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1
Table 1  Results of apatite fission track dating
P2 | RHOL(N,) | RHO(N) | RHOR(Np) | Pooled Age
(m) 1% (x10%) fem®| ( x10%) fem? | ( x10°) fem? | /Ma 20
- ()
FTI | 31°03'31 | 103°29'01" | 957 4 85.9 | 0.642 | 3.912(16) |7.633(3122) | 1.338(3342) | 1.20.3
FT2 | 31°04'06 | 103°22'34" | 1322 13 83.4 | 0.591 | 201.43(6) | 7.393(207) |1.342(3551) | 6.82.9
FT3 | 31°0421 | 103°19'19" | 1463 4 442 | 0183 | 5.137(15) [9.284(2711) | 1.346(3360) | 1.3£0.4
FT4 | 31°06'51" | 103°28'52" | 970 4 16.0° | 0.770 | 5.198(21) |17.32(6996) | 1.349(3369) | 0.7+0.2
FT6 | 31°17'25" | 103°27'58" | 1196 38 70.9 | 0.270 | 4.211(8) |8.311(1579) | 1.352(3378) | 1.20.4
FT9 | 31°57'52" | 102°38'20" | 3251 4 95.0 | 0.690 | 6.250(19) |16.64(5059) | 1.363(3045) | 0.90.2
FTI0 | 31°55'31" | 102°39'06" | 3419 26 | 45.2 | 0.304 | 7.843(8) | 6.559(669) |1.366(3414) | 2.9+1.1
FTIT | 31°51°03" | 102°40'15" | 4022 42 93.0 | 0.943 | 12.70(31) |1.277(3117) | 1.370(3423) | 2.4 0.5
FTI2 | 31°49'10" | 102°41'12" | 3577 2 85.2 | 0.653 | 4.605(7) |22.35(3397) | 1.374(3432) | 0.5:0.2
FTI3 | 31°45'03" | 102°49'39" | 3517 4 20.8 | 0.396 | 6.397(19) |28.72(8531) | 1.377(3447) | 0.50.1
FTI4 | 31°37'12" | 102°49'41" | 2603 42 69.9 | 0.449 | 3.963(13) |12.05(3953) | 1.380(3450) | 0.8 0.2
FTI5 | 31°24'15" | 103°06'03" | 2012 16 3.6 | 0.867 | 30.00(18) | 19.17(1150) | 1.384(3459) | 3.8+1.0
492 OLYMPUS 1000
P(x%) (n-1)x° r RHO Ng
RHO N, Pooled Age B

i



364 2010

2 FTI1 ~3
Fig. 2 Topographic profile and location of Samples FT1 ~3
P3O : 5 Sm: ; Nh: A ;
Py, - ; Py nN:
FT6 -
FT6 1.2 £0. 4Ma.
FT12  3)

; FT13
- FT12  FT13
0.5+0.2 Ma 0.5+0.1 Ma.

5000m ‘)+I1IMa T IIXBWJ@\I 5000m
4 M& M AP | N l‘)\/\ﬂf\r. 4300
4000 v V ‘\f VWV VAV 4000
3500 /\/\/ 3500
3000 U'QI_:LT%EM“ 3000
2500 T 2500
2000 2000
1500 1500
103.25% 102,647 102,677 102.67°102.69° 102.83% 102.83° 103.10° 103.25°
32.16° 31.96% 31.93% 3]1.85% 31.82° 31.75° 3l.62° 31.44° 31.33°
3 FT9 ~FT15
Fig. 3 Topographic profile showing location of samples FT9 ~ FT15
vdo: ;T
3.2
FT2 — — ( 1.
2) . FT2
. FT2 6.8 £2.9Ma,
FT4 — —

( 1). FT4



4 : 365

. FT4 0.7 £0.2Ma.
FT9 ~ FT12  3) FT9
. FTI0O  FT11 FT10 3419m
2.9+1.1Ma FTI11 4022m 2.4 £0.5Ma; FT9  FTI2
FT9 3251m
0.9 +0.2Ma FTI2 3577m 0.5 %
0.2Ma.
FTI15
( 1 FT15 3.8
1. OMa.
4
4.1
— FT1 ( ) 1.2 +0.3Ma
Arne et al. ’ —
(4.8 £3Ma 6.5 +£2.4Ma) (110
+4Ma) ; Kirby et al. ’ AFT (4.6 +0.4Ma) .
6.8 2.9 Ma ( FT2).
— FT3. FT6 1.3+0.4 1.2 +0.4Ma
o — « 2).
9 —_—
(SEM)
( “)
0.3 mma™" ( Y .

