1 25
INDEPTH -
95-13-01-06 001CB/711001

e ¥ % o



(CIP)
/

- : , 2003.9
ISBN 7 - 116 - 03898 - 1

- - .P548.27

CIP (2003) 080487

31 , 100083
© (010) 82324508 ( ); (010) 82324579 ( )

: http: // www . gph . com . cn
: zbs@ gph . com . cn
: (010) 82310759

© 787mmx 1092mm Y 44
: 19
. 465
. 1—700
. 2003 9
. 50.00
ISBN 7 - 116 - 03898 - 1/ P 2405




150 ; 20 50 :
— 1 100 20 60 :
, 20 70 :
: 1 100 ; Mol nar
nier , ,
: 1 150 1980 1984
: 1984 1986
1 50 1985 1990
8 8
1987 1991
8 60
— GGT :
: 1996 1987 1989
20 90 : Larry Brown
son ,
] 3 -
INDEPTH),
Science Nature Journal of Geophydsca Research Tectonics

20

50 :

1 100
Tappon-

1980

1992

Douglas Nel-

Terra Nova



( HKT),

18 HKT
( , 1998)
; 20 , Argan
1964
, 3000 m

20 70 ,

1000 m, 20 70 90 ,

, ( , 1998;

, 1998) 20 90 , ,

3 Ma, 3 Ma- 2 Ma- 1 Ma, 1 2mma-?2
7mm a-10 30 mm a, 1990 , Molnar and England Na
ture :

1992 |, Harrison et a. Science ,
, 20 18 Ma 1995
. Harrison, et a. B Ar-"°Ar ,
, 7 8 Ma Turner et 4.
(1993) - - - ,
, , 13 14 Ma
2001 , Blisniuk &t 4. Rb-Sr
, 13.5 Ma,
13.5 Ma ,
1998 , - - - INDEPTH-
" (95-13-01-06) “
125 " (2000 2002 )
“ " (2001 2003 )
INDEPTH- (1998 2002 ) - - -
(1999 2002 ) ,
125 (2000 2002 )

, 1 25



(2001 2003 )

125

ESR
Pb
K-Ar :
ESR

125

SHRIMP

INDEPTH-



¥

3

Wi’

RE §

e

TiF b

25 k11 100km

1
( 125

)

ap"

A’
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Table 1-1 Stratigraphic units of Damxung and its adjacent areas of central Tibet
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0.6 km’; :
’ , ; EW ,
(SHRIMP) U-Pb , 1766 Ma,
718 755 Ma; 727 772 Ma
1766 Ma
SHRIMP ,
2282 2506 Ma 1795 1877 Ma ,
, 2282 2506 Ma
, ( 1-1)
) - (Q -2 n)
(CZ_Pl |); ;
(Ci-2y) (CG—P 1) ; ’ ;



(-31)

(K1 d) (Kal),

(Kz21) 125

Ma 112.43%+ 1.63 Ma,

(E2 n) (E2p) 3

(E2p'),

(% Q)

(kd),

125

, K-Ar

(K1W)
(K1 w)

93.63+ 1.53

(E1 d)



(E2p’) ,
; (E2 p4) = y y
K-Ar 46 56 Ma;
K-Ar 53.6 56.9 Ma, : K-Ar
48.2 51.3 Ma, K-Ar 46 Ma ( 1-2)
1-2 K-Ar
Table 1-2 K-Ar isotopic dating of Eocene volcanic rocks of Damxung and its adjacent areas of central Tibet
P22B45 E;n 56.94+ 0.87 Ma
P23B3 Exn 53.60+ 0.87 Ma
0815-1 E,p 51.34+ 0.84 Ma
P21B47 E,p 46.26+ 0.69 Ma
P26B33 Exp 46.23+ 0.68 Ma
DB9006 E,p 48.17+ 0.74 Ma
( 1-4), — ,
, : : (0.849
0.825 Ma) , ;
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Fig.1-4 Comprehensive comparison of sediments and geologica events of

Damxung and its adjacent areas of central Tibet
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(K1 w)

( 1-3) :
EW ) 1 )
K-Ar 188.66 Ma 196.23 Ma
: S
; WN :
: EW :
K-Ar , 114.25
121.38 Ma: 123.76 129.6 Ma,
52.40 Ma 52.49 Ma ( 1-3) EW ,
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Table 1-3 Intrusive rock units of Damxung and its adjacent areas of central Tibet
/ Ma
N, T C—PIl NJ N;G
9.8+ 0.35
NL G ( LN K;Y KLd ( K-Ar)
! N,B Tgn C; ,n 9.33+ 0.41
(Rb-Sr )
8.49+ 0.14
AN KiY K;Tn ( K-Ar)
N J ( NG NiB Cpon 8.07+ 0.35
! C—P Tgn Lgn (Rb-sr )
Pt, ng 8.7t 1.4
(Rb-Sr )
12.7+ 0.19
( K-Ar)
15.3+ 0.23
N,B C—P|
( K-Ar)
14.01+ 0.49
(Rb-Sr )
E,Y ET Ep
E,G 2 2 2 P
C,.,n
E,Lb E.Xw  EY E,p’
C—PI
E,XwW E,Y C—PI
C—Pl C, ,n 52.49+ 0.76
E,Y
C,P;l E,n E,p* ( K-Ar)
E,L Ey,J Ci.pn
E,X
C, Pl E,pd
K:Tn EL E,T
E,Zh C—Pl C;.,n
CzP]_I E2 p4
K.P E,D EyJ
C]__ N CzP]_I
E,T
2 P2 |1’2'3 T3 m
Tadj Ep>f
ED C—PI C,,
E,L "
2 C,P;l E,n
E p*3%* Era
KiTn Cy.on 52.40+ 0.79
E,J
E,p° E,ta ( K-Ar)
E,D K.Tn C,P;I
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1500 km’

14

125

/ Ma
K ,Chk bl Kyw
114.25+ 1.65
Ky T Ky w
( K-Ar)
K.:G B3l KiL
121+ 3.8
K,Ld .3l KiD
( K-Ar)
K.D J 3l
KiTn KA Togn
K.Y 1 1 g
C.,n Pym Ep**
K,Chk C;.,n
Klp 1 1-2
C,P, |
123.76+ 1.79
( K-Ar)
Ci.on Esta 124.81+ 2.61
Ki:Tn b2 ?
E, p* ( K-Ar)
129.6+ 7.8
(Rb-Sr )
KiL T3]
K1 Ch Ci.2n GCoPyl
196.23+ 2.82
( K-Ar)
JiN Ci.on GC,P;I
1 12 s 188.66+ 2.74
( K-Ar)
4
( 1-3); 8 15 Ma,
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1-4
Table 1-4 Metamorphic rock units of Damxung and its adjacent areas of central Tibet
(Lgn) 58 63 Ma
(C—P1I)
(Mgn) 748 Ma
(Tgn) 1766 1802 Ma
(Pt; nq)
1.
NE-SW ,
, 20 km ,
; 100 km’ ,
EW , 9 km’
540 m; ,
y 2 y ( 1-5) 1

Al2Os- (K20+ NaO) : :
15
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Hb ( ) + Pl

Pl (An=20) +Hb ( ) +Bi () +Q
Pl (An=26) +Bi+Mu+Gt+St+Q

Pl (An=25) +Bi ( ) +Gt+Q

Mepuyk (1966) - ,

: 400 630 , 504 ; Plyusnina (1982)
- , 490 625 547 15 -
: 0.20 0.76 GPa, 0.42 GPa

(2)

Pl (An=35) +Di+Q
Pl +Or+Bi ( ) +Gt+ Mu

Pl + Bi + Ms+ Sil + Gt + Gra+ Q

Pl +Di ( ) +Bi( ) +Hb ( ) +0
Pl (An=26) +Bi ( ) +Mu+Gt+St+Q

: , Mepuyk (1966)
- , 5 - 515

50 (t), 552 Plyusnina (1982) - ,
520 555 540 5 -
0.22 0.46 GPa, 0.35 GPg; Bhattacharya (1992) - :
582 644 602 ; Holland Powell (1995) -
- - : 582 0.58 GPa
5.
8 SHRIMP ,
, 768 817 Ma, 781 Ma,
9 SHRIMP ,
6 TP 2 Pb 988 1766 Ma , 6
; , 1766 Ma
, ; 2 PO * U 718 Ma
755 Ma, , 10
, SHRIMP ,
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: 727 772 Ma, 748 Ma,

, 2282 2506 Ma
, 1795 1877 Ma
. 2282 2506 Ma

1.
156 km’, ,
7940 m _
3 X ,
, ; (75% 80%) (5%)
(10%) : , ,
; (10% 15%) (55% 80%)
10%)
Sil+Gt+Bi ( ) +Gra+Q
Pl (An=26) +Bi ( ) +0Q

Pl (An=26 30) +Bi (
Pl (An=30) +Bi (
Or+Sil+Bi+Q
Or+Sil+Bi+Gt+ Q

Pl (An=28) +Bi ( )
Sil + Kf +Bi ( )

SHRIMP
1795 1877 Ma

10%)

(5%

) +Gra+Q
) +Gt+Q

Bhat-
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tacharya (1992) - : 638 780
705 Holland  Powell (1995) - - - :
720 740 0.50 0.65 GPa, :
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Fig.1-8 Diagramof (al+ fm) - (c+ alk) vs. Si of Carboneferous-Permian metamorphic rocks

., SHRIMP ,
, 2% pp 2%y 225 384 Ma, —
; 2 py **y 426 483 Ma, —
: : U-
Pb , : 40 ,
255 232 Ma, 245 Ma,
K-Ar 60 71 Ma
2.
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10 SHRIMP
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125
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Fig.1-9 Sketch map of geomorphic and devation isobath of the Tibetan Plateau
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Fig.2-5 Thrusting and folding of Early Permian strata in core of the Duozagang syncline
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Fig.2-6 Fold and fault of Lower Permian Laigu formation in Sera outcrop
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Table 2-1 Geological features of regional folds in Damxung and its adjacent areas
(km)
Fo, >5.5| 3.7 305° 6 400 84 , 2.5 km,
Sw, 215 54 1.2 km,
NE, 35 43
NE
1.2 km,
Fos 5.0 | 3.5 1200 3 2100 74
NE, 35° 43, 2.3 km,
Sw, 1900 10°
1 km, sw, 190° 10
Fog 2.5 | 2.0 101° I° 1900 74°
1 km, NE,
12 65
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(km)
Fo;, 2.5 12.10 101° 71° 190° 74 , 1 km, NE, 12 65°;
1.1 km, SW, 190°
340 1 H
) 1 km,
Fog >6.0| 2.5 136° 33 218 78
NE, ,
, 65° 62° 26° 1.5 km,
SW, 190° 57 )
3 F22 3
Fog 17.5| 2.0 106° 14 200 78 0.2 1 km, SW, 180°
42°; 1 km, NE, 45°
28° , ,
Foiq 12.5] 1.7 297 2° 28° 86 , 1.2 km, SW, 210° 38°;
0.5 km, NE, 25°  30°
, 0.5 km, NE,
Foio 11.0] 2.0 1040 %° 194 84
25° 30°; 1.5 km, SW,
18¢ 20° , ,
, > 0.3 km,
Foy4 >5.01>1.3| 276° 11° 192> 71°
S, 215> 30; 1.0 km,
N, 0 65 N, W




(km)

5.0 km , ,
F016 3.0
, 1.5 km, S, 15 20°;
3.5km, 65 N, )
) 0.6 km,
Fo.; >2.0 S, 200° 34°;
, 1.4 km, N,
350° 30° ) )
Fx ,
, 0.75 km 2.5 km,
Folg >50
SW 185 82°;
2.50 4.0 km , NE, 25°
86° , SE ,
(FZS) ’
Fo,, 1.70 0.5 1.2 km , S, 185°
60°: , 0.5 km,
N, 5@ , )
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Fo,, 1.5
S, 60 ; 1 km ,
N, 55 , ,
F023 2.0 ) 1-0 km!
S, 18C° 1.0 km, N,
358 5@
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) FZB 1] >
12.5 km ,
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, 68 80
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1150 1° 204° 86° 68 18,
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W
1 EW )
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SE, 170° 35° ,
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1.25 km , N, 330 42°;
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260° 1° 358° 83 '
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200 310° 26°
’ SW ’
F 10.0 [ >2.5 ,
033 272 1° 1 8%
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282 5° 12 88
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(km)
Fss
Fosy 6.5 | 3.0 256° & 165° 88 ’ ’
2.0 km, NW, 340 60°;
1.0 km, SE, 170° 43
’ SW ’
Fogq 15.0 | 7.50 | 270 & 258 75° ’
N, 355 48°; 3.5 km, S,
180 78 , ,
0.5 km , S ,
Fos, 7.50| 3.5 280° 5° 178 83 | 175 60°; 2.5 km, N, 310°
55° , ,
] F36 )
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’ SE 1
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74 12 258° 73 350° 30° 374 , NE
Foye 7.00(5.00| 285 10 195° 88 3.0 km, N, 0 35;
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1 W b
, 0.2
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’ SE1
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(km)
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NE, 75  30°; 2.0 km,
SW, 20 2% , SE .
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25 13 , ,
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, 0.9 km,
N, , 13> 60°;
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H E 1
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2-7
Fig.2-7 Features of mylonite of ductile shear zone in west bank of Namco lake
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Fig.2-8 Plateau curve of *® Ar-* Ar of amphibole from mylonite in west bank of Namco lake
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Fig.2-11 Pressure shadow of plagioclase and its deformation of Ria-Linbuchong ductile shear zone
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Fig.2-12 Shear fdding of Ria-Linbuchong ductile shear zone
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Fig.2-13 Fdliation and vein structure of Ria-Linbuchong ductile shear zone
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Fig.2-14 Cross-section of outcrop of Ria Linbuchong thrusting
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Fig.2-15 Tectonic setting and location of West Namco T hrust of centra Tibet
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Fig.2-16 Tectonic map of thrust system in west bank of Namco lake
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Fig.2-17 Cross-section of structuresin west bank of Namco lake
1— ; 2— ; 3— ;o Qu— ; Ko l—
Ky w— ; Kel— 7 Py x— ; Dy.z—
1 25, ; 1000 2000 m ,
, ( 2-18b)
: 50 150 m ( 2-18a b c
d); , ( 218)
: 15 3¢ ( 2-17),
4 65, : ,
(WNT) :
( 216 2-17), WNT
(WNT) : :
NWW ( 2-2), :
WNT
1. -
- NWW )
125 , SEE

55



C d

2-18
Fig.2-18 Exotic limestone of Permian thrusted over Early-Midd e Jurassic ophiolite in west of Namco lake
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Fig.2-19 Cross-section of Nabucha thrust fault in west of Namco |ake
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Fig.2-20 Crosssection of Elongxialise thrust in west of Namco lake
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Fig.2-21 Deformation of Galongya ductile shear zone in west of Namco lake
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Fig.2-22 Cross-section of Jidongla Jidanla thrust in west of Namco lake
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Fig.2-23 Deformation of JialonglaJielanla thrust in west of Namco |ake
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Fig.2-24 Cross-section of Tdong-Taonla thrust in west of Namco |ake
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Fig.2-25 Double thrust of Devonian Chaguoluoma formation in hanging wall of Talong fault
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Fig.2-26 Cross-section of thrust in south of Gechangchayu Mts. in west of Namco lake
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Fig.2-27 Cross-section of thrust fault in Peak 5027 in west of Namco lake
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Fig.2-28 Thrust faults in north Lhasa block
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2-2
Table 2-2 Dating of different minerals from faulted rocks and mylonite in west Namco thrust

/ Ma
P73JD35 U-Pb 191 Ma SHRIMP
P73JD2 BAr-OAr  173.9+ 0.5 Ma
P73B23 K-Ar 144 .4+ 2.2 Ma
P73JD2 Ar-OAr 109.4+ 0.5 Ma
P73JD2 BAr-©Ar 30 60 Ma
P73JD35 44+ 5 Ma

2-29 ( )
Fig.2-29 Jurassic limestone thrusted over early Tertiary redbeds in north of Anduo

2-31 (WNT) 191
174 Ma, 23.3 km 16.6 km, 0.4 mni a;
700 500 12.8 | Ma, :
174 144 Ma, 16.6 km 10 km,
0.22 mni a; 500 300 6.7 | Ma,
: 144 60 Ma,
10 km 7 km, 0.038 mn a; 300 200
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Fig.2-30 Cross-section of Degin-Lunpola Shuanghu transect in centra Tibet
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Fig.2-31 Therma-chrondogicad diagram of mylonite and faulted rocks in West Namco thrust
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Fig.2-33 Cross-section of south Pangduo thrust in middla L hasa block
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Fig.2-34 Thrusting and fading of Triassic Mailongang formation in hanging wall of Chawulang Chebu fault
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Fig.2-35 Cross-section of fault and deformation in front part of Hamu thrust
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Fig.2-36 Crosssection of thrusting and folding of Jaapu formation in hanging wall of Donga thrust fault
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Fig.2-39 Deormation of hanging wal of Hamu thrust fault
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Fig.2-41 Thrusting and folding of hanging wall of Xida fault
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Fig.2-42 Deformation of Carboniferous sandy slate of Nuocuo Formation in south Qibulong area



A A3

100em

2-43

Fig.2-43 Deformation of hanging wall of Xiala man thrust
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Fig.2-46 Folding of black sandy slate of Jidapu formation in Machunduo area
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3-1 3-1 , CaO 0.08%
0.48%, Al,Os 0.27% 0.73%, TiO; 0.03% 0.05%, CaO Al Os
TiO , ; ,
MgO (38.81% 40.41%) Mg (0.84 0.87) ,
, MgO : , MgO
Mg ., AlLO; CaO , SO, TiO,
( 31)
, Na O + K,O 2.86% 3.87%,
3.85%, (<0.3%),
: TiO, 0.74% 1.24%, 0.91%,
(1.5%); R.Os 0.06% 0.12%,
0.09%, (0.14%) K20 0.38%
0.51%, , FeO  -MgO-Al20s ,
( 31)
3-2; 3-2
3-2 3-2 , ( ) Yy REE 0.62x 10 °
3.49x 10" °; , , ,
,Ld Yb=0.75 1.06
u ,
( 3-2)
( 3-3), , Y REE 53.88x 10°° 87.15x 10 °,
Ld Yb 0.34 0.91,
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3-1

(Wwe%)

Table 3-1 Chemical composition of ophiolite in west bank of Namco lake ( ws/ %)

sio, AlLO; TiO, FeO; FeO CaO MgO K,0O NaO MnO  P,05 H,0" CO, H,O

B0O4 22001 39.16 0.73 0.05 6.51 1.03 0.08 38.81 0.02 0.03 0.13 0.02 13.17 0.12 1.19 13.19 99.86
BO10 - 6 22003 39.46 0.44 0.04 4.94 2.13 0.08 39.04 0.02 0.02 0.12 0.05 13.37 0.39 1.48 13.72  100.1
BO12 - 12 22004 39.14 0.67 0.04 6.12 1.22 0.08 39.27 0.01 0.02 0.13 0.03 13.19 0.22 1.17 13.4 100.14
B020 - 1 22006 36.42 0.43 0.05 5.61 1.34 0.2 40.03 0.01 0.02 0.08 0.01 12.32 3.02 1.01 15.69 99.54
B034 - 1 22013 39.52 0.27 0.04 5.73 1.37 0.04 39.03 0.01 0.02 0.11 0.01 13.12 0.81 1.01 13.28 100.08
B035 - 7 22014 37.58 0.36 0.03 4.8 1.68 0.04 40.41 0.01 0.03 0.13 0.01 13.97 0.6 1.35 14.35 99.65

B036 22015 40.08 0.27 0.04 4.65 1.56 0.08 39.47 0.01 0.03 0.11 0.01 13.05 0.58 1.1 13.14 99.94
BOS55 - 1 22016 39.24 0.43 0.04 6.33 0.98 0.48 38.74 0.01 0.03 0.069 0.02 12.89 0.84 1.22 13.26  100.1
BO57 - 1 22017 39.1 0.35 0.04 5.92 1.46 0.08 38.84 0.01 0.03 0.043 0.03 13.63 0.36 1.47 13.86  99.89
B010 - 5 22002 52.68 12.47 0.56 1.74 8.07 7.81 9.48 0.72 3.49 0.17 0.07 2.08 0.21 0.4 2.07  99.55
BO6O - 1 22018 48.64 15.01 0.92 2.95 5.48 10.78 9.09 0.38 2.48 0.17 0.1 3.8 0.2 0.66 3.68 100.08

BO15 22005 47.96 15.45 0.85 3.37 5.1 8.9 8.37 0.65 3.3 0.18 0.08 3.8 1.38 0.48 4.84  99.52
BO31 - 1 22007 44.28 14.12 0.74 2.48 5.58 10.98 9.29 0.44 2.8 0.19 0.06 4.3 4.68 0.79 8.41  100.03
BO31 - 3 22008 49.4 13.91 0.94 368 5.8 8.5 9.75 0.41 2.5 0.19 0.07 3.6l 1.08 0.78 3.69  99.93
BO31 - 6 22009 48.02 14.35 0.74 2.32 5.72 8.55 9.17 0.51 3.3 0.18 0.08 4.28 2.32 0.8 5.99 99.6
BO6O - 3 22019 47.4 13.51 1.24 6.68 3.42 11.93 5.17 0.44 4.15 0.17 0.12 2.43 3.22 0.38 5.36  99.88




3-2 (wvs/ 10°°)
Table 3-2 Table of contents of REE of ophiolite from west bank of Namco lake (ws/ 10 %)

