleogeothermal. Geological Science
and Technology Information,16(4):93—100 (in Chi-
nese with English abstract).

Gao,S.,Jin, Z. M., 1997. Delamination and Its Geodynamical
Significance for the Crust-Mantle Evolution.Geological
Science and Technology Information,16(1):1—9 (in
Chinese with English abstract).

Hier-Majumder,S., Mei, S. H., Kohlstedt, D. L., 2005. Water
Weakening of Clinopyroxenite in Diffusion Creep. Jour-
nal of Geophysical Research : Solid Earth ,110: (B7).
doi:10.1029/2004]B003414

Hu,B.Q., Wang,F.Z.,Sun, Z. X., et al., 2003. The Pressure
Gradient in the Lithosphere.Earth Science Frontiers,10
(3):129—133 (in Chinese with English abstract).

Huang. J. L., Zhao, D. P., 2006. High-Resolution Mantle
Tomography of China and Surrounding Regions. Jour-

nal of Geophysical Research : Solid Earth ,111:(B9).



AR RRAE < P VY I rb b e A AR vl o R PR 6 1A F) 2 B % R 817

doi:10.1029/2005]B004066

Huang.X.L.. Xu, Y.G.., Wang, R.C., et al., 2002. The Niishan
Granulite Xenoliths from Anhui Province, China: Minera-
logical Characteristics, the Lower Crustal Geotherm and
Their Implications for Genesis.Acta Petrologica Sinica +18
(3):383—391 (in Chinese with English abstract).

Ji,J.Q., Zhong, D.L., Ding, L., et al., 1998. Study on Meta-
morphism of Granulite-Facies Metamorphic Rocks Dis-
covered in the Nabang Area on the Border between
China and Burma. Acta Petrologica Sinica, 14 (2):
163—175 (in Chinese with English abstract).

Ji,J.Q.,Zhong.D.L.,Sang, H.Q., et al.,2000.Dating of Two
Metamorphic Events on the Basalt Granulite from the
Nabang Area on the Border of China and Burma.Acta
Petrologica Sinica +16(2):227— 232 (in Chinese with
English abstract).

Jiang,C.S.,1998.Distribution Characteristics of Tengchong Volcano
in the Cenozoic Era.Jowrnal of Seismological Research .21
(4):309—319 (in Chinese with English abstract).

Jin,Z.M., Gao, S.,1996. Underplating and Its Geodynamical
Significances for the Evolution of Crust-Mantle Bounda-
ry.Geological Science and Technology Information,15
(2):1—7 (in Chinese with English abstract).

Kong,H.,Jin,Z.M., Lin, Y.X.,2000. Petrology and Chronol-
ogy of Granulite Xenolith in Daoxian County, Hunan
Province. Journal of Changchun University of Science
and Technology, 30 (2):115 — 119 (in Chinese with
English abstract).

Lan,].B., Xu, Y.G., Yang, Q.]., et al., 2007. ~40Ma OIB-
type Mafic Magmatism in the Gaoligong Belt: Results of
Break-off between Subducting Tethyan Slab and Indian
Plate? Acta Petrologica Sinica ,23(6):1334—1346 (in
Chinese with English abstract).

Lei,J.S.,Zhao,D.P.,Su, Y.].,2009.Insight into the Origin of
the Tengchong Intraplate Volcano and Seismotectonics
in Southwest China from Local and Teleseismic Data.
Journal of Geophysical Research : Solid Earth , 114
(B5).doi:10.1029/2008]B005881

Li,L.M.,Liu, X.W., Xie,Z.J.,2011.Deformation Mechanism
and Rheological Property of Granulite in the Continen-
tal Lower Crust: A Review.Advances in Earth Science »
26(3):275—285 (in Chinese with English abstract).

Li,Y.Z.,1995. The Geological Characters of Cenozoic Vol-
canic Rocks, Some Patterns of Cenozoic Volcanism and
Their Petrological Interpretation in Eastern China.
Journal of Mineralogy and Petrology s15(3):1—7 (in
Chinese with English abstract).

