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1 ( D®,1976,1999;Chen Xueming et al. ,1998 )
Fig 1 Sketch geological map and the sample location of the Laojunshan area regional,southeastern Yunnan province
(modified after Bureau of geology and mineral resources in Yunnan province and Chen Xueming et al. ,1998)
1—Quaternary; 2— Xinzai Group;3— Nanlao gneiss; 4—Nanyangtian Formation;5—Saxi Formation; 6— Nanwenhe Sequence; 7—Dulong Super-

Unit; 8 — Ampbhibolite; 9—Normal fault; 10— Thrust fault; 11— Strike-slip fault; 12— Brittle-ductile shear zone and principal sections; 13
Unconformable boundary; 14— Disconformity boundary; 15— Schistosity zone; 16— Cleavage belt; 17— Tectonic breccia belt; 18— Primary
denudational fault; 19—Denudational fault; 20— Granitic gneiss; 21— Yanshanian granite; 22— Sampling location and its number; 23— Location

map in study areas

Yanbo et al., 2009, 2010; Zhang Binhui et al. ., , ( . )
2012;Li Jinwen et al. ,2013), , - o

2

2.1 la,
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. 200pm~400pum; (E104°41. 5",
( 2a), N22°53. 6').,
. , ) , C D,
s  2a), ,
. D DN4075¢( )
;@ ; — . .
® ( ) s . C 20,
. ’ , — ( 50%) + (
, — . 25%) +

, :@ ( 20%0) N N

16 ) 22
\ ELAN DRC-e . 5%,
. ( 60%) (Qi Liang et al. ,2000),
( 20%) . ( 8% ( Geokit (Lu Yuanfa et al. ,
6%) . 2004) ,
, , ( 2b), s JXA-
s , s 8100 (EPMA),

2
Fig 2 Microscopic photos of representative rocks in the Mengdong Group-Complex,southeastern Yunnan province
(a)— ) (Grt) ) (BO (Ms) (Qtz) , , , ;
(b)— , (Tur) , (Bo | (PD (Qtz) . s , s () —
s (Bv | (PD (HbD s s

(a)—garnet two-mica schist, the composition of porphyroblast(garnet) and substrate ( biotite, muscovite and quartz) , porphyritic-granular-
blastic texture, schistose structure, plane-polarized light; (b)—Tourmaline biotite schist, the composition of porphyroblast (tourmaline) and
substrate (biotite, plagioclase and quartz) . porphyritic-granular-blastic texture, schistose structure, plane-polarized light; (¢)—Hornblende-
plagioclase gneiss, flake-columnar-granular texture by hornblende, plagioclase and biotite, biotite and plagioclase directionally formed weakly

gneissic structure,orthogonal polarization



15kv, L OX10 %A, N C  3a).
GB/ S-C . o
T15617-1995, ZAF , ,
<£2%., . . . (Tan Hongqi et al. ,2010),
. N N . . 3 L1
Mg.Al,Si,Ca,K,Na,Ti,Mn,P ,Fe
Cr o o - ,
U-Pb .
, (Liang Xiao et al. ,2009),
VG354 o U-Pb s
(Buick et al. ,2001; Yuan Wang Genhou(2006)
Jihai et al. , 2016; Zhou Hongying et al. , 2008, .
2013), ,
3 , N 7 (
3b); )
31 ¢ 3b),
. R . . NE45°—SW225° SE135°NW315°,
. (Ptyys), 3 L2
(Ptysn) , .
) ) , C 30,

3
Fig 3 Deformation style of the Mengdong Group-Complex,southeastern Yunnan province
(a)— N . ;(b)— , ;o) —
s s (d)— s ;(e)— s s (D— s

(a)—sheath fold and Tectonic lens,s porphyroclast and sheath fold in Baoliangjie area; (b) —asymmetric fold fine veins in ductile
shear zone of plagiogneiss in Baoliangjie area; (¢)—asymmetric fold veins in Schist of Alao Area; (d)—quartzite lens in plagioclase

gneiss of Baoliangjie area; (e)—recumbent fold in Huashiban Area; (f)—tectonic lens in gneiss of Nanyangtian area

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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o c
C 3d, ,
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SE145°-NW325°
9 b ’ 4 B
° ) Fig 4 Stress analysis of metamorphism-deformation
N in the Mengdong Group-Complex,
2
’ 6km, 0. 4~0. 9km", southeastern Yunnan province
3. L4 2]
9 — o
. 32
( 30, NW315~
SE135°C ) . ’
o b b
C D, o1 SE-
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NW - i N ]
. SN . EW ’
( ’
D, , ’
o b
. - NW-SE ; ’
321 —
NW-SE( E-W) ,
1 b b b ’
Table 1 Statistics of typical macroscopic deformation and stress
in the Mengdong Group-Complex,southeastern Yunnan province
b o
(o1)
- 2 — (Zhen
SE175°/NW355°(S-N)
“? SE145°/NW325° Yadong.1985), (S0) .
“5" SE1007/NW280°(E-W) . \
SE135°/NW315°
SEL /WL K=0, 0698( 2 5),
SE135°/NW315
SE130°/NW310° ’ ’ ’
SE135°/NW315° ol NE16. 5-SW196. 5°, b
SE135°/NW315°
i i ( ) . SE-NW



SE-NW ) o
- o . (
) 6¢) ¢ 6d .
Table 2 Result of finite strain measurements in phyllite ’
of Xinzhai Group,southeastern Yunnan province ’ N
K=(X/Y—1 (600~700°C) (Hu ling,1998),
X/Z\|\Y/Z
) Y/Z—1D
Md0921 102 2. 60| 2 37 0. 0698
90 735 96.2 90 ,
(a) ) , ,
180 0 0 , ,
( ) (6e),
79 R %792 598 ’
Alél(;bu)r;iggls N=50 Aziméilz);é,.z N=52 (An Linji,1987; Wang Genhou,2006) ,
_ :@
o)
Y/Z(a) X/Z(b)
Fig 5 Finite strain measurement of quartz in phyllite (An Linji,1987);@
Y/Z (a) and X/Z (b)in Xinzhai Group., s
southeastern Yunnan province ;®
(Wang Genhou, 2006) ,
322 —
A ¢ (66) ° ’
’ ° ° S_C
(>50%),
- ° “g” , “ C” ,
> > 60,
o 3' 2 3 J—
( 6a), X
( o
N ) ’ ( 721)
— (Gao Pingxian ,
et al. , 1997; Li Sanzhong et al., 1998; You — C b,
Zhendong et al. ,1996), 6b . ,
s ., S3 C 70, .
( ),S1 . S2 :
. Bell et al. (1989) ( ),
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i 45

