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Abstract: Since the 21st century, a series of strong earthquakes and the “shale gas revolution” occurring in orogenic
belt—foreland basin systems have once again made the dynamics of orogenic belts and foreland basins a global
research hotspot. This paper provides a global perspective on the historical development, fundamental theories, current
research status, and typical case studies of foreland basins. It summarizes new theories, technologies, and data in the
field of foreland basin dynamics, and proposes disciplinary connotation, research content, and future research
directions. This paper proposes that the dynamics of foreland basins can be comprehensively studied in terms of
formation and evolution, surface processes, sedimentary filling, sedimentary mineralization, hydrocarbon
accumulation, tectonic deformation, seismic activity, and dynamic mechanisms. Furthermore, the research scope of
foreland basin dynamics is expanded in four aspects. First, the research content is expanded into five fields and one
research method, which includes sedimentary filling dynamics, tectonic dynamics, surface dynamics, geodynamics,
hydrocarbon accumulation dynamics, and dynamic simulations of foreland basins. Second, the spatial scale of the
study is extended from the scale of single orogenic belts and foreland basins to the scale of global orogenic belts and
foreland basins. Third, the time scale of the study is extended from the human time scale (tens to hundreds of years) to
geological time scales (million years and more). Fourth, the research paradigm is expanded from “research of foreland
basin dynamic models supported by actual data” to “research of foreland basin dynamic numerical models supported
by big data.” This expansion involves the use of numerical simulations to obtain the past, present, future evolution
processes and dynamic images of foreland basins, and to improve prediction accuracy of geological events and
hydrocarbon resources in orogenic belt—foreland basin systems. This research provides a scientific basis for the
disciplined construction and development strategies for studying foreland basin dynamics.

sedimentary filling dynamics; tectonic dynamics; geodynamics;
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(foreland) . i fifi 7% b ( foreland basin) | Al fifi 7 H
% 4 (foreland basin system) . §ij fifi 7 #i 35 J1 2%
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FE T2 COTFE 75 M U0 R 4 J2 b 3k 38 Ak i R 22
Vi, Ay EE A b 3R Bl 0 A g s R AR AR (2D 7
I Rl 2 4 DT ER ) b 2R ECE e I R,
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B Ty R 6 ANk, IR R TRk R
D5 1), Ay v ] Ml BT 2 58 T T i i 46 1l 3l ) o 1Y 2
PR 5 & Jr G s B 5T 18 BE R 2 AR
1 HIfEZMEN hEMEZRIK

Bifi 5 4 KAL) 1 B IR ) R R (-5 22 U0 Ak
(R TNy N o A =N L B DA Rt D I (15
M HEFEW P T 44 B B, AL AE ETRL LR A
MR 2 b AR G AN A Rl A M B 2 (5T R
55,2021

MRS REAE
TE 19 tad, /i AR 4 Al — 5 2 v i T 5T
Fili AH O B ML BT R 3 CAn A Rl . W OR L i 2 M
AT TR 2 HA L B A AR, A AR & S
LU AF e <08 1Y) B2 Hb 65 B8 38 Y 30 2 X, HL
T8 A Y R T e e A, DU B A4 AR i
i b, DX 0 R 1) M AR 2R, K AR Sy b Al O 1A
B U1 AL 9 B 75 (Bally, 1980; Beaumont, 1981; Allen
and Homewood, 1986) (/& 1),

£ 20 {22, Dickinson( 1974) AR ¥ A Bk 44 3 74
W T R A Ml A R I8, DA Sk ARG A b 2
PO TS Ciled N N B RS N G U v 7y A e T
r 7 G JE A L A9 2 2% Ml X S DA e, £
2 Fh 2B, 43 5] O 5 Bl — Rl Al 4 3 1L A OC B9 A
% A Bl 2% M Cperipheral foreland basin) . 4 ¥ —fii
AF o AH 2 19 9T /I i 720 b (retro-arc foreland basin)
CIEL T B 20, HOJE S8 m 7 A7 T K Bl dl B 9 3
B 8 24 1 Fifi %% #b (broken foreland basin) . 7E It %
T SR O =~ S VR 7 N [ W< 1 T L iy
£ M1 AR & (Bally, 1980; Beaumont, 1981; Allen and
Homewood, 1986; Ingersoll, 2012; Allen and Allen,
2013; Horton et al., 2022), a0 H 2 42 i T
5 Bt 4 3 AR R A 5 B Bty N 3 LU — el O R R
A FR B8 (5 RS SR F, 19945 4] 5 K 45, 19965
253, 1998; FIVEE A, 19985 X1l HlH 45, 20005 5K B
F 45, 20025 4 Z 449 55, 2004; X1V, 20055 2% 5
¥, 2006a, 2010; [ & 5t 45, 2007); Ingersoll(2012)
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Fig. 1 Spatial distribution of global plate subduction zones and orogenic belts—foreland basin systems
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Fig.2 Tectonic model diagrams of a peripheral foreland basin and a retro-arc foreland basin
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Fig.3 Maps comparing a continuous (unbroken) foreland basin system and a broken foreland basin system
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(Earth surface dynamics of foreland basin, ESDFB) .
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SDFB) . DA i M 5t =7 73 M7 o 3= 4 i fili 725 i A4 i
3l) 71 % (tectonic dynamics of foreland basin, TDFB) ,
DA AR B A4 1 | A A PR M g Bl T A B o B
A Bl 7% M b Bk 3 F1 2% (geodynamics of foreland
basin, GDFB) . Ll )22 I 14 1 i 0 23 A Sy
A4 A B 23 b A R 3 F7 2% (hyydrocarbon accumulation
dynamics of foreland basin, HDFB) X K L) 4 ¥ %% )
AR A A U0 O 32 00 i Rl A gl e A 4L O 3k
(modeling of dynamics of foreland basin, MDFB) .
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Wy i FZ R CAllen, 1997; Summerfield, 2000; Hodgson,
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C1) 3 Ll i il 28 1 %) 5 = R 4