> . Ame et al. °® —



366 2010

4.2

. FTI2  FTI13 0.5
+0.2 Ma 0.5 +0.1 Ma. .
# TL ( ) (44.96 +
3.557) x104 a (48.61 £3.60) x104 a).
4.3
( 1. FT2
6.8 +2.9Ma Arne et al. ’ (6.5 Ma.
4. 8Ma) (8.9 Ma. 4.3Ma) Kirby et al. ’
(4. 6Ma) .
— (FT15)
3.8+1.0Ma
4.4
. 3419m
FT10 2.9+1.1Ma 3251m FT9
0.9 +0.2Ma; 4022m FT11
2.4 +0.5Ma 3577m FT12 0.5
+0.2Ma. (2.9 ~2.4 Ma)
4500 m
970m (FT4)
0.7 +0.2Ma (4.6 ~8.9 Ma)
— 0. 5Ma



4 : 367

1 N U-TH/
He 20Ma — 20 Ma. 6
~8 Ma. 3 ~4 Ma
0.8 ~0.5 Ma o
7 ~5 Ma o
(2.9 ~2.4Ma) o :
— — (1.2 ~1.3 Ma)
(0.5 Ma) o
1 . M . : 1993.

TANG Rongchang HAN Weibin. Avtive fractures and earthquakes in Sichuan Province M . Beijing: Seismological
Publishing House 1993.

2 . I 1995 69 (3): 205
~214.

LIU Shugen LUO Zhili DAI Sulan et al. The uplift of the Longmenshan thrust belt and subsidence of the western Sichuan
foreland basin ] . Acta Geologica Sinica 1995 69 (3): 205 ~214.

3 Arne D Worley B Wilson C H et al. Differential exhumation in response to episodic thrusting along the eastern margin of
the Tibetan plateau J . Tectonophysics 1997 280: 239 ~256.

4 . — I
2001 28 (3): 221 ~230.

LIU Shugen ZHAO Xikui LUO Zhili et al. Study on the tectonic events in the system of the Longmen Mountain west
Sichuan foreland basin China J . Journal of Chengdu University of Technology 2001 28 (3): 221 ~230.

5 . J . 1998 25 (2): 162
~168.

JIANG Fuchu WU Xihao. Late Cenozoic tectonic movement in geomorphologic boundary belt of southeastern Qinghai—
Xizang Plateau J . Journal of Chengdu University of Technology 1998 25 (2): 162 ~168.

6 Xu Ganqing Kamp P J J. Tectonics and denudation adjacent to the Xianshuihe Fault eastern Tibetan Plateau: Constraints
from fission track thermochronology J . Journal of Geophysical Research 2000 105 (B8): 19231 ~19251.

7 Kirby E  Reiners P W Krol M A et al. Late Cenozoic evolution of eastern margin of the Tibetan Plateau: Inferences
from ** Ar/* Ar and (U-Th) /He thermochronology J . Tectonics 2002 21 (1): 1 ~20.

8 . I . 2002 29 (1): 30 ~36.
LI Yong HOU Zhongjian SI Guangying et al. Cenozoic tectonic sequence and tectonic events at the eastern margin of the
Qinghai-Tibet plateau J . Chinese Geology 2002 29 (1): 30 ~36.

9 . — I 1991 7



368

2010

10

12

13

16

17

19

20

21

(3): 64 ~71.
TANG Rongchang WEN Dehua HUANG Zuzhi et al. The Quaternary activity characteristics of several major active faults
in the Songpan-Longmenshan region J . Earthquake Research in China 1991 7 (3): 64 ~71.

I 1994 16 (4): 389 ~
403.
DENG Qidong CHEN Shefa ZHAO Xiaolin. Tectonics scismisity and dynamics of Longmenshan Mountains and its
adjacent regions J . Seismology and Geology 1994 16 (4): 389 ~403.

> 1.
1994 16 (4): 404 ~412.

CHEN Shefa DENG Qidong ZHAO Xiaolin et al. Deformational characteristics evolutionary history and deformation
mechanism of the middle Longmenshan thrust-nappes and related tectonics (Part ) J . Seismology and Geology 1994

16 (4): 404 ~412.

