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Abstract: The uplift mechanism of the Cenozoic Longmenshan has two endmember modes: upper crustal shortening and lower
crustal flow. The two modes will cause different tectonic deformation responses in the Sichuan basin and form different basin-

mountain systems. In order to determine the tectonic deformation characteristics of the basin-mountain system in the southern
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Longmenshan and the frontal area and its dynamic indicative significance, seven sandstone samples from Well Ledi 1 in the
southern Longmenshan frontal area were analyzed by low-temperature thermochronology (AFT and AHe) to constrain the
exhumation characteristics of the front area. The results show that the shallow strata in the frontal area of the southern
Longmenshan have experienced a rapid exhumation stage (~500 to 700 m/Ma) of ~10 to 11 Ma since the Miocene (~21 Ma).
This rapid exhumation stage is synchronized with the rapid exhumation time revealed by the predecessors in the southern
Longmenshan. Combined with regional geological data, it is believed that the thrust and nappe from the southern Longmenshan to
the southeast at ~10 to 11 Ma, caused the tectonic stress to be transferred to the basin through the multi-layered detachment layers
in the southwestern Sichuan basin, resulting in large-scale tectonic deformation and rapid exhumation in the front area. This
knowledge indicates the uplift mechanism of the southern LLongmenshan is the upper crustal shortening model.

Key words: frontal area of southern Longmenshan; dynamic mechanism; low temperature thermochronology; rapid exhumation;

geodynamics.
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Fig. 1 Topographic map of the eastern margin of the Qinghai-Tibet plateau and the Sichuan basin
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Fig. 2 Geological map of the frontal area of the southern Longmenshan
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Table 1 AFT test results
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LD02 1406 3594 T.* 39 499 2718 58924754  1.5540.23 72.10 117416  12.941.1 9.58+0.29(108)
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Fig. 3 Relationship between sample age (AFT and AHe) and sample depth of Well Ledi 1
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Table 2 Brief table of AHe test results
RS TR MR Y L{ IE) SrT Th/U b[eLiJ KIEAESE  BORKEE UK 58
(m) FT (107°) (107°) (107°) (1079 +16 (Ma) (pm) B (pm)
LD-01 1689 311 0.71 12.5 91.5 71.4 7.34 34.0 1.14+0.1 147.6 53.4
LD-01 1689 311 0.72 5.3 87.6 259.3 16.40 25.9 1.2+0.1 128.8 57.7
LD-03 1195 805 0.70 13.7 45.5 256.9 3.32 24.4 3.8+0.2 125.4 52.9
LD-03 1195 805 0.72 21.1 53.5 260.0 2.54 33.7 15.74+1.0 207.1 50.1
LD-03 1195 805 0.76 6.3 46.1 139.8 7.32 17.1 4.7+0.3 160.3 62.7
LD-04 898 1102 0.81 22.1 25.2 181.1 1.14 28.0 7.9+0.5 285.1 70.5
LD-04 898 1102 0.73 2.6 19.2 54.0 7.26 7.1 6.1+0.4 239.9 49.6
LD-04 898 1102 0.72 4.8 14.7 106.3 3.03 8.3 5.2+0.3 179.2 49.5
LD-07 61 1939 0.78 4.7 27.6 83.4 5.94 11.2 6.7+0.4 219.0 64.6
LD-07 61 1939 0.74 3.7 13.3 33.1 3.59 6.8 9.6+0.6 205.1 52.9
LD-07 61 1939 0.75 8.6 41.6 111.1 4.85 18.4 11.14+0.7 186.0 55.1

TEFT N o B F S 8RS TE 5" A R0 A Al e JBE (U X107 °40.235 Th< 10™°) ; 2 #8178 72 (Pseudo—elevation) 45 B i 76 B AT IR B 2 [ 14 B 85

(Liu-Zeng et al.,2018).
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Fig. 4 Relationship between sample age (AFT and AHe) and
pseudo-elevation of Well Ledi 1