IR —iL. & 4 (sediment from source to sink) J2& $§
AT 30k DX BT AR W) 38 i G T A A HE FRAE L
X ) 1 #2 (source-to-sink, fij #% &7 S2S; Cloetingh et
al., 2007; Allen, 2008; Semme et al., 2013; Helland-
Hansen et al., 2016; 143 & 5145, 2017; Mg, 2019),
N HEFR DT 5 4% R Gt ( sediment routing systems;
Allen, 2017, H: 3% 2l BL i €2 45 5 I3 F1 2 98 3l |
Py 3 N ISl | MR IR B A (4 T ATE] T, 2021
PRI, 98— AR G0 0 3% 45 3 1Ll (IR 5 iRl 228
GIED 2z [a) b 3% 9 o i 3 1) 41 4 A DT AR ) % A2 &
45 (& 4, K 5; Cloetingh et al., 2007; 2= 5 45, 2024),
SRR - R LR B T 0RO, LA
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Fig. 4 Source-sink system model of an orogenic belt—foreland basin system
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Fig. 5 Surface process and source-sink system model of the Longmenshan orogenic belt—foreland basin system after a strong earthquake
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AL R, 2 B0 L 1R S0H R R
71 (Koons, 1990; 2= 5, 1998; Beaumont et al., 2000) ,

COF AR H] 55 30 e e 32

HY A0 Il BE L T BE . R TR . RUIA) 45D 2
s il by 22 R iV G R R, DR Rl 2
A AR S AR BT . BRI
45 0 2 1 LA Y B AL, H R 82 S 8
Y P AR A PR e T 3 Ly B R e R AT
i 2% Hb %) DT R 1, T LI 5 Z R ) 2 X 1 A Y
4 35 A FH A A g 2 (Willett et al., 19935 Wolfetal.,
2022; 2= H 4% 2025) . Fi A (Burbank and Anderson,
2012; 4% 5345, 2025) Gl 46 7 I Sk A [m) A ) R
) ek R J7 ¥, L4 O AE I K SC =
i R IR K B 0 8 0 ) e R TR W AR B
W T 5 A BT OL 4 2 LA 4E D I i 3R
F k53 R (Burbank and Anderson, 2012; Li et al.,
2014a) 5 @FI I ph Mo 2 i A8 A2 A6 ™ A 19 U0 B S
Cnwgk A )2 FF . Brdb b A O 1A A
P CILT4F 2 LT J7 48D (1) H 2% 340 ik 3 23R Cal ] 3
T U0 %) (Li et al., 2004; 2= 71 45, 2005); @F] H
FEOH AR AR CAn B . BRSO I e A R UL
T 4F) ) M 5% 2 il 3 2R (Burbank and Anderson,
20125 2= 53 4, 2025) 5 @F) 07 v R A AL TR
I CE T3 4F ) Hb 38 3 il 3R 22 (gl i F 8] 3
# ) (Densmore et al., 2005; 2= 5 ZE | 2005, 2025);
OF H A 5T AR W i AR IR AR AR A2 O iR
B HAF IS [ A0 45 (U-Th) /He #AEAR I 2 | AR
el AR A E A5 ] HER K R (A T O Rk
J= | ol 3 & (Densmore et al., 2007; Richardson et
al., 2008, 2010; 2% 53 45, 2025); ©# K &M (2 4F)
] ody 2R A AR IROGE, T AR R R 2
D7 B BEATHESAL, 451 a0 ) T i Bl 2 ) S5 3 5 R BT
it P Al i P A A b BT g S A Y 3 1L R T )
ol B R ]l 3 R (Métivier and Gaudemer, 1997;
Einsele, 2000) ,