1994 16 (4): 413 ~421.
CHEN Shefa DENG Qidong ZHAO Xiaolin et al. Deformational characteristics evolutionary history and deformation
mechanism of the middle Longmenshan thrust-nappes and related tectonics (Part I[)  J . Seismology and Geology 1994
16 (4): 413 ~421.
J . 1994.16 (4): 422 ~428.
ZHAO Xiaolin DENG Qidong CHEN Shefa. Tectonic geomorphology of the central segment of the Longmengshan thrust
belt western Sichuan southwestern China J . Seismology and Geology 1994 16 (4): 422 ~428.
J . 1997 (3): 1~7.
QIAN Hong TANG Rongchang. On the formation and evolution of the Chengdu Plain ] . Earthquake Research in
Sichuan 1997 (3): 1~7.
J. 1995 40
(16) = 1497 ~1500.
DING Lin ZHONG Dalai PAN Yusheng et al. Fission track evidence of rapid uplifting of the east Himalaya structural
knot since Pliocene J . Chinese Science Bulletin 1995 40 (16): 1497 ~1500.
N N . J . 1996 18 (2): 109
~115.
CHEN Wenji LI Qi ZHOU Xinhua et al. The tectonic implication of two rapid cooling events on the southern Xizang
(Tibet) Plateau J . Seismology and Geology 1996 18 (2): 109 ~115.
— J . 1998 44
(4) : 435 ~442.
WANG Jun. Uplift of the Karibasheng and Kuzigan granite in the west Kunlun Mountains: Evidence from apatite fission
track analysis ] . Geological Review 1998 44 (4): 435 ~442.
T 2001 22 (5):
413 ~418.
CHEN Zhengle ZHANG Yueqizo WANG Xiaofeng et al. Fission track dating of apatite constrains on the Cenozoic uplift
of the Altyn Tagh Mountain J . Acta Geosicientia Sinica 2001 22 (5): 413 ~418.
I (D ) 1996 26 (4): 289 ~295.
ZHONG Dalai DING Lin. Discussion on the uplift process and mechanism of Qinghai-Tibet Plateau J . Science in China
(Series D) 1996 26 (4): 289 ~295.
I 1988 10 (4) 199 ~205.
WANG Qinglong  WAN Jinglin. Application of fission track method to timing of faulting J . Seismology and Geology
1988 10 (4) 199 ~205.
M . s . 1991.

CHEN Wenji JI Fengju WANG Fei et al. Timing of young geological system M . Beijing: Seismological Publishing



369

22

23

24

25

26

27

28

29

30

32

33

34

35

House 1991.
A : N .
C . : 1994.
LONG Xueming LUO Zhili. Division and evolution of Longmenshan thrust belt A . In: LUO Zhidi ZHAO Xikui LIU
Shu-gen et al. Uplift of Longmen Mountain orogenic belt and the formation and evolution of Sichuan Basin  C . Chengdu:

Chengdu University of Science and Technology Press 1994.

1994.
LUO Zhili ZHAO Xikui LIU Shugen et al. Uplift of Longmen Mountain orogenic belt and the formation and evolution of
Sichuan Basin  C . Chengdu: Chengdu University of Science and Technology Press 1994.
— M . : . 1992.

XU Zhigin HOU Liwei WANG Zongxiu et al. Orogenic process of the Songpan-Ganzi orogenic belt in China M
Beijing: Geological Publishing House 1992.

J. 1995 15 (1): 40 ~49.
ZENG Yunfu LI Yong. The formation and evolution of Longmen Mountains foreland basin ] . Journal of Mineralogy and

Petrology 1995 15 (1): 40 ~49.

J . 1994 21 (3): 46 ~55.
LI Yong ZENG Yunfu. Fill sequence of Longmen Mountains foreland basin  J . Journal of Chengdu University of
Technology 1994 21 (3): 46 ~55.
J . 2000 24 (3): 201 ~206.

LI Yong SUN Aizhen. Tectostratigraphy of Longmenshan Orogen J . Journal of Stratigraphy 2000 24 (3): 201 ~
206.
Dirks PH G M Wilson C J L Chen S et al. Tectonic evolution of the NE margin of the Tibetan Plateau: Evidence from
the central Longmen Mountains Sichuan Province China J . Journal of Southeast Asian Earth Sciences 1994 9 (1 ~
2): 181 ~192.
I ( ) 1991 18 (1): 46 ~54.
LIN Maobing WU Shan. Deformational features of nappe structures in the Longmenshan Mountains J . Journal of
Chengdu University of Technology (Science & Technology Edition) 1991 18 (1): 46 ~54.
J . 2001 28 (3): 236 ~240.
MA Yongwang YANG Jin. Tectonic deformation of the nappe tectonics in the middle Longmen Mountains J . Journal of
Chengdu University of Technology 2001 28 (3): 236 ~240.
I 1998 25 (4): 524 ~528.
LIU Shun. On properties of tectonic movement in east margin of middle and northern Longmen Mountains at the end of
Triassic period J . Journal of Chengdu University of Technology 1998 25 (4): 524 ~528.
5.12 J. 2009 15 (2): 105
~113.
WANG Lianjie CUI Junwen ZHOU Chunjing et al. Numerical modeling for Wenchuan earthquake mechanism J .
Journal of Geomechanics 2009 15 (2): 105 ~113.
J . 2009 15 (2):
114 ~130.
PENG Hua MA Xiumin JIANG Jingjie. Stability and stress measurement near the Qingchuan fault in the northern
Longmen Mountains J . Journal of Geomechanics 2009 15 (2): 114 ~130.
] 2009 15 (2): 131 ~
141.
ZHANG Yongshuang SHI Jusong SUN Ping et al. Coupling between endogenic and exogenic geological processes in the
Wenchuan earthquake and example analysis of geo-hazards J . Journal of Geomechanics 2009 15 (2): 131 ~141.
5.12 Ms 8.0 J .