JE T M L R — AR T (R 4) W AR R ]
1L BT 2 i X Rt (29 21 Ma) D)ok 33 b 2
(Tox' B FEMZE) FELT T 34K B # 8 . 7F
24 21~12 Ma, | 58 # R A XT38, 29°8 130 m/Ma;
£ #9 10~11 Ma #| 5% 3 5 U] B 8, 2925 500~
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(Clark et al.,2005a; Royden et al.,2008). % F ]
Ly e BT 25 (O 1] 22 1l G e ) T, b 5 A A
2 (& 5a) , IA S e 171 Ll R B i 2 b IX 7 3R b e 14 722
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76 T 3 B bR B 2 1] 1L (Clark ez al., 2005a;
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(Hubbard and Shaw, 2009) 2 I, # & AFT fil AHe
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] 7R 28 e SR L AR 15 4, R B BCHE AT HES 5RE 91
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Fig. 5 Upper crustal shortening model and lower crustal

flow model in the southern LLongmenshan and its front

a. b se g dm A s b, T AT W RS Tian ez al.(2018a) 1814

W2 MR, ENH LR F =858 A EN
JR T e T (&L 2) , FLAR GRS 95k 1) 5 8 T TIPTS5
J3 A0, TR T R B g v R T S R A i 5 b 5
4 s 45 4 % )M G (Tian ez al.,2013) 3 3 B A Jg 1]
L1 R BT 2% DX R AR T R TR e 1] 1L R B A i
AR 8 YIAR G R, — b G PR AG fRRESh e 1T Ll R
BEAE 12 B 03D R T e D, B 22 b S A S Ao
T =GR )2 W R 1) AL AT 2 M X
A b 3 7 T PR R R

BEAN A 2 N R DU )1 235 b 0 7 v R A 3
i 7E W TP T (249 12~10 Ma) & 2B B s 1 5%, ] fig
SRR TR UiE 2828 T DU 1 Z M K R R i D )1 2
IK R AR ph 855 5 RS (Yang et al.,2017) A2, H Ay
T 52 J 445 8 1 ~ 10 Ma (% i 40 8 9+ 4 = 27 T Y
JU % 3 VG 35, E DU 1] 230 4 2R 3 A R WL 24 10 MaiX ik
PR ) 5 F A kAR 29 20~15 Ma (1 Jin i ]
THEM (K1), X5 KT FH7E 4 10 Ma 2825 14 1|
F b 14 7K FR T B0 1 g b g R S R R 1 A TS
AHAF B, 256 81T 1l g Be 8~12 Ma 1 1 o 3] 57
(Cook ez al.,2013; Tian ez al.,2013) 5 [ T1LF &
T 2% 3 IX 24 10~11 Ma PRl ) #2 [7] 25, A Gk e
I L BRI 2 M IX 24 10~11 Ma e i ) 52 = 1 5
5500 177 L g B 1 AL 3 A8 T 38 i A G, B T 1L e B

g R B T 3 L R e R T 1D R B T i XA
R [ B9 b b 7 4 8 T TR 2 DR sk B %R
SCHE T Ll R B A AN e 4 g R R i T AL
R

FE T e T 1l e B S b AR M 13 T AN A
FE S B IR PR AR 22 (AF T A1 AHe) 437, 45 & 1A
B R AT EE A BT, ARG LA T AN AR

(1) JE 171l e BT 2 M X 3 1 (29 21 Ma) BA
R ZE EELT T 3B R ER  AEL 21~
12 Ma( #5130 m/Ma) #i1£) 10~1 Ma(% 172 m/Ma)
B B, 3% 5 3 AR AH X 12 5 2 10~11 Ma Jy P 3 31 5%
B Bt (£ 500~700 m/Ma).

(2) DU 1] 230 1 VG 1 50 L M 5 Y 2 S W 2 O e
I e B i) 1 7 T ) 2 b A% 3 B AL T ) BT RR A, A
WAE TR 1)1 e BT Sk b X3R4 T 5 e 1] 1w B TR
A R A B W v T PR S B SR A (29 10 Ma) , ik —
AR S e 1] 1 e B e R AR AR R A A O
Hby e A8 3 4 R, O AT L AR 3 B M o B OR T L %
NS D ARNINRE R R Al o Lt P SRR (B s
AR

H FRERRETERNENL ;R HEL
KREEFAHABARERFTRIAARABRT &
W B RARFHHFRTF LB T IR RN K
M % .

