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Cenozoic tectonics and geomorphic evolution of the lower Jinsha River on the southeastern margin
of the Tibetan Plateau

Abstract: The southeastern margin of the Tibetan Plateau is distinguished by a vast transition zone with hundreds of
thousands of square kilometers of low-relief surfaces, which provides an ideal window for unraveling the timing, process,
and mechanisms of the tectonic propagation and surface uplift. In order to reveal the Cenozoic tectonic response and
geomorphic evolution of the southeastern margin of the Tibetan Plateau, a comprehensive study in the lower Jinsha River
was conducted with a tectonic investigation, tectonic-landform and low-temperature thermochronological data analysis.
The results show that the southeastern margin of the Tibetan Plateau remained in NW-shortening as early as the Eocene,
forming widespread folds. However, we suggest that in the Paleogene, the lower Jinsha River of the southeastern margin of
the Tibetan Plateau was marked by a low hilly topography with rather limited surface uplift. In the Late Oligocene—Early
Miocene, the study area was characterized by a long-term stage with low denudation rates, which promoted the formation
of widespread low-relief surfaces. Since the late Neogene, the southeastern margin of the Tibetan Plateau has undergone
regional shortening deformation and significant surface uplift with a simultaneous incision along large rivers, forming the
present landforms characterized by high-elevation low-relief surfaces and deep gorges. The late Neogene surface uplift
across the southeastern margin of the Tibetan Plateau is suggested to be closely related to the shortening deformation and
associated crustal thickening. In contrast, the mid-lower crustal thickening by channel flow might not be indispensable.
Keywords: southeastern margin of the Tibetan Plateau; tectonic analysis; thermochronology; tectonic landform; fission
track

B B FEBEAWERAHTTRATAG AARERF 5 ATRARRRBAT, BENRAR
BT RS R R A, LRI MEA T . DR R R W AR R
R R, M AT ARG R R P RE A AT R A I TS BT
GoFR, SRRVNMBR A TGP ARF YN AT LT A S EWEARHFEAGT AL LS 21
BOEH. R A R L, (L R R R A T T M 2 0 R B M
. MAEAEEAON AR, B R P TR K A TR MR R R IR, (3 T 168

EEWE: HEAKRPEIESTH (41972223, 41672195)

This research is financially supported by the National Natural Science Foundation of China (Grants No. 41972223 and 41672195).

F—1E&E: TR (1980—) , B, FAIEE, FENFWET . W50 AER A% . E-mail: anwang@cug.edu.cn
YR B HA: 2023-03-29; 1EE HET: 2023-06-30; SRAEHRIG: T U4


https://doi.org/10.12090/j.issn.1006-6616.2023043
https://doi.org/10.12090/j.issn.1006-6616.2023043
mailto:anwang@cug.edu.cn

454 ¥R 55 54 https://journal.geomech.ac.cn 2023

REFEHFE R k. RHHLUR, FRBREAFMEARXERAMEBENEEZHERES, KBAKREF
Ik, REBEDRIASBRGERNRERAR T S RWK B FNEEEIR. FARERIFFTHR
BREAMAGFALURNEA GH RN EHEREE T K, WP T 458 MR8 ELH 4%

FAD,

KEIA: FRERAESL; WEMT; REKRE; HER; REAEL

FESES: P54 XHERFRIRRD: A
DOI: 10.12090/j.issn.1006-6616.2023043

0 3%

T e SR A R A A =, R 2B AR DL R L
— A Ak R VAR b S T TR R N T 2 A Bk A HLTR
1T 5 W 1) b BT S o e R Y b g R DA
o FAE I AT, B 252 e RN BK Bl IX 38 T 2 A 3RS
fAs b R AR T DL M AT SR RS A
(Royden et al., 2008; An et al., 2015) ,