Ce Dy Er Eu Gd Ho La Lu Nd Pr Sm Tbh Tm Y Yb > REE
B0O04 0.3 0.03 0.02 0.012 0.03 0.01 0.1 0.005 0.1 0.04 0.03 0 0.02 0.12 0.02 0.837
B010 - 6 0.9 0.08 0.06 0.023 0.09 0.02 0.4 0.01 0.4 0.11 0.09 0.02 0.01 0.51 0.07 2.793
B012 - 12 0.2 0.01 0.05 0.001 0.02 0 0.1 0.002 0.1 0.02 0.01 0.01 0.01 0.17 0 0.703
B020 - 1 0.7 0.14 0.1 0.012 0.1 0.03 0.3 0.01 0.3 0.09 0.1 0.02 0.01 0.72 0.11 2.742
B034 - 1 1.2 0.04 0.03 0.032 0.07 0.01 0.6 0.01 0.6 0.15 0.08 0.01 0.004 0.63 0.03 3.496
B0O35 - 7 0.2 0.02 0.01 0.009 0.02 0.01 0.1 0.01 0.1 0.02 0.02 0.001 0.001 0.09 0.02 0.631
B0O36 0.3 0.02 0.02 0.01 0.03 0.01 0.2 0.004 0.1 0.04 0.04 0.004 0.002 0.11 0.01 0.9
B055 - 1 0.2 0.02 0.03 0.005 0.02 0.01 0.1 0.01 0.1 0.02 0.02 0.003 0.002 0.14 0.02 0.7
BO57 - 1 0.1 0.03 0.02 0.003 0.02 0.01 0.1 0.01 0.1 0.02 0.03 0.004 0.003 0.15 0.02 0.62
B010 - 5 19.12 3.4 2.27 0.704 3.07 0.8 7.7 0.39 10.8 2.5 2.6 0.57 0.37 16.75 2.53 73.574
B0O6O - 1 8.4 4.18 2.68 1.071 3.38 0.99 3.1 0.44 6.9 1.34 2.42 0.68 0.44 20.37 2.97 59.361
BO15 7.8 4.16 2.75 1.108 3.48 0.97 2.8 0.42 7.6 1.38 2.59 0.7 0.44 20.82 2.99 60.008
BO31- 1 6.6 3.43 2.46 0.763 2.75 0.84 2.5 0.4 5.5 1.06 1.96 0.55 0.41 21.83 2.83 53.883
BO31 - 3 6.3 3.89 2.79 0.868 3.12 0.95 2.2 0.47 5.8 1.09 2.1 0.64 0.47 20.72 3.17 54.578
B031- 6 5.5 3.41 2.42 0.798 2.58 0.82 2.1 0.4 5.3 0.95 1.84 0.53 0.39 18.68 2.74 48 .458

B06O - 3 12.4 5.34 3.66 1.369 4.51 1.29 4.8 0.59 11 2.08 3.56 0.89 0.62 30.88 4.16 87.149
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Fig.3-1 FeO -MgO-Al,O; diagram of ophiolitein west bank of Namco lake
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Fig.3-2 REE pattern of metamorphic peridotites of ophidite in west bank of Namco lake
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Fig.3-3 REE pattern of basalts of ophidlite in west bank of Namco |ake
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3-3 (ws/ 10" °)

Table 3-3 Table of contents of trace elements of ophiolite from west bank of Namco lake (ws/ 10" °)

Cs Hf Nb Pb S Ta Th U Ba Be Co Cr Cu Li Mn P Sr Ti V Zr Rb MgO K, O Au Sn W Ni CO,

B004 0.020.63 0.2 0.1 6.4 0.170.010.03 8 0.3 67 559 7.1 0.3 865 14 5 58 14 10.1 2.148.220.01 2.4 1.1 0.092365 0.12

B010 - 6 0.220.03 0.6 0.3 8.9 0.390.190.18 13 0.31 64 571 5 0.6 87 40 6 57 15 1 2.149.170.01 0.4 1.52 0.342333 0.39
B012 - 12 0.030.08 0.2 0.1 6.7 0.320.010.03 8 0.3 62 552 1.8 0.1 845 13 4 27 11 1.5 2.149.630.01 0.4 1.18 0.08 2366 0.22
B020 - 1 0.730.02 1.3 0.3 7.6 1.240.070.06 3 0.3 59 327 2.3 1.1 582 8 8 47 7 1 2.1 47.60.01 0.4 1.12 0.092148 3.02
B034 - 1 0.090.01 1 0.1 7.10.670.290.14 1 0.3 59 393 3.3 2.3 783 2 6 37 9 1 2.147.640.01 0.2 1.410.062273 0.81
BO35 - 7 0.040.03 0.1 0.1 6 0.040.020.01 4 0.3 54 456 0.9 0.4 83 2 2 31 12 1 2.148.360.01 0.2 1.240.152143 0.6
B036 0.180.06 0.2 0.1 4.2 0.14 0.1 0.06 9 0.3 61 327 6.1 0.1 778 7 4 38 7 2.1 2.149.210.01 0.2 0.9 0.032108 0.58

BO5S5 - 1 0.1 0.04 0.4 0.4 6.70.13 0.1 0.4 4 0.3 63 413 2 0.1 474 7 11 37 11 1.1 2.146.120.02 0.7 1.41 0.032257 0.84
BO57 - 1 0.020.01 0.1 0.1 6.1 0.090.040.01 2 0.3 59 532 4.8 0.3 313 29 4 32 10 1 2.147.210.01 0.2 1.450.022536 0.36
B010 - 5 0.283.6311.9 2.2 39 12.161.310.19 147 0.88 30 254 1.5 15.4 1248 311 224 4037 218 66.227.19.720.77 0.5 1.54 0.31 77 0.21
BO60 - 1 0.952.12 4 1.4 31.70.360.350.11 32 0.3 32 256 61.823.6 1126 448 161 5426 193 55.1 6.4 9.240.38 0.3 1.04 0.03 158 0.2
BO15 0.852.05 3.8 2.9 33.30.650.420.06 60 0.3 31 223 78.632.4 1292 384 173 5617 193 59 19.48.550.63 1.3 1.07 0.19 118 1.38

BO31 - 1 8.871.21 4.1 2.7 46.70.931.120.23 366 0.3 31 194 91.5 32 1260 267 246 4485 202 41.9 9.1 9.280.44 0.8 0.930.19 89 4.68
BO31 - 3 5.171.84 3.4 0.2 47.50.64 0.310.07 273 0.3 36 129 91.3 24 1330 381 191 6375 272 62 9.4 9.42 0.4 1.6 1.32 0.1 74 1.08
BO31 - 6 11.31.31 3 0.5 43.2 0.7 0.280.12 594 0.3 31 207 97.529.6 1223 275 233 4886 223 44.411.59.160.51 3.4 0.91 0.1 88 2.32
BO60 - 3 1.122.46 4.6 1.8 36 0.350.37 0.1 26 0.3 30 135 51.914.4 1143 566 158 7362 83 83 83 5.010.47 1.4 0.97 0.06 83 3.22

x 10°2:



[0

0-F057-1 ®-B044.1) o-BOie m-B035-7 a-Bli4-1

kRO <-BOR2-12 B8 C-Hiod

01

T |rr|r|||

0.01

0,001 L L L -
K.0 Rb Ba lh Ta NWh Ce HFf Fr  5m Y Yh

34
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Fig.3-13 Diagram showing reation between geochemistry of
ophidlite basdt and spreading rate of oceanic crust
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Table 3-4 Spreading rates of Neo-Tethys oceanic plate based on geochemistry data of ophiolites of central Tibet

I (cm a) 3 6 3 4 1.8 2.5

/ (cm a) 1 2 <1 <1

/ Ma 210 135 173 166 139 81
, 2000 , 2000
3-5

Table 3-5 Isotopic ages of ophiolites in central Tibet

K-Ar K-Ar K-Ar U-Pb K-Ar Rb-Sr Rb-Sr
/ Ma 141 179 167 .5 139 81 166 173
, , 1/ 100 , ,
37 3-8
1992 2000 1987 2000
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: : (179 166 Ma);

: : (139 81 Ma)
(  3-14)
( ,2000),
(179 166 Ma) ( 3-14a)
— , (  3-14a),
( 2-31);
( 3-14b)
(139 81 Ma), : —
( 3-14c) (50 55 Ma),
(  2-31)
— : , SN
, , MCT RZT GTS NLT MBT
MHT (STD):
60 30 Ma ( 3-14d)
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Fig.3-14 Tectonic model of plate spreading of Neo- Tethys ocean and ophiolite emplacement of central Tibet
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Fig.3-15 Active tectonic map of central Tibetan plateau showing strike-slip and extensional faults and basins
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3-16

Fig.3-16 Tectonic modes illustrating relation between strike-dip faulting and basin extension in aentra Tibet
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NE—NNE 3216d 2
- - - ( ) ( 315),
, Wu et a. (1996) NE
, (  3-15)
(NDS, Fss)
NE , ES, < 30°; 95 km,
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3-18
Fig.3-18 Cross-section of Shuanghu basn of south Qiangtang block

- ( 22),
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1) 1 0- 1
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Fig.3-19 Cross-section of Wenquan basin in north of Tanggula Mts.
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Fig.3-20 Cross-section of Anduo basin in middle of Bangoin-Nujiang suture
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Fig.3-21 Features of ductile shear zone in east of Nyangentanglha Mts.
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, ( 3-21c) :

(NDS) EN , ,
: NDS NE
NDS — , _
( 3-21d), NE SE—SEE
( 321le f g h) , NDS SW
20 30 ES -
( ) 10 km (Brown et a., 1996)
, Harrison et a. (1995)
Ar*®-Ar* , NDS 4 9 Ma,
5 8Ma ( 3-22), -
, , K-Ar

, 8.3 Ma 8.6 Ma 3.68 Ma,
(8 14 Ma) ( 3-6),

3-6
Table 3-6 Isotopic ages of minerals from mylonite and granite of east Nyaingentanglha Mts.

/ Ma
Rb-Sr 8 14

K-Ar 9.8+ 0.35

K-Ar 8.29+ 0.31

K-Ar 8.63+ 0.17

3.68+ 1.28

(NDS) ,
, 30 / km ,
15 km :

(8 10 km)
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Fig.3-22 MDD modés of *°Ar-* Ar of K-feldspar from mylonite of east Nyaingentanglha Mts.
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Fig.3-23 Tectonic pattern of active faulting of Damxung Yangbajain graben
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, : 1000 km;
, : 6 8 :
( 3-15)
( 3-23)
EW NE NW SN
(ESR) , ’ i
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EW NE - - - SN
NE ,
15 cm,
17 S1 S17, 3-15
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U Th K U Th K 3-7
: Henning et a. (1983) Nambi et a. (1986) :
(D) ( 3-7)
’ 60C0
EMX : ,
( Nd) 3-24
ESR 17 ( Nd) ESR (1) 3-8

ESR ( 38),
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7

ESR

Table 3-7 Contents of redioactive elements of ESR samples from the central Qinghai-Tibetan plateau
U/10°% | Th/ 10| K/ %

Sl , 0.42 0.5 0.027
) NE , 0.94 1.5 0.208
S3 NE , 0.52 0.9 0.037
4 NE , 0.64 1.9 0.158
5 NW , 1.24 1.5 0.035
6 - EW 1.32 0.6 0.021
S7 - EW 1.25 0.6 0.029
8 - EW 2.48 2.3 0.62
9 SN - , 0.86 0.77 0.024
S10 SN , 1.95 0.6 0.018
Si11 NE , 0.83 0.5 0.0032
S12 NE , 0.48 0.7 0.042

S13 NEE : 1.45 1.03 0.2
S14 NE : 0.89 13.7 0.83
S15 NEE : 0.24 0.5 0.051
S16 NNE , 0.42 0.6 0.053
S17 NNE , 0.86 1.3 0.41

1.
, EW :
3
EW ( 315 % S/ S8), ESR 3
ESR 0.416 Ma 0.358 Ma 12.992 Ma ( 3-8),

3
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3-8 ESR
Table 3-8 ESR dating of active faults of central Qinghai- Tibetan plateau
/ Ma
D/ (mGyY a)| Nd/ Gy
Sl 0.334 1190.45 3.564
) NE 0.962 22.9393 0.024
S3 NE 0.457 621.496 1.360
4 NE 0.808 3972.68 4.920
5 NW 0.942 563.115 0.600
6 EW 0.80 332.00 0.416
S7 EW 0.80 286.5 0.358
8 EW 2.24 29102.7 12.992
9 SN 0.62 733.00 1.182
S10 SN 1.17 1674.47 1.431
Si11 NE 0.52 418.11 0.804
S12 NE 0.52 343.21 0.660
S13 NEE 1.12 1590.9 1.420
S14 NE 2.317 78.78 0.034
S15 NEE 0.374 114.52 0.306
S16 NNE 0.42 615.74 1.466
S17 NNE 1.05 2091.85 1.992
2.
: NE - - -
, : NE NW ( 3-15)
EW NE NW ; 4
(2 B HA H); , ESR ( 3-8)
, NE 2 (S3 ) ESR
1.36 Ma 0.024 Ma ( 3-8),
(S1) ESR 3.564 Ma ( 3-8),
(Wu Zhenhan et a ., 1999) NW
(SH) ESR 0.600 Ma ( 3-8),
(#A) ESR 4.92 Ma ( 3-8),
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NE

3. - -
- - : NE-NNE
WEE- EW | ;
, - NEE-NE-NNE
- - - (6.8 Ma) ( , 2001)
(5 8Ma) (Harrisonet a., 1995), -
: ( 315 S15 S16 S17),
ESR : 0.306 Ma 1.466 Ma 1.992 Ma ( 3-8), -
- 3 3
4 NE
: NE-NEE :
( 315); ,
4
(S11 S12 S13  S14), ESR
0.80 Ma 0.66 Ma 1.42Ma 0.034Ma ( 3-8), NE
5. SN
: SN ( 3-15)
SN : : -
: 2 3 Ma
(Hacker et al., 2000) : SN
(9 S10), ESR ESR 1.182 Ma
1.431 Ma ( 3-8), SN
ESR - ,
: 3
( 3-25) 5 8 Ma,
(4.92 Ma) ( 3-8) - - (5 8 Ma, Harrison et
a., 1995) - (6.5 Ma, , 2001)
: SN EW
1.1 1.5
Ma, NNE (1.466 Ma)
NE (1.36 Ma) SN (1.18 1.43 Ma)
NE (1.42 Ma) 0.3 0.8
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Fig.3-25 Diagram of regiond fault activity of central Qinghai- Tibetan plateau in Late Cenozoic Era
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0 5 Ma, SN 1.2 1.4 Ma,

NE 0 1.4 Ma,
- 13 Ma 0.4 Ma
5 8Ma 1.1 1.5Ma 0.3 0.8 Ma : (5
8 Ma) EW ( 3-25) 0.04 Ma :
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119



120

- NE _
NWW -
( 3-15) 1 25 I NDEPTH-

- ( 41);

, , NE

(41 4-2) , ,
4300 4500 m, EW
15 km 8 km 120 k' ,
NE , )
) NWW
; NW
, - EW



4-1 125 ETM
Fig.4-1 ETM images of Damxung and its adjacent areas of centrd Tibet
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Fig.4-2 Tectono-geomorphic map of Damxung area of centra Tibet
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Fig.4-3 Statistic distribution of summit eevations in both side of Damxung-Yangbgan basin
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Fig.4-4 Cross-section of tectonics of Dangxung area of central Tibet
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: 17 8 Ma

, Pan et al.
(1992) ; Harrison et a. (1995)
39Ar-4°Ar , ’
Xueta. (1985) U-Pb
125 ,
, NE : 7162 m,
5600 6200 m; : - ,
1000 m, -
( 45)
: . NE ,
100 km, 15 25 km, 1500 km’
1000 4500 m , NE , SE,
28 30°; - ( 4-5)
, SHRIMP
Rb-Sr K-Ar ,
, K-Ar
Rb-Sr (P38B9 P38B29 P37B9-1
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Fig.4-5 Geologic map of Nyaingentanglha Mts. and its adjacent areas
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60 65 Ma (

58 Ma;

4-1

10 SHRIMP
1206 PY 238U
4-1) 63 Ma,
11 SHRIMP
%Py *P U 55 59 Ma ( 4-1),
SHRIMP ,
55 65 Ma,
P71-3 SHRIMP

Table 4-1 SHRIMP U-Pb dating of zircon from enclave greiss P71-3 of Nyaingentanglha granite

W10°° TH 10°® TH U 2®pp*/10°-° zzzgg ol % Z—,Zb ol % 220368F:Jb ol % MP&%
1 187 248 1.37 1.62 0.0560 5.1 0.0785 5.6 0.01017 2.3 65.3t 1.5
2 422 238 0.58 3.69 0.0440 9.7 0.0611 9.8 0.01007 1.9 64.6tf 1.2
5 310 222 0.74 2.67 0.0333  32.8 0.045 33 0.00979 2.4 62.8t 1.5
6 300 361 1.24 2.56 0.0663  10.0  0.0921 10  0.01008 2.1 64.7+ 1.4
7 108 97 0.92 0.915  0.0748  17.1 0.104 17 0.01005 2.9 64.5+ 1.9
8 211 251 1.23 1.80 0.0574 7.5 0.0793 7.8 0.01002 2.1 64.3+ 1.4
9 166 135 0.85 1.42 0.0404  64.7 0.054 65  0.00973 4.0 62.4+ 2.5
10 215 195 0.94 1.79 0.0305  38.9 0.039 39 0.00937 2.6 60.1t 1.5
11 151 149 1.02 1.28 0.0312  41.7 0.041 42  0.00959 2.7 61.5¢+ 1.7
12 65 46 0.73 0.548  0.0872  11.5 0.120 12 0.01001 3.9 64.2+ 2.5
13 314 363 1.20 2.73 0.0453  21.3 0.062 21 0.00999 2.3 64.1+ 1.5
14 216 248 1.19 1.84 0.0724 3.6 0.1010 4.2 0.01011 2.1 64.9+ 1.3
15 220 237 1.11 1.88 0.0338  53.7 0.045 54  0.00966 3.1 62.0+ 1.9
16 428 99 0.24 3.57 0.0515 5.7 0.0688 6.0 0.00969 2.0 62.2+ 1.2
1 616 322 0.54 4.71 0.0460 12 0.0561 13 0.00885 1.9 56.8+ 1.1
2 392 200 0.53 3.02 0.043 28 0.052 28  0.00884 2.4 56.8+ 1.4
3 418 211 0.52 3.33 0.0400 22 0.050 22 0.00910 2.2 58.4+ 1.3
4 459 358 0.81 3.62 0.0567 3.0 0.0723 3.8 0.00924 2.4 59.3t 1.4
5 513 279 0.56 4.02 0.0558 4.0 0.0703 4.5 0.00915 1.9 58.7+ 1.1
6 385 248 0.67 2.98 0.0670 10 0.0848 10  0.00918 2.1 58.9+ 1.2
7 356 234 0.68 2.82 0.0485 8.4 0.0613 8.6 0.00917 2.0 58.9+ 1.2
8 335 249 0.77 2.67 0.037 30 0.046 30 0.00902 2.4 57.9+ 1.4
9 264 147 0.57 2.11 0.053 25 0.068 25  0.00927 2.6 59.5+ 1.5
10 360 243 0.70 2.86 0.0563 4.0 0.0722 4.5 0.00931 1.9 59.7+ 1.1
11 1932 1140 0.61 15.2 0.0458 6.7 0.0575 6.9 0.00912 1.7 58.5+ 1.0

U-Pb SHRIM P-
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11.4750.23Ma

Pikh24
{1 [ T

4-6
( , 2003)

Fig.4-6 Features of zircons from Nyaingentanglha granite

U-Pb P38B24
P39B15 RSES( ) TEM
, U-Pb
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204

Pb

P38B24

4-2,

206 238

Pl

4-2

U

Ludwig SQUID1.0

ISOPLT

P39B15

U-Pb

SHRIM-
( Ludwig, 2000)

( 4-6)
U-Pb
95% ;
( 47)

Table 4-2 Table of U-Pb isotopic datings of zircon from Nyaingentanglha granite by SHRIMP-

206 232 206 * 206 238 H 207 *
0/Pobc 1(';»'_ - 1'{) _he 238TUh 10P_b6 Psla U Dlsc;(:dant ZSI;’E £ 0 206pp* 2B + %  errcorr
E-1 0.95 5223 2934 0.58 7.76 11.04+ 0.40 104 0.00970 9.8 0.001714 3.6 0.368
E-2 2.10 3777 2492 0.68 5.29 10.29+ 0.37 102 0.0084 16 0.001598 3.6 0.228
E-3 0.25 6267 7699 1.27 8.70 10.39+ 0.36 93 0.01090 7.4 0.001613 3.5 0.468
E-4 3.59 3546 1443 0.42 5.32 10.84+ 0.23 101 0.0052 35 0.001683 2.2 0.062
E-5 3.16 3845 2208 0.59 5.94 11.22+ 0.23 101 0.0060 26 0.001743 2.1 0.078
E-6 1.43 3215 1928 0.62 4.78 10.98+ 0.22 103 0.0093 11 0.001705 2.0 0.179
E-7 2.02 4932 4397 0.92 6.57 9.79x 0.21 101 0.0074 19 0.001519 2.1 0.115
E-8 3.92 3398 1863 0.57 5.02 10.65+ 0.23 100 0.0045 33 0.001653 2.2 0.066
E-9 1.03 6588 5138 0.81 10.9 12.22+ 0.23 104 0.0105 11 0.001898 1.9 0.177
E-10 1.47 3893 2068 0.55 6.02 11.43+ 0.22 102 0.00934 8.9 0.001775 1.9 0.217
E-11 1.08 4389 3833 0.90 6.79 11.47+ 0.23 104 0.0101 13 0.001782 2.0 0.155
E-12 2.35 4395 3946 0.93 6.60 10.99+ 0.23 101 0.0074 22 0.001707 2.1 0.094
E-13 0.97 1806 433 0.25 14.1 57.6£ 1.0 140 0.0537 7.3 0.00897 1.8 0.508
E-14 4.21 1527 1234 0.83 2.32 10.93+ 0.33 102 0.0084 46 0.001697 3.1 0.179
E-15 1.39 5126 1336 0.27 10.2 14.67+ 0.28 102 0.0110 14 0.002278 1.9 0.491
C-1 0.72 5985 9089 1.57 18.3 22.80x 0.78 110 0.0205 5.6 0.00354 3.4 0.116
C-2 0.26 6132 7712 1.30 15.4 18.74« 0.50 116 0.01761 50 0.002911 2.7 0.537
C-3 0.48 4836 6622 1.41 11.7 18.07+ 0.49 116 0.0170 7.1 0.002808 2.7 0.377
C-4 0.51 3540 2784 0.81 8.10 17.07x 0.46 118 0.0162 8.0 0.002651 2.7 0.342
C-5 0.89 6335 6460 1.05 15.3 17.96%x 0.48 106 0.0158 6.6 0.002790 2.7 0.404
C-6 0.31 3865 3351 0.90 9.26 17.91+ 0.48 41 0.01789 4.6 0.002782 2.7 0.586
C-7 0.56 6308 6163 1.01 16.1 19.00+ 0.50 111 0.01749 4.7 0.002951 2.7 0.562
CcC-8 0.38 7442 8539 1.19 18.3 18.31+ 0.49 124 0.01751 4.6 0.002845 2.7 0.571
C-9 0.66 6961 1106 0.16 17.2 18.39+ 0.49 113 0.01711 5.8 0.002856 2.7 0.461
C-10 0.82 5581 4230 0.78 13.6 18.18+ 0.50 105 0.0157 6.8 0.002824 2.8 0.406
C-11 0.69 8093 1722 0.22 21.3 19.61%+ 0.55 110 0.01791 5.3 0.003046 2.8 0.531
C-12 0.89 3956 3111 0.81 9.11 17.11+ 0.46 110 0.01571 6.3 0.002657 2.7 0.435
C-13 0.20 10799 2096 0.20 25.8 17.88%+ 0.47 74 0.01815 3.3 0.002777 2.6 0.789
, 2003
P38B24 15 , 1
, 15 ( 42 E-1 E-15); 13 2 py >y
9.79 12.22 Ma, (11.1+ 0.2) Ma ( 4-2),
( 473, ,
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, 1 E-15 14.47 Ma, 1

