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b S50 A 118 6 A [ 30, G D — S 9 K i il 9 ) =
8 VST BN P AR =X 48 o A — Y IA I (Achache
et al. , 1984; Besse et al. , 1984; Willems, 1993;
Beck et al. , 1995; Patzelt et al. , 1996; Rowley,
1996; Hodges, 2000; Yin et al. , 2000), X H A
— > E LAY JE DR S TR W A A A A R R R Y
b 5T S AR I T R R WA M IR R LR R
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B B R BTRR RS 58 . RE 8 A A% b B e I i 7)) 3 AR
F JE & W XA B A oA 5 1742 5t A8 O ) 3 1 5
AR AL R Bl iy #7559 A8 5 3 5 fF S (Najman,
2006) . TERFHE T E Ehi AL X, M 5RO A 1 8 i T
BUE  RADFFE X LR % X i — 2 T R EDBE—
P Y A i AR B2 30T 9% 36 A0 RN B D R o L
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M 5 5 0 B S e, B 5 G Z AP BT
BT b2 (ZGT) 73 B S R 32 0 5 o S e ol o7 T B
PR B Ab G ety 2R AR 2 = 2L U R 1 ALK Ce
g. Gaetani et al. , 1991), & X 7] 43 2k 55 4L A4~
A AT R RS E Y R i 120 % Bl AT OT R S LA PR £6
FEJE & o £ O B AESE, 20005 Jadoul et al.
1998) 5 A6 7 Dy R Bty 3k B DO RR A0 3 28 ik ot o
JE A b A L TUA MK A %5 (Jadoul et al., 1998),
T 1) A J T 8 D PR M DX, B H R A R Y A T
TR H BT R AR W I A T A R B
B Z& (STDS) ( Pecher, 1989; Hodges et al.,
1996) . AR Sr e T i 5 S h0HE e M, — 5 2 )
R = g v R JE (MCT) AR5 5 7 Ak o A8 o 8k
TR A 5T BV RE M 5¢ 2H R AR 32 R i FE R Al Al

H A (Tewari 1993; Hodges, 2000),
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S PR T, T R e o R L G S SRR R Y
62y Tkm Ak 3200 17 R A E R 2 B 04 R R 2 5 5
BAF 1966 4Fd ROk BL (RS, 1970 2 RE
K HP K P o T e S AT VA% G e b B iR 2 e
Z i FHER (198 X B Hh Z A =& R FEAE
BG4 B (1976) FIALLAE (20000 43 5% H J2 7k 5 5
(0 B E AT T % R R, Z 05, T AR CT Ak,
20035 Ding et al. ,» 2005) X Z& Bk m YEF7 T H B
WF5E s R BT R IO o A oy S 2 O
TYTEHE  ALE SRR G AL, kT, 2R ARG
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Fig. 1 Simplified tectonic map of the studied erea (Modified after Pan et al. . 2004)
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GIR—Gangdese Igneous Rocks; FBS—Foreland Basin Series; Oph—Ophiolite; TOM-—Tectonic Ophiolite Melange; TSM-— Tectonic

Sedimentary Melange; NTHS—Northern Tethys Himalaya Sedimentary Rocks; STHS—Southern Tethys Himalaya Sedimentary Rocks;

GHM-—Great Hinalayan Metamorphic Rocks; LHS—Lesser Himalaya Metasedimentary Rocks; gr—Leucogranite, GT—Gangdese Thrust;

GCT—Great Counter Thrust; ZGT—Zhongba-Gyangze Thrust; GDT—Gamba-Tingri Thrust; STDZ—South Tibetan Detachment Zone;

MCT—Main Central Thrust, y—Position of Sangdanlin Section
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RGN . A A )2 AR F T AR (2003) #3715
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HEPATIKE T B BRR AL TR 2 0 S &
A E A D b WA B LSS T2 B L3
R . R WA (2007) A 11 2 HRET A
o, % BT 5T 4 A Spongosaturninus sp. cf.
S. ellipticus Campbell &. Clark; Pseudoaulophacus
riedeli Pessagno; Orbiculiforma sacramentoensis
Pessagno and Patellula planoconvexa ( Pessagno) ,
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HOHE A P R R e AR BT 0UE 2 O K Ej A DV R
A, 16 2 fE A PR S LA A
Amphisphaera coronata ( Ehrenberg); Buryella
hannae Bak & Barwicz-Piskorz; Buryella clinata
Foreman; Buryella tetradica Foreman; Calocycloma
ampulla ( Ehrenberg); Lamptonium fabaeforme
constrictum Riedel and Sanfilippo; Lamptonium
coronatus

pennatum  Foreman; Lithomespilus

Squinabol; Lamptonium (?) colymbus Foreman DA
J Amphisphaera ( Clark &
Campbell ); Lamptonium sanfilippoae Foreman;
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B b 2 Bk

S IR IR RN

AR TAESER . E T EHR N+ A
FexH A A E 8 5589 34 B A Dickinson i1 A%
H AT TR BRSO S T B UKL Y R F o,
03mm , BANFE T G T BORLEAS 2> F 300 (& 1),

minor minor

FiAb s AR R F FOMRE T A [W] R AL 15 7R b A
i BEAT T EAT AR O A . | S M AR R
TR R A0 fefi FLOBORE /N T 60 H W 48 22 YK 1k A0 TE RS 4N
WS EY Y. Zi. Mk Bk BET Y
O3B MG VERT ) LR ) R O R ) =R 4
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Fig. 2 Histogram of Sangdanlin section in southern Tibet