References

Burchfiel, B. C., Chen, Z. L., Liu, Y. P., etal., 1995. Tec-
tonics of the Longmen Shan and Adjacent Regions, Cen-
tral China. International Geology Review, 37(8): 661—
735. https://doi.org/10.1080/00206819509465424

Clark, M. K., Bush, J. W. M., Royden, L. H., 2005a. Dy~
namic Topography Produced by Lower Crustal Flow
against Rheological Strength Heterogeneities Bordering
the Tibetan Plateau. Geophysical Journal International,
162(2): 575—590. https://doi. org/10.1111/j. 1365~
246X.2005.02580.x

Clark, M. K., House, M. A., Royden, L. H., etal., 2005b.
Late Cenozoic Uplift of Southeastern Tibet. Geology, 33
(6): 525. https://doi.org/10.1130/g21265.1

Cook, K. L., Royden, L. H., Burchfiel, B. C., etal., 2013.
Constraints on Cenozoic Tectonics in the Southwestern

Longmen Shan from Low-Temperature Thermochronol-



1386 HIERRL2E  http://www.earth-science.net

o548 %

ogy. Lithosphere, 5(4): 393—406. https://doi. org/
10.1130/1263.1

Deng, B., Liu, S. G., Enkelmann, E., et al., 2015. Late
Miocene Accelerated Exhumation of the Daliang Moun-
tains, Southeastern Margin of the Tibetan Plateau. Inzer-
national Journal of Earth Sciences, 104(4): 1061—1081.
https://doi.org/10.1007/s00531-014-1129-z

Deng, B., Liu, S.G., Wang, G.Z., et al., 2013. Cenozoic
Uplift and Exhumation in Southern Sichuan Basin—
Evidence from Low-Temperature Thermochronology.
Chinese Journal of Geophysics, 56(6): 1958—1973(in
Chinese with English abstract).

Farley, K. A., 2002. (U-Th)/He Dating: Techniques, Cali-
brations, and Applications. Reviews in Mineralogy and
Geochemistry, 47(1):  819—844.
10.2138/rmg.2002.47.18

Flowers, R. M., 2009. Exploiting Radiation Damage Control

https://doi. org/

on Apatite (U-Th)/He Dates in Cratonic Regions. Earth
and Planetary Science Letters, 277(1—2): 148—155.
https://doi.org/10.1016/j.epsl.2008.10.005

Galbraith, R. F., 1981. On Statistical Models for Fission
Track Counts. Journal of the International Association
Jfor Mathematical Geology, 13(6): 471—478. https://
doi.org/10.1007/BF01034498

Galbraith, R. F., Laslett, G. M., 1993. Statistical Models
for Mixed Fission Track Ages. Nuclear Tracks and Ra-
diation Measurements, 21(4): 459—470. https://doi.
org/10.1016/1359-0189(93)90185-¢

Gleadow, A., Harrison, M., Kohn, B., et al., 2015. The
Fish Canyon Tuff: A New Look at an Old Low-
Temperature Thermochronology Standard. Farth and
Planetary Science Letters, 424: 95—108. https://doi.
org/10.1016/j.epsl.2015.05.003

Glotzbach, C., van der Beek, P. A., Spiegel, C., 2011. Epi-
sodic Exhumation and Relief Growth in the Mont Blanc
Massif, Western Alps from Numerical Modelling of
Thermochronology Data. Earth and Planetary Science
Letters, 304(3/4): 417—430. https://doi.org/10.1016/].
epsl.2011.02.020

Godard, V., Pik, R., Lavé, J., et al., 2009. Late Cenozoic
Evolution of the Central Longmen Shan, Eastern Tibet:
Insight from (U-Th)/He Thermochronometry. Tecton-
ics,  28(5):  TC5009. https://doi. org/10.1029/
2008tc002407

Guo, C., Zhang, Z. Y., Wu, L., et al., 2022. Mesozoic-
Cenozoic Coupling Process of Tianshan Denudation and

Sedimentation in the Northern Margin of the Tarim Ba-

sin: Evidence from Low-Temperature Thermochronology
(Kuga River Section, Xinjiang). Earth Science, 47(9):
3417—3430(in Chinese with English abstract).