57.6 Ma, 22TH %%y 0.27 0.25, ,
U PDb P39B15 13
, 1 , 13 ( 42 C-1 C-13)
C-1 (22.8 Ma) , 12 2% pg 28y 17.07
19.61 Ma , , 18.3 Ma;
( 47b),
P39B15 P38B24 7.2
Ma,
0005
I‘J‘E“J"‘ [ IRTIEE I':':!,l.}H,Iﬁ
b (114 IR
0004+ 34
b .00t _ i)
”__ﬂ .,'_ 0003
EE o002t :f
= 500027 13
g
0.0017 i 4= 111 £0.2 Ma LNITTE S ME TR =183:04Ma
MSWD=1.56 MSWD=1.28
Qb 00 AR — + +
0,000 0,004 0008 0.012 0,016 0.020 0,024 0,028 000 0.0] 0.02 0.03 .04
HTpR Y APk U
a. HRPIsR24 b. i aP39B 15
4-7 U-Po
( , 2003)
Fig.4-7 Concordia-type diagram showing U-Pb ages by
ion microprobe for zircons from Nyangentanglha granite
b, Phb Pb” Pb Pb E1 EI15 P3824
, C1 C13 P3915 PO U 1.5%, TH U 3.0%,
U Th 10% Compston et a. (1992) Williams et a. (1987)
Ludwig SQUID1.0 and ISOPLOT U-Pb
SHRIM P-
, U-Pb ,
) 18.3 Ma,
11.1 Ma,
7.2 Ma,

(11.1 18.3 Ma)
(12 24 Ma, Harrisand Massey, 1994; Hodgeset a., 1996; Searleet a., 1997);
(17.6 9.5 Ma, Harrison et a., 1998) :
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(11.1 18.3 Ma) (2
13.5 15 Ma, Blisniuk, et a., 2001; Spicer, et a., 2003) :

, - , INDEPTH DBS
NBS YBS 13 20 km (Brown, et a., 1996; Nelson, et
a., 1996)

Rb-Sr
4 ( 45)
Rb-Sr : 10Qu m, 59
, 99 %
Rb-Sr
HF+ HCIO,  Téflon , AG50Wx 8 (H")
Rb Sr VG354 , Sr
*°Sy *°Sr=0.1194 . Rb-Sr (2 5) x 10" g Rb Sr
4-3
4-3 Rb-Sr
Table 4-3 Rb-Sr isotopic dating of Nyaingentanglha granite
Rb-Sr
Rby 10°6 Sy 10-6 &Ry ®gr 8 gy 8 gy Vo)
P38BY P 33.6  1033.47  0.094 0.709434 0.000017 | (=14 014 0.49 Ma
P38BOK f 340.4  602.83  1.634 0.709757 0.000017 (5 % 5r),
P38BOKT - 1 343.3  598.73  1.659 0.709620 0.000018 | =0.70943+ 0.00015
P38B9 127.8 610.9 0.605 0.709360 0.000018 MSWD =7.0
P38B29P 55.8 237.05  0.681 0.711361 0.000018 t=9 33+ 0.41 Ma
P38B29K f 671.0 185.1 10.494 0.712937 0.000040 (5t 863r),
P38B29Bi 1875.1 5.17  1063.76 0.852230 0.000050 | =0.71143% 0.00037
P38B29 462. 4 129.7 10.321 0.712856 0.000014 MSWD =15.0
P37B9 - 1P| 22.2 668.18  0.096 0.707326 0.000019 t=8.07+ 0.35 Ma
P37B9 - 1Kf 453.5 501.2 2.618 0.707745 0.000016 (s ®sr),
P37B9 - 1Bi 1180.9 8.12 422.92 0.755835 0.000080 | =0.70736% 0.00018
P37B9 - 1 223.6  404.39  1.600 0.707510 0.000016 MSWD=4.1
P37B10P 18.4 667.20  0.080 0.707820 0.000017 (=8 70+ 1.40 Ma
P37B10K f 479.6  631.82  2.196 0.707090 0.000020 (s ®sr),
P37B10Bi 1296.8  15.72  239.33 0.736245 0.000018 | =0.7067+ 0.00018
P37B10 133.5  523.27  0.738 0.706630 0.000018 MSWD =31.0
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Rb-Sr ISOPLOT (Lud-

wig, 2000), 4 Rb-S 4 Rb-Sr ( 4-3 4-8 4-11)
Rb-Sr : P39B9 Rb-Sr 14.01
+ 0.49 Ma ( 4-8), P38B29 Rb-Sr 9.33+ 0.41 Ma
( 49, P37B9-1 Rb-Sr 8.07+x 0.35 Ma ( 4-10),
P37B10 Rb-Sr 8.7t 1.4 Ma ( 4-11),
: U-Pb
(P38B29Bi P37B9-1Bi P37B10Bi) (P38B29Kf P38B9Kf)
(P38B9PI) , 1 Rb-Sr , 9.3t 1.1 Ma ( 4-12),
4 Rb-Sr
0.74
0,88
P3REOR;
.73 0 &4 P3IEBIIRI
= w
in i 0.8
0.2 L
G b
0,76}
0.7 1L ~P38BY 8 29 4
W PIRBOKS f= 1401 + 049 Ma 072t _ T 3':.‘.uf'mﬂ .
L PIRBY Kf— (PRB S ), =0, 70943 + 000015 paanag ("RBFSe); =0.71143:£0.00037
P3SBIM AW D=T '|:-.‘.'1g|:g]'|;]:-| MEWD=15%
:':'-' 1 L L L i A 1 L i H 1 i 4 4 1 1 4 i H 1 - 1 i H
0 2 40 60 80 100 120 140 I”'Rn Wi 400 600 8O0 1000 1200 1400
:-:;H h.w‘;:I . "R |_'l."m'hT
4-8 P38B9 Rb-Sr 4-9 P38B29 Rb-&
Fig.4-8 RDb-S isochron of granodiorite P38B9 Fig.4-9 Rb-Sr isochron o granite P38B29
077
0,74}
137 BY-1Bi STR10BI
0,745
073
7 .
£ 5oy =
5 Lo
= K
T S foB U720 3s M " Aparmios F- 8714 Ma
U pATRY-1 P CRETSr); =0.70736 £ 0.00018 L (RS0, =0.7067 £ 000018
MSWD=4 .1 ' MSWD=31
O — 60 200 300 400 500 B I [ LR T T U
b sy RbMSr
4-10 P37B9-1 Rb-Sr 4-11 P37B10 Rb-&
Fig.4-10 RbDb-Sr isochron of granite P37B9-1 Fig.4-11 Rb-Sr isochron of granite P37B10
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Fig.4-12 RDb-Sr isochron of biobites and K-fedspars of Nyangentanglha granite

U-Pb (18.3 11.1 Ma) ( 4-7)
Rb-Sr (14 8Ma) ( 48 4-11)
: U-Pb Rb-
S : U-Pb
Rb-Sr : 18.3 8 Ma,
, Xueta. (1985) Harrisonet a. (1995)
Xu et a. (1985) (
XGS47 XGS60), XGS47 (homogeneous biobite-K-feldspar gneiss) U-Pb
13 28 Ma XGS-60 (banded heterogeneous gneiss) U-Pb 50
Ma 1 25 : XGS47 XGS-60
4000 5000 m : XGS-47 :
; XGS-60 - :
XGS-47 U-Pb (13
28 Ma) Rb-Sr (18.3 8Ma) ( 4-2 4-3) ,
: Xu et a. (1985) XGS-60
U-Pb ( 50 Ma) SHRIMP (55 65 Ma) ( 41) :

Pan et a. (1995) Harrisonet a. (1995)
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39 40

Ar-Ar : > 8Ma,
5 8 Ma
> 3.5mm a
K-Ar ,
8.29+ 0.21 Ma ( 4-4), Ar*-Ar*
K'Ar ]
4-4 K-Ar
Table 4-4 K-Ar isotopic dating of pure minerals from Nyaingentanglha granite
K % OArd (mol g) OArd Al { Ma
JD4820 7.600 1.095E - 10 38.67 8.29+ 0.21
P38JD24 17.31899 1.270E - 10 44.16 9.80+ 0.35
P38JD24 17.43218 1.734E - 10 64.68 8.63+ 0.17
CNPC K- Ar © A =5.543

x 10719 a, A=0.581x 10 'Y a, Ag=4.962x 10" 'Y a,*°K/ K =1.167x 10" *mol mol

- ( 41),
SHRIMP
( 4-1); ,
U-Pb 18.3 11.1 Ma ( 42 4-7) Rb-Sr 14 8 Ma ( 4-3)
( 8 5 Ma, Harri-
son et a., 1995) :
P38B24 ( 4-5) , Rb-S K-
Ar , 4-3 4-4 4-5; U-Pb P38B24
( 42 4-7a) : U-Pb
750+ 50 (Wagnereta., 1992 1998), Rb-Sr 350+ 50 (Dodson
et a., 1973), K-Ar 300 350 (Harisonetd., 1979); K-
Ar 250 (Harrisonetd., 1979), Ar-Ar 220 (Har-
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risonet a., 1995), 100+ 25 (Wagner et a., 1992,
1998) : ,
( 4-13)
30 / km; 40 / km
4-5 P38B24
Table 4-5 Fission track datings of apatite from sample P38B24 of Nyaingentanglha granite
S P (%)
04 P, 0, 10-° % Mat Io
32 1.331 0.137 0.561 5.2 0.000 3.7+ 1.3
- 4-6) ( 4-6
4-13), , 55 65 Ma ( 60 Ma)
, X 17 20 km
20 18.3 Ma, 17 20 km :
18.3 11.1 Ma : :
7.2 Ma 11.1 ( U-Pb ) 9.3 Ma (Rb-&
) , : 750 U-Pb
) 350 (RDb-Sr ), 222.2 | Ma,
5.56 mn1 a; ,
, 5.56
mm a 9.3 Ma (Rb-Sr ) 8.6 Ma ( K-Ar ),
: 350 (Rb-Sr )
250 ( K-Ar ), 142.8 |/ Ma,
3.57 mn a 8 5 Ma :
: : 3.50 mm a ( 3-22,
Harrison et al., 1995) 5.0 Ma ( Ar-Ar ) 3.7 Ma (
), 220 ( Ar-Ar ) 100
( ), 92.3 / Ma,
2.31 mm a 3.7 Ma ( ) :
: 100 ( ) 0
( ), 27.0 | Ma, 0.68 mm a,
(0.49 mm a)
(0.51 mm a; , 2002)
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4-6

Table 4-6 Tectono-thermal-chronological sequences of Nyaingentanglha areas in the Cenozoic Era

/ Ma / km / I Ma ——
65 55 Ma 17 20 > 750
20 18.3 Ma 17 20 > 750
18.3 11.1Ma < 17 = 750
11.1 9.3 Ma 17 8.7 750 - 350 222.2 < 5.56
9.3 8.6 Ma 8.7-.6.3 350 250 142.8 3.57
8.0 5.0 Ma 3.50
5.0 3.7 Ma 5.5.2.5 220- 100 92.3 2.31
< 3.7 Ma 2.5.0 100- 0 27.0 0.68
] 1 ] | | | I I |
200 =2{).1
il s : - R
NG547 fi f1L-Pb 7.3
:__l E‘":]l:l_ ?f' {II..I-E:'I"P _I:-‘{I _
~ =
w500 -12.5
= ()
400+ 10,0 =
Rb-5r5 I £k
300F ¥ = TK-Ar 7.5
8 b {1 AT-AT
200F 7 W HK-Ar —5.0
100F 2.5
% % OFT
ﬂ] | | | | 1 1 1 |
0 20 30 40 30 60 70 B0 4D
% Ma
4-13

Fig.4-13 Thermad-chrondogica diagram of Nyaingentanglha granite in west of Yangbgan graben
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: 2000 m :

; 2000 m ,

( , 1995) , NW
(  4-14), ES )
; , 10 km - Ca

450 ; : 450 550 MPa,

15 18 km, Brown et a. (1996)

13 20 km :

(Nelson et a., 1996; Larry Brownet a., 1996; Leshou Chen et a.,

1996; INDEPTH , 2001) ,

( 3-23)

4-14

Fig.4-14 Seismic reflection in across Yangbgain basin in southeast of Nyaingentanglha Mts.

13 20 km

(  4-15a),

, ( 4-15Db) ( 4-15¢c),
( 4-15d)
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Fig.4-15 Features of Nyaingentanglha granite

P Ar-Ar ,
5 8Ma ( 322, Harisonet a., 1995);
6.7 Ma, 9.86 Ma (
, 2002),

(20—14—8 Ma), -

, - ( 4-16)

20 18.3 Ma, 20 km
( 4-16a) 18.3

11.1 Ma : ,
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Fig.4-16 Modd illustrating uplift processes of Nyaingentanglha Mts. of centra Tibet
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( 4-16b)

11.3 8.6 Ma , ,
, : 8 5 Ma ,
( 4-16¢) 5 Ma ,
- ( 4-16d)
( 4-16d)
SHRIMP 65 55 Ma,
U-Pb 18.3 11.1 Ma,
7.1 Ma Rb-Sr
14 8 Ma, 8 5 Ma
, ., 20 18.3 Ma
- 18.3 11.1 Ma , ,
©11.1 9.3 Ma , ,
222.2 [ Ma, 5.56 mmM & 9.3 8.6 Ma
, , 142.8 | Ma,
3.57mma 8 5 Ma ,
, , 3.50 mn & 5 3.7 Ma
, , 92.3 / Ma,
2.31 mn1 a 11.1 3.7 Ma, 85.5 / Ma,
2.14 mn1 a,
3.7 Ma
: , 27 [ Ma,
0.68 mmM a,
( 4-16)
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EW NE
, K-Ar
, ( 417)

4-7

Table 4-7 Ages of pure minerals from Ningzhong mica granite

/ Ma
BD9041 - 1 K-Ar 196.23+ 2.92
BD9041 - 1 K-Ar 76.0+ 1.1
BD9041 - 1 9.86+ 2.60
| [
400 =
L, 00| -
e L T K-Ar i‘_,
g 200 [~ _ !
- ¥ A FT Ha
— 1
] | | | | | | | | il
2 41) Lall] 310 101 | M 140 ] 10

A 1/ hla

4-17
Fig.4-17 Therma-chronologica diagram of Ningzhong granite
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196 Ma 196 160 Ma :
: 6.11 / Ma,

160 76 10 Ma,

Ma, 0.026 mn a,
9.86 Ma ,
10.14 / Ma,
4
Ma,

Copeland et al., 1995, 4-8)

(

4-17), :

0.2 mm a,

0.75 [/

, 0.33 mm a,

92

50 Ma (Xu et a., 1985;

50 49 Ma : 325 / Ma 49 34 8 Ma :
41 Ma : 4.26 |/ Ma,
0.156 mnT a, 6.8 Ma :
, 15.4 |/ Ma,
0.499 mm a ( 4-18)
: 49 50 Ma

, 49 8 Ma :
6.8 Ma -

( 4-18)

4-8

Table 4-8 Ages of pure minerals from Yangbajain granite

Xu et al., 1985
Xu et a., 1985
Debon et al., 1985

, 2001
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/[ Ma
U-Pb 50
OAr-FAr 49
K-Ar 34.08 + 0.62
6.8+ 1.0
NE :
ESR

NE
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Fig.4-18 Thermad-chronologicd diagram of Yangbgain granite

0.3 Ma

4-9

MG/ Ma

( 49)

ESR

RO

an

Table 4-9 ESR dating on boundary faults in east of Nyaingentanglha Mts.

u 10°° TH 106 Kl %  Ma
O (mGy a) Nd (Gy)
S15 0.24 0.5 0.051 0.374 114.52 0.306
S16 0.42 0.6 0.053 0.42 615.74 1.466
S17 0.86 1.3 0.41 1.05 2091.85 1.992
, 5 2.0
Ma , - - ’
NW , - ,
- ( 4_1)1
NW - - -
- (0O 1.4 Ma); NW -
NE EW
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: 28 20Ma20 18Mal8 8Ma$8
5Mab5 2Mal.5 0 Ma : -

(  4-19)
- (28 20 Ma), -
, (GTS) (Yin et a., 1994) (
2-6), ( , 2001),
: ( 4-19a); :
(20 18 Ma), : ,
: 4500 5500 m ,
( 4-19b)
, 17 20 km :
(18 8 Ma), , (13
20 km) ,
(  4-19¢)
( 8 5 Ma), - -
: NE
WN ES ( 4-19d)
- (5 2 Ma), :
: NE ;
: , ( 4-19)
(< 1.5 Ma), - ;
, 4400 m;
- - - NW , NW
( 4-19f); -
10  kno , 139 m
, 2 6 , :
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0.144 mm a 74 .2

145



T T T T ] T T T T |
T i1 U-Ph 144
I —2]
) 18
L 1T (R 41 K-Ar
i =
e b 2
gef IO =
o et
o= 112 e
300 b= £t
-9
206 = Pid1FT
(]
0 =
i AT F ak
| ] ] 1 ] 1 ] | ] | 1

|
010 20 30 40 50 &0 70 B0 90 100 10 120
B F/Ma

4-20
Fig.4-20 Therma-chronological diagram o Jiagang granitein centra Tibet

4-10 K-Ar
Table 4-10 K-Ar dating results of Jiagang plutons of central Tibetan Plateau

K % OAr{ (mol g)) OArf % / Ma
1.72 2.260E - 10 95.72 74.21+ 1.63
K-Ar : ‘A =5.543x 10 19 a,

Ae=0.581x 10 'Y a)g =4.962x 10°'9 a,*K/ K =1.167x 10" *mol mol

4-11 U-Pb
Table 4-11 Ages of U-Pb and fission track dating of Jiagang plutons of central Tibetan plateau

/ Ma
U-Pb 116 (1)
63.4+ 2.3 (2)
6.5+ 0.9 (2)
1 (1) U-Pb INDEPTH- (1999 2000) Syracuse
:(2) : SRM612
63.4 Ma : : 27.3 | Ma,
0.910 mm a 63.4 6.5 Ma : : 2.20 / Ma,
0.073 mm a 6.5 Ma : :
15.38 / Ma, 0.512 mni a;
- - NW ( 3-15)
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(1988)

: ( , 1979; Dewey et a ., 1988;
Harrisonet a ., 1995; Peter et d ., 2001; , 2001; Tapponnier et a ., 2002)
125
: 21
( 1-2Ei+2), - :
( 1-3, : (
) (54.4 65.3 Ma), 15 25 km :
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(  Stock and Molnar, 1988)

Fig.5-1 Northward motion of India continent in Cenozoic Era
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( 1'2E1+2) y

( 22) ,
( 2-32 2-48);
( 216 2-17 2-28), ,
Ar® - A 30 60 Ma :
( 5-1) -
5-1
Table 5-1 Fission track ages of zircon and apatites from granitic plutons of central Tibet
t Ma
57.8+ 4.1
63.4+ 2.3
47.8% 4.2
( 52 53 MDD , -
- : 16.7 17.2 Ma
220 / Ma , 15.8 16.2 Ma 175 / Ma
: 18.0 18.7 Ma 121 / Ma :
28Ma , 19.6 Ma , 24 27 Ma
: - - (Yin et d., 1994; Copeand et d.,
1995; Harrisonet a., 1995; , 1999)
, 4500 5000 m
( 52) :
1.