%01

R 45 < R S BRObR L X W 1 S A T D TR X 0 5
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AR SRR A R TS E W LA L 500 T A
MELE ) AR E 7 L 38 D 2 3 4096 4 3 d ] & A
LR S B B W A I o 2 T S0 B SA L 1Y
PR Z AE X T[] — TR 7 4 19 46 15 25 R 5t 1 U
DX 472 Al vl BB R T BOX — 25 R iy R

fE QmEFLt #4 58 15 5 ) 5 K fi# ( Dickinson,
1985) Hr (8] 3) + 58 BAMR A 7 S b 35 0 T e i il
07 DX X i B LR 8T B R K il b A 2 Y
SR B 2 W8 8 2Kk B BN e f il N, &
AL A0 R A T R T [ LAl R TR A
DX 150 B 9 90 DX A R (o 3 Lol A 2 B 9. 2
AR A BOIUAFE AL T se hnal R s 1%
ZH AR S0 Y XU P B RE [ IR R U TR A
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AN TR ey 1 S5 A ) S
4.2 WEMNETHAS

TE 5% SROMR I 1D A M )2 o EE T O R
GLA (B 2, BN EA PR A B A B
BB AF4E . ZTR 8502 M 5 F 0 W) L 20 Y 1 2L
FEBR 1 B0 R U] Bl 220 3By . S HOBRZH 0 RE 4H
WA ZTR 48503 KT 80, HA 1R & 1 2V B .
B A0 T 1 1) 2% il 5 T b T R B AR I AR
FEVE L TER ML E A A G A A EET Y
() HE B Ky 62, 4% ~92. 8%, 3 F L T b 5 F € [ 37T
R T . 4 20 f1 7 )2 b 9 & i 3 T B B i A
b 76T HR SR H W ET Y b & 204 1 Ho
h 14.8%~25. 9%, M7E LHH AW /NF 7%,
TURUE v 1R 4 21 47 22 2R VR T Hh s 788 Joit 5 R P [l

1 REKIEVENBREFTNAS ()
Table 1 Framework grain mode of sandstones in Sangdamlin section, Southern Tibet

)2 FE i G 5 FaRaR R WA |\ Zaas| RO | ARA |TIBERE | KEE | Al | B0y Bt
06SDL43-2 KA s B s 165 34 12 29 19 44 5 4 312
06SDL43-1 KHARBWS 182 43 15 21 18 33 4 5 321
06SDL38-1 KAABWA 155 50 13 51 13 40 4 2 328
06SDL37-1 KA 194 31 13 44 6 53 4 3 348
06SDL36-3 KaaBws 187 38 12 27 8 43 5 5 325
06SDL36-2 KHAERBWE 206 28 6 49 16 46 3 3 357

% 06SDL36-1 KA AT 175 42 8 33 7 53 5 4 327
06SDL34-1 KuaBws 154 26 16 25 13 72 3 1 310
06SDL31-1 KHABW S 167 27 28 43 7 54 8 2 336
06SDL29-1 KA A S 169 37 21 39 13 43 4 2 328
06SDL27-1 KA 194 40 12 31 6 63 0 2 348
05SDL27-1 KAaEeE 230 20 47 35 23 29 5 5 394

e 06SDI.26-1 KAEBWA 171 29 14 31 18 70 2 3 338
05SDL26-1 KA A Ew 234 35 39 46 27 31 2 2 416
06SDL24-1 KA 180 32 14 44 12 44 3 2 331
06SDL22-1 KAaa B 193 27 36 45 8 66 7 3 385
06SDL17-1 FeE R 315 17 5 0 0 0 0 3 340
05SDL17-1 b s 305 14 0 0 0 0 2 3 324

4H 06SDL16-4 KAuaBws 174 33 26 47 11 58 4 1 354
06SDL16-1 WD 305 38 0 0 21 5 0 3 372
06SDL15-1 KA S 157 48 31 45 13 61 4 4 363
05SDL15-1 KF A 178 29 38 36 24 48 6 2 361
05SDL14-2 KAaEE 180 17 37 42 21 31 4 1 333
06SDL14-1 KHARBWS 218 36 35 41 15 67 2 2 416
05SDL14-1 KA 204 14 32 38 16 42 3 2 351
06SDL10-2 1YY 318 11 9 0 0 0 0 2 340
06SDL10-1 YR 349 12 0 0 3 0 2 366