Hubbard, J., Shaw, J. H., 2009. Uplift of the Longmen
Shan and Tibetan Plateau, and the 2008 Wenchuan
(M =7.9) Earthquake. Nature, 458(7235): 194—197.
https://doi.org/10.1038/nature07837

Laslett, G. M., Green, P. F., Duddy, I. R., et al., 1987.
Thermal Annealing of Fission Tracks in Apatite 2. A
Quantitative Analysis. Chemical Geology: Isotope Geo-
science Section, 65(1): 1—13. https://doi.org/10.1016/
0168-9622(87)90057-1

Li, Z. W., Liu, S. G., Chen, H. D., et al., 2012. Spatial
Variation in Meso—Cenozoic Exhumation History of the
Longmen Shan Thrust Belt (Eastern Tibetan Plateau)
and the Adjacent Western Sichuan Basin: Constraints
from Fission Track Thermochronology. Journal of
Asian Earth Sciences, 47: 185—203. https://doi. org/
10.1016/].jseaes.2011.10.016

Li, Z.W., Liu, S.G., Chen, H.D., et al., 2008. Structural
Segmentation and Zonation and Differential Deformation
across and along the Lomgmen Thrust Belt, West
Sichuan, China. Journal of Chengdu University of Tech-
nology (Science & Technology Edition), 35(4): 440—
454(in Chinese with English abstract).

Li, Z. W., Liu, S. G., Lin, J., et al., 2009. Structural Con-
figuration and Its Genetic Mechanism of the West
Sichuan Depression in China. Journal of Chengdu Uni-
versity of Technology (Science & Technology Edition),
36(6): 645—653 (in Chinese with English abstract).

Lin, X., Wu, L., Marc, J., et al., 2022. Apatite (U-Th)/
He Thermochronology Evidence for Two Cenozoic De-
nudation Events in Eastern Part of Sulu Orogenic Belt.
Earth Science, 47(4): 1162—1176(in Chinese with Eng-
lish abstract).

Liu, S.G., Ma, Y.S., Sun, W., et al., 2008. Studying on
the Differences of Sinian Natural Gas Pools between
Weiyuan Gas Field and Ziyang Gas-Brone Area,
Sichuan Basin. Actza Geologica Sinica, 82(3): 328— 337
(in Chinese with English abstract).

Liu—Zeng, J., Zhang, J. Y., McPhillips, D., et al., 2018.
Multiple Episodes of Fast Exhumation since Cretaceous
in Southeast Tibet, Revealed by Low-Temperature
Thermochronology. Earth and Planetary Science Let-
ters,  490:  62—76. https://doi. org/10.1016/].
epsl.2018.03.011

Meng, K., Wang, E., Wang, G., 2016. Uplift of the Emei



5% 43

RS « I PO I e T 0 R B i 3t IX L iR AT L Bl ) AL 1387

Shan, Western Sichuan Basin: Implication for Eastward
Propagation of the Tibetan Plateau in Early Miocene.
Jowrnal of Asian Earth Sciences, 115: 29— 39. https://
doi.org/10.1016/j.jseaes.2015.09.020

Ouimet, W., Whipple, K., Royden, L., et al., 2010. Re-
gional Incision of the Eastern Margin of the Tibetan Pla-
teau. Lithosphere, 2(1): 50—63. https://doi. org/
10.1130/157.1

Reiners, P. W., Brandon, M. T., 2006. Using Thermochro-
nology to Understand Orogenic Erosion. Annual Review
of Earth and Planetary Sciences, 34: 419—466. https://
doi.org/10.1146/annurev.earth.34.031405.125202

Richardson, N. J., Densmore, A. L., Seward, D., et al.,
2008. Extraordinary Denudation in the Sichuan Basin: In-
sights from Low—Temperature Thermochronology Adja-
cent to the Eastern Margin of the Tibetan Plateau. Jour-
nal of Geophysical Research, 113(B4): B04409. https://
doi.org/10.1029/2006jb004739

Royden, L. H., Burchfiel, B. C., van der Hilst, R. D.,
2008. The Geological Evolution of the Tibetan Plateau.

321(5892): 1054—1058. https://doi. org/
10.1126/science.1155371

Shao, C. J., Li, Y., Yan, Z. K., et al., 2019. Differential

Science,

Strain Transfer, Longmen Shan Thrust Belt, Eastern
Tibetan Plateau Margin: Implications for Seismic Haz-
ards. Jowrnal of Asian Earth Sciences, 169: 284—297.
https://doi.org/10.1016/j.jseaes.2018.09.005

Shen, T., Meng, L. F., Chen, W., et al., 2021. Tectonic
Activities in Middle and North Sections of Longmenshan
Thrust Belt during Late Indosinian: Evidence from Struc-
tural Analysis and Detrital Zircon Geochronology. Earth
Science, (5): 1728—1736(in Chinese with English ab-
stract).