Fig 6 Microscopic metamorphic-deformation characteristics of schist in the Mengdong Group-Complex,
southeastern Yunnan province
(). (b)— s . 3 () — * 7, . 3
(d— s s ;(e)— s ;(D— s
(a),(b)—Internal inclusions of garnet porphyroclast in Schist of Alao area,orthogonal polarization; (¢)—Mica fish in schist of Shangkoulin
area,orthogonal polarization; (d)—Schist kink structure In mica of Shangkoulin area, plane-polarized light; (e)—Rectangle quartz ribbons.,

orthogonal polarization; (f)—The tail structure in schist,orthogonal polarization

Fig 7 Microscopic metamorphic deformation characteristics of gneiss in the Mengdong Group-Complex,

southeastern Yunnan province
(a).(b) . (c)— — ,(a) (b)) — s (o) — s (dD)— (Tur) (Qtz) s s(e)—
N - . s (D— s
(a).(b),(¢)—Metamorphic-deformation issue of Mica mineral, (a) ,(b)—plane-polarized light, (¢)—orthogonal polarization; (d)—Tourmaline
in transverse section and quartz inclusions. plane-polarized light; (e) —metamorphic deformation sequence of Tourmaline and mica mineral, plane-

polarized light; (f)—Trailing structure in felsic minerals, plane-polarized light

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig 8 Different petro-fabric rose figures of mica in thin section of the Mengdong Group-Complex, southeastern Yunnan province

3
Table 3 Microscopic analysis of tectonic stress parameters in the Mengdong Group-Complex, southeastern Yunnan province
Md0901 35°./90° 141°(321°%) XZ(74°) \YZ(275°)
Md0903 35°,/90° 140°(320%) YZ(75%) . XZ(285%)
Md0904 175°,/70° 73(253%) XZ(348%) . XY(5%)
Md0905 62°,35° 158°(338°) XZ(84%) . YZ(272°)
Md0906 170°/60° 5°(185%) YZ(265°) . XY (285"
Md0908 75°,/35° 157°(337°%) XZ(352°%) . XY (1"
Mdo0911 300°/35° 55°(235%) XY(75°).YZ(43%)
Mdo0912 197° /72° 79°(259%) XY (332°),YZ(315%)
Md0917 90°32° 13°(193%) XY (77 . YZ(87%)
Md0919 310°,/90° 45°(225%) XZ(85°) . YZ(5%)
Md0920 310°,/90° 40°(220%)
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Preferred orientation diagram of the fabric of mica and hornblende in Group-Complex,southeastern Yunnan province
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Table 4 Garnet chemical composition of major elements of Mengdong Group-Complex, southeastern Yunnan province( % )

md0908 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Cl1 C12
Na; O 0. 13 0. 10 0. 91 0. 02 0. 08 0. 09 0. 08 0. 10 0. 17 0. 07 0. 13 0. 06
FeO 28 6 254 234 23.5 23 4 28 6 29. 9 28 8 28 4 28 2 29. 3 30. 1
MgO 1. 19 0. 77 0. 71 0. 68 0. 61 1L 70 1. 80 2. 21 1 47 1 41 1 55 1L 71
TiO; 0. 07 0. 14 0. 13 0. 11 0. 09 0. 10 0. 12 0.78 0. 08 0. 07 0. 07 0. 03
Al, O 21 4 211 20. 4 20. 5 21. 0 20. 8 21. 0 20. 8 211 21 2 21. 3 20. 9
CaO 8 88 9. 35 9. 81 9. 87 10. 2 6. 69 6. 04 6. 83 8 69 9. 42 8 87 7. 08
MnO 173 4. 04 4. 22 5. 37 5. 10 3.02 2.55 1. 97 1. 51 1. 38 0. 50 1. 18
Si0; 37.5 37. 1 36. 5 37. 1 36. 7 36. 2 37.0 36. 8 37.0 37. 1 37.7 36. 7
Total 99. 6 98 0 96. 1 97. 1 97. 1 97. 2 98 6 98. 4 98. 6 98 9 99. 5 97. 8
12 ng
Na 0. 02 0. 02 0. 15 0. 00 0. 01 0. 01 0. 01 0. 02 0. 03 0. 01 0. 02 0. 01
Fe 1. 91 173 1. 62 1. 61 1. 60 1. 97 2. 03 1. 95 1. 92 1. 90 1. 96 2. 06
Mg 0. 14 0. 09 0. 09 0. 08 0. 07 0. 21 0. 22 0. 27 0. 18 0. 17 0. 18 0. 21
Ti 0. 00 0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 0. 05 0. 00 0. 00 0. 00 0. 00
Al 2. 02 2. 02 1. 99 1. 98 2. 02 2. 02 2.01 1. 99 2.01 2. 01 2. 01 2. 01
Ca 0. 76 0. 81 0. 87 0. 87 0. 90 0. 59 0. 52 0. 59 0. 75 0. 81 0. 76 0. 62
Mn 0. 12 0. 28 0. 30 0. 37 0. 35 0. 21 0. 18 0. 14 0. 10 0. 09 0. 03 0. 08
St 3. 00 3. 01 3.02 3. 04 3. 01 2.99 3. 00 2. 98 2.99 2. 99 3. 01 3. 00
Total 7. 98 7. 97 8 06 7. 96 7. 98 8 01 7. 99 7. 98 8 01 8 00 7. 99 7. 99
Fed! 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 03 0. 00 0. 00 0. 00
Fe?t 191 173 1 62 1 61 1. 60 1 97 203 1L 95 1. 89 1. 90 1 96 2. 06
Xmg 0. 05 0. 03 0. 03 0. 03 0. 02 0. 07 0. 07 0. 09 0. 06 0. 06 0. 06 0. 07
XFe 0. 65 0. 59 0. 56 0. 55 0. 55 0. 66 0. 69 0. 66 0. 65 0. 64 0. 67 0. 69
Xca 0. 26 0. 28 0. 30 0. 30 0. 31 0. 20 0. 18 0. 20 0. 25 0. 27 0. 26 0. 21
Xnn 0. 04 0. 10 0. 10 0. 13 0. 12 0. 07 0. 06 0. 05 0. 03 0. 03 0. 01 0. 03
Fe/(Fe+ Mg) 0. 93 0. 95 0. 95 0. 95 0. 96 0. 90 0. 90 0. 88 0. 91 0. 92 0. 92 0. 91
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2000) ,

