BT HIM 22
202349 A :Hij‘ ﬁ - EF&

ACTA GEOLOGICA SINICA

Vol. 97 No. 9
Sep. 2023

N

KEEABENY S TRLBEE ®
Wit EERE

CESN 2 & SOET S BN
1) R AR 55 AR U5 1008715 2) TS RHE A A ERHE TR R . B o 1999077

MERE AW UFICTE R M S MM BR S ) 22 Whse b S A, A T R i R R A B B il
DURR S O 2 G LRE & B — P BBy 5 AR SO T B IR 5T R A 0 B B il 3t 5 1 1L i Re A
W RGBT R BOE 20 8 T LTI S R i A LA S LA RCE A VA AR R BE (T ) =K 2 (]
BB OC AR . TECEERN b 38 SO T A B e AL )y R TR AR 5 A Bl R R R L A A AR DL S 2 Y
FRULKE 5 T B BAR BT o 8543 7 BRBE 00T 5 0 0 BB B DL S 8, A SCHR I T — i B R A 36 1 oy i 4R B0 B
W AT TR R LS AR S0 A 5 R 8] 5C AR T ST R R B iR LT T 5k B R TR A AR I S A
4% 15 0 FR 3 3t i) B4 g R 22 B0 S sl L B WA . 3k AR T D A P S DL R FCA 2 AR S T 5 s A
B M AE R L BT M AR A TR . B SRR A AT A A B B R TR S O BT L S A b A i BF
LR AR R RS AR IR B T R AR 5 DURR 7 Hb ik i Jas M L o o A s it A O i 1 ol i R LA RO R

1922—2022

i AL A T K D T B BT R R

KGR ARG A BB s A A o o R s AR R R

TR A Hb 5 38 LDy AN (SO Hb Bk 2% 1 fe oy B 35 1Y
P A ST 285 2 K i i e L Ay TR N RS
I (ZE B A5, 20000, B EF X0 RR 40 5 s 1
B BFFE AR A S, BEE 20 T4 90 AR AR KBl 50
JI2F KR NATTIZ W o BT AR 405 b i Ak 5 338 1L
A LR FFE R B R, A L H IR
e JL [R5, Z LR 7 8 AR S DA B R 1 F 5 S
Bl IR W 3z 1 A (Cloetingh et al. , 2002; 15 B4,
2003) . DUFRAEHD 5 3 A RS A VR I o T K Bk
B 3 AU A 5 AR TR B B Ay T b R AR 2 11—
AT ZEWESE 7 1) (X 55 L 2002 5 2R L5 L 2009)

UURR 7 b 5 3 (LAl B A 1 BB 5 sk oy 35
P L A7 % U1 AR DG O 3l 7 4§, 20025 2% 4k 52 4
2003) . TEGE—WIN ) HF 5T DU 250 5 3 (i 7
AR A . DR A AT AR B8 A4 3 2 T AN [ 8 2
A KRB AT =MER.O HFIETET
P A 5 L R G © R R T AR A

HE A SO E K A ARFRE AT (%5 U22B6002) %8 B i iR

5 A s © b W W 2 5 i 7 50T L i A
55 R A (RURTET . 2001) 106 F K Bl A A
Fel 1) 72 it 728 JF 2 3 AL 1Y 23 A, — A S Sk S FE K
- Jett it B R S R e R R R AR U TR RE
et 1AL A P 42 T R R S 2 %) B AR DT R A% SR A5 DA
WU AT KT B Bl g 7E Z 1R AL ke
% £ 5 1E H (Boutelier et al. , 2019; Hu Xiaoyi et
al. , 2022; Tikoff et al. ,» 2022). 1M % — Fh 3 1Y
WL e th 7 5 3 1L A A AR B T
AR SR A FH 3 8 b 7 ) Jo ) = [ o 4%, A R ) 1
AV R e 7= A= Beth U0, AT LA 1L A (5K
JEPRAE 20010 o H T FR IO SR O S b 1 SR A 1
TS5 VA T OC B I 4 R AR AR, T B R R R
B th M 5 3 L RS B 7R R Bl ) 2 A A R
P35 5% v o5 A M A (R VR A, 2002) . FE R
G AT N TAERY 6L b I CRETHRE R T
el 5 Ll AR A B T OB A A R