Lu, Y. F., 2004. GeoKit—A Geochemical Toolkit for Mi-

crosoft Excel.Geochimica ,33(5):459—464 (in Chinese
with English abstract).

Martelat, J.E.,Schulmann, K. , Lardeaux, J. M., et al.,1999.Gran-
ulite Microfabrics and Deformation Mechanisms in South-
ern Madagascar. Journal of Structural Geology,21(6):
671—687.doi:10.1016/S0191—814(99)00052—8

Middlemost, E. A. K., 1989. Iron Oxidation Ratios, Norms
and the Classification of Volcanic Rocks.Chemical Ge-
ology 77 (1):19 — 26.doi: 10.1016/0009 — 2541 (89)
90011—9

Mo, X.X.s Hou,Z.Q., Niu, Y.L., et al., 2007. Mantle Contri-
butions to Crustal Thickening during Continental Colli-
sion: Evidence from Cenozoic Igneous Rocks in South-
ern Tibet.Lithos, 96 (1 —2):225— 242.doi: 10.1016/j.
lithos.2006.10.005

Mo, X.X., Pan, G.T.,2006.From the Tethys to the Forma-
tion of the Qinghai-Tibet Plateau: Constrained by
Tectono- Magmatic Events. Earth Science Frontiers,13
(6):43—51 (in Chinese with English abstract).

Mo.X.X..Zhao,Z.D..Deng.].F..et al.,2003.Response of Volca-
nism to the India-Asia Collision. Earth Science Frontiers ,
10(3) :135—148 (in Chinese with English abstract).

Mo, X.X., Zhao, Z.D., Zhu, D.C., et al.,2009.On the Litho-
sphere of Indo-Asia Collision Zone in Southern Tibet:
Petrological and Geochemical Constraints. Earth
Science— Journal of China University of Geosciences »
34(1):17—27 (in Chinese with English abstract).

Searle, M. P., 1988. Structural Evolution and Sequence of
Thrusting in the High Himalayan, Tibetan-Tethys and
Indus Suture Zones of Zanskar and Ladakh, Western
Himalaya: Reply. Journal of Structural Geology , 10:
130—132.

Su,B.X.,Zhang,H.F.,Xiao, Y.,et al.,2006. The Characteris-
tic of Olivine Xenocrysts Entrained in Cenozoic Volcan-
ic Rocks and Its Geological Significance in Dangchang,
Western Qinling. Progress in Natural Science ,16(11):
1428—1435 (in Chinese).

Tang,X.L., 2005, The Physical & Chemical Characteristics
and Genetic Model of Gem Peridot in Damaping, Hebei
Province.Yunnan Geology .24(2) :218—224 (in Chinese
with English abstract).

Tang,Y.].. Zhang, H.F., Ying, J.F., 2004. High-Mg Olivine
Xenocrysts Entrained in Cenozoic Basalts in Central
Taihang Mountains: Relicts of Old Lithospheric Mantle.
Acta Petrologica Sinica,20(5):1243 — 1252 (in Chi-
nese with English abstract).

Tapponnier, P., Molnar, P.,1976. Slip-Line Field Theory and

Large Scale Continental Tectonics. Nature , 264 (25) :



818 HoBR A} A —— i [ B A R 4R %39 %

319—324.

Tapponnier, P.,Peltzer.G..Le Dain,A.Y..et al.,1982.Propa-
gating Extrusion Tectonics in Asia: New Insights from
Simple Experiments with Plasticine. Geology,»10(12):
611—616.doi:10.1130/0091—7613(1982)10<C611:PE-
TIAN>2.0.CO;2

Taylor, W.R.,1998.An Experimental Test of Some Geother-
mometer and Geobarometer Formulations for Upper
Mantle Peridotites with Application to the Thermo-
barometry of Fertile Lherzolites and Garnet Websterite.
Neues Jahrbuch Fiir Mineralogie Abhandlungen ,172
381—408.