% 05SDL09-1 YR 285 17 9 8 6 2 0 0 327
P 06SDL08-2 VeE X 330 14 0 4 0 0 8 4 360
PN 05SDL08-2 FaE R E 303 16 6 2 0 0 0 3 330
il 06SDL08-1 R 343 15 3 2 0 0 0 9 372
05SDL08-1 YR 303 18 3 0 6 0 4 2 336
05SDL07-1 FeE R 275 10 7 0 1 0 3 2 298
06SDL03-1 e E 324 16 0 2 0 0 8 1 351
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Table 2 Contents of heavy minerals of sandstones in Sangdanlin section( % )
)2 EL Vv & A
o 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06SDL | 06 SDL | 06SDI
03-1 | 081 | 10-1 | 14-1 | 15-1 | 16-4 | 23-1 | 24-1 | 26-1 | 27-1 | 27-3 | 31-1 | 36-1 | 38-1 | 43-2
A 81.2 | 62.4 | 74.1 | 86.8 | 84.3 | 78.0 | 77.3 | 89.1 | 91.4 | 88.5 | 89.5 | 92.8 | 88.3 | 90.8 | 87.0
ExAval 14.8 | 25.9 | 16.9 | 3.1 3.9 4.5 2.4 2.8 4.4 6.8 4.5 1.7 6.0 5.0 2.7
ek H 0.6 3.1 2.9 5.2 8.8 5.7 3.5 2.4 1.5 1.7 2.2 1.0 1.3 1.0 0.3
37N 0 0 0 0 0 2.8 6.8 0.3 0.2 0 0 2.1 0 0 0
R 0 0 0 1.6 0.3 0.9 0.2 0.6 0.2 0 0.2 0.4 0.3 0.2 0.2
B A 0.4 0.3 0.3 1.0 0.9 4.7 8.3 2.2 0.8 0.7 0.4 0.3 0.3 1.4 0.3
- Swal 1.5 7.0 4.3 0.5 0.3 0 0 0 0 0 0.2 0.0 2.7 0.0 7.4
yag by 0.3 0 0.1 0.5 0.3 0.9 0.2 0.6 0.2 0.4 0.2 0.4 0.3 0.2 0.2
BAA 0.3 0.1 0.1 0.5 0.3 0.9 0.2 0.6 0.2 0.4 0.2 0.4 0.3 0.2 0.2
1IN 0.3 0 0.1 0 0.3 0.9 0.2 0.6 0.2 0.4 0 0 0 0.2 0
s A7 0 0 0 0 0 0 0 0 0 0 0.4 0 0 0 0
Wa 0.2 0.3 0.3 0.3 0 0.3 0.2 0.4 0.4 0.3 0.4 0.3 0.3 0.5 0.3
Bk T 0.2 0.3 0.3 0.3 0.4 0.3 0.2 0.4 0.4 0.3 0.4 0.3 0.3 0.5 1.3
MR- 0.2 0 0 0 0 0 0.2 0 0 0 0.4 0 0 0 0
EX 38 0 0.3 0.3 0 0 0.3 0 0 0 0.3 0.4 0.3 0 0 0
ZTR 96.3 | 88.4 | 91.1 | 90.5 | 88.5 | 83.4 | 80.0 | 92.5 | 96.0 | 95.7 | 94.2 | 94.9 | 94.7 | 96.0 | 89.9

LA % (Force, 1980, 1991), 55 Mk 4H b JE i T
BB 1 2 KBl s 2, G ook W AT R S B O B EE K
i 35BS 028 S5 5 BT DA 4 40 5 R o 1 2 A 4 A
B LA B it R A AT A VR X AR AR 2

et A

o P4l
Zheya Formation
AR AL

+ Sangdanlin
Formation

IR\

1L PR

3 FHUMRID A 8 A o3 s A )
(#% Dikinson, 1985)

Fig. 3 Dikinson ternary plot of the sandstone
clastic composition (After Dikinson, 1985)
Qm— A F— KA IR A R D 5
ZMBUE R CEE + 2 A5
Qm-—Monocrystalline Quartz; F—Feldspar (K-feldspar-+

Lt

Plagioclase) ; Lt—Total Lithologic Detritus

(Detritus+ Polycrystalline Quartz)

B A5 T T R s SR PP A R 3 R 4 DR X Y A
16 BRI — SR L W) b fEE AR S Z
hREL T, HAE R R 16 E e A, Bk
I TRE R T IX P AT ) TR S AR A R S A
L. B AR A BT T OB RS P (Press,
1986; Cookenboo et al. , 1997) , M WE LN 2 K B 5
R DL — R R X PR L A ik
B, 200 B X — I 0 AR 2 v g B 1
A
4.3 FEMMBKLFEE
102 A b BR A 27 2H U A B ) A Y JC R
e, WEFE T HR A A9 R TR (A Zr, Se. Nb 45)
T2 XA iz FIT AR S T A v 0 DR A5 A B X 725 1Y)
AR I EATETURUE T 0 & 1 5 I8 DR A AR
A4 6] (Bhatia et al. , 1986; Cullers et al. 1988;
Mclennan et al. , 1993), [Aif, —#F@mILEM L
ST T G T P A | (R4 5 (Bhatia,
1983,1985; Roser et al. , 1988), K& T ix &, A] D)
HEE 10 5 1 4 2 b BR Ak 2 2 0k H I b S5 i ) 4
T S AR X AR
431 FERE

RPMA 3 DR SIO, YR &P Y
9020+ 33X B T D 1R 8 IBURL LA A 9 3 L R
JEE v B ARR AL i e A S R i B SO, B 28 AR X
BARH/NT 8300 F 1 7800 X A th A R
&8 IN—3, Mclennan % (1990)\ K, 7E
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Fig.4 Major elements analysis of sandstones in Sangdanlin section( After Roser et al. , 1986; Mclennan, 1990)