W ke B 39 :2023-03-23 5 2 [ H 1 2023-04-30 s M 4% % 2 H 111 :2023-08-14 5 34T 4t 48 . 76 1
EH @A B, J, 1989 4E A, BF 5% B, 5 20 N 5 Hb 3% 4 R -0 A0 B4 RN 3 1L A 55 Ak M 3 Ak BF 98 . E-mail: chengfeng

@pku. edu. cn,

dizhixuebao. 2023030,

SIRAAS AE R, EAGCMAR. 2023, KA 4B SIS Z0RA. . 97(9): 2927~2938, doi: 10.19762/]. cnki.

Cheng Feng, Peng Jingzhen, Wang Lin, Guo Zhaojie. 2023. Progress and perspective of coupled evolution of orogens and
sedimentary basins due to continental lithospheric flexure. Acta Geologica Sinica, 97(9) . 2927~2938.




Moo B
2928

o
==

http://www. geojournals. cn/dzxb/ch/index. aspx

i
2023 4

GEIDEAE: FEg 0 NE R NS Sy P £ NV R
IHe TIZ B TSR S 07 1A

1 Al #ig

= Bl il 5 Ay Bl 2 i
a A BRI TESN I REWEN T EEN &
AR B A R . R KR A A B AR RE i
HEAT R P A A il X — RO Bl . RV A A
e ith 2 & AR TR T oE T L EE DL R B
TS By A TR it A Y R D 22 e A TR AR B
ICERAL (Allen et al. , 2013) . 32 344 % 45 6 A )
Uik N PN e el kAR A R AR 2
T AR 38 5 ] 7 ] JR A, T AE TE BT 0 O 1) i) S A T
A A AR S S L S DRI TR B R 2
Hurh Z S - W UURR Y L X S8 TR 4 b L)
Fifi 2 b B Shy i 80 (DeCelles et al. » 19965 Allen et
al. , 2013),

R AR 26 b, 1 53 A e AIE V- DR A R AR L ) T 2
¥ M7 M 0 D K B 1 2 AL S kB B i L
AE O AEBE IR TT 5 T K B R 1 5 I 3 e fir
W (R] P AT TR LAl HL SR SRR R A i i T T
i 2% Hi (DeCelles et al. , 1996 ; X1 jth ¥ 45, 2002 ; 5K
A 45,2002 Allen et al. , 2013)., DeCelles et al.
(1996 D3 — 20Kt 5 1 il 738 1 A DG 1) 49 32 0 % 1K
= Sl 1] TR S N 3 1] TR U S B e T
] 4% M 77 1] AR R R B OB T (wedge top) | i
(foredeep) . A B& (forebulge) . J5 & (back-bulge),
A LA B S W) R B JE Ll R K
(orogenic wedge) , £l & 8 4% vf Wr 47 (fold-thrust
belt) AL P4 (K 1)
1.2 ZARBEMABEFERE

A0 P Bt A BT B F s Y LR 3
HuIE S BRI AR DL R 2 ) o o Pl 2 it AT R i S 80
% (Jordan, 1981; Flemings et al. , 1989; Allen et

1.1

<

al. » 2013), & A Bl 4 ity b 72 AT LA 55 00 1 vl Al 22 0P
X AT (B 2) 5 5P AR 52 3 2 14
1IR3 AR B AR AR TR 5 AR 2 T
m b & 4 A8 ¥ (Turcotte et al., 1982; Wangen,
2010), TjiX —A8JE b 72, BT pR B i 5 B R R AL
‘Oici‘ggage%(costrsin%) (D
P, w(a) a5 A BT o 4b iy 5 il 72 B R
T O M KEBE B, o, A2 HLTE i 2R (b 52) 1Y
BRE H MW o3 5] g2 20 00 w5 MG, g 2
1o a SRS, ZHe M W B (D) it 7R 50 )2 %
JE Co) AR MBI TEW 95 T (o) FNEE ) (g Y BRER
HARLIR N

w(x) =

AD T
@ =|—— 2
[<pmpa)g} 2
BRI (D) BT A A B, B KRR

HCE ) A (o) FlHL 58 A R R BE (T O 1Y iR
B, BAAFRIR R
D=E Tij? (3)
12(1 —¢7)