Shen, X. M., Tian, Y. T., Zhang, G. H., et al., 2019. Late
Miocene Hinterland Crustal Shortening in the Longmen
Shan Thrust Belt, the Eastern Margin of the Tibetan
Plateau. Journal of Geophysical Research: Solid Earth,
124(11):  11972—11991.  https://doi. org/10.1029/
2019jb018358

Shi, H. C., Shi, X. B., Glasmacher, U. A., et al.,2016.
The Evolution of Eastern Sichuan Basin, Yangtze
Block since Cretaceous: Constraints from Low Tem-
perature Thermochronology. Journal of Asian Earth
Sciences, 116: 208—221. https://doi. org/10.1016/j.
jseaes.2015.11.008

Tan, X. B., Lee, Y. H., Chen, W. Y., etal., 2014. Exhu-

mation History and Faulting Activity of the Southern

Segment of the Longmen Shan, Eastern Tibet. Journal
of Asian Earth Sciences, 81: 91—104. https://doi.org/
10.1016/j.jseaes.2013.12.002

Tian, Y. T., Kohn, B. P., Gleadow, A.J. W., etal., 2013.
Constructing the Longmen Shan Eastern Tibetan Pla-
teau Margin: Insights from Low-Temperature Thermo-
chronology. Tectonics, 32(3): 576—592. https://doi.
org/10.1002/tect.20043

Tian, Y. T., Kohn, B. P., Hu, S. B., etal., 2015. Synchro-
nous Fluvial Response to Surface Uplift in the Eastern
Tibetan Plateau: Implications for Crustal Dynamics.
Geophysical Research Letters, 42(1): 29—35. https://
doi.org/10.1002/2014gl062383

Tian, Y. T., Kohn, B. P., Qiu, N. S., et al., 2018a. Eo-
cene to Miocene Out-of-Sequence Deformation in the
Eastern Tibetan Plateau: Insights from Shortening Struc-
tures in the Sichuan Basin. Journal of Geophysical Re-
search: Solid Earth, 123(2): 1840—1855. https://doi.
org/10.1002/2017jb015049

Tian, Y. T., Li, R., Tang, Y., etal., 2018b. Thermochro-
nological Constraints on the Late Cenozoic Morphotec-
tonic Evolution of the Min Shan, the Eastern Margin of
the Tibetan Plateau. Tectonics, 37(6): 1733—1749.
https://doi.org/10.1029/2017tc004868

Tian, Y. T., Kohn, B. P., Zhu, C. Q., et al., 2012. Post—
Orogenic Evolution of the Mesozoic Micang Shan Fore-
land Basin System, Central China. Basin Research, 24
(1) 70—90.  https://doi. org/10.1111/j. 1365-
2117.2011.00516.x

Wang, E., Kirby, E., Furlong, K. P., et al., 2012. Two-
Phase Growth of High Topography in Eastern Tibet dur-
ing the Cenozoic. Nature Geoscience, 5(9): 640—645.
https://doi.org/10.1038/ngeo1538

Wang, P., Liu, S.F., Gao, T.J., et al., 2012. Cretaceous
Transportation of Eastern Sichuan Arcuate Fold Belt in
Three Dimensions: Insights from AFT Analysis. Chi-
nese Journal of Geophysics, 55(5): 1662—1673(in Chi-
nese with English abstract).

Yan, D. P., Zhou, M. F., Li, S. B., etal., 2011. Structural
and Geochronological Constraints on the Mesozoic—
Cenozoic Tectonic Evolution of the Longmen Shan
Thrust Belt, Eastern Tibetan Plateau. Tectonics, 30(6):
TC6005. https://doi.org/10.1029/2011TC002867

Yang, Z., Shen, C. B., Ratschbacher, L., et al., 2017.
Sichuan Basin and Beyond: Eastward Foreland Growth
of the Tibetan Plateau from an Integration of Late

Cretaceous—Cenozoic Fission Track and (U-Th)/He Ag-



1388 HBRBL 2

http://www.earth-science.net

o548 %

es of the Eastern Tibetan Plateau, Qinling, and Daba
Shan. Jowrnal of Geophysical Research: Solid Earth,
122(6):  4712—4740.  https://doi.  org/10.1002/
2016jb013751

Zhang, B. H., Zhang, J., Qu, J. F., et al., 2021. Liliang-
shan: A Mesozoic Basement Involved Fold System in
the Central North China Craton. Earth Science, (7):
2423 —2448(in Chinese with English abstract).