Wang,Y.,1999. Tectonic Settings of Late Cenozoic Volcan-
ism in Tibet and Tengchong Area, China. Geological
Review ,45(Suppl.) :905—913 (in Chinese with English
abstract).

Winchester,J.A.,Floyd,P.A.,1977.Geochemical Discrimina-
tion of Different Magma Series and Their Differentia-
tion Products Using Immobile Elements. Chemical Ge-
ology» 20: 325 — 343. doi: 10. 1016/0009 — 2541 (77)
90057—2

Wood, B. J.., Banno, S., 1973. Garnet-Orthopyroxene and
Orthopyroxene- Clinopyroxene Relationships in Simple
and Complex Systems.Contributions to Mineralogy and
Petrology ,42(2) :109—124.doi:10.1007/BF00371501

Wu,C. M., 2009. On the Validity of the Geobarometers in
Mantle Rocks.Acta Petrologica Sinica,25(9):2089 —
2112 (in Chinese with English abstract).

Wu, C. M., Chen, H. X., 2013. Estimation of Minimum or
Maximum Pressure or Temperature Conditions in Met-
amorphic Rocks. Acta Petrologica Sinica, 29 (5):
1499—1510 (in Chinese with English abstract).

Xu,H.J..Jin,S. Y., Zhen, B.R., 2007. New Technique of Petro-
fabric: Electron Backscatter Diffraction (EBSD). Geosci-
ence ,21(2) :213—225 (in Chinese with English abstract).

Xu, Y.G., 1993. Geothermometers Applicable to the Mantle
Xenoliths.Acta Petrologica Sinica,9(2):167—180 (in
Chinese with English abstract).

Yang,Q.J.,Xu, Y.G.,Huang,X.L.,et al.,2006.Geochronolo-
gy and Geochemistry of Granites in the Gaoligong Tec-
tonic Belt, Western Yunnan: Tectonic Implication.Acta
Petrologica Sinica ,22(4):817— 834 (in Chinese with
English abstract).

Yang,Q.J.,Xu, Y.G.,Huang,X.L.,et al.,2009.Geochronolo-
gy and Geochemistry of Granites in the Tengliang
Area,Western Yunnan: Tectonic Implication. Acta Pet-
rologica Sinica s25(5):1092 — 1104 (in Chinese with
English abstract).

Yin, A., Harrison, T. M., 2000. Geologic Evolution of the
Himalayan- Tibetan Orogen. Annual Review of Earth
and Planetary Sciences +28(1):211—280.doi:10.1146/
annurev.earth.28.1.211

Yu,H.M., Lin, C. Y., Shi, L. B., et al., 2010. Characteristics and
Origin of Mafic and Ultramafic Xenoliths in Trachyandesite
Lavas from Heikongshan Volcano, Tengchong, Yunnan
Province, China. Science China : Earth Science ,53:1295 —
1306.doi:10.1007/s11430—010—4044—6

Yu,J.H.,Xu,X.S.,Zhou, X.M.,2002. The Geochemical Stud-
ies of South China Coastal Mafic Granulite Xenoliths
and Its Lower Crustal Composition. Science in China
(Series D) ,32(5):383—393 (in Chinese).

Zhai, M.G.,Liu, W.].,2001. The Formation of Granulite and
Its Contribution to Evolution of the Continental Crust.
Acta Petrologica Sinica, 17 (1):28 — 38 (in Chinese
with English abstract).

Zhang, H. F., Ying, J. F., Xu, P., et al., 2004. North China
Mantle Olivine Xenocrysts in Mesozoic Basalt: The
Revelation for Replacement Process of Lithospheric
Mantle.Chinese Science Bulletin,49(8):784— 789 (in
Chinese).

Zhang,K.X., Wang, G.C., Chen, F.N., et al., 2007. Coupling
between the Uplift of Qinghai-Tibet Plateau and Distri-
bution of Basins of Paleogene-Neogene.Earth Science—
Journal of China University of Geosciences 32 (5):
583—597 (in Chinese with English abstract).