( 52) :
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5-3 -
( , 1999)
Fig.5-3 Sampling locations of therma-chrondogica dating on plutons of Gangdese-L hasa block
1— ; 2— ; 3— ; 4— ; b— (Ma)

5-2
Table 5-2 Fission-track dating of cave calcite formed in planation surface of the Tibetan Plateau
/' m / Ma
4400 11.79+ 0.98
4900 13.38+ 1.13
3750 7.39+ 0.65
3750 10.10+ 0.86
3800 11.25+ 1.06
3000 12.30+ 1.10
4000 15.06+ 1.30
4900 10.56+ 0.90
4800 8.86+ 0.76
3600 15.15+ 1.36
3600 11.68+ 0.93
3700 10.57+ 0.85
3900 10.07+ 0.90
4000 9.90+ 0.80
3600 13.26+ 1.05
4360 12.19+ 0.98
4450 12.20+ 1.03

, 1996
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(1996)

(1996) , 9
15 Ma ( 5-2), 9 15 Ma
, 8 15 Ma ,
2.
, (13 15 Ma) ,
( 3-195),
, ( ) ( 419)
( 4-1)1 -
4-19) , , ,
3 1 25 , -
GGT INDEPTH- - - INDEPT H-
GGT ,
" (INDEPTH) 3 - - -
, IN-
DEPTH (1992 1994 ) - - IN-
DEPTH- (1994 1997 ) - - -
(MT); INDEPTH- (1997 2002 )
( , 2001)
INDEPTH
Moho IN-
DEPTH IN-
DEPTH (MT) ,
INDEPTH- 125
1 25
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-420 -450 Y &,

( 54)

=545

L2 L f& II_L o
- $ i _I Eﬁ[ﬂ ' . 5 . ...:::'!-.'_r__ h

5-4
( 1 250 )
Fig.5-4 Bouger gravity contour of central Tibet
(m/ sz); 2— ; 3— ; 4— ; 5—
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-500 -525m ¢, (-)

(+) ( 54 : - - -
: ( , 2001), (-)
(-) (-) ,
-540 -570m S ( 54) - - -
NNE , , - - ,
: INDEPTH-
(Brown et al., 1996; , 2001) ( 5-4)
: 13 18 km
(Brown et a., 1996; Alsdorfet a., 1998; , 2001) INDEPTH
(2001) :
; 2 NW
, : - (54,
- - 2 :
1951 8 : -
1411 8
13 20 km
Zhao Wenjin et a. (1993) Larry Brown et a. (1996) (2001)
INDEPT H- INDEPTH- : - - - -
: (MHT) Moho
- (YDR) (ABS) (YBS)
(NBS) (DBS) ( 5-5),
(STD) ( 55 56)
Larry Brown et al. (1996) (2001) -
13 20 km
( 54)
We Wenbo et a. (2001) INDEPT H- (MT) :
: MHT STD
( 57) INDEPT H- - MT
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, 15 30 km / , 10 1000 m
0.01 0.1¢ m;

, STD MHT
. , MT
(North Lhasa Thrust NLT) ( 5-7),
( , 2003)
HE s — BILEE
i 4 B -1 < e 45
W !
1K PR e il i A

': BE % |
. :
1

]

£
2
;:_ i
100k
fH 9 km
2 @ 3 - |, E_ﬁ
5-7 — — (MT)
( We Wenbo et al., 2001 )
Fig.5-7 MT profile along Kangma Deqing-Shuanghu across central Tibetan Plateau
1— 10Q- m; 2— 10 100Q m; 3— 100 800 m;
4— 800 1000Q- m; 5—
INDEPTH- -
INDEPTH- :
/ 25 27 km : / 42 43 km ;
P (Vp) 5.7 6.1k s, P (Vp) 6.1 6.5km s,
P ( Vp) 6.5 7.3 knm' s, P (Vp) 8.0
8.1 knl's, Moho P (Vp) 7.3 8.0knT s ( 5-8)
INDEPTH- ( 5-
9) : Vps 5.9 km' s ;
, P Vp=7.0 7.7 km's (
5-9) : Vps 5.9 km' s
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% Nkm

: 13 20 km; Vps 6.4 kn' s
; Vp=6.4 7.0km s ( 5-9
HE &85 {0 5 o
s BT AE 14 4 AL I g A A Ji 2 48
I l‘_ -.‘n-l | | ] I
53] - P : : N,
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.20
= T ]
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_ 55
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- (35 --63
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0 30 00 150 200 250 300 350 400 450
¥F O fkm
5-8 - P
(  Zhao Wenjin et al., 2001)
Fig.5-8 P-wavevedocity cross-section of crust dong Deging-Longwel cuo
profile across centrd Tibetan Pl ateau
P , k' s
I % Mk it HE £ e A EAE AW
il 50 100 1 50 200 i 250 o 350 A0 430
o4 B ——— — - . i
"”'——-——h 5 4 — \\—3-1-.3_'.‘1 \-H-“"""'-'“- T

5-9 -
( INDPEHT , 2001)

Fig.5-9 Two-dimensional velocity structure of Yadong-Namco

profile across south Tibet
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, ( 11 5-10)
EW , (MBT)
(MCT) (STD) (KD) —
(RZT) (GTS) (MLT)
(WNT) -
MBT MCT STD KD RZT
MHT,; GTS WNT MLT 10 30 km
: North Lhasa Thrust (NLT) ( 5-
10)
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Fig.5-10 T ectono-geomorphic cross section of crust of the Tibetan Plateau and its adjacent areas
MBT— ; MCT— ; STD— ; KD— . YZS—
; RZT— ; GTS— ; MLT— ; YDB—
; WNT— ; BNS— ; KJIS—
NKF— . SQF— . STF— . LVZ—
LVB—
3 (YZS) -
(BNS) . (KJS) (NKF)
(SQF) (STF), EW
(MHT) (LVZ) (
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5-10)

, : MBT
MCT, 12 km; :
4 km; : 11 km -
( 5-10)
: ( 5-10)
: INDEPTH :
1. -
(1) : -
(2) : - -
(< 400 ), 5 10 km
(3) :
TTG :
, 400 600 , (10
20 km) : ; SHRIMP 7 8 :
(4) : ,
; 54 64 Ma, 600 800 (20
25 km)
(5) ; :
125 , - -
: SHRIMP 23 25 :
18 : ;
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, 1000 1200

(25 35 km)
’ 5-31 -
5-3
Table 5-3 Composition and structures of crust in Paleocene period of Damxung area in central Tibet
0 10 km
10 20 km
+
20 25 km
25 35 km
18 25
35 40 km
+ > 40 km
2.
: INDEPT H-
60 64 km, ,
20 25km ( 5-8 5-9),
(13 20km) ( 5-5 5-6), 8 14 Ma
( 2-6) 1 1
(2.5 3.5 Ma)
(Hacker et a., 2000), 55 km ( , 2001)
, P 7.0 7.7 knm s, Moho
: / ( 59) :
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(Taner et d., 1996),

(

5-4)

5-4

75 80 km

Table 5-4 Composition and structures of present crust of Damxung area in central Tibet

0 25km
Vp=5.7 6.1km's

13 20 km

25 40 km
Vp=5.7 6.1km's

INDEPTH

Vp= 6.4 km' s
Vp<s 6.4 km' s

INDEPTH

40 62 km
Vp=6.5 7.3 kn's

55 km

= 60 km
Vp=8.0 8.1 kn's

120 km

Vp=7.4km' s

125

Stock and Molnar (1988)

- (

(

40 Ma

5-1)

)

(50 68 Ma)

10 14 cmM a,
5 5.5cnma 45 20 Ma ,
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1600 km; 20 Ma 1100 km

Chen et a. (1993) : 100 Ma,
( 30°) ( 34) 10
; 7° : 2000 km
60 Ma; 300 km ( ) ( )

Bes et d. (1984) Dewey et a. (1988)

440 km (2000) (1984 1990) (1990)
( ) 554 km;
( ) 990 km ( 5-5) ,
81%:; 69%
5-5
Table 5-5 Crust shortening of the Tibetan Plateau in Tertiary Era yielded from palaeo-magnetic data
km / km / km
4.5°N
28.5°N 2664
(2.5 5)
12.0°N
30°N 1980 130 554
(10 13.8)
27.5°N
32.5°N 550 440 990
(25.4° 29.5°)
, 2000
1.
Hauck et al. (1998) INDEPTH ,
(MCT) , 326 km; ,
(Lesser Himalaya Belt) 63 km, (North Himalaya
Anticline) 60 km, (MCT) 200 km
20 Ma 60%, 16 mm a
2.
Ratschbacher et a. (1994) :
(NHFZ2) (YZS) 67%, 258 km;
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383 km

3.
(1) (NLT)
(NLT) NWW :
: - ( 2-30);
3 ( 2-31)
- : (160 176 Ma), :
, 15 30 km
(NLT) ( 2-30);
, 150 km,
150 km — :
, 191 109 Ma
14 km, 109 Ma 9 km, 191 109 Ma
91 km; — 59 km,
40 %
(2) (MLT)
EW :
(MLT)
: — ( 2-32 2-48);
) 20 25 km,
25 km, 56% ( 2-48)
(3)
Kidd et a. (2001) INDEPTH-
EW : —
SN 50%:; Coward et a. (1990) 40 %
; (1993) -
, 30% 40%
40% 50%;
: SN 15%
: 25% 35%, 30%
4.
, 120 km,
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20 km; ,

( 5-11) :
( , 2002); 2.5 3 Ma
(Hacker et a., 2000)
) SN , EW
, NWW
, 120 km, , 25° 35, 4¢ (  5-11)
EW , .
40° ( 5-11);
, ( 5-11),
, 25%;
25%
347 40 347 417 347 42 37 4% T A7 H° ART 447 6T
E' L L] 1 I | ] I
e | B 5200
I soo0f L
& 4000 ‘:{\|
Hld{:' ?4Jd| :H"L 42 !-lI i Hl 4 llI 1a 117 I’:l‘-
14" 4% 34° 46 34° 47" 37 48 PR 1 500 1" 51
ga-5-21-1 ge-h-21-a #R-E-21 — N
- - G e i 5000 5
2 S L 5 e S ; ki :h:-:
!"‘" _ E T , 2 =
2100 . i
| B B [2R0 7 " ; =
--'=I.'IIIIIa'
It1 15 !-1I 16 III I !-1'I AR’ M I 14 !-II all 54 a1’

W B OEhOHE

5-11
Fig.5-11 Gedogica cross-section of Duogecuoren redbed basin of Qiangtang block

( , 1943; , 1986; , 1988)

(Dewey et a., 1988)
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( , 1990)

, 2B; 20 e g
, ( , 2001):
e = 9n(a +B)- (coxx +sina- tg2a ) sinB - 1 (1)
g = cos(a +B)- (coxm + 9na - tg2a)/ cof - 1 (2)
(1) (2) 2B =90°
: 2B < 90°,
; . P=9C (1) (2) :
( 15 km)
: : (1)  (2)
(&) (&)
: NE—
NEE NW—NWW : NE
NW :
( 3-15)
NE—NEE NW—NWW 8 5 Ma
B< 45°; : NW NE
, : SN
: B< 47 —
SN :
: NE—ENE NW—WNW
45° B< 45, B =45,
(a)
a= 207, a
15 20, 5 15 :
: a 25 30°, a 20
25°, 5-6
: (2),
SN : ,
( 5-12) 25% 36%,
20% 35%, 25%:; 10% 25%,
30%, 20%
30%
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Fig.5-12 SN crust shortening of Late Himalayan stage

, (1),

( 513) 40% 136%:;
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H4° 0 2500’ : BA 30" a0’

5-13
Fig.5-13 EW crust extension of Lae Himalayan stage

25% 30%; 10% 25%, 20%
33% 42%
5'6 1
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SN EW
, , & 8§
5-6
Table 5-6 Crust deformation of central Tibetan Plateau in Late Himalayan stage by change of conjugate angle
2B 2a SN EW
< 90° > 35 46° 24.0% 29.8% | 46.0% 73.8%
< 90° > 36° 60° 24.5% 36.6% |48.1% 136.6%
< 90° > 27 AT 19.4% 30.3% |35.6% 76.9%
< 90° > 38 25.6% 52.5%
< 90° > 34 23.4% 44.0%
< 90 > 27 3 19.4% 21.7% | 35.6% 38.4%
< 90° > 50 31.8% 87.4%
< 90° > 34 23.4% 44.0%
< 90° > 3% 22.9% 42.1%

: Harrison et a. (1993)

- , 17 25 Ma

Copeland et a. (1995) Harrison et a. (1993)  Molnar et al. (1993) 0
, : 8Ma

Peter et a. (2001) Rb-Sr :

13.5Ma (1981) (1979)

Dewey et al. (1988) (1988, 2000)
(1999) ;
3 5 Ma
a. (2002) :
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Yinet a. (1994)

(2001)

(1981)

Zhong Dalai et al. (1996)

At ¥ Ar

3 Ma

Tapponnier et



SN (e0) (e71)

SN : : EW EW
Lo Ho, L H, AL, AH,
AL = L - Lo,AH = H - Ho,e. = Al Lo,et = AH Ho
Lox Ho = Lx H,

H= Hd (1-¢€.) (3)
€L,
(3) :
( — ), , ,
: 30 km;
(Chen et a., 1993),
, : 33 km, Ho = 33 km
, MCT GTS MLT WNT, :
, ; (3)
: ( 57)
( 18 21 Ma) : 57% 67%, 60% ,
75 km - - ( 16 28 Ma)
40% 56%, €L=40%, (3) :
SN 55 km
— 30% 40%, gL =30%, (3)
, SN 47 km ( 57)
(11 13 Ma),
, SN : STD KD
- 13%, 63 km;
13 12 Ma : 10% 20%,
: NE NW SN

169



5-7 —
Table 5-7 Crust thickness of Qinghai Tibetan region in Late Eocene-Early Miocene period yielded

from shortening data

! % / km

30

60 75

75 78

33

40 55

13 63

65

33

30 47

15 55

58

33

30 47

13 54

58

15%, 55 km; 13 Ma ,
30%, :
: NE NW SN
: ; , 10 12 Ma
MBT, ; - : 2.5 8 Ma
) 23%; :
13%, 54 km ( 5-7)
Airy : ,
13.5 12 Ma ; 5-7

(t< 15 13.5 Ma) ,

(Pc) (Pw) , :
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, Column A Col-

umn B Column A H, h,

“ ” Hwv; Column B Hc, pa; Col-
umn A Column B 5-14 pc=2.7d cm’, Pu =
3.3d cm’, pr=0.0d cm’ Hc =30 km

i
7 S i
" . E .
s . p=2.7g/cm
£ =2.Tg/cm :& Fiy=30km | ": . =2.Tglom’
S &
s ; T 5 i’: it
) :: th :: P =2.7glem Ae=3.3g/cm
i . l Ay e
Column A Column B
5-14 Airy
Fig.5-14 Airy isostatic modd of the crust
Airy , Column A  Column B :
Wa = Ws
Pcx H =pax h+pcx Hc +pmx Hu
H = h+ Hc+ Hwu
h=(H-30)x (pu - pc) pm (4)
(4)
h=0.5x (H-30)3.3=(H-30)6.6 (5)
(4) (5) , (h) km
(H), (4) (5) (h)
(H) : (4) (5)
: 5-8 1 2 Ma ,
1 2Ma( 5-8)
( 58),
: 30 km ( 57);
i : 33 km
( 57 58), 450 m - ,
’ : - 3788 m;
- 2576 m - ,
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5-8
Table 5-8 Elevation above sa-level in phases of the Cenozoic Era of the

Qinghai-Tibetan areas yielded from crust isostacy

H km Hm
— 30 0
— 75 6818
75 78 6818 7273
- 33 454
55 3788
N — 63 5000
65 5303
- 33 454
47 2576
— 55 3788
58 5142 (4242) *
- 33 454
47 2576
_ 54 3636
58 5142 (4242) *
- 5000 m , 3788 m,
- 3636 m ,
6818 m , (5)
, 6818 7273 m, -
: - 5303 m,
(5200 5400 m); - 4242 m,
(4500 5200 m), - 3 6km
(LVZ) ( 5-10)
(5000 5400 m)
, (5)
Ho (km), M (dem’),  (5)

h=(H-30+2x Apx H.) 6.6
Ah=0Mpx H/ 3.3
, (0p), Dp= 0.15 g cm’;
(HL) - 15 20 km,
H. =15 km ., Ah= 900 m

, 5142 m ( 5-
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8),

: ( 5-15)
( 5-9),
( 5-10) :
200 km, 1.0 mnT a; -
143 km, 1.19 mnt a, -
171 km, 1.42 mm a; 56 km,
0.47 mm a; 8 Ma , - 75 km,
0.94 mm a, - 100 km,
1.25 mn a; 85 km, 1.06 mni a
( 5-9 5-10) , 1100km,
5-9 (km)
Table 5-9 Width of blocks of the Qinghai- Tibetan areas in the Cenozoic Era
20 Ma 380 km 518 341 2381
8 Ma 260 km 375 285 1720
180 km 300 200 1280
5-10 (mm a)

Table 5-10 Shortening rates of crust of blocks of the Qinghai-Tibetan areas in the Cenozoic Era

8 20 Ma 1.0 1.19 1.42 0.47
0 8 Ma 1.0 0.94 1.25 1.06
5.5 mmM a, SN
] 5'15) -
( 0 8Ma) ( 5-10 5-16)
(v) :

5-11

5-16)

v= (h2- h) /At h
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Fig.5-16 Diagramsshowing uplift rate vs. time of different blocks of the
Qingha-Tibetan plateau in the Cenozoic Era
0.10mn a, 0.45mm a, -
0.50mm a - - -
(  5-16)
5-11 (mm a)
Table 5-11 Uplift rates of blocks of the Qinghai-Tibetan Plateau in Late Cenozoic Era
8 20Ma 0.40 0.28 0.18 0.18
3 8 Ma 0.40 0.24 0.24 0.21
0 3 Ma 0.15 0.10 0.45 0.50
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1.

1998 1999 , INDEPTH- :
3 5cm; ,
3 ;
( , 2000) : :
: 1080 1.7
GPa, 55 km ( , 2000) (Ar-Ar )
2.5 3.2 Ma (Hacker et al., 2000) :
55 km ( 5-8)
2.
(28 20 Ma)
2Ma, 13 20 km :
13 20 km :
30 35 km ,
45 km, 10 km; 30 / km,
300 ; :
60 80 km,
20 25 km, 30 / km ,
600 750 ;
: > 40 / km,
50 / km, : 13 20 km
600 800 |, :
; , 13 20
km : 600 800
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(60 km)

(20 18 Ma) ( 4-16) , 60 km
4500 5000 m ( , 2001); :
: : SN
: EW (Dewey et d., 1988),
, 20 18.3 Ma,
20 18.3 Ma : 18.3 Ma 4500
5000 m : Blisniuk et a. (2001)
(= 13.5 Ma), Spicer et a. (2003)
15 Ma
18.3 Ma
( 5-17)
Dewey et a. (1988) Coleman et al. (1995) :
SN : 4500 5000 m
- ( 3-15)
*Ar-* ArMDD (Harrison et a ., 1995)
( , 1999; , 2001) ESR ( , 2002)
( 5-12) :
15 13.5 Ma : NNE
(13.5Ma) ( 5-12) NE
(18 11 Ma) SN ( , 2001)
5 8 Ma ;
5 Ma, NW
6.5Ma ( 4-20 5-12),
4.3 Ma, 5 8 Ma,
5.7 6.8 Ma ( 4-18 5-12)
15 13.5 Ma,
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Fig.5-17 Modd of thickened crust and its composition of Nyaingentanglha Mts. in centrd Tibet

(8 5 Ma)

5-12
Table 5-12 Tectono-thermal ages of central Qinghai-Tibetan Plateau illustrating

extensional breaking of Miocere planation

t Ma

Rb-Sr 13.5+ 1.5
(Blisniuk et al., 2001)

ESR 4.92
(Wu et a., 1999)

6.8+ 1.0

6.5+ 2.3

4.3+ 1.68

5.73+ 1.09

8.86+ 2.73

Ar-Ar
(MDD)

(Harrison et al., 1995)
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( Metivier et d., 1998)
FHg.518 Sedimentary rates of Qadam basin and Hexi besin in north of the Qingha- Tibetan plateau

SN ; 4500 5000 m :
SN : :
: (Dewey et a., 1988; Harrison et a.,
1995; , 2001) ;
; 28 17 Ma
( 4-2); 15 13.5 Ma,
8 5 Ma ( 5-12) Dewey et a. (1988) Coleman et a. (1995)
: (28 17 Ma),
(15 13.5 Ma), : 4500
5000 m ( 17 15Ma),
20 18.3 Ma
- ( 5-18)
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Fig.5-19 Diagrams of carbon and oxygen isotopesvs. time of Siwalik basin

20 18 Ma 0.4 mm a ( , 1996;
1996) 17.5 Ma (Harriset a., 1995), 18.3 Ma
; - (8 5 Ma), -
5 Ma 5 Ma
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(  Schackleton, 1984)

Fig.5-20 Diagram of carbon isotopevs. time of carbonates from the Atlantic ocean

(11.2 Ma) : ; (11.2 5.3 Ma)
0.29 mm a; (5.3 3.4 Ma) 0.74 mm a,
(3.4 1.6 Ma) 0.32 mm a; 0.41 mm a
( 5-13 5-18) - (20 16 Ma)
- (36.6
11.2 Ma) 0.10 mn a; (11.2 Ma) ;
- (11.2 3.4 Ma) 0.16 mm a, -
(3.4 Ma ) 0.47mm a ( 5-13 5-18),
(20 16Ma)

Quade et al. (1989)

3%c 80 ( 519), 3°C 7 Ma
: 7.5 Ma (Flynn and Jacobs, 1982)
: 7 7.5 Ma ( monsoon)
CO: : 7 7.5 Ma
4500 5000 m : ( 5-8)
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, 9 7 Ma
530 ( 520 5-21) 3Ma
- 3600 4000 m ( 5-15),
5-13 (mnm a)
Table 5-13 Awerage sedimentary rates of basins in north of the Qinghai- Tibetan plateau
/ Ma 36.6 23.7 11.2 5.3 3.4 1.6
0.01% 0.00 0.07+ 0.03  0.16% 0.09 0.16+ 0.09 0.47+ 0.36  0.47+ 0.36
0.03% 0.01 0.04+ 0.02  0.29+ 0.08 0.74% 0.29 0.32+ 0.12  0.41% 0.16
M etivier et al., 1998
&"C 1%
I ] -1
| |
* F 8y tH —H 5 i
tH i i
5 i 3 ik
-l
= 40
A 4 1
30
i
L
70 S
i = 1
5-21
(  Schackleton, 1984)
Fig.5-21 Diagram of oxygen isotope vs. time of sediments from the Atlantic ocean
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Tapponnier et a. (1976) :

: Kidd et a. (1990)
; Amijio et a. (1986) —
; (1992)
(1993) (1993)
(2003) ; (1987)
(1982) (1982) (2003)
(2001)
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( , 1983)

(1962) —
(1982)

(1983) (neotec-
tonics) (active tec-
tonics) (active fault) (active block) (active fald)

(1986) (active tectonics)
— — (1992)
4 Daviset a. (1993)
50
Keller Pinter
(1996)
: (regiona plan-
ning) ;

: (site-spe-
cificland use) (establishing building codes) (earthquake-hazard
reduction) (1973)

(active fault) (=1 )

(potentialy active fault) (< 1.65 Ma)

: (inactive fault)
(US Nuclear Regulatory Commission) 5 50
( capable fault) (1994)
(1991) 10
: : (Matsuda et al ., 1978; , 1992)

(GB50021-94) (1995) (g1 )
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, ( 100 )
: 500 5 100 5

; 1 mm a 7
; 0.1 mm a 1 mnm a
6 7 ;
0.1 mm a 6

( , 1991)

mm a , cm a
(GB50021-94) (1995)

( , 1993);
( , 1991)

, (GB50021-94),

( 61) ( 10  —1 )

(1 ) ;

, , (GB5002L - 94),

( 6-1) 7 > 10 mm a

: 5 6.9 1.0 9.9 mn a
: 4.9 0.1 0.9mn a

, ( ,1981)
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6-1
Table 6-1 Classification of active faults of the Qinghai-Tibetan Plateau

(s1 )
7 > 10 mm a
(<1 ) 5 6.9 1.0 9.9 mnY a
(s1 )
4.9 0.1 0.9mnT a
( 10 1 )
(=1 )
, (1993) ,
76 (1994)
Keler Pinter (1996)
(1987) - -
- (1992)
(1995)
(1993)
(1992)
, 9 —
20 70
1.
— — ETM
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Fig.6-1 Trench cross-section of active fault Fi7. 3 of north Hohxil Mts. of north Tibetan plateau
a— Fi7.3TC ; b— Fiz . 3TC , C— Fi7 .3 TGC3 a b
1— 2— 3— ; 4— ; 5— ; 6— ; 1T— ; 8—
9— 10— c 1—

8— ; — :
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Eh B B3 B s B3 B s @ [@
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Fig.6-2 Crosssection of Trench Fis TG, of Wudadliang active fault in north of Hohxil Mts.
1— ; 2— ; 3— ; 4— ; 5— ; 6—
7— ; 8— 79— ; 10—
( 63); , ( 6-4)
y - ( 4-2) y
, (MCT)
( 6-1 6-2)
3.
’ 1 ( 3'
15 3-19 3-20),
) Fi7.3 - ( 6-
1), — ( 6-2),
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Fig.6-3 Sketch map showing offset of active fault Fe of Wudadliang in north of Hohxil Mts.