ANTR) T 6 e J rE 2 (B SRk L) AR 2 (e
Yl ) BE IR 5 A8 11 & D 00 2% M S, T R e R AR e 2%
KB A EISECH 07 TR A (15 1),
W 35 185 T £ A T 4000~ 1500 m Z [7], IF A A% B T K
T 2 b S TED o R R AR R R R Y Ml
SR 748 7 v Il Gk i A R L R A K R AR DA
JUEH Bl Ty AL ) BRARLET 1, SR R A AR LR
Wit BEATh AR 48 32 4 i o DA Clark S AR ER 11 2 0
FH T AR 38 5 19 13~9 Ma Lk P i 4
USR], DA R T R B AR T S 2 R TR T R
Bt LAk, IF ELAR A b 7 48 3 4 a0 00 B G, B
T b 5T S g 2 4 R R XS M 2 R T 1 3R K
gfi /3 (Clark and Royden, 2000; Clark et al., 2005a,
2005b) o ST K (e AR e S S AR DX R — A 1 AR
24 W 5% (Ouimet et al., 2010; Tian et al., 2015; Zhang
etal., 2016; Gourbet et al., 2020) & 75 T = . = g7t A
O 1 R Y H TR AR, (LA 3 43 A 3 B R e I AR
BN ELRC 4Kk A WS 2 (Wang et al.,
1998; Tapponnier, 2001; Zhang et al., 2022), k7~ & Jif,
ERAR M SGAE Tt Z AT e & BT, A 0F
FUIRH T S R AR S E LA C AR R R
= B, B E 8 84 5 2 (Tapponnier, 2001; Liu-Zeng
et al., 2008; Hoke et al., 2014; Su et al., 2018; Hoke,
2018; Xiong et al., 2020; He et al., 2022) . 1fij & T [
— S ffF 5 D) 5 A TR S DR AR R gk Y B T A AE B B
P, 1] U1 Zhang et al. (2022) 38 13 28 M 25 b (1) AL

XEHS: 100606616 (2023) 04-0453-12

SFRIE SN T R AR R Sk 28 Tl AT 20 R O 4D
2B BERIEETE o BARBUAT B ST 8 H AT R R D
ARE Gl 4 58 4 2 4> EE B i i S BT
PRI B, A8 3 22 5508 i 20 B B R B T 9 B
i 2 AT A7 2 5, A A o 5 o e T DA R s i A
JB& 2 8] B A U0 O 2R ATD AR LU BREM) o ate U T 52 3l it
G VDT U L DX R A S BT L M AR 3 BT L R B AR
FWETE, B 7R T R R G B BEYE B S S
UM IS D R, SCRF B4 T IR R kA L U T
U XA M AR 32 TR BT R I 20 LR

1 e RAE

W58 X 3 A T 4 VD VT i 2 BRI G M X,
DU AT —/IN T 0 24 2 b A6 P8 — A e 2R 1) BT 2 5 IX
(1), s 30 53 o 7R V6 A4 38 500, V8 00 4 )11 I 1l
Yo, Rk v e, — %5 EXE T4 7w
W — & . BV ILAENI XN SR R L AR m) %
8, ey #8532 /N VLW 45 W AR T D BUEC T T oK
2 47 Wi 4t (Wang et al., 1998; Yan and Lin, 2015) , %
A8 1 8 2 5 A AT 2R A AT DT AR AR AR TR AR
3 g, 4y AL ) 36 AR 1) A R A 1 R i
L1 JtAEEEE

A6 VG 1) 44 3 AEAF 5T X R IR DL AR B
2R SR B RE A (I 1), B AR A A /N VLB 224 9
JIE M Y 4 F R e 3R 2 ab A R . s34
M3k Ll Hb X R LA S FR NI S AR ) 2
(N2 SN 7 N iyl s e [ o IS - S K 39
MAEM AL AR MR . ZES W ILLLE AR
KR, AAVE MBI R A EEN LT (K D, &
Ao A AR 2 O A B o6 B 1) R, T 3R X R D R R
HRIHZE ZSEMZ, mRHZER O )2 Sy Ik
BRI THL b o 7R /NL W R DL 2 B
GRS AN mE T g il N O R & =)
i AR 2 D BR R RS IR 1 (B D) o BRI


