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Abstract: Triangle zones normally develop in foreland fold—and—thrust belts and become favorable object of petroleum exploration.
The geometry and nomenclature of triangle zones vary from place to place, among which Alberta—style triangle zone is of common
significance. Progresses have been made on triangle zones in that a large number of work have been done at home and abroad in re-
cent years. Based on physical and numerical modeling and integration of geological data, different kinematic and genetic models have
been proposed, in which two kinematic models and a genetic model, prograding monocline model, are presented in this paper. Factors
influencing the formation and development of triangle zones include décollement, variation of mechanical stratigraphy, syntectonic sed-
imentation, erosion and so on. Owing to their complexity in structure, triangle zones commonly have poor quality on seismic profiles.
Consequently, seismic modeling and strata—in—growth method can be used to identify triangle zones. Seismic explorations demonstrate
that triangle zones are widely distributed in zones around the basins in western China, and several examples are shown in this paper.
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1T =R R R R

e b BT 27 < = A7 7 (triangle zones) YA
AU A T R A A MR AR R, R AT
Shell £l 23 Al YN AR, i1 Gordy T 1957 4F 10
HAEH 21977 4F 1 U SCHk b =, T Lt 3 Jn
SERBHM R LT AR S — A = A,
X = Rl K 1 ) LR SR AR TE ST T —
FE T F ) Fallot®RIF 5% 125 [ B) 7K B 307 VG 5 3 ar-
gentara Hb 3 TG A M) 190 FR 55 )23 v A9 06 o By S
A1 SR 1 25 B 44 A ABRAK (intercutaneous wedge) ,
5 Charlesworth 59 H TR, Roeder™f Al-
berta 111 [ A4 & A 44 - = A F4 & (delta structure) ,
B PR AR T 52K Gordy P4 H 19 = £ 417 (trian-
gle zone)HEZ, McMechan e 5% ¥ JE 1L 1L if i X
i, &I —Fh 5 = A AN 58 A R AL 1, PR 2
AR AHE T f — 47 (low—taper triangle zone), LA JiE
M 386 o 5 T AR 39 2 ) B 0N 1 e FR R REAIE . Banks
S B ST 4H Sulaiman FT Kirthar 11 H5#4) 3 /4 JLAA]
TE A1 24 R Bl TN XL A4 185 (passive—roof duplex)
Price B 7E i 5% B} it 8 57 111 B H #4) 3 #2 (tectonic
wedge ) — 44 , Lawton 55 VAR 4§ Ml 7% i) 1 il ik T —Fh
FRIE 1 5 b 5 B dd A b 5 2, WRR 2 i i
B2 (tectonic wedge ), Groshong 55N Hb 72 1 i [
B =M B W mE kM 1E  (snakehead structure) o
Shaw & T 44 1 B2 (structure wedges) — i , I
A AR B LA T A, K AR AE = A
7 (triangle zones) .
FESESCSCHR T, = A AR A 24, 10 delta
triangle \wedge .snakehead 5%, HASUE1HA L& T
] — R itk A SCHY L Gordy SRR AR TE

a

KM GERR Sy = A R R i = A
2 M = L S 1

[ 2 3 % T4 3 = A 2l 1 TR 277 AR AN [F)
PR 2R B R NI 45 3 v LKA 1 = A 1)
JUTIES BS5AT 6 (K1),

I B =47 . H Couzens FFHEH (K 1-2), /1
BRI R b 3 i) A ) T Bl 60 R 1749 B2 b (back-
thrust) . Bif ¥ (forthrust ) ZH B, IS HB 098 It 2 — MR
hoa s HAbZg & am M, X R =M AU B AR
Rli 4 g 2l b AR R N s TR R F
T XA X s e P R a3 L Xk
e Rl