—— 4, JUJ

St F ek

{t 20m

6'4 F16 -4
Fig.6-4 Sketch map illustrating offset of active fault Fis. 4 of Wudadiang in north of Hohxil Mts.
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( >100 g) : 0.5cm

2. (ESR)
, ( < 100 , <3
km)
, (ESR) , ,
( Nd) ,
ESR , ESR :
( Nd)
( Nd) ESR , 0.1 0.2
mm , 0.1 N 3 X
, 60 70 5 8
300 mg *Co 5 10 20 30 40 50 60 70 80krad
( ,  ESR
ESR (1)  *Co ,
*Co ( | =0)
(Nd) (Henningeta., 1983; Wagner, 1998) ESR :
(D), U Th K
U Th K : a B vy

(Henning et a., 1983; Nambi and Aitkan, 1986),
(D) :
D= Do+ B+ Dy

Do =2.781x U+0.739% Th

B =0.147x U+0.0286x Th + 0.814x K
Dy =0.1136%x U+ 0.0521x Th + 0.243x K

, U (10°°), Th
(10°°), K (%) ( Nd)
(D) , t= Nd D, (1),
3. (TL)
(TL) ,
, (TL)
400 500
K40
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50 : 2% 5%,
10
) , 20 50 cm, ,
6-2
6-2
Table 6-2 Requirments for TL dating samples
g
100
250
250
300
4. *C
14 C 12 C
“c Mc e , 5730+ 40
’ 14 C 14 C 4
12 e
14 C ,
( ) ,
14 C ’
( 6-3), 36000
, 2
6-3 'C
Table 6-3 Requirements for **C isotopic dating
I'g
5 25 30 —
2 10 20
20 100
50 500
2000 5000
500 800 1500
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Fig.6-6 Cross-section of active fault Fs7 in north of Laduogang basin
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Fig.6-7 Fault scarps in north of Damxung basin

199



> "
'S
Lil
| \ I [ I |
20 1K1 B B0 [ILALICA] (A1) (B Li]x] | B | &0 200 ZE 2400 261 28D E00 A0 S0 AS0K
]l
6-8 SN
Fig.6-8 Diagram of a-ray dose of radioactive Radon across boundary fault of north Damxung basin
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6-9 ( )
Fig.6-9 Scarps of boundary fault in west of Ningzhong basin

10a), 2000 72 ) Fso

6-10
Fig.6-10 Features of active faults in west boundary of Yangbgain basin
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Fig.6-11 Spring and foliation of active faults in Ningzhong geotherma field
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Fig.6-13 Active fault Frs offsetting Pleistocene sediments in Laduogang geotherma field
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Fig.6-21 Gedogicd features of active fault Fgs dong Qugu valley
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Fig.6-22 Cross-section of active fault Fss in east of Qugu valey
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: , 200 m ( 6-21),

: 30 km 200 400 m
( 6-22) , SN -
Fss SN :
1000 m ( 6-23), 110°, 10 15cm,
Fes , Fes 100 m
NE8SC , 200 m , 10 cm,
: SN
SEE - NE ,
, U ESR ,
: 6-4
U , ;
6-4 - U
Table 6-4 U-series dating of active faults of Damxung-Yangbajain graben
(234U/ 238U) c (ZSOTH 234U) c /| ka.P.B
25 40m Feo
0603 - 3 1.436+ 0.048 | 0.497+ 0.032 | 72.1+ 6.1
6080 m Feo
0603 - 5 1.141+ 0.049| 0.753+ 0.035 | 143.4+ 16.3
Q3™ Fs7 Fn
0605 - 1 0.943+ 0.039| 0.580+ 0.028 [ 99.8+ 8.1
Q3 Fs7  Fs
0605 - 1 1.205+ 0.02 | 0.153% 0.009 18+ 2
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(ESR) : :

- ESR :
6-5
6-5 - ESR
Table 6-5 ESR dating of active faults of Damxung-Yangbajain graben
(GY/ ka) (GY) / kaB.P.
07231 Feo EW 3.308 1715+ 571  518% 173
0723-2 Feo Q19 1.711 241+ 22 141+ 13
0723-3 Feo EW 3.14 153.22 48.80
0815-6-1 Fzs Q1Y 3.024 162+ 49 54+ 16
0724-4 Feo EW 4.28 316.26 73.89
0726-2-1 Frg NE 3.81 865.98 227.29
0726-8-1 Fro NW 5.65 1938.55 348.66
0816-1-1 Feo NE 4.08 2225.11 676.32
0816-1-1 Feo NE 3.249 191+ 101 59+ 31
0817-1-1 Fre NE 3.49 852.56 244.29
115 146 Feo EW 5.24 2536. 68 484.10
132 Feo EW 4.00 2431.59 607.90
" S15 Feo EW 0.374 114.42 306
" S16 SN 0.42 615.74 1466
817 SN 1.05 2091.85 1992
* (2001)
1.5 2.0 Ma , - (Feo) 4 ,
520 680 ka 306 ka 40 141 ka 0 14 ka; Feo 520 680 ka
306 ka 40 141 ka ESR U ( 6-
4 6-5); Feo O 14 ka 14
ka 1411 8
( 3-15 6-5) Fs7 Fzs
18 ka 100 ka :
) - F76
244 ka 54 ka , — F9
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Fs 348 ka

227 ka

( 6-3)

1.5 2.0 Ma 520 680 ka 227 306 ka 47 141 ka

200 260 m, 50 91 m,
8 22 m, 3 7m ( 6-6)
é(l)’gl)
(QV
(Q") (QR")
58 ka 32 12ka 10 3.5ka O 1.3ka
, ( 66) ,

0.42 0.73 mnd a,

6-6 -
Table 6-6 Vertical offsets and

0 18 ka

23 46 m,

(7™
(QS(Z) fgl - pal)
700 500 ka 250 125ka 75

0.44 0.52 mn1 a,
0.67 1.83 mn a,

0.46 0.79 mn a,

rates of active faults in northwest boundary of Damxung-Yangbajain graben

/| kaB.P. Qs(l)gl Q%(S)gl- fgl Qg(l)gl- fgl g(z)fgl- pal 1pal QP
(700 500) | (250 125) (75 58) (32 12) (10 3.5) ( 1.3)
220m 80 m 27 m 12 m
044 mma| 0.64mma|0.47mnf a|l 1.O0mm a
230 m 54 m 37 m 16 m
0.46mma| 0.43mma|0.64mm a| 1.33 mm a
240 m 60 m 8m 3m
0.48 mma| 0.48 mm a 0.67 mma| 0.86 mm a
260 m 80 m 9m 5m
0.52mm a| 0.64 mm a 0.75mm a| 1.43 mm a
240 m 20m 5m 2.5m
0.48 mn a 1.67mma| l1.43mmal|l1l.92mm a
236 m 91 m 46 m 22 m
0.47mma| 0.73mma | 0.79mm a| 1.83 mm a
200 m 63 m 23 14 m
0.40mma| 0.50mma | 0.40mnY a| 1.17 mnY a
53 m 19 m 7m
0.42 mm a 1.58mmal 2.0 mm a
11m
0.92 mm a
226 m
0.45 mm a
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0.86 2.00 mnt a, 1.92 mnt a; —
0.4 0.5mmM a, — — ,

— — ( 66)

: : ( 67)

0.3 0.4 mmM a, 0.56 mn a,

0.5mm a( 6-7), (1992) -
6-7 -
Table 6-7 Late Quaternary average slip-rates of boundary faults in northwest of

Damxung- Yangbajain graben

m / ka mm a"*
250 59.3 ESR 0.40
Feo
52 67.8 ESR 0.37
Feo 80 143 .4 U 0.56
Feo 36 72.1 u 0.36
3.7 7.5mn a 1
- (59 143ka)
: (1992) < 10 ka
, : M atsuda
(1975) Slemmons (1975) - - : 1411 1952
8.0 7.5 - 4 10 mnT a
; : 1952
7.5 1951 8 1411
8 : 4 6 :
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i ( 315 65) : ,

( 3-15 6-5)
, 3 8 , 1950
8.6 1951 8 2001 8.1 . 1952 1997
7.5 ,
( 315 6-24)
( 315 6-24) - , NW—NWW , -
, 1951 8 1952 7.5
- , NWW , -
, , 7.0
4 5 - , NW—NWW ,
, , 4.0 4.5
, 1411 8 4.0 5.5 ,
7 - , NE , -
1411 8 1952 7.5
, 7.5 8.1
NEE NWW , 2001
11 8.1 1997 11 7.9 1951 8 1952
7.5 1411 8 ( 3-15 6-24)
( , 1993)

, 2001 11 14 8.1 , 350 km
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6-24
Fig.6-24 Tectonic mgp showing distribution of active faults, earthquakes and hotsprings
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: 1951 8

1411
8 100km ; 1952
7.5 - 30 km
, ( 6-25)

6-25 7.5 ( )
Fig.6-25 Surface fractures and scarps in Jiuzila caused by Ms7.5 earthquake in north of Damxung

6-8) , : 7
4 10 mm a : 2001
8.1 10 15 mnt a; 1997
7.9 4 mni a :
1951 8 10 11 mn a; 1411
8 1952 7.5 -
3.5 7.5 mm g Matsudaet a. (1978)
Matsuda (1975) Slemmons (1975) - -
( 6-26), 10 11 mm a 6
40 7 100 8 1000
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6-8

Table 6-8 Late Quaternary slip rates of active faults in middle section of the Tibetan plateau

ka mm a

Fe (Kidd , 1999) 10 15
Fie 35m 4.5 TL 7.76
Fis.4a 21m 53.3 TL 0.39
Fiz.2 25m 3.70 TL 6.76
Fiz-3 T2 50m 15.3 TL 3.27
9m 6.0 TL 1.50
e 5m 6.0 TL 0.83
Faa LE 90m 2.1 TL 4.07
. 18m 16.3 TL 1.10
s 8m 16.3 TL 0.49
50m 16.8 TL 2.98
T 12m 16.8 TL 0.71
16m 31.4 TL 0.51
e 16m 31.4 TL 0.51
120m 34 U 3.52
Faor 4m 34 U 0.12
120m 31.3 TL 2.61
. 20m 5.6 TL 3.57
” 18m 5.6 TL 3.2
Fas 30m 29 U 1.0
Fas 67m 10.0 u 6.7
Fao 3.3
72m 51.1 TL 1.40
i 10m 51.1 TL 0.19
Fe .5 8m 1.1 TL 0.72
Fe7 ( , 1992) 9 11

. , 1992 4.1 6.1
” 36m 52.0 ESR 0.70
Fze ( , 1992) 2.1
14m 23.1 TL 0.61
Fzs 250m 59.3 ESR 0.40

, 1992 3.5-7.5
Fso 6.0
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(  Matsuda, 1975; Slemmons, 1977; , 1992)
Fig.6-26 Diagram of repea time of earthquake vs. dip rate of active faults
; 1951 8 : 8
; 6 7
6 mnm a 6 80 , 7
200 , 8 1100 4 7 mnl a -
6 80 100 , 7 200 300
, 8 1100 ; 1411 8 ,
8 : - 6 7
4 6mm a - -
: 1952 7.5 :
7 , 6
2.3 mnl a 6
, Matsuda (1975) Slemmons (1975) - -
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(25 40 ) (40 60 ) (60 80 ) (80 100 )

(> 100 ): 100
4000 5000 m, 90 93

, ( , 1997)

6-27
Fig.6-27 Linear setting of hotsprings in Gulu geothermd field controlled by active faults

( 6-27) : ( 6-5),

223



(81 87 ) (93 ) (35 45 )

(90 ) (91 ) (86 ) ( 3-15)
(61 116 ) (20 65 )
(15 30 ) ( 6-24)

+ o
-I-‘ ‘ 3 [ b
T
ey s

SR

! -II il!l.: F':\.

O kniie e

A

N &% =
:||=|a'i§1-'|'
3kl

- r- ¢ ﬂ I,i. .|,|,' |‘|- J"_E i _._
o (L / o35 149 0 e

SRR

il
l-":
-"'1

iy
-
T
&+
St
3

- ::"::r

R
ol

- '.‘f
-I-‘ o
i 8

-rf

L
C

»
"l.

=1 B
e

L

=
ot ¥
T
¥
*
=

il
A

L-p iR — &%
Pl

Cp i E )

B

s :"1-
e
LA

.-r;t:

e

-
2
¥

=

E‘i
N

[

IR

6-28

( , 1995) -
Fig.6-28 Active faults contralling distribution of hotsprings in Y angbgan basin
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Fig.6-29 Crosssection showing relation anong active fault and temperature based on drilling data
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6-30
( , 1995)
Fig.6-30 Temperature contour of Laduogang geothermal fied



: (Matsuda, 1978; , 1992; Lin

Aiming et d., 2002) : (1987)
: (1989) : 973 “ ”
( , 1989; , 1984; , 1987; :
1997; , 1998) ,
(1973) “ ” : (1984) (1989) (1997)
(1990) “ ” :
(973) “ " (1998 2003)

“ " (2001 2003)

, a (1)
, B (=1 , PB=1-0, a=1-P
87 94.7, 29 37, 600000 km’ 7.6 kmx 7.6 km
(V) — ;
V=1mnl a (T) :
: ( ); T=25
(M) 50 4 , 1411
8 €) , ,
GPS ( , 2001)

, ( 624  68)
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6-31
Fig.6-31 Late Quaternary dip rates o active faults across the L hasa Golmud Railway under construction

( 6-32), : -

60 90 ( 6-32) -

, ( 6-26)
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6-32
Fig.6-32 Temperaure contour of hotspring in middle section of the Tibetan Plateau
1—8 8.9 ; 2—7 7.9 ; 3—6 6.9 , 4—5 5.9 ; 5—4 4.9
6— ; T— ( ) 8— ; 9—
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( 624)

, 50 : ,
i
Ti, Mi, Vi, €i;
I, ari = T/
Tmax Omi = M/ Mna,
avi = Vil Vma, Oi=¢i
€ max : Thmax =91 Mmax =
8.1 Vimax =15 mnt a, € max = 108x 10°°
i ai,
(ai),
o = (Ovi +07i +0wmi +0:) 4 (1)
(1) :
( 6-33),
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Fig.6-33 Contour of present tectonic activity of centrd Tibetan Plateau

; 3—7 7.9 ; 4—6 6.9

;. 2—8 8.9
;. 6—4 4.9

; 1—
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( 6-33),

a=> 0.20
SN - - SN - - NE
: a=> 0.30
a=> 0.30 —62
a=> 0.30 ( 6-33) a
> 0.30 7 ) -
2001 11 14 8.1 , 1951 8
, 1952 7.5 ,
1411 8 6 7 (
6-33) a=> 0.30 —62 -
6 7 , 6 7
8 , 8
600 , 7
( 6-33)
a< 0.12, a= 0.20
6 a
> 0.12 o< 0.04
a=> 0.12NEE NWW
1 ) (
6-33) ( , 1984:
. 1987 , 1998)
(1) ,
4

(2) :
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, 40 mm a;

— 25 mm a ( 6-31)
SN
(3) :
, : 2001
8.1 , 1951 8 1952 7.5
; 1411 8 - (
6-32)
(4) - : :
a= 0.20; - - -
a= 0.30 ; a= 0.30
6 7 ( 6-33)
(5) a< 0.12 6
a< 0.04 :
; , 4 5 ( 6-33)
1411 8 1952 - 7.5 ;
5.5 ( 3-15 6-24) ,
7 : (1992)
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1411

(1982) ’ 1
8 1951 8 1952 7.5
125 ,
1411 8 1951 8 1952 7.5
( 69)
6-9
Table 6-9 Seismic hazards of Damxung and its adjacent areas
8 8 7.5
30°10 31°12 30°38
90°30 91°18 91°31
1951 11 18 1952 8 18
1411 9 28
17 35 50 0 2 1.1
8.0 8.0 7.5
13 20 km 21 km 27 km
NW NE— SN
NE—NNE
NNW  NWW EW NW
136 km
81 km 57.7 km
11 13 m 7.3m 5.0m
8 9m 1.5m 5.5m
1400 km? 700 km? 500 km?
100 km
(1992) (1982)
1.1411 8
1411 9 28 8
592 , 8
1411 8 136km (
, 1992) NE—NNE
11 13 m, 8 9m (
1992) (1982) , 1411 8
- , 70 km, 20 km, 1400 km’ ,
NE : ; 8
150 km, 50 km, , , 7500 km’;
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a. HigEE M b. AR

6-35

Fig.6-35 Surface fractures and seismic upwarping of Bengcuo Ms8 earthquake in 1951

i

kil

a* T of

6-36 1951 8
( , 1988)

Fig.6-36 Intensity contour of Bengcuo Ms8 earthquake in 1951

, ( 6-36)
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40 km, 10 km, 500 k',

( 6-37)
, ( 6-38a),
( 6-38b cd),
1.
NWW , : 300 m
NWW ,
, 40 50 cm NWW ( 6-38b)
) 4
10 mnT a 50 0.2 0.5m,
2.
( , 1982) ,
NE : :
— , 200 m ,
( 6-380), ,
NEE SN
20 km , X
3.
100 800 m ,
1250 m )
1780 m ( 6-39) 3 10 cm, 10 cm,
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Fig.6-39 Surface fractures induced from active faulting in Beiluhe section of Go mud-L hasa rail way

(2]
6-39
1— ; 2— ; 3— ;o 4—
4.
Fso-3 2001
: 15 m, 1.8 m,
( 6-38e);
6-38f)
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, 4

. b— . 6—
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15m

5
(
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; 8—

86

6-38¢)



15 m ,
( 6-40) : EW )
X 5 20m ,

6-40
Fig.6-40 Small landslide in north of Tanggud Mts.
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( 641  6-10)

6-10 —

Table 6-10 Features of geological hazards along Yangbajain-Lhasa railway and highway

1 DK 1926 + 500 m—DK1926 + 800 m 70 100 m ,
2 DK1926 + 800 m—DK1927 50 100 m ,
3 DK1926 + 800 m—DK1927 50 100 m ,
4 DK1926 + 800 m—DK1927 50 100 m ,
5 DK1926 + 800 m—DK1927 50 100 m ,
6 DK1927 + 100 m—DK1927 + 400 m 100 200 m ,
7 DK1927 + 600 m—DK1928 + 100 m ,
8 DK1929 + 360 m—DK1929 + 470 m ,
9 DK1929 + 800 m—DK1930 + 100 m 120 160 m ,
10 DK1931 + 250 m—DK1931 + 400 m ,
11 DK 1929 + 800 m—DK1930 + 100 m ,
12 DK1933+ 690 m—DK1933 + 970 m
13 DK1936 + 720 m—DK1936 + 770 m ,
14 DK1939 + 500 m—DK1939 + 660 m 100 m ,
DK1926 + 600 m—DK1926 + 700 m
DK1933—DK 1933+ 200 m
DK 1934 + 300 m—DK1934 + 640 m
DK1935+ 780 m—DK1936 + 100 m
DK1936 + 780 m—DK1936 + 40 m
DK1937 + 240 m—DK1937 + 410 m
DK1939 + 160 m—DK1939 + 300 m
1 : DK1926 + 500 m—DK1926 + 800 m ,
70 100 m : 200 m, 100 m, :
2 3 4 5 DK1926 + 800 m—DK1927
50 100 m : 30 70 m, 15 30 m,
6 : DK1927 + 100 m—DK1927 + 400 m :
100 200 m : 100 m, 200 m,
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6-41
Fig.6-41 Gedogicad hazards dong Zangbuqu valey in southeast of Yangbging

7 : DK1927 + 600 m—DK1928 + 100 m ,
: 500 600 m, 300
400 m, : : DK1927 +

700 m—DK1927 + 850 m : , ,
DK1927 +

850 m—DK1928 + 50 m : :

8 : DK1929 + 360 m—DK1929 + 470 m :
270 m, 110 m, , )
9 ; DK1929 + 800 m—DK1930+ 100 m :