Zhang, H. P., Oskin, M. E., Jing, L. Z., et al., 2016.
Pulsed Exhumation of Interior Eastern Tibet: Implica-
tions for Relief Generation Mechanisms and the Origin
of High-Elevation Planation Surfaces. Earth and Plane-
tary Science Letters, 449: 176—185. https://doi. org/
10.1016/j.epsl.2016.05.048

Mt i 32 5 % STk

R, XUARAR, 2, S, 2013, DU I At 7 35 Hh X BT A4
e T34 S F 5« (R PAAE A2 . 3 BR W) B 22 4, 56
(6): 1958—1973.

A, KA T, R, S, 20220 AE AR AR R LR i S S IR
F 3t AC S TURRRE A o AR+ 7 3 2 3] ) T )RR R R AR AQ

AR . HEREL 2R, 47(9): 3417 —3430.

ZREE, XA HE , BRI, 25 2008, Jg 0T il Al o By — 2>
I P A Ry B 2 AR TR AR L A B R A 2
(A SRBFF M), 35(4): 440—454.

2R, XIRRR, MRAS, %5, 2009. D11 PG ) B ke 3 45 IRy B HL AR
PAL . B A K 2 2% R (H SRR 2% W), 36(6):
645—653.

Mo, 2k, Marclolivet, %, 2022. #j& ¥ 1147 25 Bow AR AL
Wi B B ) 22 5 1R (09 8 K A (U-"Th)/He 44 R 22 0F 45 .
HERRLE, 47(4): 1162—1176.

XUREAR , Dok A, PhER, %5, 2008. PU )1 23 b gl A= 1 s B
B AR AR FR AU 22 R AT L b T2, 82(3):
328—337.

WM, Jasr e, Bid, 2, 2021, J6 17 AL B B S g 0 4 1
T Bl R B A A AT B S AR AR SR I UE S L b Bk
2, (5): 1728—1736.

TR, X, R 4, 2012. N R IE A =4k R
M AFT id 5% . HERY) # 24 4i , 55(5): 1662—1673.
SeACL, sk, #h N & 2021, B3I —Edb s fiiE p
AR B AR ARG M EREL A 46(7): 2423 —

2448,

3k 3k Kook 3Kk >k skok sk sk sk sk sk ki sk skok sk skok sk skok sk skosk sk sk skok sk sk i sk skok sk skok sk skosk sk skosk sk sk skok sk skoiosk skok sk skosk sk skosk sk sk ki skoskok sk skok sk skok sk skosko sk skoskok skoskok skok

(IR F)

3K 3Kk kR RSk

202345 48 5 EHBIE
B R RN ¥ N B o e S 2 1] o TR L 1 R I j”[f]!ﬁ%é%
R e N O T VRN A 4= X T B I - R T R R U
%3:TBMW%@(TEH{J%Mg%{&F(%E%;}%@?Eji(i: ........................................ Wk A
H T 2 25 W Yl i % A TrAdaBoost IERS 22 2 BT BEAETEM - o vvvvveeeevmeeeneneennns 5 53 4
L DU 190 265 1 R S B 5 0TI R AR G E R B G R T - = e evvemeeeeeeeeeeeeee 5k A5 i 2
%:Fﬁ'}’)%)rluf%ﬁigE’J(}i/@§ﬁil‘@)§%§ilﬂ%”ﬁ/§ ....................................... g%%gﬁf
T[] D¢ 2 R 20 Y B H B R R R R e A 7 e e e e e e e et e it B 7 4
HeT NSGA-THEE AN 2 L WS BT GRREVEI -+« v voevvereverereeeneeeeeeeen. s <5
BT UG BUM 2 P 48 AT AL 27 2T AR 55 JR I IH TR ARG I e vvvveeeeeeeeeees R R AF