I 20 = A2 BB R AR A = A . 2R =l
EJINEE KB IR AR 5 4 X d e e B, Al e Sy LAY |
Couzens SFH1 Zapata 55 P& 2 48 4 20 10 Al AL
TG AT SR 0 o 3% M BAT 2R A K = Ay 4 1Y) v o o
MR Hm EAEMRIEE, =MW TRER)E
G Z N Bk B Mg R 3 AR AR T 0 X G
o Rl B B RO )Z S M BE, b ERE T
(cover sequence) | [0 A ¥ [l /2 (roof detachment) |
Je B (horse ) FlJEE M 3 Wi J2 (floor detachment) 2H A% ,
Horp 35 MR 2 R B 1) Rl A B b A (B 1-b) o
T = A 0 WU B BUA B AL T IR AR K
J ot B MRS B, TRl AR A 2 T A R A2 A
I AR T B DR IHGX 28 = A i A2 B A R
)z AL B SR = ARl R TR X R A I — ok
Ui, T B = SR LURR Ay 32 0 A 1
e, LAY = A ) 3 TR LA b R Sy 3 B I
fili ¥ 3 47

SCHR ARG 2 Al < ke s TH Al X A

Pl1 K3 = Al JLA 4328
Fig. 1 Classification of triangle zones
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(passive—roof duplex) I HE &, 5L i L& 45 [A] T BT /R
FA AL = A B R DR 432 2 2 ok T < 9k Bl
TR AR 38 7 3 A AR TSR A = A7, 2R AR
Fr 25 g, AR 3 3h T OB 44 3 (active
roof duplex) , M A& = M4 12, WS 55 42 15 WE A R
I SCAT By, Bonini®0KE 22 i 44 O 2 G TR XU
141 (composite—roof duplex), iX HL 75 2 X 53-4% 3)
THURR B A4 38 -5 BUEE AL 3 (duplex), EATTREA AHLZ
Qb A 22 S 4 2l TR DU TR A 3 J2 5 R ) XU A
T, R AL IR e BLZE Dahlstrom P SCEE
o H TR G e 2 R AR 38 o T S22 % G T g W T B
L Boyer 2P0 WU Fy it 1) J LTI 2593 3 Rk
AU {45 ) JY5 Bl 719 3 48 7 (hinterland dipping duplex)
(K 2—a) I HEZ AW EE & (antiformal stack du-
plex) (18 2—b) FI{i 1] Ji fili 9 XU 44 3 (foreland dip-
ping duplex) (& 2—c), Br 7 JE Hk B 200 H A i
LINWNE 24 QNG R bk 1% NP RX VAR RRU LT DR = SR
A 3 5 B B TOURR OB A i 0 X AE T, )
AL 3 A TVURR 05 v RS A 06 v 285 Sy o) i Ji D 1) 96
T B0 T AR U R A s U 5 A TR G 2 ) IR
i £ 77 1] 335 e

Br T bk 2 R RALR = MaAh, A i hh 4 Fh
Fa) 1 B AR AHE T A — A7 (low—taper trian-
gle zone) | [H] 5 87 3% 75 &} (spaced ramp anticlines) Fl

e

JE Rz = Sl

4 185 #2 (tectonic wedge BY structure wedge ) & 5
b S A D M Y b B 2 R T AR A )2
FIE R RIS b B R R 2 ST 1) 11
006 B2 BT BB, P 1—c P A B AR R S =
F B AL — IR BB A I A% B
AZMER, LIUTIE R, WIER AT 3 Flk
AL XU =B (] 3—a) ; #50 BUO AR AT L) )
o309 2 26 (K 3-b): | BRI S AR K & (e 3 Ll AT 2%
AT BT R AR A B = Al BRI A BN SR T
P 3 1) 2 I X0 T 2R it A8 Ay T BR A L I )
70 B A1 PRI, A B BT 2% B 40 L A G A A
$r 1 i oAy LR B2

G HE T AR — ff1 71 (low—taper triangle zone ) LA JFE
M ash e 55 TR 396 o 22 [) A/ N B8 A DR A (181 1-d)
A Y 5B R I ) TR R — B 5~15km,
(B 7 AV B TOU A = 7 b B o 7 )23 %) ) T R Tk
30~70km,, SR 39S &= R L AEER Y Pine
Pass—Peace River HiL[X P!,

T 1L T 1] R 5 00 A% S AR R, JFAE—
TEIE = A7 AT | T 22 TE RTS8 BUBT B = A
TXAE Y 2H G SRR S [) BE T35 R4 (spaced ramp anti-
clines, &l 1—e), & J& HH JEC&B W B 2 Sk o 1 o J2 i pe
A5 I BT A o Aol S R Ay DL H DR