H T A% FRRE i A A L — T 40 A 4, TRk
NI EFEreN - E R e R ITY: AQUINDE S iBu e =y
£ B 5 B (Turcotte et al. , 1982), H¥yH &= X nf
VLIRS A o b — b T 3000 B U A 10 5 3 i A
AR TR ) 8 T 77 A T 5 SE B A B AH W)
fR e it AZTE I8 2 e i) 534 Al JEE 32 BRI AT AR O 2 A P
BHRUFPEIRE T.(Watts et al. , 1980; Xiong Xiong
et al. , 2022),

H JH T D 58t 2 r) TLARTTE 25 L A £ i L
AP 35 VL R A AT RO J5E B =3 22 AL A 5 it
AR R R . A B RIS 0 80 LT 25 F s £ Pl
A R JRE R L S0 AT LAASE S B 4 R RE B JL AT B
Ao [RVRE R, 25 00T s 550 3 A IR 2 R il 4
JUMRIIE 25, FATT BN n] 0k 52 8 A Bl A s e SRR .

I A R 4

<
AR A

A

LR TRIESS

HATH

\

»
>

AU il

V)5

h 4
x
A

ot
=

& 1
Fig. 1

T iy 7 M 22 0 3] 1 465 49 ] (BE DeCelles et al. , 1996)

Schematic cross-section depicting foreland basin system (after DeCelles et al. » 1996)
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Fig. 2 Schematic cross-section showing the relationship between a single topographic load and flexural subsidence of the basin
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Fig. 3 Schematic cross-section showing the relationship
between double topographic load and flexural

subsidence of the basin (after Wang Lin et al. » 2021)
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Fig. 4 Schematic map showing the relationship between topographic loads of Eastern Kunlun Shan

and Qilian Shan and flexural subsidence of the Qaidam basin

(a)— 7 45 R R B (Hf Yin An et al. , 2008) 5 (b) — 9Kz 4835 K 4 A% %Y (H5 Cheng Feng et al. , 2021a); (o) —4¢iAAR MM 5 K E©

L A 2 1 b 50 67 3856 R ] (B Cheng Feng et al. , 2021a)

(a)—Paleo-Qaidam basin model (after Yin An et al. , 2008); (b)—isolated Qaidam basin model (after Cheng Feng et al. , 2021a); (c¢)——cross-

sections showing the relationship between topographic loads of Eastern Kunlun Shan and Qilian Shan and flexural subsidence of the Qaidam

basin (after Cheng Feng et al. , 2021a)
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Fig. 5 Observed flexure and combined modeled flexure and variations of Te along the profiles

in the Aquitaine basin (after Angrand et al. , 2018)
Ca)— AT 1 2 M AALRE &5 28 5 (b)— BITAT 2 B8 MBS LU E5 2 5 (o) — B 1T 3 BE M BEIRS L8 2R 5 () — B TaT 4 B B FBIRT Lh 2% 2R

(a)—{lexural modeling result along the section 1; (b)—flexural modeling result along the section 2; (¢)—f{lexural modeling result along the