120 160 m : 270 m, 260 m, :
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10 : DK1931 + 250 m—DK1931 + 400 m :

250 m : 150 m, 70 m, :
11 : DK1929 + 800 m—DK1930 + 100 m
: 230 m, 250 m, ,
12 : DK1933 + 690 m—DK1933 + 970 m
400 m, 50 140 m, DK1933+690 m - DK1933+ 830 m :
: , DK1933 + 830 m—DK1933 + 970 m
, 10 50 m, ,
13 : DK1936 + 720 m—DK1936 + 770 m
, 80 m, 50 m, , ,
14 : DK1939 + 500 m—DK 1939 + 660 m 100 m

130 m, 40 120 m, , ,

2.
, 15 25 30
50 ,
NE EW ,
, 2001 7 13 ,
NE , ( 6
42), 4
] 1 2000 ,
1 10 ( 6-41), 6-10
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6-42
Fig.6-42 Mass flowing across Yangbgan highway

DK1926 + 600 m—DK1926 + 700 m

DK1933—DK1933 + 200 m

DK1934 + 300 m—DK1934 + 640 m

DK1935+ 780 m—DK1936 + 100 m
4 1) 1

100 m
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5 : DK1936 + 780 m—DK1936 + 40 m
4 ) ] ]

6 ) DK1937 + 240 m—DK1937 + 410 m
3 ) )

7 ) DK1939 + 160 m—DK1939 + 300 m
3 ) )
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20 80 ,
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(Maxwell)

(Maxwell)
( Po) : (&)
( Po) (€0)
P = 2Uue

Po = 2Eo

Dp/ dt = 2le0 €0 = (dpd dt) 2u
€o = po 2n
€o = (dpd dt)/ 2u1 + pd 2n
(Maxwell) li;68

P, :
g = (dpd dty 2u, + p/ 20

( ) Pn
g€, = (dpd dt) E + pd A

t
p=¢e"""po +2j] e’ "dt)
0

t
p — e- Et/)\(pO +2F OeeEt/)\dt)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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Fig.7-1 Redax curve of Maxwel materid expressed by pressure vs. time function
[ pg] —t=0 ;T — ; e—
(Kelvin)
Po = 2u& + 2ne
; €& = e=0 Po=2ue=
, po =0,

(10)

(11)

(12)

249



2ue + Mg =0 (13)

4-10
JBy
& = [e]en (14)
: o [&]
7-2
A
A
fﬁf
i
I
¥ >
7-2 -
Fig.7-2 Strain vs. time function of Kelvin meterid
[ ®]
r] r]S: ‘ ”
! C ) :
, (Maxwdl)
( Tapponnier al., 1992; , 1997)
) : 125
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Fig.7-3 Tectonic setting of centra Tibet in Paleogene Period
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, ; 10 km

12 km 11 km, 65 km INDEPTH
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Table 7-1 Physical properties of rocks at different depth of lithosphere

103 kg m® 10'° Pa 1010 pa 10%°Pa Pa s a
3.73 0.460 15.53 1.276 1.00E+22 | 2.48E+ 04
2.55 2.60 3.33 0.496 138.93 1.114 1.00E+22 | 2.85E+ 04
3.53 0.476 24.52 1.196 1.00E+22 | 2.65E+ 04
2.55 0.29 0.495 9.81 0.098 5.00E+18 | 1.61E+ 02
2.5 0.88 0.495 29.42 0.295 5.00E+18 | 5.37E+ 01
2.63 2.81 4.00 0.499 6668. 50 1.334 1.00E+21 | 2.38E+ 03
2.90 3.12 4.27 0.499 7109.80 1.422 1.00E+19 | 2.23E+01
2.90 3.12 2.31 0.499 3840.92 0.7686 1.00E+19 | 4.13E+ 01
2.55 5.39 0.499 8989. 40 1.798 1.00E+18 | 1.76E+ 00
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Fig.7-4 Finit dements of 3 dimention modd for stress field calculation of
Palenogene Period of centra Tibet
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Fig.7-6 Paleogene displacement of SN direction under SN compression in centrd Tibet
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Fig. 7-7 Paleogene vertica displacement (x 10 ?) in S-N direction of centrd Tibet

( 77 7-8)
EW ,
( 7-5) SN ,
( 7-6) !
( 77 7-8)

255



7-8 (x 10" %)
Fig.7-8 Verticd displacement (x 10" ?) near thrust faults of central Tibet in Paeogene Period

(18 13.5 Ma) ,
SN ,
GPS ,
NW—NWW EW NE—NEE ( 7-9)
4 22 km 27 km 6 km
25 km , ,
89° 93°, 28.8 32.3 ,
( 79)

256



7-1 :

( , 2000; , 1996) ,
20 , 47772 31914 ( 7-10),
( 7-1)
SN :
BY B 92 04"
| |
|
| |
S Xk
h-.____-‘ |
-E"‘"--' ~a 7% ffof:,fﬁmm-"ﬁ |
: N S T
32 o
£ |  EE
. 26.9mm £
10k an
Jdmmda

A
— - —= L | I
gy 29 7mmia . | 1
Il | |
i 4 | | |
T Gi° 97 94"
| E i [ gl i B A - — | P ] | Sl
|5|r|,.; O’-FF!’ -Ii "_| |I-IJ P u_ 75 .I'_I =L .r|.+.-'\-\.J ||_|| '1
W=

7-9

Fig.7-9 Tectonic setting and modeling areas of Late Cenozoic stress fiedd of centra Tibetan plateau

7-2 GPS

Table 7-2 Present slip rates yielded from GPS measurements in central Tibet

[ mm a / mm a
() °)

EW SN EW SN

91.69 32.28 21.2 13.2 0 0
92.04 31.47 22.8 14.3 1.6 1.1
91.1 29.66 20.4 18.6 -0.8 5.4
91.36 29.66 19.8 18.5 -1.4 5.3
89.57 28.91 15.1 25.6 -6.1 12.4

GPS

, 2001
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Fig.7-10 Finit dements of 3 - dimension during extensiona and strike-slipping
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7-11 EW (x 10" %)
Fig.7-11 Displacement (x 10'3) of E-W direction of crust of centrd Tibet snce Mid-Miocene period
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Fig.7-12 Displacement (x 10 °) of SN direction of crust of centrd Tibet snce Mid-Miocene period
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7-14 SN (MPa)
Fig.7-14 Tectonic stress (MPa) of S N direction of centra Tibet since Mid-Miocene period
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( , 1996) ,
( 7-3) 66mMmW m’, ,

7-3
Table 7-3 Heat flow data of south Tibetan plateau

- - K Q

") ) m W km mW m?
90°05.9 29°40.58 Geoth - 1 240 600 2.711 66
90°48.8 29°54 .4 Geoth - 2 460 530 2.972 106
90°28.2 30°06.6 ZK 308 1030 1410 2.320 108
90°19.0 29°49.7 ZK201 140 190 1.578 364
90°38.7 30°15.2 ZK203 70 140 2.712 338

, 1995 , 1990
106 140 mW m’ ,

300 mW '’ ,

[ KI{ T} = {Q}
(15) ., [K] — :
{1} —  {QF — :
ANSY S
[KT {T}  {Q},
( 7-15a)
( 7-4)
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7-4
Table 7-4 Thermal properties of rocks from crust at different depth

W/ km

W md

/ km
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Fig.7-16 Diagram showing surface temperatures across the Yangbgain
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Fig.7-17 Diagram showing the modding heat-flow of 3 - dimension of Y angbgan geotherma-field
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Fig.7-18 Modding heat-flow profile across the Y angbgain geothermal-fied
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Fig.7-19 Cross-section of crust showing velocity structure and earthquake epicenters of central Tibet
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Fig.7-20 Cross-section of temperature of Yangbajain geother mal-field
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Fig.7-21 Geodynamic modd showing tectonic evaution of the Qinghai-Tibet plateau
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7-5

Table 5-8 Vertical stress of crust of the Qinghai-Tibet plateau in different periods of the Cenozoic Era

/ km o,/ MPa
— 0.00 0.00
— 6.818 180.40
6.818 7.273 180.40 192.44
— 0.454 12.01
3.788 100.23
— 5.000 132.23
5.303 140.32
— 0.454 12.01
2.576 68.16
— 3.788 100.23
5.142 136.06
— 0.454 12.01
2.576 68.16
— 3.636 96.21
5.142 136.06
Osn, Ov, Oew, SN
: SN SN
EW ,
- , Ov, Osn,
Oew, EW
- — ( 5 8 Ma)
5000 m : EW
) — , (ov) SN
(Osn), — — EW ,
NE—NNE - ( 7-22),
; (thrust) 4500 m ,
(normal) 4000 m ( 7-22)
- : SN (Osn)
(ov), SN , SN
: EW
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( Molnar et al., 1993)
Fig.7-22 Diagram of earthquake type vs. devation above sealevel of the Qinghai- Tibet plateau
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Crust Deformation and Tectonic-Geomorphic Evolution of
the Central Tibetan Plateau

Wu Zhenhan, Ye Pasheng, Hu Daogong, Sheo Zhaogang, Zhao Xun, Jang Wan, Wu Zhonghai,
Liu Qisheng and Zhou Chunjing

( Institute of Geomechanics, Chinese Academy of Gedlogical Sciences, Beijing, China, 100081)

This book shows parts of research results of severa projects, i.g., geological resarch of
INDEPTH-III project sponsored by the former Ministry of Geology and Minera Resources of
China, geologica survey at scale 1 250000 of Damxung area in centra Tibet financialy sup-
ported by China Geological Survey, exploration of active faults and geological hazards along the
Golmud-L hasa Railway sponsored by Ministry of Railway and Ministry of Land and Resources
of China, and study on neotectonics and crust activity of the Tibetan Plateau financialy sup-
ported by Ministry of Science and Technology of China. Tectonic research during geological
survey of central Tibet at scale 1 250000 got many important discoveries, such as the 18.3
11.1 Ma Nyaingentanglha granite extending more than 100km exposed in the Tibetan Plateau,
the huge Namco thrust system and Pangduo thrust system, the Middle Jurassic ophiolite belt in
west of Namco Lake and active faultsin Damxung-Y angbagain graben etc .

Chapter | introduces geological settings including new regiona stratigraphic system, mag-
matic activities, metamorphic rock types and regional metamorphism, regional tectonic settings
of different periods, regiona geomorphic features and Quaternary geology of the centra Ti-
betan Plateau . Chapter |1 describes compressiona deformation and tectonics of crust of centra
Tibet, including the Namco thrust system formed in Jurassic- Paleogene, the Pangduo thrust
system formed in Paleocene-Eocene, typical folding structures and ductile shearing during crust
shortening stages . Chapter 111 describes extensiona deformation and tectonics of central Tibet
in different periods such as Jurassc spreading of Neo-Tethys ocean and its heritage-ophiolite
pieces in west of Namco Lake, extensional ductile shearing in east Nyaingentanglha Mts . and
rifting of basins . Chapter 1V introduces geological features and evolution of basin & range tec-
tonics, isotopic dating on Nyaingentanglha granite and uplift processes of Nyaingentanglha
Mts ., thermo-chronological analyses on Y angbagain granite, Ningzhong granite and Jiagang
granodiorite and dating on extensional faulting of central Tibet . Chapter V studies crust short-
ening processes, changes of elevation above sea level based on isostatic principle, uplift time and
processes of the Tibetan Plateau and the related petrological, sedimentary and climate records .
Chapter VI illustrates active faults and geological hazards, including marks and methods for
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identification of active faults, dating technologies, geological features of active faults of Damx-
ung- Yangbajain graben, slip rates of active faults across the Golmud-L hasa Railway, evauation
on crust stability and tectonic activity of central Tibetan Plateau and hazard effects of active
faults to engineering constructions . Chapter VIl shows modeling on tectonic stress fields during
compressional stage in Paleogen period and extengonal stage since Miocene, studying mecha-
nism of thrusting and crust extension, and analyzing geodynamic causes of uplift of the Tibetan
Plateau .

Here introduces 4 most impressve discoveries of 1 250000 geological survey of Damxung
area and geo-scientific researches of central Tibet .

1. Thrust system of North Lhasa Block Discovered during 1 250000 Geological Mapping
In West of the Namco Lake of Central Tibet

The Qinghai-Tibet Plateau is a Cenozoic collisional orogenic belt recognized generally by
the international geoscience community, a good field laboratory for the study of the process of
continental collisona orogeny and an ideal region for probing the process of continent-continent
collision (Dewey, 1988; Yin, 2001) . Geologists found and named many thrust ngppe struc-
turesin the Himalayan tectonic belt, Yarlung Zangbo suture zone, Bangong-Nujiang River su-
ture zone and Hoh Xil-Jinsha River suture zone, e . g . the Man Boundary Thrust (MBT),
Main Centra Thrust (MCT), Man Himalaya Thrust (MHT) (Zhao et a ., 1993), Gangdise
Thrust (GTS), Rinbung-Zedong Thrust (RZT) (Yin et d ., 1994), Shuanghu-Longmuco
Thrust (SLT) and Hoh Xil-Fenghuoshan thrust nappe structure (Coward et a ., 1990) . Be-
cause of lack of reliable evidence divergent views exist as to whether extendgve overthrusting of
tectonic blocks in theinterior of the Qinghai-Tibet Plateau, such asthe Lhasa block and Qiang-
tang block, took place. Some geologists, e. g . Yin An (2001), thought that as the Lhasa
block was in a relatively stable tectonic environment in the process of continent-continent colli-
sion between India and Eurasia, no large-scale thrust nappe system was developed . Coward et
a . (1990) suggested that the Bangong-Nujiang River ophiolite has been obducted southwards
nearly a hundred kilometres, but no relevant tectonic evidence has been observed in the field .
Through the 1 250000 regional geological mapping of the west bank of Namco Lake in central
part of the L hasa block and the geotraverse observations of the Degin-Baingoin-Lunpola corridor
belt in the north part of the Lhasa block, combined with an analysis of the magnetotelluric
(MT) data of Project INDEPTH-I11, we found the existence of a large-scae thrust nappe sys
tem in the north part of the L hasa block, called the North L hasa block thrust system or North
Lhasa Thrust (NLT) . This discovery has great scientific Sgnificance for the analyss of the
process of crustal shortening and thickening and understanding of the mechanism of plateau up-
lift .

The NLT comprises a number of WNW-trending thrusts and fault-separated tectonic
blocks . Its bulk part is located in the north part of the Lhasa block, its front in the west of
Namco Lake in central part of the Lhasa block and its root in the north of the Bangong-Nujiang
suture (Fig.2-15, 2-30) . The 1: 250000 geologica mapping in the south front of NLT, west
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of Namco Lake, has revealed the existence of complex tectonic deformation, exotic slices of dif-
ferent times, 2 compressiona ductile shear zones and over 20 thrusts congsting of West Namco
Thrust (WNT) (Fig.2-16) . Tectonic slices mainly include slices of the Ordovician limestone,
Devonian sandstone and limestone, Permian limestone thrusted over Middle Jurassc ophiolite
and the Lower Cretaceous Langshan Formation limestone, Lower Cretaceous Duoni Formation
clastic rocks and medium- and high-grade metamorphic rocks of Proterozoic Era . Thelimestone
slices of the Langshan Formation are characterized by the presence of abundant Orhbitolina fos-
sils . Many limestone layers contain up to 50% 90% of bioclasts, belonging to Ordovician and
Devonian system . The Early Cretaceous clastic rock slices condst dominantly of mottled mud-
stone, marl, shale, sandstone and conglomerate, with intermediate-basic volcanic rocks, pyro-
clastic rocks and small amount of limestone .

Ophiadlite slicesin west of Namco Lake are composed mainly of basaltic pillow lava, radi-
alarian silicolites, peridotite, harzburgite and gabbro . In the field ophiolites usually occur as
discontinuous tectonic blocks, dices or lenses of a few dozen metres to 2000m wide and hun-
dreds metres to 14 km long in the magor fault belts, forming nearly E-W-to WNW-trending
ophiolite belts, e. g ., the Ari ophidlite dice belt, Nichang ophiadlite dice belt, north Shengju-
Gechangchayu ophiolite belt . M ost ultrabasic rocks of ophiolite have been strongly serpentinized
and changed into dark green or green serpentinite slices or serpentine schist, but many relict o-
livine crystal nuclel may still be observed under the microscope . Most ophiolite dices occur as
tectonic blocks or lenses of varying dzes . The ophiolite sequences are generally not clear and
scarce cherts have been preserved . The ophiolite slices have thrusted over or been thrusted by
country rocks . Only the Gomang Co ophiolite north of Xainza preserved its sequence relatively
well in field outcrop . The Rb-Sr isochronic ages of peridotite and gabbro are 166Ma and 173Ma
respectively (Fig.3-7, 3-8), similar to ages of Dongqgiao ophiolite in middle of Bangoin-N ujiang
suture . Geochemistry diagrams show that lava samples from ophiolite dices belong to typical
mid-ridge basalt and correspond to spreading ratesof 2 5 cnf a, dmilar to ophiolites of Ban-
goin-Nujiang suture . These features yield the conclusion that ophiolite slicesin west of Namco
Lake and ophiolites within Bangoin-Nujiang suture should be the same relicts of Middle Jurassic
Tethys oceanic crust and were thrusted southward after Middle Jurassic Period .

Medium- and high-grade metamorphic rocks outcrop in a WNW direction to the north of
Shengju, consisting dominantly of schist, gneiss and amphibolite . Theion-probe ages of zircons
from these metamorphic rock slices range from 1766Ma to about 800Ma . They are an impor-
tant component part of the Precambrian Nyaingentanglha Group-complex and their protoliths
are a volcanic-sedimentary <eries. The metamorphic grade reaches amphibolite facies and
formed at depth of 20 25 km .

All the tectonic slices of different typesin the West Namco T hrust (WNT) show distinct
reverse-faulted contacts with each other (Fig.2-16) . In plan view, thrust faults display either
linear or arch distribution . Geomor phologically, most faults are manifested by WNW-to nearly
E-W-trending tectonic depressions, forming swampy grasslands of varying scales and control-
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ling the spatial distributions of the surface drainages and hot springs. Regiona thrust faults
tend to be intimately associated with ophiolite dice belts at depth of crust . In middle of West
Namco Thrust within the Shengju-Gechangchayu belt and its north, tectonic deformation is
marked by strong ductile shearing, which gaverisetoa 2 5 km wide, WNW-trending my-
lonite belts composed of felsc mylonite, gabbroic mylonite and mylonite schist with weakly de-
formed gabbro lenses and limestone slices . The schistosity of the mylonite generaly dips N to
NNE at about 10¢ 25, forming a prominent S-C and drawing structures . In many outcropsin
west of Namco Lake, exotic Paeozoic limestone slices were thrusted over Jurassc ophiolite
along subhorizontal thrust surfaces, forming many limestone nappe and tectonic windows . The
windows are composed mainly of serpentinized ophiolite slice belts, about afew dozen metresto
nearly 1000m wide . In cross-section the greater mgority of maor faults are represented by
north-dipping, low-angle over-thrusts, with the mgor fault planes dipping at 15 30° . To-
wards the deep level of the crust the dip angles of the thrust fault planes become low and most
thrust faults display the features of listric pattern . Northwards they merge a depth into asin-
gle detachment called North Lhasa Thrust or NLT .

The root of the NLT is located in the Amdo-Lunpola Nyima area of central Bangong-N u-
jlang suture (BNS) . Generally extending in a nearly E-W direction, the Amdo-Lunpola tecton-
ic belt is made up of a series of subparalel WNW-E-W-ENE trending thrusts, folds, ophiolite
slice belts, tectono-magmatic belts and Palaeogene down-faulted basins . The ophiolite dice
belts are mainly distributed along the mgor faults of the BNS and the Nagqu-Donggiao tectonic
glice belt on its south side and are usually associated with regional metamorphic rocks and dy-
namometamorphic rocks (Deng et a ., 1990); for example, the Amdo ophiolite is associated
with the Amdo granite gneiss and mylonite schist and the Donggiao ophiolite is associated with
metamor phic rocks and mylonite of the Donggaco Group . This suggests that the influence of
the major fault belt controlling the distribution of ophiodlites has reached at least the depth of
ductile shear deformation, i . e.a depth below 10 15 km . The BNS shows different formsin
different parts . Three mgor E-W-trending thrust systems are developed along the Baingoin-
L unpola corridor . From north to south they are the north Lunpola basin marginal fault, south
L unpola basin margina fault and north Baingoin basin marginal fault . The north Lunpola basin
marginal fault is mainly marked by thrusting of Cretaceous limestone over Palaeogene red beds,
which brought about strong folding of Palaeogene strata of the footwall of the fault . The south
L unpola basin margina fault is manifested by thrusting of Silurian medium- to low-grade meta-
mor phic series over Palaeogene red beds, which resulted in folding of the red beds . The north
Baingoin basin marginal fault appears as nappe-thrusting contact relationships between Jurassic
limestone, Cretaceous clastic rocks and Palaeogene red beds . In outcrop of north Amdo, Juras
sic limestones were thrusted over the Paleocene-Eocene red beds . The main fault planes of the
three thrust systems al dip north, showing the distinctive characteristics of south-vergent
thrusting . In the Amdo and Naqu, there occur two wide ophiolite neélange belts, i . e . the
nearly E-W-trending Amdo ophiolite nélange belt and the WNW-trending Donggiac-Nagqu
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ophiolite né lange belt . The ophialites are distributed along the north-dipping thrusts, suggest-
ing the southward direction of the tectonic movement similar to West Namco Thrust .