Zhang.R.Y..Cong,B.L..1985.The Geotherm and constituent
of Uppermost Mantle Deriver from Xenoliths in Xeno-
liths in Southeastern China. Acta Petrologica Sinica »
1(4):34—49 (in Chinese with English abstract).

Zhang.H.Z..Zhang. H.F.,2001.Some New Progresses and Geo-
logical Significance in Studying Continental Lower Crust
Granulite Xenoliths. Progress in Precambrian Research 24
(4) :247—256 (in Chinese with English abstract).

Zhong, D. L., Ji.J.Q., Hu, S. L., 1999. Neo-Tethyan Subduction
Time: The Evidence Come from the *” Ar/* Ar Microarea
Age of Deterioration Oceanic Crust Fragments. Chinese
Science Bulletin ,44(16):1782—1785 (in Chinese).

Zhou, X. M., Chen, T. H., 1984. Petrogenetic Aspects of Cr-
clinopyroxene and Al-Clinopyroxene-Bearing Ultramafic
Inclusions in Basaltic Rocks from Southeastern Coastal
Provinces of China.Acta Geologica Sinica ,58(3) :238—

251 (in Chinese with English abstract).

Bt H 3T 2 28 ST ik
BT, X R A, 2006, 55 A1 B M 3E o B AR B R—
EBSD 4% A J& 57 . b BR Bl 24 3 ', 21(10) :1091—1096.



AR RRAE < P VY I rb b e A AR vl o R PR 6 1A F) 2 B % R 819

MM BB L SR AT 3% , 45, 1994, P [ U0 74 7 b A= 4% kil
IR A E RN (B ) ,24(4) 1441 — 448,

RO L L B 2, 25,1996, o [ OR AR — AR A —
KBl sh J12# AR RE . A6 5T B AR A

TR AR R L1999, T FE R A EL BC UG b X 7R R RR OB S AH AR R
A T RR A B oA 5 b 5t 2 S R 2% (D 38) . 29(5) .
385—397.

BT LRI, gk L 2L 2006, H PG B ohogr R R AE R A
PR 2 T 5 3 T A A R, 22.(4) 1927 — 937,
BEREA, R 25 9T, 1996. 1 1 00K 5 v i i RRORE 5 4 9 R R

SFAIR L, 41(3):235—238.

J7 R, i85, 1997, 7 vy i Tk il 28 A9 21 A b 5
R R .16 (4) :93—100.

we L A R R 1997 R UUAE I B H 58 — Wi it 1 3l ) 2 S b
BiRHH E R, 16(1) :1—9.

WERE, TITIE . PMGE 2%, %, 2003. 55 40 BB B i TR 66 3
i %% .10(3):129—133.

INTE LR R T B, 2L 2002, % B L 1l RR R S L AR B
WA R AT — T e b TR i 2k R HL IR LA AR
18(3):383—391.

ZRg T AP ORER L TR L1998, v 4 i SR IR AR IR S A Y
PIHAAE B AR R Ho# 2 B L A R, 14 (2)
163—175.

T BRSO L 5L 2000, 0L VG e AR I AL BT A PR E
HAR BRI A/ Ar AR E A % 16(2)

IR

227—232.

FEHAR 199818 vl A AR JC LD 20 A RR AR M R AT 5T, 21 (4D
309—319.