(Kohn et al. , 2000; Wu
Chunming et al. ,,2001),

) Fe‘Mg ’
Fe/Mg C 1la,
Fe/Mg o
+ = + :
JEOL COMP  15.@kY »ee®  108pm WD1imm
10 S,
(Grt— s Br— iQz— ) SREE 209 X 10 ® ~ 212 X 10 °, LREE/

Fig 10 Mineral composition of garnet biotite schist and

HREE 0. 88~0. 90,(La/Yb)y 0. 56~0. 57,
test position of electronic probe in Mengdong Group-
Complex, southeastern Yunnan province ( Grt—Garnet; ’ ’

Bt— Biotite; Qtz— Quartz) (La/Sm)y 3 79~3. 86, (La/Sm)y
0. 13, o
~37. 7% ,ALO; 20 4% ~21 4% ,FeO( ) ,
23 4%~30.1%,Ca0 6. 04% ~10. 2% ,MnO “V” ( 11b),LREE
0. 50% ~5. 10%, .Eu ,HREE
MI’I, 1) o
. Mn 4. 1. 2
) Ml’l Mn N
. 6, SiO, 35. 07% ~ 35 52%.,
(Wu Chunming et al. ,2001), Al O, 17. 68% ~ 18 58%, Na, O 0.21% ~
- - , Fe/(Fe+ Mg) N 0. 38% ,FeO 16. 45% ~17. 18% .MgO 9, 87%
Mn R “ ” ~10. 90%, [Fe/(Fe
, (Kohn et al. , +Mg) ] — .
1.2 1000
(a) - (b) — A~ md0908-1
Lok o [ —3—md0908-2
iﬁf 0.8 &
2 X ==
< ke H
2 06 IOOE_
& i
= i
0.4
XCﬂ
0.2
X
Mn Xmg
L 30 I Il 1OLa Ce Pr I\IId Slm Eu éd T‘b by lrllo Er fm \;b Lu
11 (a) (b)
( Sun and McDonough,1989)

Fig 11 Garnet component band (a) and chondrite-normalized REE diagram(b) of the Mengdong

Group-Complex, southeastern Yunnan province(normalized values after Sun and McDonough,1989)
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Fe-Mg . 6
R , Mg Table 6 Chemical composition of main elements of biotite in
, (Wang Wei,2002), Schist of the Mengdong Group-Complex, southeastern
e Yunnan province
5 (X107°)
Table 5 Rare earth element contents of tourmaline and garnet %) ! p 1
3
of the Mengdong Group-Complex, southeastern Yunnan NayO 0 29 0 27 038 0 21
province( X107°) FeO 16. 5 17. 2 165 16. 7
md0904-1 | md0904-2 | md0908-1 md0908-2 K. O 8 7 & 79 8 28 8 8
MgO 10. 9 10. 8 9. 87 10. 9
La 79. 3 65. 2 24. 2 24, 4 NiO 0. 03 0. 02 — 0. 04
Ce 170 140 44, 3 45, 3 TiO, 1 18 1 22 1 18 1 28
Pr 18 4 15 2 5 53 5. 39 Al O 18 6 18 4 17. 7 18 3
Nd 67. 3 555 20. 1 19. 7 CaO - - - -
Sm 13. 2 10. 6 412 4. 08 MnO 0. 13 - - 0. 14
Eu 237 2. 01 0. 78 0. 85 SiO, 354 355 351 35.5
Gd 10. 3 8 32 479 5 02 Cry O3 0. 02 0. 04 0. 13 0. 01
Tb L 77 L4 1. 76 176 P05 - - 0. 03 0. 05
Dy 8 74 7.13 25. 4 26, 3 Total 91. 7 92. 3 89. 1 9L 9
Ho L 73 L 35 8 79 9. 08 11 np
Er 4 58 347 20, 4 30 Na 0. 04 0. 04 0. 06 0. 03
Tm 0. 61 0. 48 4, 61 4, 77 Fe 1. 07 1 11 L1 1. 09
Yb 4, 08 317 30, 6 31 4 K 0. 86 0. 87 0. 84 0. 87
Lu 0 58 0 46 43 4 38 Mg 1 26 125 118 1 26
Y 45. 6 35. 2 277 270 Ni 0 0 - 0
SREE 383 314 209 212 Ti 0. 07 0. 07 0. 07 0. 07
LREE 351 289 99 99, 7 Al L7 1. 68 1. 67 1. 68
HREE 32, 4 25, 8 110 113 Mn ¢ 01 - - ¢ 01
LREE/HREE | 10,8 1. 2 09 0. 88 S 275 275 2 81 276
Lax/Yby 132 9 14. 8 0. 57 0. 56 Cr 0 0 0. 01 B
SEu 0. 62 0. 65 0. 54 0.57 P N N 0 0
. ~ Fe/Mg 0. 85 0. 89 0. 93 0. 86
5Ce 1. 09 1. 09 0. 94 0. 97
Total 7.78 7.78 7.73 7.78
(La/Sm)y 3. 88 397 379 3. 86
(Gd/Yb)n 2. 09 217 0 13 0. 13
4 2 -
XY, Z; Sig Oy
(BO;); W, X Na,Ca,K ;Y
Mg.Fe .Mn,Al Li V4 Al.Mg.Fe,
Cr V ;W O.0OH.F (I (Grice et

al. , 1993; Henry et al. , 1996; Jiang Shaoyong.,
1998;Jiang Shaoyong et al. ,2000),

12,

7. Si0, 37 1% ~
37.9%,AL0O, 32 5%~33 7%,Na,O 1 61%
~1 95%.FeO 5 87%~7. 27%.Mg0O 5 99%
~6, 71%., ;

FeO ; . B, O,

H,0O . NN

. 24. 5 .
12 .