section 3; (d)—flexural modeling result along the section 4
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W, SR LR J7 1 A A — R 9 4RI
A7 2% RIS [ 57 3R 7 b B g sk s 30 114 7K ke 5 i) A i
PR FE B 32 BT % 6B (Li Lin et al. , 2017),
e I 2 14 A1 2 ) 2 3R ) 2% B 32 38 L AR L R 9
1 EFE A (Quade et al. , 2020) AR RS Bk FR £k
VR YL (Cheng Feng et al. , 2022) R KXW,
F W) #0936 85 43 B 32 BR T A A B DR A A B0 S
(Spicer et al. » 2003), X — Z #I [a] 1 1E 75 5k = I
K v ST DX O RO O ok A R A P AR L.
i, TR RN R CEEALER B R R R RS A
T b i S e, AR T Bk BB
B — KRR Y 125 D v A 5 e P o DAL B Y KR
AR A S 5%, AN BE JH 17 B 1% Jo ) o 108 Ok SR AIE T 4K
5l Z 2 A #) & (Li Lin et al. , 2017), 54,
2 DX 52 3 I X SRR S T S8 R OR 2
FIR PR T4 1 5 LR 23 b 55 Ml DX 35k 6 IXC Y A 448
KHR 4> BL 485 56 DU & r 8 35 (Cheng Feng et al. ,
2021a) , ANfar $ 2 A A5 A9 BF 53 1) T T O R AT K (R
RLZR AR ST R 0 BT S A L O ) 2 1% M
DT HE SRR ST B — R, T3 Ml DX 8 o R AR
S T FATIA T 5B S b i v AL | o I X
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AL FE DL R A ) 2 B v AR AL 2 e PEAE T T
W i 5 A ST — TR A T B ot T 0 M XA o
2.3.2 HRAEMMETRELEENHERRER X

HR % 5 A1 BBl B My 1 B A S SO, 1% ity 23 b DT AR
HFE LI AR A A B A 3o 7 R DL R b 3 £
BIUES = H Z WA ERCE LR, W £ M
B ity B b DURR W ST LA LA TR IR LA K A e A R
FEIEE AT T . AT LA AR R A
AN SR T T A O 2R A S R A DL BRI 4 Hb A R
AT F TR A i 22 T DA AR LAY
A B 2, A0 R T AR 3 kb T 9 ST BRET L IR 4
A i S B 7 A 14 b TR 25 T AT A A A G b 5 67
A B I 6) o T AR A Ml S 5 A T IR S T B
AT D0 AT LR oy A R BB R AR R A

B m T 2 0 0 1R 3 B 0 A ) 2R R
E 4 A 2 R AR RN Bk A 2 R AE 45, Horp A 2
FRAE = AL FE AR W br W b 8l Ar A A5 . AW
Y AFAE BRI i h [X & A 11R 10 dke 5 M IR
P ARE B AFTE TR MHZ R OK IR BT 1Y & B S 0 I58T 1Y
A= YrhR YIS R L 58 A K Z M 4 B T b )2 o
FEFEARAZ AR UEH , FE 400 7T B8 & 2B R k.
VA5 5 vl IV s X ) I R 4 S T AR A G, 7
4 3t S8 15 K 235 1 R BE A TV S 1B (Ma Jian et
al. , 2022) ;4% Wi 47 % (2023) 16 15 75 M X 1544 H 0
e I & SR BTt B (GBE A ~ 46 Ma) 19 1 16 AH 4 405
oA, F AR Rt v 0 38 R A b PR R —
J& T R BT VR AR G S 1) I T 5 28 A K L Ml b 2 1Y
AR AR — AR 2 4 L, 20 43 O AR R 2

o
T om
i F

KB "

ﬁ%@ﬁ/

R RURIAE 2 b 2 A AR SR AR 2 R 22 b
2 TR A5 Ml JBT I 4f 2 W AR 5 R AR 5 SR R
(1% PG At 5B F1 g 5 M )2 AT BE R 3 Bt (Cheng Feng et
al. s 2021a) . HHREF X 583K A Z 1l AR A 1 2 ) 4R
A i — 2D 5T . R 6 4F 28 B AR, TR LR BT
() 42 ~27 Ma) S8 R ML R B T 5w 4
(Cheng Feng et al. ,» 2021a), i 0 5% 3 W] 7E ~ 40
Ma I}, 8 VG 5 7 T 26 78 41 % A= R AR 12 37 v i R
FF (ST L,2021) , ZF b HEDAE G5 BT T (2 42~
40 Ma) 535 AR 1 Kk AR AR S F . R SC(2013)
3 3 X 4 A R 735 i R 21 VA ) TR B A R
P2 (52. 0~18.5 Ma) JF B 4 A Bk 1k 2,
AT Y DU B R 8 2 1 BIF 53 48 1
FE LG BT T L R AR 0 o B T AT 4R Sy i [ PG b b X
CHL AR SR A ) $2 A1 O S 1 A VROR T 1T LR 1Y
P55 5 L U Bt s S v D R 0 AR T R
N MR ARG, B UK 4 W R KRR & S i)
SR R 43 Hb RN B K bl B A 1Y 3% S8 L BT LA
I W7 I R 3 EELOR 3 Mt T B AR AR ME . ROk
Ui AR T BEHE — 25 UE S, FL AR SCIA R 78 16 4 10 )
S5 TR R 48 1, VG S b X AT BB AE AR R AR . R ]
U, o 7 R A2 i 240 o 25 35 R 4 55 R 2 1L Ay 1) A X
b A 2% o BIVAT 2 ek PR T e D b S DX Y TR
Wang Lin et al. (2021) |5t 73 F ok be i 2 it
Fh o D vty VR R A e AL Uk T R R L &
by DX G B T B T A R SR R 2 Bl 4 Rt DT AR
HE k42 )5 K, Wang Lin et al. (2021) K& T 4
TR o A AR R ) TR R A R S O TRl