WS KL 5 PR b 1 K, O/Na, O e fE
ANF T T BT sh KR 435 5t b s K. 0/
Na, O KT 1. Mol ool LUE Gk 3D,
FEAMRAA S 1 K, O/Na, O Fb B AR % T 3 20 8]
AR HTE Y 1L 5. e E BN T 0.6,
7E K, O/Na, O-SiO, #4 & 3 5t #1758 (Roser et al. ,
1986; Mclennan et al. , 1990) [ (& 4B) , Z& BAMK LA
WEAL TR KBl &, #F HEAL D 5 24 T g
K% . Hayashi(1997) 284 4, TRUE A AL
O/ TiO, LAl 5 X & A AL 7] LUAE AR 47 9 9
UG48 7 7 (B AN SR 1) AL O,/ TiO, L {H A
10. 2~12. 3, 1 & HE 4L &5 35 23 ~29, ] DL E
L SRR E AL A IR X R A T B
Ak, BLAE . EHELLD A T Fe Mg %0 R A X &
AT RBHR R T EREE A A IR B .
A w1k = R Ak 8 8 (CTA) (Nesbitt et al,
1982) J& 2 Weaih 2 XAk g sk i 2 2800, & AT LU oK
TEAL B0 5 P R 1 KAk 58 )% . CTA =100 X AL O ,/
(AL, O, +CaO* +Na, O+ K, ), H CaO* 45 i fig
FrrP RS T A AR SO A RE S TR 45 N AE
AR TS . H A 5 1 CaO & AR X A% . 3o 41 ]
24K CaO & & CaO* #ATIHE . M8 %
FeH L SAMRALRD 1 CTIA $550(77. 6~83. DK #H
MELH (67, 5~72. 4) T, ik U W] % UMK 20 b 25 1 )
VR 7 T R EL M AL DT . 7E AL Oy-CaO* +
Na, O-K, O =K (& 5) ., %k B9 75 16 R [7) —
T 7 78 KK i A8 b 1 48 4k 5 (Nesbitt et al.
1982) 1] LFG H - 55 B bk 41 F01 5 k4L b 25 1 XU Ak 5

BOF A FAELAMETE AL I 5 R L X St — 2 i W I IX.
fETE2 S,
4.3.2 WETE

BT — SRR 19 il it T R (Zr, La, Sc 46) Flf
A IC R A KAGAE FH 2 e o o S5 A S X I BT 7 7K
TR 457 B IR TR L PR R P K 2 0 3R AT 3 T
AP0 B AT A 24 9 0] & % (Bhatia et al. , 1986;
Cullers et al. 1988; Mclennan et al. , 1993) . Bk
HICR WERORT T R 5 bR 2 00 o W IR T 2
H, {5 F N 500 ppm~ 750ppm, J5 F KN 710ppm ~
1060 ppm. Zr JGER Je& B & Gl o0 3% 19 3 22 AR
gy EEBETW AT EOZ P HI . Zooo R B

ALO,

ey U A 55

, Ha
Zheya Formation
55 AR AL
+ Sanddanlin
Formation

B

R A KA

CaO "+ Na,0 K,O

S HRPR I TE D A KR 8 R 1]
(#& Nesbitt et al. , 1982)

Kl 5

Fig.5 Chemical index of alteration ternary plot
of sandstones in Sangdanlin section