12
Fig 12 Mineral symbiosis of tourmaline mica plagioclase
gneiss in the Mengdong Group-Complex, southeastern
Yunnan province

Spn— s Tur— ; Bt— s Ap— s Pl—

Spn—Sphene; Tur— Tourmaline; Bt—Biotite;

Ap— Apatite; Pl—Plagioclase

Mg, Al.Fe, — ,
(Nag 500615 Cagoso11s Kooor ) (Fegaross
Mgu 180,643 [Sia Oy ] [BO.@ ]3 (OH), .
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, , 12 ,
(Henry et al., 1985; Jiang Shaoyong et al. . Ca-Fe-Mg-Al ¢ 13),
2000), Henry et al(1985) Ca Al .
7
Table 7 Chemical composition of single particle ’ N
tourmalinization in Mengdong Group-Complex, southeastern (Jiang Shaoyong et al. ,2000),
Yunnan province 5., SREE 314. 28 X106~
% 382 99X 10" °, LREE/HREE 10. 81~11. 20,
Cl C2 C3 C4 C5 C6 C7 (La/Yb)I\ 13 94 ~14. 75,
Na,O | 1. 89 1. 92 1. 61 1. 88 1. 95 177 1. 89
FeO | 708 | 6.28 | 6.00 | 727 | 590 | 587 | 5 85 ’ ; (La/Sm)y
SiO, | 378 | 371 | 379 | 37.5 | 37.1 | 37.3 | 372 3. 88~3. 97, (La/Sm)y 2 09~2 17,
CaO 0. 37 0. 80 0. 46 0. 52 0. 80 0. 68 0. 70
TiO, 0. 31 0. 37 0. 22 0. 28 0. 28 0. 29 0. 33
Al O3 | 327 32.5 33. 7 32.5 32. 5 33. 2 32. 9 ( 14) »0Eu
K,O 0. 05 0. 02 0. 04 0. 02 0. 02 0. 02 0. 03 98(:6 ’
MgO 6. 03 6. 58 5 99 6. 25 6. 71 6. 38 6. 08
Total | 86. 2 85. 6 86. 0 86. 3 85. 3 85. 6 85. 1
24,5 ng ’
Na 0. 60 0. 61 0. 50 0. 59 0. 62 0. 56 0. 60 - - ’
Fe 0. 96 0. 86 0. 81 0. 99 0. 81 0. 80 0. 80 —
Si 6. 13 6. 06 6. 12 6. 10 6. 07 6. 07 6. 09
. , Fe-Mg
Ca 0. 06 0. 14 0. 08 0. 09 0. 14 0. 12 0. 12
Ti 0. 04 0. 04 0. 03 0. 03 0. 03 0. 04 0. 04 o
Al 6. 25 6. 25 6. 40 6. 23 6. 26 6. 36 6. 35 4 3
K 0. 01 0. 00 0. 01 0. 00 0. 00 0. 00 0. 01
Mg | 146 | 160 | 144 | 152 | 1.63 | 1.55 | 148 431 -
Total 155 15. 6 15 4 15 6 15 6 15 5 15 5 —

T A

MR S A =\ A
\
TSI /0 / 6 -
M0 N
Fe MgAlsuFesu Alml\/lg50
13 ( Henry et al. ,1985)

Fig 13 Diagenetic environment discrimination diagram of tourmaline chemical composition and relationship in

the Mengdong Group-Complex.southeastern Yunnan province(after Henry et al. ,1985)

1— Li . ;2— Li N 33—  Fe't — ( )id— Al 55—
Al ;6—Fel™ — N 37—  Ca Cr.V ;
8— ;39—  Ca . ;10— Ca N — ;11—
;12—

1—Li rich granitoid pegmatites and aplites; 2— Li-poor granitoid and their associated pegmatites and aplites; 3—Fe® " -rich quartz-tourmaline
rocks(Chydrothermally altered granites); 4—Metapelites and metapsammites coexisting with an Al-saturating phase; 5—Metapelites and
metapsammlites not coexisting with an Al-saturating phase; 6—Fe®" -rich quartztourmaline rocks, Calc-silicate rocks, and metapelites; 7—
Low-Ca metaultramafics and Cr, V-rich metasediments; 8 —Metacarbonates and meta-pyroxenites; 9—Ca-rich metapelites, metapsammites,

and calc-silicate rocks; 10— Ca-poor metapelites, metapsammites,and quartz-tourmaline rocks; 11-—Metacarbonates; 12— metaultramafics
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—-md0904-1 ’
—mmd0904-2 8. Lv Wei et al. (2001)
@ 0. 5GPa,
= ( 0. 1GPa, 1c ),
% 404 ~ 464°C (
~
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i 429°C)H,
4 3 2 -
ok
LaCePr Nd SmEuGdTbDyHo ErTmYbLu Fe-Mg (Colopietro et al. ,1987),
14 -
( Sun and McDonough,1989) R 9,
Fig 14 Tourmaline chondrite-normalized REE diagram of , 515 ~
Mengdong Group-Complex, southeastern Yunnan province 582°C ( 546°C)
(normalized values after Sun and McDonough,1989)
5 U-Pb
, Fe-Mg
s - 5.1 TIMS U-Pb
. Holdaway (2000) U-
— s Pb 10,
+25°C, — , U 54 X 107° ~92 X
(Wu Chunming et al. ,2007; 107°,Pb L 8X10%~2 7X107°,
He Defeng et al. ,2008; Wu Chuming et al. ,2006), L 1X107°—1 4X10°°%,3
— 48 1% .61 1%,
Fe-Mg , 73. 7% 206 P, /238 (] 207 P, /235 (] 207 Py /2 P,
8 —