370

2010

36

37

38

39

40

41

42

(1.

2009 15 (2): 142 ~150.
TAN Chengxuan SUN Ye WU Shuren et al. A consideration on regional crustal stability assessment after Ms 8.0
Wenchuan strong earthquake in China J . Journal of Geomechanics 2009 15 (2): 142 ~150.
I 2009 15 (2): 151 ~161.
YAO Xin ZHANG Yongshuang. Co-seismic deformation of 5. 12 Wenchuan earthquake based on DANSAR ] . Journal of
Geomechanics 2009 15 (2): 151 ~161.
5.12 J .
2008 14 (3): 193 ~200.
WANG Lianjie ZHOU Chunjing SUN Dong-sheng et al. Coulomb stress changes caused by Wenchuan earthquake and its
influence on seismic activity in the adjacent area J . Journal of Geomechanics 2008 14 (3): 193 ~200.
I . 2010 16 (2): 115 ~128.
MA yinsheng ZHANG Yongshuang HU Daogong. et al. The Surface Ruptures And The Macroscopical Epicenter Of Yushu
Ms7. 1Earthquake J . Journal of Geomechanics 2010 16 (2): 115 ~128.
InSAR I . 2010 16 (2): 129

~136.
YAO Xin ZHANG Yongshuang YANG Nong et al. DAnSAR Deformation Observation and Preliminary Analysis of the
Ms7.1 Yushu Earthquake J . Journal of Geomechanics 2010 16 (2): 129 ~136.

Ms7. 1 J . 2010 16 (2):
137 ~ 145.
WANG Lianjie CUI Junwen WANG Wei et al. Numercal modeling of Yushu Ms7.1 earthquake mechanism ]
Journal of Geomechanics 2010 16 (20: 137 ~145.

- J

16 (2): 146 ~158.
GAN Jianjun HUANG Runqgiu LI Qianyin et al. Formation Mechanism Of Geo-Hazards Triggered By Wenchua Ms. 8.0
Earthquake Along Dujiangyan-Wenchuan Highway J . Journal of Geomechanics 2010 16 (2): 146 ~158.
I . 1994 (1):53 ~57.

WEN De-hua. Characteristics of fracture activity in the northern Longmenshan Mountains ] . Earthquake Research in

Sichuan 1994 (1): 53 ~57.

TISSION-TRACK DATING FOR ACTIVITY OF
THE LONGMENSHAN FAULT ZONE AND UPLIFTING
OF THE WESTERN SICHUAN PLATEAU

YANG Nong' > ZHANG Yueqiao' *

Key Laboratory of Neotectonic Movement and Geohazard Minisiry of Land and Resources Beijing 100081 China;

2. Institute of Geomechanics Chinese Academy of Geological Sciences Beijing 100081  China)

Abstract: Twelve samples of tectonites metasediments and granites taken from the western Sichuan

Plateau were dated in this study by apatite fission track dating method. The results are used to

reconstruct uplifting history and fault activity of the Longmenshan tectonic belt in eastern margin of

the Tibetan Plateau. It is shown that the recent activity of the two major boundary faults: the
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Wenchuan-Maowen fault and the Yingxiu-Beichuan fault occurred in early Pleistocene (FT ages of
1.2 ~1.3 Ma); the Miyaluo fault developed in the interior of the plateau was strongly active in
middle Pleistocene (around 0.5 Ma); the back Longmenshan tectonic zone started to uplift in
Miocene; and the interior of the plateau began rapid uplift in latest Pliocene to Middle Pleistocene.
The uplifting of the plateau caused formation of deep-incised river morphology.

Key words: Late Cenozoic; western Sichuan Plateau; Longmenshan fault zone; Uplift; apatite

fission track dating
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