(after Nesbitt et al. , 1982)
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Table 3 Contents of major and trace elements of sandstones in Sangdanlin section
)2 FHUMR EpiiN
s | 05SDLO7-1 05SDL08-2 05SDL09-1 05SDL14-1 05SDL14-2 05SDL15-1 05SDL26-1 05SDL27-1
HAOATR| ARBE EER e YR KOoaEwts | KOAEUYE | KOaEDE | RKOARDE | KOAEDE
SiO; 91.43 90. 36 87.43 77.11 82.90 76.37 76. 36 77. 34
TiO, 0.35 0.39 0. 31 0. 40 0.28 0.43 0.39 0. 47
Al, Oy 3.62 4. 36 3.79 10. 20 8.00 10.93 11.08 10. 83
Fe; O3 2.42 1.57 4.86 3.44 2.55 3.26 3.13 3.42
MnO 0.11 0.02 0.09 0.16 0.09 0.14 0. 04 0.06
MgO 0.25 0.39 0. 84 1. 36 0.85 1. 30 0. 94 0.96
CaO 0. 14 0.16 0.25 1. 39 0.58 0. 82 0.97 0. 65
Na, O 0. 26 0. 31 0. 46 2.44 1. 54 2.59 2.99 3.10
K;O 0. 33 0.79 0.28 0.85 0.94 1.12 1.38 1.20
P,0; 0. 06 0. 06 0.08 0.08 0.06 0. 07 0.08 0.09
LOI 1.12 1. 17 1. 39 2.77 1.78 2.40 2.23 1.72
Li 5.31 7.74 12.27 24.68 18. 84 28. 14 20. 87 18.93
Be 0.72 0. 54 0.53 0.70 0. 60 1. 10 0.95 0. 86
Sc 1.38 2.75 3.05 4.79 4. 30 5.20 6.35 6.51
\% 31.26 26.71 34.09 75.00 83. 14 62.38 55.13 73.81
Cr 11. 34 13.16 11.22 25.48 18. 14 28.63 23.25 45. 20
Co 7.28 2.09 9. 80 12.26 16. 82 11.33 8.93 10. 34
Ni 10. 06 12.09 43. 67 83. 84 30. 81 22.31 30.09 36. 77
Cu 2.54 4.73 23.01 12.14 51.15 11. 34 7.57 8.96
Zn 18. 29 34.26 56.99 39.02 16. 70 55.63 35.13 37.05
Ga 4.75 5. 68 6.06 10. 58 8.29 11.49 11.56 11.13
Rb 14.52 30. 87 11. 65 34.28 34.47 40. 12 62.05 47.39
Sr 20. 46 21. 37 21. 46 111.10 59. 97 106. 06 106. 43 114. 49
Y 8.32 13.93 6. 48 12.65 5.70 17.54 16. 16 17.90
Zr 199. 61 188. 10 106. 71 223.24 121. 33 240. 98 168. 08 218.08
Nb 8. 15 8.83 5.30 5.56 3.73 6.22 5.79 6.57
Mo 6.09 4.06 2.63 104. 78 12.76 5.59 12. 84 32.83
Sn 1. 26 1.19 0.69 1. 21 1. 40 1.98 2.54 2.29
Cs 0. 82 4. 66 1. 67 2.51 1. 63 2.93 2.61 2.12
Ba 20.93 182.31 124. 98 156. 25 136. 66 152. 65 217.23 198. 74
Hf 9. 80 12.83 3.03 6.62 3.47 7.24 4.92 6.37
Ta 0. 80 0. 85 0. 45 0. 60 0. 45 0.68 0.65 0.72
w 1.18 1.55 0. 96 1. 30 2.12 1.33 1.42 1.58
Pb 18.42 19. 45 19. 81 21.19 3.51 17.27 15.53 14.98
Bi 0.05 0.07 0.15 0.17 0.14 0.14 0.13 0.11
Th 11.78 16.13 6.79 8.09 5.51 8.85 8.55 9.96
U 1. 67 1.70 0.38 2.12 1. 26 1.51 1. 46 1.68
La 18.72 29.50 9.46 16. 81 10. 42 19.61 18. 06 23.71
Ce 38.75 56.97 24.23 35. 24 15. 80 39.01 34.03 42.48
Pr 3.85 6. 49 2. 46 3.82 1.77 4. 20 4.15 5. 04
Nd 14.72 25. 37 9.98 14. 66 7.07 16. 07 18.16 20.63
Sm 2.31 4. 86 2.01 3.00 1. 38 3.47 3.93 4.24
Eu 0.41 0.72 0.59 0. 67 0. 30 0. 86 0.89 1.18
Gd 2.22 3. 80 1.59 2.56 1.24 3.26 3.12 3.95
Tb 0.25 0.55 0.25 0. 34 0.16 0.51 0.51 0.58
Dy 1. 35 3.08 1. 41 1. 94 0.91 2.89 2.72 3.20
Ho 0.21 0.47 0.22 0.35 0.15 0. 57 0.50 0.48
Er 0.57 1.33 0.51 1.04 0. 39 1.41 1.22 1.30
Tm 0.11 0.21 0.08 0.18 0.06 0.21 0. 20 0.24
Yb 0.72 1. 39 0.43 1. 30 .37 1. 50 1.54 1.32
Lu 0.12 0.22 0.07 0.19 0. 06 0.23 0.24 0. 20
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The normalized values of REE are from Anders et al. , 1989
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27 X Ul Z AR Y BT — S AR AR E AL 1 T
ST . SRS b TERR R VR OC M A1, B R R R
G — H AR I N R E B 2 i 10 2 i P o i 5 AR e
ERERTXMERZT . a0k, &8k
AP T KSR ) BB 2 T 4 20 A e e X
H) S BUBRZH ) 0 05E IX 2 Ay B R Bl B RS AR A8 B

HHEHD & LR A maba o £ .78 QmFLt,
FHITR o TT R A ) 0 & b S i T R e
13 11 B IR G X7 0 Bl R B i 4 7 B B K7
AL B E AT — D E I METRZT.
HHEHR P I T Kls E RH A VR A LA
Lt g 25 R i A8 7R JCIL R PR B W) BT, R AR X —
W KSR AE B IR XA . 48 G 1 R
Ay & 7 14 D 8 8l R il 3 %, i 0 A7 VR T &
Ao PRI FRATTIA Sy 33 6 L 9y J5 2k 1 AL 940 1 5
A VL4850 L IR T & IR B & ¥ A B 9, Ding 2%
(2005) B X b JZ= o B9 4% AR & A1 EAT 2 3t 2K Ak o
B KB EATS BA G LCr/(Cr+ AD >0. 4 KL
(TiO, wt. %0<<0. DIYFFIE, 5 I 4 A B h B AR
fR A2 0 A A AL T R AT R B G A HE 4 g
ALEE G X G RATHY WA — 2L

AR EC AT DL B 5% BP0 e 2 00 A A
T T S AN DA A B A0 22 S, BROOR T BT I 1
JE BRI H IR TR HE 2 IR R A b o MK A A E
[ I EE B 2 B 058 DX Al 1) I ] Ay ot 8 T R -
Haa .
5.2 MERENHEE