Table 8 Garnet-biotite minerals on chemical components and the corresponding temperature in the
Mengdong Group-Complex, southeastern Yunnan province

%

C13-Grt| C13-Bi |C14-Grt| C14-Bi | C15-Grt| C15-Bi|C16-Grt| C16-Bi |C17-Grt| C17-Bi|C18-Grt| C18-Bi |C19-Grt| C19-Bi |C20-Grt|C20-Bi

FeO | 29.2 17. 5 27. 2 16. 9 28 6 17. 0 25. 8 17. 5 28 4 17. 3 285 16. 3 27. 0 18 0 289 | 17. 0
K:O ] 0 02 8 84 0. 01 8 83 0. 03 8 65 0. 00 8 83 0. 02 8 83 0. 00 8 67 0. 00 8 56 0.00 | & 92
MgO| 1 26 10. 6 1. 09 10. 5 1. 18 10. 4 1 24 10. 6 1. 24 9. 26 1. 15 8 69 0. 91 9. 46 146 | 9 59
TiO, | 0. 02 117 012 127 0. 09 1 54 0. 13 1 25 0. 08 1 27 0. 08 1L 15 0. 11 1 39 0.10 | 1. 18
Al,O3| 213 18 3 21. 3 18 0 211 18 2 211 185 211 181 211 19. 5 21. 3 17. 9 2.2 |18 6
CaO | 9. 31 0. 00 9. 81 0. 00 9. 42 0. 00 9. 38 0. 00 9. 74 0. 00 9. 83 0. 00 9. 15 0. 00 9.68 | 0.00
MnO| 1 66 0. 10 3. 50 0. 00 1. 85 0. 03 4. 07 0. 08 1. 43 0. 10 1. 52 0. 08 3. 41 0. 06 0.57 0. 02
SiO; | 37.3 34. 7 36. 8 34. 8 36. 9 34. 8 37. 2 353 37. 0 36. 9 359 36. 9 353 36.9 |35 8
Total| 100 91. 0 99. 8 90. 6 99. 4 9L 0 98 9 92. 3 99. 1 99. 2 90. 9 98 9 90. 9 98 8 | 9L 3

© w
oo
o

12 s 11 np

Fe L 95 1L 15 1 83 112 1 93 112 L 74 114 1 92 1L 15 1 92 1 06 1. 83 119 L95 | L11
K 0. 00 0. 89 0. 00 0. 89 0. 00 0. 87 0. 00 0. 88 0. 00 0. 89 0. 00 0. 86 0. 00 0. 86 0.00 |0 89
Mg 0. 15 1. 24 0. 13 1 24 0. 14 1. 22 0. 15 1 22 0. 15 1. 09 0. 14 1. 01 0. 11 111 018 | 112
Ti 0. 00 0. 07 0. 01 0. 08 0. 00 0. 09 0. 01 0. 07 0. 00 0. 07 0. 00 0. 07 0. 01 0. 08 0.01 |0 07
Al 2. 01 1. 69 2. 02 1 67 2. 00 1 69 2. 00 1 69 2. 01 1. 68 2. 01 1. 80 2. 03 1 67 201 | L71
Ca 0. 80 0. 00 0. 84 0. 00 0. 81 0. 00 0. 81 0. 00 0. 84 0. 00 0. 85 0. 00 0. 79 0. 00 0.84 | 0.00

Mn 0. 11 0. 01 0. 24 0. 00 0. 13 0. 00 0. 28 0. 01 0. 10 0. 01 0. 10 0. 01 0.23 0. 00 0. 04 | 0. 00
Si 2. 98 2.73 96 2.75 2. 98 2. 74 3. 00 2. 74 2. 98 2. 81 2. 98 2. 81 2. 99 2.79 2.98 | 2 80
Total| 8 01 7. 81 8 03 7. 80 8 02 7.78 7. 99 80 8 01 7.73 8 01 7. 68 8 00 7.73 801 | 773