(2) B THVE ] 5 B T 3 32

Molnar and England( 1990) $2 tH % F /£ F % 21
S 2 FE 2, 43 5 S b e B T Cerust uplift) (B
A [ Tt Crock uplift) ) F1 Hli 2 & T+ Csurface uplift) .
v i 7 B R 4 LA K Hb K M T S R o LAl
B 25 A B ) A% Bl e A S B8, I b 3R R T R AR
FE 3 1 b 5T R T e 28 AR R R Y M R R
Tha, PR Ml 3 R T o S T b e B T b 3R

PhORD 2] 25 (H . R b 5T RE R R b 3R R R
34 [6] — A~ B FHVE FH Y 2 S &, JF A 2 2 Fh i
SR RETE A, H T C AR T3 R A Y B
T+ #% #L (Molnar and England, 1990; Molnar, 2012;
Burbank and Anderson, 2012), 435l k. O ¥4 & 48
TR O 1 A 3 B TR A 25 @45 R0 b 4 A DG Y 24
Mo W TH A 2 5 — RN A AP AL A . B
W, 7E 534 (2006b, 2017) %Ik A JB 0T 1 & 5 0 1
96 JRH G B 4 3 B T R S el A OG /Y 24 4 R T
S5GHW, R 3 R TRV T R fok A P AR A B Y
RUBE B 420 35 e 1) Ll 3 1 s /9 B T, 4 3 B T
(4 L 51 A 30%~ 40%, 24 4 [ T4k 1) LE 1] 2 60%~
70%( Densmore et al., 2010; Parker et al., 2011; Z= 5
44,2017

I 4FEok GPSH AR L & AL ik T W
(InSAR) 7 A B 72 S A 39 O LAF 2= L+ 45D 3
RETH M EE T %, H InSAR HR 7T DL
N — UK 3 1 CAn o 58 D 1Y b 2R A8 B 2ok FE AR
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2000; Wolf et al., 2022) , Koons(1990) . Beaumont
et al.(2000) LT 74 == B BT i B30T 1 A BT 58 T 3



% 4 = B E MMM AFHARIEERRKET A - 863 -
___|®
e P /km
JRA e AL Fili g SE
50 100

£ 0%
3 030
i:_{
S mmsnEm || B 040
- 3sm Rk | E s
@ TN (USGS) -
AR ¥ 060
g FeuC R
- BARI R D 0.70
100 km 0.80

105°E

150 200

- WUl i AL ELAN T B L

& 6

W ERERMETLEERBERESBR AT RS SR TENE
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Fig. 7 Cross-section comparison of topography patterns and erosion patterns in the southern Alps of New Zealand

(a collisional orogenic belt)
(AR &5 7 e R (B)R &5 7 & — %
E (DA @EAR T RILTRT ife iyt 42, 5t B 7T A -5 & 38 47 (steam-power-based incision rule) & i #Ti& F 94F A ;
(2 T @2 — Ak 3% .0 3R 3 /) Corographic forcing of the precipitation) , & B 3 &k 4Z 4k ik 2 IR c oy m Lk £ Y
Z I BEERE R F; (B AR MR AL FRIZGBEIF, B H R ERY Bk f RFHE
WHREL, XY E -~ RENEHT,



- 864 - RAMETRFFHROE R ZF RO

% 53 %

T 3 2R A5 ) A ELVE A B
22 HIRERMIMATIENHE

A Bl 25 WL U AR RSB B 1 & T 5K
FHOC B /N ROEE @ LR Bl ) 2 5 4 1 78 3 o 7%
AH G R R W TR e S 8l ) 2, 35 S0 5 1 Fali
R UOR AR IE SR R L IR Rz 5
I DI R EAE T S 3 D A2 L DU
P 9 Cfby 3 — b )2 77 90 L 2 5 b )2 7 91D 5 TR
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3 B0 DU 1Y 2 R A, A 2 BONE 1R
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Fig. 8 Comparison of sedimentary filling patterns in the foreland basin
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Fig. 9 Sedimentary filling patterns and tectonic-sea level changes in the foreland basin
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AEAE Y T3 502 3 3 A 0 Y Ml )2 90 SRR B .
T Pl 4t %) A i SR AL G AR L ARG AR R
259 4 > By B (Waschbusch and Royden, 1992), 3F
AR o B R 2 ] 2 A AR R, (DR
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Fig. 11 Dynamics model of the Huaxia orogenic belt—Yangtze foreland basin—forebulge system in the South China Plate
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Fig. 12 Dynamic model of the unilateral orogenic wedge-foreland basin system
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Wi 26 R K AH L 19 TE I HIL R CIE 14D, 4D 455 4 3
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20015 Li et al, 2003; X /> W F1 5k [& £, 2005;