TURR 2t v i ORI 55 7T DA S e X3 b 1 4 32
iz 8l (Najman. 2006) . [H 1 . 5& HObR 2 F1 35 HE4H 2
() 4 U IX B 72 A s e T X8 P B — IR i S A
FATIN Ry X — A 14 35 75 5% A 9 ] B 1 A %
— g B ORIl 55 S Y O il 0 il 4 5 — 02 B RE R S
TN I 9 il 4

T4 0V Y 38 Al 3 A b O TR 1R
LR Y e SN DL v R G P [P (R A TS
B (e. g. Besse et al., 1984; Klootwijk et al.,
1992; Patzelt et al. , 1996) ,7E %) 50Ma Bl JFHr ik 5
SEYH A e 22 18] F) AR X B Bl A ZY 15~ 25 em/4F
HGE /N F 13~ 18 em/AF 5 MV Y Al Bk R o 0 S 0 AR
BEAE 60~50 Ma i I 3 17 35 b 2% 306 o 3 B0 KBl
wesh KEEH % 2 | (Beck et al. , 1995) 5 (3) it 37
L 2 5 1% AR M J2 A o T T B R A T TR AL
BB 1 il Z4 722 4 (Willems et al. , 1996) 4555, X
S i 5 = I Ay S B R R 5 I U Rl A 47 )

4% B (Patriat et al., 1984; Beck et al., 1995;
Willems et al. , 1996), 034 EP B K Fifi 5 W ¥ K i
Rl 12 5 B0 T X S SRR R A TIR 4 SR BRAREH A
e 20 2 18] 49 958 DX 4 748 A 7T B I 3 — il 48 = A T
IO . WD UR XA A2 Ak ] LS e Oy B A 42 4 P 1)
KA YN AR B e % 1) g g 25 1 A ARG b 3] B
Bl R B i1 % 22 1o 4 1 A B 04 7 7S W 5 RN XS i
I 8 8 1o e s DT AR B B T KA A B
Wb o TRIAS S AU X AR Ak 1 B 1] 249 3T Al 43 1) 1] 1
TR CRI S /N [8) ) o BB B — 7 9 K i F) il 48 I 1)
TE 46 BT 4R Z i

{B &, Aitchison % (Aitchison et al., 2000,
2007) F5c 3 A ST Ry 5 EIDJRE ORIl A5 ST W K it 1Y
flf 4 1F ) W] BE S IR BT A6 B T R B (~
34Ma) , M) 1Z N AT 1) ~55Ma 1) ilf 12 g5 14 n] G & BN
JEMRB SN By UK i . PR, 3B R 2 e i kil
Yy oAl GE A U555 T P 5 I T A 9 XS Ak i) I TR] 2y
DRT 3 — I 8 %) B Tl T R e 4 A AR
0% A T 1R IX 1 28 A AR 2 HE 2 R Ll g o ) A
PR g S o A P00 o R 20 i ) 4 R 0 i
AT o

6 4t

(1) Y 78 1 31 5% B bRl IX M % B G 1 21— 46
MR R ORI EE R N S Y S R s
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b kBT E A EEE A R R .
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Briff : w120 2005 A 4h AR i 45 bR |
FWRTE SN 2006 4FBF S TAE A4 90 % 5 - 1)
A DL BRSSO AR B 5 5 R DL Y R 2 i
SRR



R 45 < R S BRObR L X W 1 S A T D TR X 0 11

& £ x #

TOAK. 2003, G R E 45 7 A VL% Gl ol R R OK U BRI R S
TE 09 2 L o i I 43 b 8 Ak 9 1 2. b B R (D # L 33
(1) 47~58.

F A, A, WM. 2003, 40 KRS OO J0 2 E  BER
LB F T, B R, 36(6): 844~850.

AL, 2000, B T 20 ST A R R B—— AR B & R
W B A A R A S PR SO, R AL, 354 ~
358.

WA, R, SEAM. Bak M, EHFEE, PR . 280 2007, 1
e R R TR ) W N 7 R S SO S i R M
e BhegE A FE L

WS, TR, Tard, %, 2004, 7555 5 &% 46 X H 5 P R 3 B
o). AR AR A

BEATE. 1976, TR I 04 M X SRR AT IR S B L. BRER
Y 3 W 3t DX RH 2 5 4R AR A (1966 ~1968) , i A1 40 WF . Bb 2 by
Brxk, 125~136.

TiBEME, BSCA . ZEE . 2000, X VUH RS SR BT, B
R, 14 281~285.

FoR . XK, ZERERE, TTEAE. 1999, wE I DI AT 4 A0
MITEE A . TR ) AR AL

TR AR BB, 2003, I8 B BE— 0 RR K B il 1 04 0 2
HFf]. M2, 77(1) . 16 ~23.

FHERE . BRI, akWISE, A O R e VU R 5 S0 1974,
TRAS 1 T 0 ot DX 9 b 2, UL BR RS U T U M KR 2 0B SRR A
(1966~1968) , R}2% i fdt . 1~232.

FHAERE, IMNBERS, MIALZE . 4. 1988, U TR R R Ll 5 i 2 g L
i st B b A AR 2 W e o R A e B BT AR B R
i, (3): 80~95.