g

=~

t(°CH 417 405 407 453 448 432 404 464

P 0. 5GPa
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9
Table 9 Garnet-biotite minerals on chemical compositions and corresponding temperatures in the Mengdong
Group-Complex, southeastern Yunnan province
%
C8-Bi C8-Tur C9-Bi C9-Tur C10-Bi C10-Tur C11-Bi C11-Tur C12-Bi Cl12-Tur C13-Bi C13-Tur
Na; O 0. 11 1L 99 0. 11 1. 68 0. 11 1. 88 0. 04 1L 91 0. 11 1. 93 0. 11 1 83
FeO 24.°5 7. 27 20. 2 7. 11 24.°5 7. 22 22. 3 7. 47 20. 2 8 26 24.°5 8 08
SiO; 36. 3 36, 2 36. 8 36, 4 34. 7 36, 2 36. 3 36. 5 36. 8 36. 7 34. 7 36, 4
CaO 0. 00 0. 89 0. 01 0. 92 0. 03 0. 85 0. 00 0. 85 0. 00 0. 82 0. 03 0. 85
TiO, 0. 66 0. 35 0. 66 0. 38 0. 27 0. 43 0. 53 0. 38 0. 66 0. 28 0. 52 0. 32
Al O3 17. 9 32. 3 17. 9 32. 4 18 0 32. 3 17. 4 3L 7 17. 9 32. 3 18 0 3L 8
K,O 5 14 0. 02 9. 22 0. 03 5 14 0. 02 9. 01 0. 04 9. 22 0. 04 5 14 0. 04
MgO 9. 32 6. 25 9. 32 6. 16 9. 80 6. 12 9. 95 6. 20 9. 32 6. 43 9. 80 6. 33
Total 94, 3 85. 5 94, 4 85. 0 92. 7 85. 1 95. 8 85. 4 94, 4 86. 8 93. 0 85. 7
24.5 s 11 ng
Na 0. 02 0. 68 0. 02 0. 57 0. 02 0. 64 0. 01 0. 65 0. 02 0. 65 0. 02 0. 62
Fe 1L 61 1. 06 30 1. 04 1L 61 1. 06 1. 43 1. 10 1. 30 1. 20 1L 61 1L 20
Si 2. 78 6. 33 2. 82 6. 37 2. 72 6. 36 2. 78 6. 40 2. 82 6. 34 2. 72 6. 37
Ca 0. 00 0. 17 0. 00 0. 17 0. 00 0. 16 0. 00 0. 16 0. 00 0. 15 0. 00 0. 16
Ti 0. 04 0. 05 0. 04 0. 05 0. 02 0. 06 0. 03 0. 05 0. 04 0. 04 0. 03 0. 04
Al 1. 62 6. 66 1. 62 6. 69 1. 66 6. 68 1. 57 6. 56 1. 62 6. 60 1. 66 6. 58
K 0. 52 0. 01 0. 90 0. 01 0. 52 0. 01 0. 88 0. 01 0. 90 0. 01 0. 52 0. 01
Mg 1 07 1. 63 1. 07 1. 61 1 14 1. 60 113 1. 62 1 07 1. 66 1 14 1. 66
Total 7. 67 16. 6 7.78 16. 5 7. 70 16. 6 7. 85 16. 6 7. 78 16. 7 7. 71 16. 7
Mg/Fe | 0. 66 1. 54 0. 82 1. 54 0. 71 1L 51 0. 79 1. 48 0. 82 1. 39 0. 71 1 39
t(°CH 582 536 563 535 515 545
, 26 ph/#8 U 52 TIMS U-Pb
169. 5~169. 8Ma, 170+0. 5Ma U-Pb
(MSWD= 0. 16) ;%°° Pb/*® U-*" Pb/** U 11,
169. 4 &= 0. 3Ma (MSWD = 3, 3), , U 55X10°~54X10"°,Pb
26 Ph/*8U 6. 7X10 °~17X10"°,
( 15a), , TIMS U-Pb L 1X10%~1 4X10°°, 08 Ph /U
170Ma s o 208 5~238Ma( 15b), 4
0.03 0.08]
(a) (b>
0.030 190
169.4+0. 3Ma N 0.06f
0.028 (N=3,MSWD=3.3) E\
= 170 = 236.8+1. 7Ma
5 BT 3518 g
géi’ 0.026 a9 1700 5Ma 0.04 5
) ' =1 3 IR
0.024 235.0+£9.1Ma
15 170.0 ‘ ‘ ‘ 15 240, I 5 5
l 0.02} o1 | :
3
3033 169.2 s
2 215 |
. . 1684 N=3 MSWD=0.16 000 N=4.MSWD—13
U 0.14 0.16 0.18 0.20 0.22 0.0 0.1 0.2 0.3 0.4 0.5
207Pb/235U 207Pb/235U
15 TIMS  U-Pb
Fig 15 TIMS concordia plots for sphene and rutile U-Pb from plagioclase gneiss in

the Mengdong Group-Complex, southeastern Yunnan province
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Table 10 Results of rutile TIMS U-Pb dating in the Mengdong Group-Complex,southeastern Yunnan province
* (Ma)
U pb 206 Pb// 208 Pb,/ 206 Pb/ 207 Pb/ 207 Pb/ 206 Pb// 207 Pb/ 207 Pb/
(RhO) (mg) (10*6) (10*0) (ng) 20\Pb ZOGPb 238U ZKSU 206Ph 238U 233U ZOGPh
1 471 92 2.7 1. 30 402 0. 05927 0. 02669 0. 1886 ) 0. 05124 169. 8 175. 4 251. 8
(0. 6105) ' ) ' : Y ao | 6o | 206 ” > :
0. 02664 | 0. 1841 | 0. 05013
2 , 5. 16 54 1.8 1 10 285 0. 1119 ) 169. 5 171. 6 200. 9
(0. 6358) (15) (126 ) (326)
3 5 06 55 L9 1 40 227 0. 1006 0. 02666 ) 0. 1806 1 0. 04913 169. 6 | 168 6 153. 8
(0. 6806) > ” ' : : a5 | (138 | (356 . o
1-3 206ph /238 Y :169. 74+0. 5Ma
:206Ph / 291Pb (Pb=0. 80ng,U=0. 55ng) o
26 s :. 02669(10) 0. 0266940, 00010(26) .
11 TIMS U-Pb
Table 11 Results of sphene TIMS U-Pb dating in the Mengdong Group-Complex, southeastern Yunnan province
* (Ma)
U Pb 206 Pb// 208 Pb// 206 Pb// 207 Pb/ 207 Pb// 206 Pb/ 207 Pb// 207 Pb//
(Rho) (mg) (1076)|(10°6) (ng) 204 P 206 P 238 J 235 206 Ph 23817 23517 206 Ph
1 410 | 139 11 13 80 0. 2729 0.03726 O 2449 1 0. 04767 235.8 | 222.4 83. 0
(0. 7688) ‘ : G | w2 | a8 > ’
_ 0. 03761 | 0. 2442 | 0. 04709 | _. )
2 5. 90 145 12 20 80 0. 2747 2380 2219 53.7
(0. 7009) 41 (425) (782)
3 2.20 | 55 6.7 7.3 15 | o 2303 |* 0308|1886 90 03899 ) gl 75 a | —a17
‘ (0. 8252) ' ” ‘ ' 7 o (75) | (935) | (1868) : >
. _. 0. 03288 | 0. 2179 | 0. 04806
4 _ 3. 89 154 10 12 88 0. 2538 208. 5 200. 2 102. 4
(0. 7528) 29 (327) (692)
0. 03519 | 0. 0915 [ 0. 01885
5 1. 93 60 17 12 28 0. 5162 _ 223.0 88 9 —2904
(0. 7986) (21D (2580) | (522D
1-2 206 P /238U 236. 8+ 1. 7Ma;1.2.,3.5 206ph /238y 235 0+9. 1Ma
. % 206 Ph /204 Ph (Pb=0. 80ng,U=0. 55ng) o
26 s 10, 03726(37) 0. 03726 0. 00037(20) .
’206 Pb/238 U . -
(208 5Ma) ;1-2 2 Ph/* U 515~582°C (
236. 8+ 1. TMa(MSWD=1. 7);1.2.3. 546°C), -
5 26 Pb/#* U 235 0+ o - —( )
9. IMa(MSWD=13), s TIMS U-Pb 633°C, 0. 86GPa,
236Ma, ( Do
1) - ° N
b
6 — —> B
61 ( 0. 03GPa/km,
_ — SOOC/km) ’ -
. ‘
» Zhou Xiwen et al(2005) ’ ‘ o
720~770°C ” (Guo Liguo, 2006; Yan Danping et
, i al. ,2005; Li Dongxu et al. , 2000; Liu Yuping et
— al. ,2004,2007)
404~464°CC  429°C), 0. 5GPa D , (1) SE-NW
(Lu wei et al. ,2001) ’ ’
—>