SIRE.EIL,1996. 8 = /FEH (underplating) K H:57% — 8 i
A3 7y 2 X AR S . 15(2) 17,

18, IR E I B, 2000, 8 B Z & A T ORRRL & AR R S
A SR KR ERHE R3], 30(2) : 115—119.
WYL B WL B 08 L 5, 2007 3 P B BT AT ~ 40 Ma
OIB B EEME 5 IR0 2y . 11 D04 42 30 V9 v 5 B0 B A e i
BIEY PR A A 2R . 23(6) 11334 — 1346.
75 TR A5, KRR S IR ZE L 2011 Kl R H 58 BR R 4 1Y I 8 2
W5 E 7 i 3R B~ BE JiE , 26 (3) : 275 —285.
A 1995 b AR A T A= AR K Il s 1 b BT ARRAE K okl AR
kB RS SSE F A7 A A, 15(3) . 1— 7.,
BRI % 2004, GeoKit: — > ] VAB #4 2 i1 # 5k 1k 2% T B 4%
P40 Bk AL 2%, 33(5) 459 — 464,
BUE 2 RS 2006. D RR B 1T 2 9 98 T L M i —
WA LR 2=/ 2%, 13(6) :43—51.
BOE 2 RS R AR 45, 2003, BV EE — SF 9 K B 32l g 5
B AR FE e Rz b 2= T 2%, 10(3) 1 135 — 148.
BT B B L 25, 2009, P 6 R &8 BN BE — 37 N R 4
WA A A A — R A A R B e — T
K 22 E 3], 34 (1) 17— 27,

IAT Tk AR B L L 2006, 75 25 08 77 B 4 B A ARk
v PO A AR B A G R AR R L R R L AR B 2
JE,16(11):1428— 1435,

JE S5 3, 2005981 b KRR B 5 A7 MOG34k 2 1k B Mg
H. 2z g LR, 24(2) : 218 — 224,

WA IR AR, PR, 2004, K AT W BEBT AR KR AR
e BN A A B B R T M R A
#.20(5):1243—1252.

i . 1999. V4 A 1 wh b DX 06 A= AR L 7R T 9 s
BT T, 45 (3 D 1 905 —913.

RAEW, 2009, 08 5 5P R 7RI A 2
2089 —2112.

SR BRiEANE L 201378 AR IR BE 55 T 00 A% FR 18 1) Ay 38 5
e A A AR, 29(5) 11499 — 1510,

WG T2, 4 WU, FR AT AL, 2007, % A 21 2 BF 5% 10 i BT
AT B TS (EBSD). BLAR M 5. 21 (2) .

., 2509),

213—225.
NI, 1993, 38 FH T i VR A (A 1Y M BT R R 3L A A G 9
(2):167—180.

M 00 4 SCRI L BN B L 45,2006, 1 3R T3 R 3 A AR i A B0 4F
AR R0 Hb BR Ak 2 B HoH 1 B OSLUE A, 22 (4)
817—834.

I 45 A U, 5 /N 8, 25,2009 T 7Y i il — 2 31 iy IX 46 4
FHYAEAREE R RO R A AR 25(5)
1092—1104,

F LM AL 5l 22k, 45,2010, 18 wh B 23 KL 28 s P B
Jo — B A BT AR 1 R AF R B B A R v R 2 . Bk
BH2,40(12) :1697—1709.

THIE RS A R L 2002, 48 59 5 ¥ 3 Pk R R A 4l 5 1A
Y M ER AL 25 BF 58 A #7641 . b B BE 2 (D $) . 32
(5):383—393.

FEEA X SCZE , 200 1. B2 9 T B B 5 %o K o b 5 3£k 1Y)
BiMk. A A 2E R . 17(1) 28— 38,

TR PR RO 2, 200448 0 T AR AR R A o Ml A
WA 9 55 i« 2 A P b g e 2 R 09 )R R R 2
,49(8) :784—1789.

KofE, EEAN, B 7,55 ,2007. F s Rl i L — e s
G T+ 5 VTR 2 b 40 A AR A M BR Bl 2 ——vh [ M R K
22203 ,32(5):583—597.

KA BE  RIAR L 1985, v [ 7R 7 #5 DA AT 135 44 9 5 1) b U I
i 20 B A AR, 1(4) 1 34— 40,

g AH 5K 72 T8, 2001, TF ML ROk A AL AR 5 30k TR
€ 5 2D ST R . 24 (4) 247 — 256.

BhoR 3R, Z A LW IR E L 1999, 55T 45 B 307 9 AFF b s 8] . AR R
SRR R Ar/% Ar BLIXCAR IR B A% 8 i, 44 (16D
1782—1785.

SRR BRI AR, 1984 R E AR MG HHAE R LR A T E
B A LR A b B 2 i . 58(3) : 238 — 25 1.

V-9