Garcia-Castellanos and Cloetingh, 201 1) F] F & 1 &
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TR A7 1 3 7% 3R 55O AU W) 1 2k 0 CRL A& DL
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5 i Pl 725 b 158 itV 09 & AR

Yo 465 1 I8 2 o A BB R i 2 R RO AR
51 iy H 3R Hb e /Y e ) A8 Ak, i 3h ) B
( dynamic topography ) /2 FH Hb i 37 20 5| A2 i b 3% Hh
& 1 3 ) A8 A CGurnis, 1993; 6 14) . 2% &



% 4 F B F A NI RS RS RRRET ™ - 871 -

(A)  FIZRIG R RS (B) 9T i il b R 5t

bubiAnERY

© OB 2 b R R 2 R
A A A A .
h D CHFD Bt 2> R 21D GhEEE ) K Je SALIE

E L AR

HIOIE ]

I P s Y e E LU

B

LA

ST AR

- FEFE: WG R, GUERIK l
235 CREFED < @ i FvErL

14 & L A0 bh 2 i R 2 T R A0S £ 3 28 BY 5 AT Bl 2 M % e OO B

Fig. 14 Types of tectonic loads in orogenic belt—foreland basin systems and the flexural subsidence of foreland basins
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A 5 A& 3 3 R O (H% DeCelles and Giles, 1996); (OO AT E &, b E2 o B LR BB T A RAL FHGEN

YR # Yk, 645 30 A 3K 3h 44 5% wh #9 2 Corogen driven flexural tectonics) A= 4/ # 3E 3h 45 3 # 5 % (subduction-induced
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Fig. 15 Conceptual model of lateral flow of lower crustal flow and surface processes in the intracontinental orogenic belt—foreland

basin system
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Fig. 16 Distributions of conventional oil and gas in the foreland basins of the North American Plate
(A F A AT B3y T @4 A, did Ll &b 48 A 3R 3h 09 it SRR 2 B4 ) T 9T I & 3 i A0 o A HLAE,
H P ARRAE T RLE LT, B R A T B LW (B)F b AN Z3 @ Lo H,
@i E LA 16-A F a—b

()T #5H H M AR G S s - R H T

Bachu( 1999) F] F i <, & 4t (petroleum system)
1) ABE A oA F 5 T ol A b 5 YR G R I R R
R, g7 T R A R RR S, R T AR
HomRizBidE [ BERE. AR HE. W
A1z 7% R T8 CB% AR Bk 3 R G055 ] ANl AU
JZR g QM AR AR S AR 8D o 78 if Rl 75 4 3R
g 2= A AR A3 2 A IR R g8 CAni B e
TG N TS T i DI S 1| R W < L AR O
& 3 A XAk i iz — B BT Chydrocarbon migration-
accumulation units) . &A™ X7 5y A i8R R IT
B R E (5 Weh 2 4G L i R A iz
% 5 1) A0 A 3 A CIEL 17D o

(3D Ly — i i 72 M 1R R e 1 T iR i B
5=

R i 2 LA — Tl 2 e R R A L R )

Y& T Ay b A A R s AR R B A
], Swennen et al.( 2004) #H 37 T ¥& 17 — 1 b 73 3
B AR R Ge . COFERY 1 1L — 1 Rl 280 3 54 5 ) b

le——F ARG —>

f——E M RARG ——
i i b L3RR

(=] it

UM
iR R SRR
V38T [ ol R ETT Ie——iE R T I ——|
KA 1 5 T b i T

E17 miffitmSRAGgERSE-BEATHSHEXE
(#& Bachu, 1999)
Fig. 17 The distribution of oil and gas systems, and oil and gas
transport accumulation units in the foreland basin
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Fig. 18 Sedimentary model of organic matter enrichment in the black shale of the foreland basin
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Fig. 19 Distribution of the “sweet spot” of shale gas in the Early Paleozoic Era Yangtze foreland basin of the South China Plate, and the
foreland slope model of shale gas preservation
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Fig. 21 Tectonic shortening process and shortening rate of the Longmenshan orogenic belt—foreland basin system since the
Late Triassic Epoch
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Fig. 23 Stress transfer driven by the orogenic belt, and the tectonic deformation mechanism of the foreland basin
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Fig. 24 Seismic stress transfer model of the Longmenshan orogenic belt—Chengdu foreland basin system
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Fig. 25 Numerical simulation of the seismic stress transfer mechanism in the Longmenshan orogenic belt—-Chengdu foreland basin system
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