+ + +
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(2)Zhang Xinyu et al. (2006)

30km,
(3) )
“ ”9 ( la)o -
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6km , 18km
-« - — )
6. 2
) 12 16,
1) :N8OOMH\

~420Ma,225~237Ma,190~214Ma,160~184Ma,
79. 8~92. 9Ma,20~24Ma,

o
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(Xu Xianbing et al. , 2009); 190 ~
214Ma.160~184Ma -

(Xu Wei,2007);79. 8~92. 9Ma
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400°C (Zhong Yufang and Ma Changqian,
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Fig 16 Distribution of isotope chronology data in the

Laojunshan area, southeastern Yunnan province

2006; Hirdes and Davis, 2002; Li Qiuli et al.,

2003), U-Pb (>650C)
(Xiang Hua et al. ,2007),
. DN4075 TIMS
U-Pb 236Ma;
(Tan Hongqi et al. ,2010), U-Pb
; , 236Ma
. TIMS U-Pb 170Ma,
— , 237~
190Ma — ’
SE-NW , ~235Ma
— (Liu Yuping et al. ,2007),
NE )
— , 170~165 Ma,
) 30°C /Ma(Liu Yuping et
Ell. 92007) ’ ’ _
, (Guo Liguo,
;160 ~120Ma
s 3. 0°C/Ma(Liu Yuping et
al. ,2007); 85Ma, ’
19°C /Ma; 20~24Ma,

b
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Table 12 Isotope chronology data of the laojunshan area,southeastern Yunnan province
(Ma)
1 K-Ar 204, 4 2
2 K-Ar 183. 5 5
3 Pb 207. 8 (1999)
4 K-Ar 224. 8
5 Rb-Sr 214 15 Zeng Zhigang et al. ,1998
6 Bac Quang Rb-Sr 176 53
7 Rb-Sr 206 10
Roger et al. ,2000
8 12km Ar-Ar 190 8
9 Ar-Ar 210 9
10 S Ar-Ar 236 | 0.5
E104°51°437;N22°29 41
11 23 2
12 Ar-Ar 201 2
13 |E104°49'24";N22°32'26" 24 2
14 20 2
Maluski et al. ,2001
15 L o Ar-Ar 166 2
E104°38'02"; N22°44"39
16 19 2
17 A Ar-Ar 176 2
Xin Man  5km
18 19 2
19 Ar-Ar 164 2
Xin Man  5km

20 19 2
21 SHRIMP U-Pb 799 10
22 SHRIMP U-Pb 237 15
23 SHRIMP U-Pb 412 12
24 Ar-Ar 84 1
25 Ar-Ar 144. 3 L7 Yan Danping et al. ,2005,2006
26 SHRIMP U-Pb 408 9
27 Ar-Ar 140. 1 L7
28 Ar-Ar 115. 9 2.5
29 Ar-Ar 237. 2 4.6
30 TIMS U-Pb 80
31 TIMS U-Pb 79. 8 32 .

Liu Yuping et al. ,2007
32 SHRIMP U-Pb 92. 9 L9
33 SHRIMP U-Pb 86. 9 L4
34 195. 7 6. 6

Ar-Ar Liao Zhen,2008
35 179 5
36 Ar-Ar 124. 27 0.7
37 Ar-Ar 123. 78 0. 78
38 Ar-Ar 119. 38 | 0. 65 Xue et al. ,2010
39 Ar-Ar 64. 4 0. 45
40 Ar-Ar 103, 2 0. 54
41 Ar-Ar 209. 1 L1
42 209, 1 33 Feng Jiarui et al. ,2010
Re-Os

43 214. 1 4.3
44 SHRIMP U-Phb 83. 3 1.5 Feng Jiarui et al. ,2011
45 Ar-Ar 85 . .

Liu Yuping et al. ,2011;
46 Ar-Ar 120 Tan H L 2011h

a ietal ,2011
47 Ar-Ar 118 14| 0. 69 an Hongar et @
48 SHRIMP U-Pb 442 6. 3
49 SHRIMP U-Pb 441, 5 7.5
50 TIMS U-Pb 410. 3 3.5 )