K6 R ST A BRI AT R RO R

Fig. 6 Schematic profile showing the relationship between the flexure of the topographic

load and the paleoelevation during the sea incursion
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R A, B 25 08 4R 34 1L 5 7R B L) i 5 671 2%
T 25 AL H 15 56 1k K 45 24 i DR TR S il MR
L 5, R 1T 24 3224 B 2R R Ll 5 A0 1l T g
M s . B oK, R i R AL & e
FELEIE B . AR B Ll AR 3 Ll A 3y 1 343 oA
0.4~1.0 km H1 0. 4~1.5 km, Ifi 1 %7 th B4 ok 75 5%
B A G AL i B T 2 R PR R O HLIX, R
HH 7 O o D % 45 ) s B 0T AN B R S A IR 3R
B TR ok AR . ph o T L L R R A B A AR R
VBRI, R R R AR T T RE R M . X —
S5 30T WA 2 T 48 7% 4 1 S 3K K 20 b T o g
WA PO B T 45 B — 2 (Miao Yunfa et al. , 2022) .

3 ArAE S ROk R

3.1 FHEEE

S A R AU R 1 AR T 57 IR 75 5t
AR LS G O AR BN SR TTZ 7 125 1% A A6 2 07 T
MR R . R 2200 KB A P B it By 1 5 &2
FER R, 2 R % B UUR M LR 28 A A B A R
70 J5HE LA B i A5 67 8 ity JUART B 3 L iR Ak T H At —
Se i AR A BR w0 IR e AR R Y R
(Royden, 1993) ., it 12 43 2 ol A B W7 24 (Teson et
al. » 2006) , A1 Pl b 1% J= B2 Y M ) 22 Ak (Garcia-
Castellanos et al. ,2002) | {1 & X} i (Davila et al. ,
2007) , KA 1 (MY 1 1) (Hu Xiaoyi et al. ,
2022) A 2 AL S 1R 1 hh BB P AR 2SR AR
(Willett et al. , 2006) %, #7 Z W LR ZE A A 1E

Be M0l 2 R 5 L S A LA A | T B UL
GiRMAFAE—EZE R, J3 A A AT A A P B i A
S AR 5 20 B il b o DT AR M 2 AT 25 TR 52
M F TR S 45— R 9 o R 3 e ot AR B T A —
ERRER R 2E . G, AR R A LR AL 1 —Fh g
M Ll 5 A AR B 5T T B, AR H AR 22
AR, HOBE R ) AH OC 3 1L 5 42 4 /4 JL AT B
A T A B A RO 5e VR BE X R P B S AR AE
1117 JC 5 2 1 AT 8 6 A LIRRRAE . S5 Ah L il T i
L AN W Jie 5 1A, AR DG B it 2 T T s LAY
R e JE R ) R [ 2 1 T R XS R VR 1 P T I9C e 0 A
FEA I 2 50 (Tarapoanca et al. » 2004), 355
PR FE A5 AL 3R W - A B KP4 8 g A e L AN
AL F5 25y 3 45 12 R R A 2 TR Y 3 S R
(Cloetingh et al. , 2002),
3.2 REkRE