Achache J. Courtillot V, Zhou Y. 1984. Paleogeographic and

tectonic evolution of southern Tibet since Middle Cretaceous

time: Newpaleomagnetic data and synthesis. Journal of
Geophysical Research, 89: 10 311~10399.

Aitchison J C, Ba D Z, Davis A M, LiuJ B, Luo H, Malpas J G,
McDermid I R C, Wu H Y, Ziabrev S V, Zhou M F. 2000.
Remnants of a Cretaceous intra-oceanic subduction system
within the Yarlung-Zangbo suture (southern Tibet). Earth and
Planetary Science Letters, 183: 231~244.

Aitchison J C, Ali ] R, Davis A M. 2007. When and where did India
and Asia collide? Journal of Geophysical Research, 112,
printing.

Anders E, Grevesse N. 1989. Abundance of the elements:; meteoric
and solar. Geochimica et Cosmochimica, 53: 197~214.

Bhatia M R. 1983. Plate tectonics and geochemical composition of
sandstones. Journal of Geology, 91: 611~627.

Bhatia M R. 1985. Composition and classification of Paleozoic flysch
mudrock of eastern Australia: implications in provenance and
tectonic setting interpretation. Sedimentary Geology, 41: 249
~268.

Bhatia M R, Crook K A. 1986. Trace element characteristics of
greywacks and tectonic setting discrimination of sedimentary
basins. Contributions to Mineralogy Petrology, 92: 181~193.

Beck R A, Burbank D W, Sercombe W J, Riley G W, Barndt J K,
Berry ] R, Afzal J, Khan A M, Jurgen H, Metje J, Cheema A,
Shafique N A, Lawrance R D, Khan M A. 1995. Stratigraphic

evidence for an early collision between northwest India and

Asia. Nature, 373: 55~58.

Besse J, Courtillou V, Possi J P. 1984. Paleomagnetic estimates of
crustal shortening in the Himalayan thrusts and Zangbo suture.
Nature, 311: 621~626.

Cookenboo H O, Bustin R M, Wilks K R. 1997. Detrital chromian
spinel compositions used to reconstruct the tectonic setting of
provenance: implications for orogeny in the Canadian Cordilera.
Journal of Sedimentary Research, 67: 116~123.

Cullers R L, Basu A, Suttner L J. 1988. Geochemical signature of
provenance in sand-size material in soils and stream sediments
near the Tobacco Root batholith. Montana, USA. Chemical
Geology, 70 335~348.

Debon F, Fort P L, Sheppard S M, Sonet J. 1986. The four
plutonic belts of the Transhimalaya-Himalaya: A chemical,
mineralogical, isotopic, and chronological synthesis along a
Tibet-Nepal section. Journal of Pertrology, 27:. 219~250.

Dikinson W R. 1985. Interpreting provenance relations from detritsl
modes of sandstones. In: Zuffa G ed. Provenance of Arenites.
Dordrecht, Reidel Publishing Company.

Ding L., Kapp P, Wan X Q. 2005. Paleocene-Eocene record of
ophiolite obduction and initial India-Asia collision, south central
Tibet. Tectonics, 24: 1~18.

Force E R. 1980. The provenance of rutile. J.
Petrology, 50: 485~488.

Force E R. 1991. Geology of titanium-mineral deposits. Geological

Sediment.

Society of America Special Paper. vol. 259. Boulder, 112.

Gaetani M, Garzanti, E. 1991. Multicycle history of the northern
India continental margin ( northwestern Himalaya ). The
American Association of Petroleum Geologists Bulletin, 75;
1427~1446.

Hayashi K, Fujisawa H, Holland H D, Ohmoto H. 1997.
Geochemistry of ~1. 9Ga sedimentary rocks from northeastern
Labrador, Canada. Geochimica et Cosmochimica Acta, 61:
4114~4137

Hodges K V, Parrish R R, Searle M P. 1996. Tectinic evolution of
the central Annapurna Range, Nepalese Himalayas. Tectonics,
15. 1264~1291.

Hodges K V. 2000. Tectonics of the Himalaya and southern Tibet
from two perspectives. Geological Society of America Bulletin,
112 (3): 324~350.

Jadoul F, Berra F, Garzanti E. 1998. The Tethys Himalayan
passive margin from late Triassic to Early Cretaceous (south
Tibet). Journal of Asia Earth Sciences, 16: 173~194.

Klootwijk C T, Gee J S, Peirce ] W, Smith G M, MaFadden P L.
1992. An early India-Asia contact: Paleomagnetic constraints
from Ninetyeast Ridge, ODP Leg 121. Geology, 20. 395 ~
398.

Mclennan S M, Taylor S R, McCulloch M T, Maynard J B. 1990.
Geochemical and Nd-Sr isotope composition of deep sea
turbidites: crustal evolution and plate tectonic associations.
Geochimica et Cosmochimica Acta, 54: 2015~2050.

Mclennan S M, Hemming S R, Mecdaniel D K, Hanson G N. 1993.
Geochemical approaches to sedimentation, provenance, and
tectonics. In: Johnsson M ] and Base A eds. Processes
controlling the compostion of clastic sediments. Geological
Society of America, Special Paper, 284: 21~44.