Tan Hongqi et al. ,2011a
51 TIMS U-Pb 405, 2 2.5
52 232 15
53 228 13
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(Ma)
54 96 2
55 843 9
56 LA-ICP-MS U-Pb| 837 8 Zhang Binhui et al. ,2012
57 415 5
58 435 4
59 Ar-Ar 11L 5 0.7 Que Chaoyang et al. ,2013
60 Sm-Nd 159 14
61 Ar-Ar 141
62 Ar-Ar 112 Li Jiankang et al. ,2013
63 Ar-Ar 144
64 Ar-Ar 121
65 93. 9 2.0
LA-ICP-MS U-Pb Liu Yanbin et al. ,2014
66 88 9 L1
67 82. 0
LA-ICP-MS U-Pb Wang Xiaojuan et al. ,2014
68 96. 6
69 LA-ICP-MS U-Pb| 409. 5 2.1
70 LA-ICP-MS U-Pb| 407. 7 L5
71 LA-ICP-MS U-Pb 413 2.6
Wang Dandan et al. ,2015
72 LA-ICP-MS U-Pb| 412. 7 19
73 LA-ICP-MS U-Pb| 416. 8 35
74 LA-ICP-MS U-Pb| 412 4 L9
75 LA-ICP-MS U-Pb| 415. 4 52 Pan Jinbo et al. ,2015
22°21. 405N,
76 U-Th-Pb 246 10 Faure et al. ,2014
104° 29. 245E
, s 0. 8GPa), 235Ma — .
2. SOC/MHO . TIMS U_Pb 1) . -
236Ma, — , ,
s 633°C.0. 8GPa; s s
b Y N ) Y b
TIMS U-Pb  170Ma, — : \
’ o Dnvl Sn ’ ?
6' 3 Dn+2 Sn ’ Dn+l Sn ’
(245~225Ma) , , NNE, NW-SE
NE_NNE ’ - ’

(Xu Xianbing et
al. , 2009; Zhang Yuegiao et al., 2009), Mao
Jianren et al. (2014)

s Sibumasu —
(258~243 Ma) (253~ 239
Ma) . (236~230 Ma), s
SongChay- ,
- s (~633C,

(Hu Ruizhong et al. ,2007), Peng Jiantang
et al. (2008) N
: 180 ~170Ma, 160 ~ 150Ma, 145 ~
135Ma,125~115Ma,110~100Ma, 95~ 85 Ma, 75
~70Ma,

(Zhang Qi et al., 2006; i Zhengxiang et al. ,
2007) ,

(Zhang

Yueqiao et al. ,2012), (170~
175Ma)

» Mao Jianren et al. (2014) ,175~



150 Ma

b

Zhang Yueqiao et al. (2009)

,NE—NNE (165 ~
175Ma)

) (

/ ) s

— ,  Liu Yuping et al. (2007)

1Km .
— (Xu Wei, 2007),
. 160~120Ma,
° NlZOMas

’

’

,  80Ma -SongChay
NNW-SSE (Yan Danping et
al. ,2005),
) TIMS
U-Pb 236Ma,
; U-Pb
170Ma,
7
(D
. - . N — (
)o ’ -

’ (61) 7

(Liu Yuping et al. ,
2007 ; An Baohua, 1990; Feng Jiarui et al. , 2010),

2) s
MI’I, ’
[Fe/(Fe+ Mg) |
. Fe-
Mg y —
404 ~464°C ( 429°C)H,
3) ,
Mg.Al.Fe, — s
Ca Al
FE*Mg ’
— 515~
582°C ( 546°C), o
) .
(5) TIMS
U-Pb 236. 8Ma 169. 4Ma,
— (236Ma),
; 170Ma —
NE s
s U-Pb
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(1] . 1976.
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Metamorphism and Deformation of the Mengdong Group—Complex in
Southeastern Yunnan Province and their Tectonic Implications

TAN Hongqi"'? ,LIU Yuping®
1) College of Earth Science, Chengdu university of technology, Chengdu 610059, Sichuan;
2) Institute o f Multipurpose Utilization of Mineral Resources, CAGS, Chengdu 610041, Sichuan;
3) State Key Laboratory of Ore Deposit Geochemistry s Institute o f Geochemistry s
Chinese Academy of Sciences ,Guiyang 550002 ,China

Abstract

The Mengdong Group-Complex is a series of Precambrian metamorphic sedimentary and magmatic
complex cropped out in the Laojunshan area,southeastern Yunnan Province. For its peculiar location, the
Mengdong Group-Complex has the important scientific significance to understand the tectonics of SE
Yunnan,and even of South China and Tethys. In order to probe the metamorphism and deformation
characteristics, by means of microscale observation such as optical microscope, electron microscope and
electron probe, etc. , the characteristics of metamorphic-deformation have been studied in details. The
results show that the macro styles of the Mengdong Group-Complex contain fold bedding, syntectonic
secrete crystal veins, asymmetric shear lens, decollement sub-ductile structures,and the micro structures
consist of mica fish, kink, quartz rectangular bank. Microscopic structure statistics data indicate that the
Mengdong Group-Complex experienced the squeezing and stressing process in the directions of NE-SW, SE-
NW,E-W and S-N,of which the result is similar to macro and micro structure. Meanwhile, the temperature
of garnet-biotite mineral pairs in schist is 429°C in average and the pressure of the schist is 0. 5GPa. The
temperature of tourmaline-biotite temperature in gneiss is 546°C in average, corresponding to typical
assemblages of the high green schist-low amphibolites facies. The U-Pb dating of titanite and rutile mineral
suggests that the major metamorphism and deformation events occurred around ca. 236Ma and 170Ma. The
above evidence shows that the Mengdong Group-Complex has experienced many metamorphic-deformation,
and the principal stress of metamorphic-deformation (SE-NW) controls macrostructure framework of
metamorphic Group-Complex(236Ca. ), but S-N and E-W may be the directions of the sub-strain matched
with the principal stress and NE-SW may be another direction after main metamorphic-deformation and age
is confined to 170Ma. On behalf of the Laojunshan dome of early Yanshanian extensional-shear activity.
Combined with other geochronological data,the Mengdong Group-Complex had undergone successively the
large-scale thrust events in early Indosinian, the extension-shearing events in later Indosinian and early
Yanshannian,and the contact metamorphism in later Yanshannian. Based on the study above, it can be
outlined that the dynamic background of these metamorphic-deformation events is the Indosinian event,
which is controlled the main features of the Mengdong Group-Complex. Laojunshan uplift of the dome
began to activate in 236Ma, in consistent with the time of Tethys closure and collision, and stretched to
170Ma, after collapse of dome. NE directions widely developed klippe and offsite rock in Indosinian
Wenshan-Malipo imply that pre-Indosinian formation belongs to the Mengdong Group-Complex and should
be a set of foreigner rocky Nappe from Northern Vietnam. Therefore, the above results provide evidence

for the study of tectonic evolution in the west of South China.
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