b ST IR R B it 2 o PR 4 BT 4 A T
S AR LA T AR SR OGR4 Wang
Lin et al. (2021) B T U3 ik © UK E T
AREA IS 05 R 2 b — A 3 1Ll i 28 1 ol g Ak
SR B T LB AR & A1 2 ) b J0 S8 koK A
TE IR BT 2 A5 b 1 8 78 1 % i 4 M (Meng Qingren
et al. , 2008; Yin An et al., 2008; Hu Xiaoyi et
al. » 2022) ., 5% 35 A 4 3 B A= AR M R AR R R D
(Chang Hong et al., 2015; Ji Junliang et al.,
2017; Wang Weitao et al., 2017, 2022; Fang
Xiaomin et al. , 2019;Nie Junsheng et al. , 2019),

P 7 H I M DX B T I 4R 35 8 5 23 A ] (B8 Poblete et al. » 2021)

Fig. 7 Distribution of the proto-Paratethys sea in Centra Asia (after Poblete et al. , 2021)
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ARSI AR B R AR A T 55K K 40 8 A7
AFEIAIE (Yin An et al. , 2008; Ma Jian et al. ,
2022) . PRI I 75 2R 0 T 1 AR I B A B0RS 42 R
A i g KA A0 e il b b FEAT IR 53 4h, Beith
a1 v T AR b J2 1) 225 () A R b 2 AR AR R AT Y
LT, T 32 R R AR ST B 1 B LK 2 Ml R £ 1
DX TG 5 %) T i 4 e 28 R R AR R R I )
) R 4737 i (& 7

w7 SRR AR A A A P e X — A R LA
K FE AR 12 1 e RS 8 ) b i ke T 1 22 8L
Bl (n] B, SR B iz H Flexit (DeCelles, 2011) .
TAF1(Jha et al. , 2017) 55 % /b i JF JAC A 0l 72 )7
Hh 2K 2R T AR B BRI A A B e i i B AR e
SCEAT G PR DAL DT T SR B M A S0 . R
BB A 5 B AT LLTR #1528 M0 g 1 R 5 89 A [m] DA
Ko O AH G T 720 2R 1) 22 S A RS2 W) 1% T
PRIz BN . AT B R DL S A i M B
KBt 3l g 2wk o vp B 2 WF 98 05 vk T AR A R
T BT IR I — A Y AT S AR TR
fR B BTV . IR A TT 5 S AL RE R R
i A T i ASE SULF 5% O 125 [ IS RE 2 E 4 L
A A G TR AT T 1 AN T R

Bt A SO G TAEMS 25 T H SCae b+ i s W
Bz PR DUMREZ 148 =, 180l g 5 5 O AL B 44 W
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Abstract

Determining the relationship between the orogens and sedimentary basins is an important aspect of
tectonics and geodynamics research. This is well-exemplified by the coupling between the orogens and
sedimentary basin due to continental lithospheric flexure. This contribution focuses on the continental
lithospheric flexure and shows the relationship between the shape of the single or multiple topographic
loads, the shape of the flexural basin, and the effective elastic thickness (T.). Based on theory and case
studies, this study shows how flexural modeling applies to research associated with the orogens and
sedimentary basin evolution. By combining paleoenvironment indicators with flexural modeling, we also
propose a novel approach to quantitatively estimate the paleoelevation of an orogenic belt that accounts for
the flexural subsidence of a basin that was influenced by sea incursion. Different from other palecaltimetry
approaches that connect the temperature or pressure and elevation, this new approach emphasizes that the
relief of the topographic load equals the paleoelevation of the orogenic belt during the time when the sea
incursion occurs in the flexural basin, providing a new way to understand the paleoelevation of the orogenic
belts. Finally, this work summarizes the caveats of flexural modeling and gives some new perspectives on
documenting the basement feature of sedimentary basins, paleoelevation reconstruction, and the design

and application of the software associated with flexural modeling.

Key words: coupled evolution of orogens and sedimentary basins; continental lithospheric flexure;

effective elastic thickness; paleoelevation reconstruction; Tibetan Plateau