Geotraverse observations aong the Degoin-Baingoin-Lunpola profile show that the NLT
move northwards across the Baingoin tectono-magmatic belt, forming many WNW-striking and
north-dipping thrusts on north and south sides of the Baingoin granite and many nearly E-W-to
WNW-trending tectonic fractured belts within the Baingoin granite . It is estimated that the re-
gion of influence of the NLT may reach 150 200 kmin a nearly N - S direction . In the deep
level of the crust various major faults merge into a Sngle detachment astheir dip angles become
low (Fig.2-30) . This understanding has been verified by the MT data from the INDEPTH-I11
Deqin-Lunpola profile . According to M T data, there is an important tectonic boundary, i . e.
the boundary between the upper high-regstivity layer and the lower high-conductivity layer at
depths of about 15 30 km in the middie-upper crust in North Lhasa block . Wel et a . (2001)
interpreted the crustal high-conductivity layer as alocal melting layer containing no water or lit-
tle water . But to the north of Degin and south of Lunpola this high-conductivity layer extends
upwards to the crust surface, corresponding to the front ophiolite belts of WNT and BNS re-
spectively, and at depth the Degin and Lunpola branches of the high-conductivity layer corre-
spond to deep detachments of WNT and BN S respectively . Field observations in west of Namco
L ake and outcrop of Donggiao in middle segment of the BNS show that the high-conductivity
mainly appears on the surface as an association of ophiolites, mylonites, tectonic schists and
medium- and high-grade metamorphic rocks and is characterized mainly by the presence of lots
of ophiolites or ophiolite dices, e . g . the ophiolite dice belt on the west bank of the Namco
L ake and the Donggiao ophialite . It follows thus that the West Namco Thrust of the NLT front
and the Donggaco-Donggiao tectonic belt in central BNS seem actually natural outcrops of the
high-conductivity of the middle-upper crust . Thus it may be inferred that the sole of the NLT
should be tectonic detachment formed by an ophiolite dice belt . This tectonic detachment and
the deep detachment of the BNS both extend northwards to great depths and merge at depths of
15 30 km into the most important tectonic boundary of the Lhasa block in the deep level of
the crust, i . e. the boundary between the high-conductivity layer and the high-resistivity in
the middle and upper crust . The deep detachment of the NLT of the North Lhasa block has
high similarities as the MHT of the Himaayablock (Hauck et a ., 1998), but their structures
and deformation time are not entirely the same .

The region of influence of the NLT in a nearly N-S direction may reach southwards as far
as the Degin areain the centra Lhasa block and northwards as far as the Shuanghu tectonic belt
in north of the BNS, traversing the Baingoin granite and Lunpola basin, with a thrusting dis-
tanceup to 150 200 km . It is the most important tectonic unit within the L hasa block as well
as one of the largest thrust systems within the Qinghai-Tibet Plateau . According to the mini-
mum distance between the Nam Co ophiolite dice belt and its root—Donggiao ophiolite belt, it
Is estimated that the minimum crustal shortening amount due to overthrusting of the NLT isup
to 120 150 km and that the crusta shortening rate is estimated as 50% . The ophiolite slices

280



distributed widely along the tectonic detachment have played an important lubricating role in
large-scale regional south-vergent overthrusting .

According to Rb-Sr isochron dating of whole rock, Ar-Ar of hornblende and plagioclase,
K-Ar dating of biobite and fission-track dating of apatite from mylonite within WNT, the tim-
ing of the overthrusting occurred in 191 144 Ma, 109Maand 44Ma (Fig.2-31) . Thrusting in
Middle-Late Jurassic and Late Cretaceous of WNT and NLT may be caused by subduction of
the Neo-Tethys oceanic plate . And thrusting of Eocene may be caused by India-Eurasia conti-
nental collison, which occurred earlier than ages of the MCT and MHT of the Himalaya tec-
tonic belt . It may be inferred that the WNT and the NLT are the product of the continued
southward thrusting of BN S originated from the Palaeogene northward subduction of the I ndian
plate .

2. Plutonism of the Nyaingentanglha Granite and Uplift Processes of the Nyaingentan-
glha Mts . in Central Tibet since 18.3 Ma

Miocene granites related to IndiaAsia callision, e. g .the High Himalayan leucogranites,
were reported in the Himalayan orogen (Hodges et al ., 1996; Searleet a ., 1997) . Their ages
determined from high precision U Pb and Th Pb dating of accessory minerals range from 24Ma
to 12 Ma (Edwards et al ., 1997; Wu et al ., 1998; Harrison et a ., 1998) . The High Hi-
malayan granites of the Miocene-age were explained as the result of partia melting of
metapelitic rocks within thickening crust of the Greater Himalayan (Harris and Massey, 1994;
Searle et a ., 1997) . However, few granitic plutons of Miocene-age were reported in central
Tibetan Plateau (Scharer et a ., 1984; Xuet a ., 1985; Kidd et a ., 1988) even if many ge-
ologists believe that the Tibetan Plateau uplifted before 13.5 15 Ma (Blisniuk et a ., 2001;
Spicer et a ., 2003) .Brown et al . (1996) and Nelson et a . (1996) detected bright-spots by
seismic reflection aong the INDEPTH-I1 profile under the Damxung-Y angbagjain graben and
interpreted them as partial melting of middle crust at 13 20 km depth . It isvery possible that
some rocks related to partial melting can be found in the Nyaingentanglha Mts .in west of the
Damxung-Yangbajain greben . We did geological survey at scale 1 250000 in the Nyaingentan-
glha Mts . and discovered huge granite of Middle-Late Miocene-age exposed in middle Lhasa
block after U-Pb isotopic dating by ion microprobe for 25 zircons grains and Rb-Sr isotopic dat-
ing of whole and minerals, providing new evidence for magmatic plutonism within thickened
crust during uplift period of the Tibetan Plateau .

Biobite granite exposed in centra and southeast Nyaingentanglha Mts . extends more than
100km in northeast direction and 15 25 km width in northwest of the Damxung Yangbagain
graben (Fig.4-5) . Carboniferous sandstone and slate and Late Cretaceous redbeds cover over
granitic pluton in northeast and west Nyaingentanglha Mts . with granitic dikes intruded in the
covering rocks . Low-angle, southeast dipping and extensional ductile shear zone of 1000 4500
m width and later normal faults developed in southeastern Nyaingentanglha granite, separating
the Nyaingentanglha Mts . and the Damxung - Y angbgain graben .And buried normal fault is
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believed to be existed along the boundary between the Nyaingentanglha Mts . and the Namco
basin . The time of extensional ductile deformation were about 8 5 Ma according to *°Ar-"°Ar
dating of K-feldspar of mylonite (Harrison et a ., 1995) . Gneiss enclaves of different scale
widespread crop out within the Nyaingentanglha granitic pluton . We collected granite samples
without evident hydrothermal alteration at 6 locations of Nyaingentanglha granite for U-Pb and
Rb-Sr isotopic dating ( Fig.4-5) . All the samples contain approximately 35% 40 %
K-feldspar, 30% 35% plagioclase, 20% 25% quartz and 5% biobite .

Zircons used for ion micro-probe are euhedra zoning from magmatic crystallization of the
Nyaingentanglha granit (Figure 4-6) . The results of U-Pb isotopic dating by ion micro-probe
of zircons on SHRIMP-11 are listed in Table 1 and plotted in Figure4-7 . The 20 pyy 2%
of 13 zorcons from sample P38B24 range from 9.79 Mato 12.22 Ma, yielding a mean age of
11.2+ 0.2 Maexcept E13 and E15 . The Pty **° U agesof E13 and E15 with lower *** Th **°
U ratio are 57.60+ 1.0 Maand 14.67+ 0.28 Ma respectively . Lower ***TH ***U ratio of E13
and E15 indicates possible contamination of U and Pb isotopes from early zrcon enclaves . The
206 PU 238
ing a mean age of 18.3+ 0.4 Ma. The U-Pb results plotted in Figure 3 show that the anayses

U ages

U ages of 13 zorcons from sample P39B15 range from 17.07 Mato 19.61 Ma, yied-

of most zircons lie either within error of the Concordia .

The Rb-Sr isotopic compositions were analyzed for whole-rock, K-feldspar, plagioclase and
biobite of samples P38B9, P38B29, P37B9-1 and P37B10 (Table 2) . The Rb-S isotopic dat-
ing for sample P38B9 yielded an isochron age of 14.01+ 0.49 Ma (Fig.4-8) . The Rb-& iso-
topic dating for sample P38B29 yielded an isochron age of 9.33+ 0.41 Ma (Fig.4-9) . The Rb-
S isotopic dating for sample P37B9-1 yielded an isochron age of 8.07+ 0.35 Ma (Fig.4-10)
and the Rb-Sr isotopic dating for sample P37B10 yielded an isochron age of 8.7+ 1.4 Ma
(Fig.4-11) .

The U-Pb ages by ion microprobe of zircons from Nyaingentanglha granite, 18.3 11.1
Ma, are similar to the conventional U-Pb isotopic ages, 28 13Ma of zircons of XGS47 sam-
pled from homogeneous biobite-K-feldspar gneiss (Xu et al ., 1985) which is proved to be
granitic myloniteof NSZ in west of Y angbgain graben . However the U-Pb isotopic composition
of zirconsfrom XGS-47 was very possbly contaminated by U-Pb isotopic system of zircons from
banded and heterogeneous gneiss (XGS-60) with conventional U-Pb ages around 50Ma . The
high precision U-Pb ages by ion micro-probe for zircons, 18.3 11.1Ma, represent well crys
tallization time of the Nyaingentanglha granite and illustrate about 7.2Ma duration of magmatic
crystallization . The U-Pb ages of zircons are dlightly bigger than the Rb-Sr isochron ages of
whole rock and minerals . The Rb-Sr isotope ages, 14 8 Ma, represent cooling time of Nyain-
gentanglha granite after crystallization . It is reasonable to believe that overal consistency exists
between U-Pb ages and Rb-S isochron ages by considering closure temperature of thermo-
chronology, suggesting that plutonism of Nyaingentanglha granite occurred during 18.3 8
Ma . These available data prove that huge granite of Middle-Late Miocene-age, Imilar to or
even younger than High Himalayan leucogranites, exposed in Nyaingentanglha area within the

282



Table 1 lon microprobe analyses for U-Pb isotopic dating of zircons from Nyaingentanglha granite

_ 26 ppy U Th 22Th 2%pp, 28, 207pp, 206pp err
Grain g U cordant g + % 38 + %
% ppm ppm U ppm ] U corr
Age (Ma) %

El 0.95 5223 2934 0.58 7.76 11.04+ 0.40 104 0.00970 9.8 0.001714 3.6 . 368

E2 2.10 3777 2492 0.68 5.29 10.29+ 0.37 102 0.0084 16 0.001598 3.6 .228

E3 0.25 6267 7699 1.27 8.70 10.39+ 0.36 93 0.01090 7.4 0.001613 3.5 . 468

E4 3.59 3546 1443 0.42 5.32 10.84+ 0.23 101 0.0052 35 0.001683 2.2 .062

E5 3.16 3845 2208 0.59 5.94 11.22+ 0.23 101 0.0060 26 0.001743 2.1 .078

E6 1.43 3215 1928 0.62 4.78 10.98+ 0.22 103 0.0093 11 0.001705 2.0 .179

E7 2.02 4932 4397 0.92 6.57 9.79+ 0.21 101 0.0074 19 0.001519 2.1 .115

ES8 3.92 3398 1863 0.57 5.02 10.65+ 0.23 100 0.0045 33 0.001653 2.2 . 066

E9 1.03 6588 5138 0.81 10.9 12.22+ 0.23 104 0.0105 11 0.001898 1.9 177

E10 1.47 3893 2068 0.55 6.02 11.43+ 0.22 102 0.00934 8.9 0.001775 1.9 .217

Ell 1.08 4389 3833 0.90 6.79 11.47+ 0.23 104 0.0100 13 0.001782 2.0 .155

E12 2.35 4395 3946 0.93 6.60 10.99+ 0.23 101 0.0074 22 0.001707 2.1 .094

E13 0.97 1806 433 0.25 14.1 57.60+ 1.0 140 0.0537 7.3 0.00897 1.8 .508

El4 4.21 1527 1234 0.83 2.32 10.93+ 0.33 102 0.0084 46 0.001697 3.1 .179

E15 1.39 5126 1336 0.27 10.2 14.67+ 0.28 102 0.0110 14 0.002278 1.9 .491

Ci 0.72 5985 9089 1.57 18.3 22.80+ 0.78 110 0.0205 5.6 0.00354 3.4 .116

C2 0.26 6132 7712 1.30 15.4 18.74+ 0.50 116 0.01761 5.0 0.002911 2.7 .537

C3 0.48 4836 6622 1.41 11.7 18.07+ 0.49 116 0.0170 7.1 0.002808 2.7 377

C4 0.51 3540 2v/84 0.81 8.10 17.07+ 0.46 118 0.0162 8.0 0.002651 2.7 .342

C5 0.89 6335 6460 1.05 15.3 17.96+ 0.48 106 0.0158 6.6 0.002790 2.7 .404

C6 0.31 3865 3351 0.90 9.26 17.91+ 0.48 41 0.01789 4.6 0.002782 2.7 .586

c7 0.56 6308 6163 1.01 16.1 19.00+ 0.50 111 0.01749 4.7 0.002951 2.7 .562

C8 0.38 7442 8539 1.19 18.3 18.31+ 0.49 124 0.01751 4.6 0.002845 2.7 .571

C9 0.66 6961 1106 0.16 17.2 18.39+ 0.49 113 0.01711 5.8 0.00285% 2.7 .461

C10 0.82 5581 4230 0.78 13.6 18.18% 0.50 105 0.0157 6.8 0.002824 2.8 . 406

C11 0.69 8093 1722 0.22 21.3 19.61+ 0.55 110 0.01791 5.3 0.003046 2.8 .531

C12 0.89 3956 3111 0.81 9.11 17.11+ 0.46 110 0.01571 6.3 0.002657 2.7 .435

C13 0.20 10799 2096 0.20 25.8 17.88+ 0.47 74 0.01815 3.3 0.002777 2.6 . 789

Errors are 1 - sigma; Pbc and Pb” indicate the common and radiogenic portions respectivdy . Grains E1  E15 represent
zircons from sample P38B24 and grains C1 C13 represent zircons from sample P39B15 . Uncerta nties shown are one standard
error and refer to the last digitsonly . Coefficients of variation are 1.5% for precise P U, 3 . 0% for Th U and reconnaissance
Pb U, and 10% for U and Th concentrations . Andyticd procedures are described elsewhere by Compston et al . (1992) and
Williams et al . (1987) . Ludwig SQUID1 . 0 and ISOPLOT are used for age calculation .
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inner part of the Tibetan Plateau . Plutonism of the Nyaingentanglha granitein 18 .3 8 Ma
occurred during uplift period of the Tibetan Plateau (= 13.5 15 Ma) (Blisniuk et al ., 2001,
Spicer et a ., 2003) and was followed by extensiona ductile shearing in 8 5 Ma (Harrison et
a ., 1995) .

Table 2 Rb-Sr data for whole rocks and minerals of Nyaingentanglha granite

Analysis no . M aterial RW ppm S/ ppm 8'RE ®sr 87gy 86gr 20
P38B9H Plagioclase 33.6 1033.47 0.094 0.709434 0.000017
P38BIKf K - feldspar 340.4 602.83 1.634 0.709757 0.000017
P38B9BiI Biohite 745 .7 18.18 118.96 0.733020 0.000010

P38B9 Whole rock 127 .8 610.9 0.605 0.709360 0.000018
P38B29 Pl Plagioclase 55.8 237 .05 0.681 0.711361 0.000018
P38B29K f K - feldspar 671.0 185.1 10.494 0.712937 0.000040
P38B29Bi Biobite 1875.1 5.17 1063.76 0.852230 0.000050

P38B29 Whole rock 462 .4 129.7 10.321 0.712856 0.000014

P37B9 - 1Pl Plagioclase 22.2 668.18 0.096 0.707326 0.000019

P37B9 - 1Kf K - feldspar 453.5 501.2 2.618 0.707745 0.000016

P37B9 - 1Bi Biobite 1180.9 8.12 422.92 0.755835 0.000080
P37B9 - 1 Whole rock 223.6 404 .39 1.600 0.707510 0.000016
P37B10PI Plagioclase 18.4 667 .20 0.080 0.707820 0.000017

P37B10Kf K - feldspar 479.6 631.82 2.196 0.707090 0.000020
P37B10Bi Biohite 1296.8 15.72 239.33 0.736245 0.000018
P37B10 Whole rock 133.5 523.27 0.738 0.706630 0.000018

T hese data from samples P38B9, P38B29, P37B9 - 1 and P37B10 were analyzed at Rb - Sr | sotopic Laboratory of Insti-
tute of Geology and Geophysics of Chinese Academy of Sciences . Minerals> 10Qum were disolved in HF + HCLO,4 in Teflon

container, and Rb and Sr were separated by AG50Wx 8 (H" ) . Isotopic analyses were finished in mass spectrometer V G354 .
T he fractionation of Sr isotope was cdibrated with 8¢Sy 88Sr= 0.1194 . The vacuum background during Rb - Sr analyses was

2 5x 10°%0g.

The Nyaingentanglha granite and extensional ductile shear zone (NSZ) extends southeast-
ward beneath the Damxun-Yangbajain graben according to 2000m-depth core-drilling data
(Liang et a ., 1995) and INDEPTH-I1 seismic reflection (Brown et a ., 1996) . It is very
plaudgble that plutonism of the Nyaingentanglha granite and uplift of the Nyaingentanglha Mts .
are the result of isostatic uplift and passive emplacement of magma derived from partia melting
of crust at depth of 13 20 km corresponding to bright-spots of seismic reflection (Brown et
a ., 1996; Nelson et a ., 1996) as (Fig.4-16) illustrated . Few enclaves from Carboniferous
sandstone and conglomerate-bearing date covering over the pluton and plenty of gneiss enclaves
from deep crust were discovered in Nyaingentanglha granite ( Fig.4-5), which supports the
passive emplacement model of granitic magma . Such model leads to the conclusion that partia
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melting of middle crust detected by seismic reflection of INDEPTH-I1 (Brown et a ., 1996;
Nelson et a ., 1996) occurred snce Middle-Late Miocene-age . The Nyaingentanglha granite
can be regarded as the result and record of crust thickening and uplift of the Tibetan Plateau,
andit cals into question for can be further inferred as the surface outcrop of partia melting
crust formed in Middle-Late Miocene . Thermo-chronological analyzes show that the Nyaingen-
tanglha Mts . uplifted since Middle Miocene a rates 5.56 mnmf a in 11.1 9.3 Ma,
3.5/ mm ain 9.3 8.6 Ma, 3.5 mmain8 5 Ma, 2.3l mmain5 3.7 Ma and
0.68 mnf asnce 3.7 Ma.

3.Slip Rates and Hazard Effects of Active Faults across the Golmud-Lhasa Railway

Many large-scale strike-dip active faults were discovered across the Golmud-Lhasa Rail-
way . Slip rates of typical active faults are estimated and eastward motion of crust isanayzed in
middle section of the Tibetan Plateau . Late Quaternary active faults of NW-NWW-EW trend-
ing are identified in middle section of the Tibetan Plateau . The Kunlun active fault, Hohxil ac-
tive fault, Tongtianhe active fault, Bengcuo active fault, Niangingtanghla active fault and
Y auzangbu active fault exist 6 10 mm a average slip ratesin Late Pleistocene-Holocene . The
Fenghuoshan active fault, Wuli active fault and Y anshiping active fault exist 3 4mm a aver-
age dip rates and the Tanggula active fault, the Gelincuo active fault exist 2 mm a average dip
ratesin Late Pleistocene-Holocene . Since Late Pleistocene, the crust of middle section of the
Tibetan Plateau exists evident eastward motion relative to the Quadam block, and eastward
motion rate increases gradualy from both sides to centra Tibetan Plateau and reaches to
40mnT ain the Tanggula M ts . Displacement of active faults and eastward crust motion are very
possible to be caused by the coherence of SN compression and eastward shearing within crust in
the Tibetan Plateau .

Active faults across the Golmud-L hasa Railway in the Tibetan Plateau often cause geologi-
cal hazards of different types . These active faults contraol the epicenters of earthquakes and form
12 regiona seismic-tectonic zones . Some active faults have strike slip rate of 4 15 mn1 a and
are possible to produce strong earthquakes of Ms> 6 7 . Active faulting of the permanent
freezing areas of North Tibetan Plateau can not only induce deformation of highway and rail-
way, but also form hazard effects, e. g . heterogeneous freezing, surface fracturing, under-
ground-ice doming and moveable ice doming, which endanger the safety and lifetime of the
Golmud-L hasa raillway, highway and pipeline across the Tibetan Plateau . The coupling of ac-
tivefaulting, underground water activity and heterogeneous freezing caused the strong defor-
mation of highway in south of Ando and has the possbility to destruct the Golmud-Lhasa rail-
way .

Present tectonic activity and block stability are evaluated quantitatively by considering four
factorsincluding slip rate of active fault, temperature of hotspring, magnitude of earthquake
and crust deformation along the Golmud-L hasa railway under-construction . Strength function
grading present tectonic activity, a, is calculated . The strength functiona> 0.20 along many
Important active faults and tectonic regions of a> 0.30 are identified aong the Golmud-Lhasa
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railway . Tectonic regions of a= 0.30 are unstable areas with the possibility of occurrence of
earthquakes of M> 6 7. Six blocksofa< 0.12 and many areas ofa < 0.04 are identified along
the Golmud-L hasa railway, corresponding to relative stable or minor stable regions in former
evauation of regional crust stability .

4. Active Faulting and Extension of Damxung-Yangbajain Graben and the Central Ti-
betan Plateau

As an important extensona tectonic system of central Tibet, the Dangxung Yangbagain
graben is composed of Dangxung, Ningzhong, Laduogang and Y angbaain basins and the up-
lifts separating basins . Extensiona ductile detachment shear zone occurred in west margin of
basinsin 8.6 5 Ma. And 28 active faults of different trendings were discovered in boundary
areas and inner parts of the DamxungYangbagain graben (Fig.6-5) . The times of faulting
from ESR, U-series isochron and TL dating yield stages of active faulting in 1.5 2.0 Ma,
520 680 ka, 227 306 ka, 47 141 kaand O 18 ka (Table 6-4, 6-5) . Ductile shear zone
and some faults reach to partial melting crust detected by deep-seismic bright-spots under Dan-
gxung, Ningzhong and Y angbajain geothermal fields . Active faults exist evident control to dis-
tribution of hotsprings and earthquakes, and high temperature hotspring swarms occur in the
conjugation position of different active faults. The Dangxung-Y angbagain graben fault-de-
pressed with rates of 0.40 2.00 mm/ a ( Table 6-6) since Pleistocene while the Nianging-
tanghla Mts . the Ningzhong granite and the Yangbgain granite uplifted rapidly a rates of
0.33 0.68 mnt a.And the west boundary fault of DamxungY angbagan graben left-latera
dlipped at rate of 4 10 mm ain Holocene . Rifting and depression of Damxung-Yangbagain
graben was caused by isostatic uplift of Nyaingentanglha grantie, extensiona ductile shearing
and extensional faulting yielded from partial melting of middle crust and extensona tectonic
setting of central Tibet .