727 |/

m
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Fig. 2 Classification of duplexes
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B A Xl e Al R R 2t T I AP A I
PRZ I HLIX | BTAR 4E PG L Subandean Wi Fi [E
B TAR b DX e ),
REBOZBLN = Al S B A i, (EJEAE BT
R SE iRk 8437 o W Y B 5%, Zapata SRR L TR
Fz = 1417 (thick—skinned triangle zone), & Hi [n] i fifi
T A AR IS 8 B i DB J2= R 1] i il 4 9 B 3 e
W72 1 (P 1—6) o JE = Syl AN A WU & B
i, P A R A H bR L BE JE h HJE QK (strati-
graphic pinch —outs), & J¥ i #f' (out —of —sequence
thrusts ) . ¢ il 75 &} (breakthrough anticlines) %5 J& hi i)
Pl P BT 2 A1 5 28 = 3 0 T v R Sz ol [ B B T
JEE R = A 7 A HT h R Sz ol 4 TR RS ] A X ST BT
AR 2 T8 5 B = A fy BT Jot Jih <z 7 i P AT )

R,
3 Mk = Al A AR R

PRI A BT 7R A T8 78 = A 5 B A i DL RO i LA
A SCH S PHE X = A B s = AL, Cooper™
$& Bk 3h T MR WL FE #4) 38  (pseudo —passive —roof
duplexes) P HEE N TELL T JLFE L F 23 1 B8 =
i I RAR . DI E A B35 v W72 L QR0 IE
W7 J2 28 )5 1 B s DR IR D 2 R A2 4k
PRI, B9 = I A 9 H LB S T2
AL B 1w iR Rk 2

AR A X 33 by 3 1) S PR e TR | SR R
AR AR A] 9 2 2 20 5 R B OB 38 by 3 1) 2%
el R 398 I BN 5 R 2 3 A R e 4 5
IS B A8 T R S 406 AE — s A T v 3 R O
=R SURLIE B3 A Wee 3 V= LR L 1 (o ok 2
NG |53 B )= ) = L w2 917 = W) TSR
= W) 1155 S SN 1] 2 2~ B E | BoE 2 O 7 P 1)
I 5P,

ST AL RT LR 3 BB . A2 46 (initia-
tion) , & & & & (stable growth) i I8 (abandon-
ment) , — AT TR T R AR AR L, fae &
Ji& B B 3 R B A 1L i v DR S22 AR DG A A8 i) T R
HBE e WY S T 2473 4 Ay i B R Al ol B Y 3
FWTE AR BAL TR E R R B, B BT
) S 1 BT )23 18 R e D = Al R IR, B = Al )
JE RPN ph AT D S e T SR O = A A A Y DG B
PR, SEPR B e AR = A O A A DX Y

7 o Hl il 649 5245 (buttress ) X T 52 sh (LB AR 2, B A7
P << G iy o o = LT S R i
P AET 2R, ATAEE L 2 sl ne T PEvm Y 352 R
KB,

= B R H AT FE AT 2 i e s R
JonesP! R 5 7Y (& 4—a) il Charlesworth &5 M%) £ 7
(Fl 4=b), 3xX 2 A T T8 2 0 B W B W 3
P LB BT 25 5IHE B2 . Jones® A 4]
i S A SR oL o E RS Ol Tl o N 1}
Charlesworth Z£"A N Jones ML HY M 5 ) 2% b i &
NG (R e w7 AT T W2 A s i sy ),
BRI R R DI R R R, I R
JI 2 T BT 3 5 T )2 W B T R AR R T
30°, Price®™ A b = ff 7 S 7 4758 2% W )2 B T
14 PR S 3 o T 2 e e ) A R R, (B A
BT R AT AT 23 b 2 490 By A 0 o
J2 T AE HAlh 3 G5 BLAS 7 A 50 o bl )23

4 M T = R P

VAR 1R 222835 X = A 0 RO R A7 1 B
58, T P R AR A 1221822300 S e () AR AL BT

XU 305 h R 3 55 AR 2 T B A2 B AT 4 SR 3 A i
PROEF2 /9735 - W RNV iR ape i e U7
J2 Y 1) i i ot OB B 5 @24 S ARZ T S R AR
XUHE AR 3 SRR I, 5 M2 e AR T 1] 1 i 77 1) % 5l
{18 LT A 3 o) i 4 8 s 25 T T B o 5 (3D 35 4
JZ 7 5 T AR BB ) R EL S T ARy BR T U 4
it b7 Iy, Jo B B 1) i R 8 RGE AR I 2R
BRAE R T Wrde Bty o7, R, s ARZE LR ARRL
TR 38 R AT =2 T TS O A A B A = A R
B B A