Miller C, Schuster R, Klotzli U, Frank W, Grasemann B. 2000.

Late Cretaceous-Tertiary magmatic and tectonic events in the



12 Moo

¥

2008 4F

transhimalaya batholith ( Kailas area, SW Tibet). Bulletin
Suisse de Mineralogie et Petrographie, 80: 1~20.

Najman Y. 2006. The detrital record of orogenesis: A review of
approaches and techniques used in the Himalayan sedimentary
basins. Earth Science Reviews, 74: 1~72.

Nesbitt H W, Young G W. 1982. Early Proterozoic climates and
plate motions inferred from major element chemistry of lutites.
Nature, 299. 715~717.

Patriat P, Achache J. 1984. India-Eurasia collision chronology has
implications for crustal shortening and driving mechanism of
plates. Nature, 311: 615~621.

Patzelt A, Junda Appel E. 1996.

Palacomagnetism of Cretaceous to Tertiary sediments from

Huamei Li, Wang,
southern Tibet: Evidence for the extent of the northern margin
of India prior to the collision with Eurasia. Tectonophysics,
259, 259~284.

Pecher A. 1989. The metamorphism in central Himalaya. Journal of
Metamorphic Geology, 7. 31~41.

Press S. 1986. Detrital spinels from alpinotype source rocks in
Middle Devonian sediments of the Rhenish Massif. Geologische
Rundschau, 75: 333~340.

Ratschbacher L, Frisch W, Liu G G. 1993. Distributed deformation
in southern and western Tibet during and after India-Eurasia
collision. Journal of Geophysical Research, 99: 19917~19945.

Roser B P, Korsch R J. 1986. determination of tectonic seting of
sandstone-mudstone suites using SiO; content and K, O/ Na, O

ratio. Journal of geology, 94: 635~650.

Roser B P, Korsch R J. 1988. Provenance signatures of sandstone-
mudstone suits determined using discrimination function
analysis of major element data. Chemical Geology, 67: 119~
139.

Rowley D. B. 1996. Age of initiation of collision between India and
Asia; a review of stratigraphic data. Earth and Planetary
Science Letters, 145:1~13.

Searle M P, Corfield R I, Stephenson B, McCarron J. 1997.
Structure of the north India continental margin in the LadaKh-
Zanskar Himalayas: implications for the timing of obduction of
the Spontang ophiolite, India-Asia collision and deformation
events in the Himalaya. Geological Magazine, 134: 297~316.

Tewari V C. 1993. Precambrian and Lower Cambrian stromatolites
of the lesser Himalaya. Geophytology, 23: 19~309.

Willems H. 1993. Sedimentary history of the Tethys Himalaya
continental margin in the South Tibet (Gamba, Tingri) during
Upper Cretaceous and Paleogene (Xizang Autonomous Region,
P. R. China). In: Willems H, ed. Geoscientific Investigations
in the Tethyan Himalayas. Berichte aus dem Fachbereich
Geowissenschaften, der Universit t Bremen, 38: 49~181.

Willems H, Zhou Z, Zhang B, Graefe K U. 1996. Stratigraphy of
the Upper Cretaceous and Lower Tertiary strata in the Tethyan
Himalayas of Tibet ( Tingri area, China). Geologische
Rundschau. 85. 723~754.

Yin A, Harrison T M. 2000. Geologic evolution of the Himalayan-
Tibetan orogen. Annual Review of Earth and Planet Sciences,

28: 211~280.

Provenance Analysis of Late Cretaceous-Early Eocene Sandstones
in Sangdanlin Area, Southern Tibet

WANG Jiangang, HU Xiumian, HUANG Zhicheng
Department of Earth Sciences, Nanjing University . 210093

Abstract

The Yarlung-Tsangpo suture zone in Tibet marks the tectonic boundary between Eurasia and India, the
sedimentary rocks in which can provide valuable records of the evolution of Neo-Tethys ocean. During our
field work in the summer of 2005 and 2006, we observed Sangdanlin section in Gyirong, southern Tibet,
which lies in sedimentary melange of Yarlung-Tsangpo suture zone. Sangdanlin section consists of lower
Sangdanlin formation (Late Cretaceous) and upper Zheya formation (early Eocene). The stratigraphy and
provenance of this section are studied in this paper. Sangdanlin formation mainly consists of quartz
sandstone, silty shale and siliceous rocks, sandstones in which mostly contain monocrystalline quartz
grains with good gradation and psephicity and volcanic lithoclast is absent. In contrast, Zheya formation
makes up of sandstone, siliceous shale, clay shale and siliceous rocks. Sandstones are feldspathic
litharenite, in which the appearance of chromian spinel and volcanic lithoclast indicates that ophiolite and
volcanic arc influence are present. Heavy mineral assemblages and major, minor, rare earth element
concentrations in sandstones indicate that the source of sandstones in Sangdanlin formation is probably
India continent, whereas sandstones in Zheya formation were mainly derived from ophiolite and volcanic
arc north of the sedimentary basin. We suggest that the provenance change recorded a collision event in

Tethys ocean, which is either India-Eurasia collision or India-oceanic arc collision.

Key words: Southern Tibet; Eocene; Sandstone; Provenance analysis; Collision event