Further more, ESR dating is used to determine the time of regional shear-extensional
faulting of different directionsin centra Tibetan Plateau . The faulting time of west boundary
fault of the Y angbagain-Dangxung-Gulu rift basin is 0 2Ma . The faulting time of boundary
fault of the Shuanghu basin ranges from 0.024 5.0 Ma. The age of the Dogai Coring normal
fault of SN trendingis1.2 1.4 Ma. Thefaulting of the Gangzari normal fault of NE trend-
ing occurred in 0 1.4 Ma, and the faulting of the middle Bangoin-Nujiang suture occurred in
13Maand 0.4 Ma. The faulting peak of the central Tibetan Plateau occurred in 5 8 Ma,
1.1 1.5Maand 0.3 0.8 Main late Cenozoic Era (Fig.3-25) .

286



. 1996 .

, 80 148
) ) . 1990 .
. 1989 .
, Harrison T . M ., Leloup P. H. . 1994 .
) ) ) , . 1999 .
9 15
: , . 1999 .
: , . 1996 .
) ) . 1996 .
) ) , . 1999 . —
. 1991 .
. 1989 .
, 70 112
: , . 1995 .
1497 1500
, . 1998 .
, 379 400
. 1992 .
: , . 2003 .
. 1987 .
. 1990 .
, . 1982 . —
. 1984 * —_—
, 38 46
: , . 2000 .
) ) . 1981 . —
) ) . 1979 .
. 1965 . ,
. 1973 . 1
. 1987 .
. 1987 .
. 1992 .
, , . 2001 .
: . 1990 .
. 1999 .

.9
, 389 397
().
.1
. 1993 . —
, 56 61
1 40
, 103 105
12
30
, . 2003 .
, 180 182
, 88 105
, 1 130
, 6 (3): 1 9

, 29 (1):

(D ), 26 (4): 378 385

, 41 (15): 1402 1406

, 1 6
, 16 22
, 40 (16):
290: 7 9
, 718 89
(B ), 9 (6): 608 616

, 133 152
U-Pb

287



. 1991 .

. 1993 .

, 15 (3): 285 288

, . 1998 .
, 173 203
, , , , . 1999 .
(1): 10 20
, , . 1998 .
' , . 2000 . S
. 2001 .
, 251 262
, , , ) , . 1992 .
, 3 , 1 13
' , . 2000 .
' , , . 2001.
99
, ; , . 2001 .
, 75 (4): 468 476
, , Doug Nelson, Bill Kidd . 2002 .
' , , , . 2002 .
' , , . 2003 .
, ; , , . 2003 .
. 1991 . 1952 7.5
. 1992 . ,
' , . 1990 .
' , . 1993 .
, ; , , . 1988 .
, . 2000 .
. 1993 .
, . 1996 .
. 1981 .
, 8 18
, , . 1994 .
, 46 51
. 1982 . —
, , 119 129
. 1982 .
. 1983, , 1 , 68 79
. 1997 .
. 1990 .
. 2001 . —
' , . 1994 .
, 46 51
, . 2001 .
21 35

288

. 1998 .

15 (2)

562

, 73 128
, 1 16
, 46 (6)
, 37
, 16 (3): 225 230
.23 (5): 423 428
, 49 (1): 74 80
, 17 (1): 1 6

, 13 (1): 40 50
, 15 (1): 28 31
, 1 118

225 248

, 2 ,8 15

, 22 (3): 193 230



INDEPTH . 2001 .

63 355
, , , , , . 2003 .
, 23 (1): 41 52
. 1981 . . : , 119 142
, . 1996 . . (D ), 26 (4): 289 295
. 1995 . , 84 87
. 1988 . (1150 ).
, 199 .
. 1983 . , 1 238
. 1990 .

, . 1996 .

Alsdorf D ., Brown L ., Nelson D ., Makovsky Y ., Klemperer S .and Zhao W ., 1998 . Crustal deformation of the Lhasater-
rane, Tibet Plateau from Project INDEPTH deep seismic reflection profiles . Tectonics, 17 (4): 501 519

AmijoR ., Tapponnier P ., Mercier J.L .and Han T . .1986 . Quaternary extensonin south Tibet: Field observations and tec-
tonic implications . Journd of Geophyscal Research, 91 (B14): 13803 13872

Barry, J. C ., Lindsay, E . H .and Jacobs, L . L ..1982, A bhiostratigraphic zonation of the Middleand U pper Siwaliks of the
Potwar Plateau of northern Pakisan . Palaeogeography, Palaeoclimatology and Palaeoecology, 37: 95 130

Bess J., Courtillot V ., Pazz J. P ., Westphal M . and Zhou Y .. 1984 . Palacomagnetic estimates of crustal shortening in the
Himalayan thrusts and Zangbo suture . Nature, 311: 621 626

Bliniuk M . Peter, Hacker R . Bradley, Glodny Johannes, Ratschbacher Lothar, Bi Siwen, Wu Zhenhan, McWillians O .
Michael and Calvert Andy . 2001 . Normal faulting in central Tibet since at least 13 . 5Ma ago . Nature, 412: 628 632

Bloon A . L ..1998 .A systematic analysis of late Cenozoic landforms (3rd Edition) . Published by Prentice Hall Inc ., New Jer-
sy, USA

Brown L .D ., Zhao W ., Nelson K .D ., Hauck M ., Alsdorf D ., RossA ., Cogan M ., Clark M ., Liu X .and CheJ ..1996 .
Bright spots, structure and magmatism in southern Tibet from INDEPTH sdsmic reflection profiling . Science, 274:
1688 1690

Burke K . and Lucas L ..1989 . Thrusting on the Tibetan Plateau within the last 5 Ma. In: Sengor A . M. C . et a . Eds .,
Tectonic evolution of the Tethyan region, NATO ASI . Series C, 259: 507 512

Cerling T .E ., Wang Y .and Quade J. .1993 . Expanson of C4 ecosystems as an indicator of globd ecological change in the late
Miocene . Nature, 361: 344 345

Chen L ., Booker J., JonesA .G ., WuN ., Unsworth M .J., Wa W .and Tan H ..1996 . Electronically conductive crust in
southern Tibet from INDEPTH magnetotelluric surverying . Science, 274: 1694 1696

ChenY ., CogneJ. -P ., Courtillot V ., Tapponnier P .and Zhu X .Y .. 1993 . Cretaceous paleomagnetic resul ts from western
Tibet and tectonic implications . Journal of Geophysicd Research, 98 (B10): 17981 17999

Cogan M ., Nelson K .D ., KiddW .S.F . WuC.and Project INDEPTH Team .1998 .Shdlow structure of the Y adong -
Gulu rift, southern Tibet, from refraction andysis of Project INDEPT H common midpoint data . T ectonics, 17 (1): 46
61

Coleman M . and Hodges K .. 1995 . Evidence for Tibetan Plateau uplift before 14 Myr ago from a new minimum estimate for
east - west extenson . Nature, 374: 49 52

Compston W ., Williams| . S., Kirschvink JL ., et a. | . 1992. Zrcon U - Pb ages of early Cambrian time - scde . J.
Geol . Soc ., 149, 171 184

Copeland P ., Harrison T .M ., PanY ., Kidd W .S .F .and Roden M . .1995 . Thermal evolution of the Gangdese batholith,
southern Tibet: A history of episodic unroofing . Tectonics, 14 (2): 223 236

Dewey J. F ., Shackleton R . M ., Chang Chengfaand Sun Yiyin .1988 . The tectonic evolution of the Tibetan Plateau . Phil .

289



Trans . R .Soc .Lond on, A, 327, Serial 379 413

Dodson M .. 1973 . Closure temperature in cooling geochrolonogicd and petrological systems . Contributions to Mineralogy and
Petrology, 40: 259 274

Edwards M . A .and Harrison T . M .. 1997 . When did the roof collapse ?late Miocene north - south extenson in the High Hi-
mdaya reveded by the Th - Pb monazite dating of the Khula Kangri granite . Geology, 25: 543 546

Einsde G ., Ratschbacher L .and Wetzel A ..1996 . The Himdaya Bengd Fan denudationg - accumulation system during the
past 20Ma. The Jurnal of Geology, 104: 163 184

England P . C . and Houseman G . A .. 1986 . Finite strain calculations of continental deformation, 2, comparison with the In-
dia - Ada oollision . Journal of Geophyscal Research, 91: 3664 3676

England P . C . and Houseman G . A .. 1998 . The mechanics of the Tibetan Plateau . Philos . Trans . R . Soc . London, Serial
A, 326: 301 391

Flynn L .J.and Jacobs L .L ..1982 . Effects of changing environments on Siwalik rodent faunas of northern Pakistan . Palaeo-
geogr . Palaeoclimatol . Palaeoecol ., 38: 129 138

Gansser A .. 1964 . Geology of the Himdayas . Wiley - Interscience, New York, 289 - 290

Hacker B R, Gnos E and Ratschbacher L et al .. 2000 . Hot and Dry Xenoliths from the Bottom of Tibet . Science, 287:
2463 2466

Harris N . and Massey J .. 1994 . Decompression and anatexis of Himalayan metapelites . Tectonics, 13: 1537 1546

Harrison T . M ., Armstrong R . L .and Naeser C .W . . 1979 . Geochronology and ther mal history of the coast plutonic complex
near Prince Rupert, British Columbia .Can .J. Earth Sci ., 16: 400 410

Harrison T .M ., Grove M ., LoveraO .M ., CatlosE . J..1998 . A model for the origin of Himalaya anatexis and inverted
metamorphism . J . Geophys . Res ., 103: 27017 27032

Harrison T M ., Copeland P ., Kidd W . S . F and An Yin . 1992 . Rdasng Tibet . Sdence, 225: 1663 1670

Harrison T .M ., Copdand P ., KiddW .S .F .and LoveraO .M ..1995 . Activation of the Nyaingentanghla shear zone: im-
plications for uplift of the southern Tibetan Plateau . Tectonics, 14 (3): 658 676

Hauck M .L ., Ndson K .D ., BrownL .D ., Zhao W .and Ross A . R .. 1998 . Crustal structure of the Himalayan orogen at

90 . east longitude from Project INDEPTH deep reflection profiles . Tectonics, 17 (4): 481 500

HodgesM .S ., Parrish R.R . and Searle M . P .. 1996 . Tectonic evolution of the centrd Annapurna range, Nepalese Hi-
mdayas . Tectonics, 15: 1264 1291

Houseman G . and England P .. 1994 . A lithospheric - thickening modd for the Indo - Asian collison . In: The tectonic evolu-
tion of Asia . Cambridge: Cambridge Press, 1 17

Kiddw .S. F. PanY , ChangC ., Coward M . P., Dewey J. F ., Gansser A ., Molnar P ., Shackleton R .M .and Sun
Y .. 1988 . Geologicd mapping of the 1985 Chinese - British Tibetan (Xizang - Qinghai) Plateau geotraverse route . Phil .
Trans . Roy . Soc . London . serid A, 327: 287 305

KiddW .S . F.and Molnar P .. 1990 . Quaternary and present active faults of Lhasa - Golmud of the Tibetan Plateau . Roy .
Soc . London . serial A, 327: 332 352

Kong X .and Bird P .. 1994 . Neotectonics of Ada: thin - shell finite- element modds with faults . In: The tectonic evolution
of Asia. Cambirdge: Cambridge Press, 18 36

Kroon D ., Steens T .and TrodstraS. R ..1991 . Onset of monsoond rdated upwdling in the western Arabian Sea as revealed
by planktonic foramifers . Proc . Ocean Drill . Program Sci . Results, 117: 257 263

Leshou Chen, John R . Booker, Alan G . Jones, Nong Wu, MartynJ . Unsworth, Wenbo W& and Handong Tan .1996 . Elec-
trically conductive crust in Southern Tibet from | NDEPTH magnetotelluric surveying . Sdence, 274: 1694 1696

Li Jijun . 1995 . The uplift of the Tibet an Plateau and Globd Changes . Lanzhou: Lanzhou Universty Press, 130 180

Lin Aiming, Fu Bihong, Guo Jianming, Zeng Qingli, Dang Guangming, He Wengui and Zhao Yue. 2002, Co - seismic
strike - dip and rupture length produced by the 2001 Ms 8 . 1 Central Kunlun Earthquake . Science, 296: 2015 2017

Ludwig K . R .. 2000 . User’ smanud for ISOPLOT/ Ex version 2 . 4 . Geochronological toolkid for Microsoft excel . Berkeley

Geochronology Center, specid publication no . 1a, 1 53

290



Makovsky Y ., Klemperer S .L ., Ratschbacher L ., BrownL .D ., Li M ., Zhao W .and Meng F . .1996 . INDEPTH wide
- angle reflection observation of P - wave to S - wave conservation from crustal bright spots in Tibet . Science, 274:
1690 1691

MatsudaT ., OtaY ., Ando M .and Yonekura N .. 1978 . Fault mechanism and recurrence time of major earthquakesin south-
ern Kanto district, Japan, as deduced from coastal terrace data . Geol . Soc . America Bull ., 89: 1610 1618

M etivier F ., Gaudemer Y ., Tapponnier P.and Meyer B .. 1998 . Northeastward growth of the Tibet Plateau deduced from
balanced reconstruction of two depositional areas: the Qaidam and Hexi Corridor basns, China . Tectonics, 17 (6): 823
842

Molnar P .and Tapponnier P .. 1975 . Cenozoic tectonics of Asia: Effects of a continental collison . Science, 189: 418 426

Molnar P .and Tapponnier P .. 1978 . Active tectonics of Tibet . Journal of Geophysical Research, 83: 5361 5375

Molnar P .. 1987 . Geomorphic evidence for active faulting in the Altyn Tagh and northern Tibet and quantitative estimates of
its contribution to theconvergence of India and Eurasa . Geology, 15: 249 253

Molnar P ., England P . and Martinod J .. 1993 . Mantle dynamics, uplift of the Tibetan Plateau and the Indian monsoon . Re-
views of Geophysics, 31 (4): 357 396

Nelson K .D ., ZhaoW ., Brown L .D ., KuoJ . CheJ ., LiuX .and Klemperer S.L ..1996 . Partially molten middle crust
beneath southern Tibet: Synthess of Project INDEPTH results . Scence, 174: 1684 1688

Pan'Y ., KiddwW .S. F .. 1992 . Nyaingentanglha shear zone: A late Miocene extensond detachment in the southern Ti-
betan Plateau, Geology, 22: 775 778

Quade J., Cerling T .E .and Bowman J. R .. 1989 . Development of Asan monsoon reveded by marked ecological shift during
the latest Miocene in northern Pakistan . Nature, 342: 163 166

Raymo M . E .and Ruddiman W . F .. 1992 . Tectonic forcing of late Cenozoic climate . Nature, 359: 117 122

Ratschbacher L, Frisch W . and Liu G . 1994 . Distributed deformation in southern and western Tibet during and after the In-
dus - Asia collison . Journal of Geophysical Research, 99: 19917 19946

Schackleton N .J.. 1984 . Oxygen isotope calibration of the onset of ice - rafting and history of glaciation in the North Atlantic
region . Nature, 307: 620 623

Scharer U ., XuR .H .and AllegreC . J., 1984 . U - Pb geochronology of Gangdese plutonism in L hasa - Xigase region, Ti-
bet . Earth and Planetary Science Letters, 69: 311 320

SearleM . P., Parish R.R . Hodges K.V .A ., Hurford M. W. A .and Whitehouse M . J.. 1997 . Shisha Pangma
leucogranite, south Tibetan Himalaya: Field rdations, geochemistry, age, origin and emplacement . Journal of Geology,
105: 295 317

Spicer R. A ., HarrisN . B . W ., Widdowson M ., Herman A .B ., Guo S ., Valdes P .J. WolfeJ. A .and Kelley S..
2003 . Constant elevation of southern Tibet over the past 15 Million years . Nature, 421: 622 624

Smith A . B . and Juntao X . 1988 . Pdaeontology of the 1985 Tibet Geotraverse, Lhasato Golmud . .Phil . Trans . Roy . Soc .
London serial . A, 327: 53 105

Sun Xiuyu . 1984 . Assodation of spores of Oligocene - Miocene of the Xining - Minghe Basn of Central Qinghai Province . Ge-
ological Review, 30 (3): 207 216

Tapponnier P .and Molnar P .. 1976 . Sip - line field theory and large - scale continent tectonics . Nature, 264: 319 324

Tapponnier P .and Molnar P .. 1977 . Active faulting and tectonics of China . Journal of Geophysical Research, 82: 2905
2930

Tapponnier P ., Peltzer A .Y ., LeDan ., AmijoR . And Cobbold P ..1982 . Propogating extruson tectonicsin Asia: New in-
dgnts from smple experiments with plastid ne . Geology, 10: 611 616

Tapponnier P ., Xu Z ., Roger F ., Meyer B ., Arnaud N ., Wittlinger G .and Y J..2001 . Oblique stepwise rise and growth
of the Tibetan Plateau . Sdence, 294: 1671 1677

Williams, | . S . Claesson, S .. 1987 . |stope evidence for the Precambrian province and Caledonian metamorphism of high
grade paragneiss from the Seve Nappes, Scandinavian Caledonides, . lon microprobe zircon U-Th-Pb . Contrib . Miner-

al . Petrol . 97: 205 217
291



Wagner G . A .. 1992 . Fisson - track dating . Germany: Kluwer Academic Publisher, 145 158

Wagner G . A .. 1998 . Age Determination of Young Rocks and Artifacts . Springer - Verlag, Berlin, 219 294

WuC ., Nelson K .D ., Wortman G., Samson S.C ., Li J., Kidd W .S.F .and Edwards M . A .. 1998 . Yadong cross
structure and south Tibetan detachment in the east central Himalaya . Tectonics, 17 (1): 28 45

Wu Zhenhan, Jang Wan, Peter Blisniuk, Bi Siwen, Zhang Shukun, Olaf Kuchel and Mao Yi. 1999 . ESR dating of the
evol ution of the Shuanghu basin in the northern Tibetan Plateau . Acta Geologica Sinica, 73 (3): 289 293

Wu Zhenhan, Wu Xihao, Jiang Wan and Wu Zhonghai . 1999 . Geodynamic process of Cenozoic geomorphic reverson of Chi-
na. TerraNostra, (2): 178 180

Woodward N B, Boyer E S and Suppe J . 1989 . Balanced geological cross - section: An Essential technique in geologicd re-
search and exploration . Published by American Geologicd Union .

XuR .H . Scharer U .and Allegre C .J..1985 . Magmatism and metamorphism in the L hasa block ( Tibet) : a geochronolog-
ical study . Journd of Geology, 93: 41 57

Yin A ., Harrion T .M ., Reyerson F .J., Chen W ., Kidd W .S . F . and Copeland P . .1994 . Tertiary structurd evolution
of the Gangdese thrugt system in southern Tibet . Journal of Geophysical Research, 99 (B9): 18175 18201

Yin A ., NieS., Craig P.and Harrison T . M .. 1998 . Late Cenozoic tectonic evolution of the southern Chinese Tian Shan .
Tectonics, 17 (1): 1 27

Yin A .and Harrison T . M .. 2000 . Geologic evolution of the Himalayan - Tibetan orogen . Annu . Rev . Earth Planet . Sci .
Lett ., 28: 211 280

Zhao W ., Nelson K . D .and Project INDEPTH Team . 1993 . Deep seismic reflection evidence for continental underthrusing
beneath southern Tibet . Nature, 366: 557 559

Zhong Dalai and Ding Lin . 1996 . Rising process of the Qingha - Xizang Plateau and its mechanism . Sdence in China . (Series
D), 39 (4): 369 379

Zoback M . L ..1992 . First and second order patterns of stressin the lithosphere: The World Stress Map Project . Journal of
Geophyscal Research, 97 (B8): 11703 11728

292



	书名页
	版权页
	序言
	目录
	第一章区域地质概况
	第一节区域地质背景
	第二节区域地层系统
	第三节区域岩浆活动
	第四节区域变质作用
	第五节区域地貌特征

	第二章地壳挤压变形与构造型式
	第一节典型褶皱构造
	第二节压扭性韧性剪切带
	第三节纳木错逆冲推覆构造
	第四节旁多逆冲推覆构造

	第三章地壳伸展变形与构造型式
	第一节纳木错西岸蛇绿岩与古大洋扩张遗迹
	第二节新生代晚期地壳伸展构造型式
	第三节地壳伸展走滑断层形成活动时代

	第四章典型盆- 山构造地貌形成演化过程
	第一节当雄-羊八井盆-山构造地貌特征
	第二节念青唐古拉花岗岩侵位与山脉隆升过程
	第三节典型盆-山构造地貌形成演化过程

	第五章地壳缩短增厚与高原隆升过程
	第一节新生代地质发展历史
	第二节地壳结构与组成模式
	第三节地壳缩短量估算
	第四节古地壳厚度与古海拔高度的理论分析
	第五节青藏高原隆升的地质记录和环境响应

	第六章活动断层及灾害效应
	第一节活动断层及研究方法
	第二节当雄-羊八井盆地活动断层地质特征
	第三节当雄-羊八井盆地断层活动时代与运动速度
	第四节活动断层-温泉-地震关系
	第五节区域构造活动性与地壳稳定性评价
	第六节典型地质灾害

	第七章构造应力场与热动力场数值模拟
	第一节有限元数值模拟方法与介质模型
	第二节古近纪构造应力场数值模拟
	第三节挽近时期构造应力场数值模拟
	第四节羊八井及邻区现今热动力场数值模拟
	第五节构造地貌形成演化的动力学机理

	结束语
	英文摘要
	参考文献