https://doi.org/10.12090/j.issn.1006-6616.2023043

%5 4 E OB, F HEEERE S & LT U AU 1 S S 455

102°E 103°E 104°E

27°N
27"N

104°E

N

60 km A

100°F

'.. B i -:E:':a’ B
}rﬁt?#ﬁ%‘rﬁé [ PR watam L] kR
[~ sl [oa] s

a— i I 4 3 8 V1 5 b B 5 B 0 B 40
Bl FREEAELE DI T <R EH XA EHE

Fig. 1 Simplified geologic and structural map of the Huili—Zhaotong area in the lower Jinsha River of the southeastern margin of the Tibetan
Plateau

(a) Simplified geologic and structural map; (b) Location of the study area on the southeastern margin of the Tibetan Plateau
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Fig.2 NE-trending and near SN-trending structures in the lower Jinsha River (See Fig. 1 for section locations) and their stereographic

projections

(a) Fold section across Wuxing Village in Huize; (b) Fold-thrust section across Qianxin Town

Pt —Folded basement of the Huili Group; Zd-Sinian Dengying Formation; €,q-c—Lower Cambrian Qiongzhusi Formation —Canglangpu
Formation; €-O—Cambrian—Ordovician; D,-C,~Middle Devonian—Middle Carboniferous; P, ,—Lower—Middle Permian; P;e—Upper Permian
Emeishan Basalt Formation; T,;—Lower—Upper Triassic; TsJ,bg—Upper Triassic—Lower Jurassic Baiguowan Formation; J, ,—Lower—Middle
Jurassic; Jy—Middle Jurassic Yimen Formation; K;x—Lower Cretaceous Xiaoba Formation; Alternative lithostratigraphic units are undivided.

The stereographic projections show attitudes of limb beddings and fold-slip lineations, and arrows indicate regional principal stresses.
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Fig.3 Near EW-trending shortening deformation observed in the
study area

(a) Fold-slip lineations developed on the Xiaoba Formation in the
limb of the NNE-trending syncline across Qianxin Town; (b) The
metamorphosed diorite intruded in the Huili Group being thrusted

eastward above the fluvial gravels of the Jinsha River
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Fig. 4 Digital elevation topography, slope distribution in the Huili-Zhaotong area of the lower Jinsha River and y, plots of longitudinal profiles
of the main tributaries

(a) Digital elevation topography and major tributaries of the study area; (b) Slope distribution with major tributaries. Note the abrupt boundary
between the low-relief area and the steep hillslopes. See Fig. 4a for the analyzed area indicated by the white dashed box; (c) y plots of the
longitudinal profiles analyzed. Colors are used to distinguish distinctive tributaries, and the numbers marked indicate the projected stream

heights, representing magnitudes of surface uplift. See Fig. 4a for tributary labels and locations.
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Fig. 5 Histogram of thermochronological cooling ages in the Sichuan—Yunnan Block area of the southeastern margin of the Tibetan Plateau
(Data after Xu and Kamp, 2000; Clark et al., 2005b; Lai et al., 2006; An et al., 2008; Tan et al., 2010; Ouimet et al.,2010; Wilson and Fowler,
2011; Wang et al., 2012, 2017, 2022; Tian et al., 2014, 2015; Tan et al., 2014; Deng et al., 2015, 2018b; Zhang et al., 2015, 2016, 2017, 2022;
Meng et al., 2016; Yang et al., 2016, 2020; Shen et al., 2016, 2022; Liu-Zeng et al., 2018; Cao et al., 2019; Replumaz et al., 2020; Gourbet et al.,
2020; Zhu et al., 2021; Pitard et al., 2021; Tao et al., 2022; Lei et al., 2022)

(a) Apatite (U-Th)/He cooling-age histogram; (b) Zircon (U-Th)/He cooling-age histogram; (c) Apatite fission-track cooling-age histogram; (d)

Zircon fission-track cooling-age histogram
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