Couzens—Schultz™ B 5% & B, ¥& F& 1l 11 A 7
P = A B TR B2 A T — A DA U e A o &
PR BT AR i T RR T 1) XU S T ) 2 F s R B
1635 B e KIRIRES , R  3 o R A= T 5 A 1)
BRI Y e o 52 AT — P AR A i A e 4 1 S i D
h Bz R B W A BB AN A Vi B L Ml DX XA B
AT 2 55 TOUA T 5 J2 180 TP A DG 114 . T 7 52 75 1 3
AT LT SR Y AR T B A O B
IO7 U/ (LB BE 386 ) 1) b 5 AR IO F B2

Jones™HE HY T 28 55 1 Y B ARHIE FE AL (prograd-
ing monocline model) (K 5), ZA e X T #8 &
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Fig. 4 Kinematic models of the development of triangle zones
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Fig. 5 Prograding monocline model

(overpressured envelope ) FJHE: , BRI T I R i 2
[F1) F M T Y 78 03, 3X AR O o A B T R, 5 AR
R BE Y 0 2 i o 3 3 b 3R b T AT LA Y e
DAL A AL oo 7 72 T 17 I % 0 A ) S B Y SRR B
HEA ST SR A R I R, s B
(A LAZERE o 24 BOREZ 1T 2 8 K R ) H2 i 5
R o 2 T ) N 3 R B AR — 20 ) i L A
WAl B R AR 2 B T )2 e R ol B SR DA T
7 i R AR B R AR R B R i A LUE G,
D] Ay P 1 e 26 R AR B 4 A0 R K 25 BRI A 138
RZ Rt — 20 22 iz s, I DL 238 i s i i 2

S5 i I B B A
5 M = A RS R

I KV 1L Bk & B = A A i A R B A
TR A Wl A e B R 2 BE A 1] BTG B 2R TE
BT = AR B U, ) = A AR S
AN BRI sl g iz

JamisonPHiz I A S BB IE (critical coulomb
wedge theory) WF5¥ T JZ #f ##2 (backthrust wedge) (—
s v B R T 2 LT ) B ) SR R E AR
REF =MW ILRDE S E R ER . a5 sh 1)
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il T O K R T TR VA DS i ie
HEAT PR . D3 3 0 B ) 3 C A 19 B I )22 1)
1% 4% (K 6—a) ; @ th B J22 A2 8l T8 50T 19 )2 b
Wi 2 (E 6-b) ; @S ol Wi )2 A2 3, 7= A 37 0 i e
W2 (K 6—c)P,

Bl i LR T Ak 2, 3 1L i 2% ] 4 1T RGO
), SRR Y 1 3 THU OB AL 3 Al 23 i 3
4300 f e 2 T SRANAN B2 FAAS 30 AR 4 T ) 1) B
i, L2 A P U BRI RS2 IR 4 2 i —
9 (1) 85 3l T A OREE A4 3, RIPT) E BT 31 75 b (8T 7)
M e Ak 2 & e B MR B0 T RDE AL
1) = A 15 o A ) R DA 23

b igibp AT SES

SR = KB R R R AR S
Mo JZ fie TPk 22 S b 2 TR R AR AL
6.1 BERE

WE AR AR IS, B = MFE
B AN BT A B 43 IF X HOE B AR 7 A e, A
A, R T 0N T )2 RS AR T 2 A R
SR ZWMZES Z W E — 2 3 O E
1Y IE

RE T PEECE R A WA |2, R e A
EEE N Ko e S R B2 o B il N PR [ET R OF 1 Ry
B DAV (5 A8 45 o D 4F 7 AL A ) IR AR (cross—
sectional taper ) P45 198 T /IN | 1111 TC k5 I 4 A1 4
8~120M1

WBR R TR S R, i R
Do LT -2 = SR I O = g =R RN
BF 0 ) T & B ORCEE F 3 M 2 A R R AT
SRR B | QK KB He o A 23 5 M) — AR Al i A
O J 247 | e R ik B 1 T )23 PR R 1) 47
AR 23 I B R) B R T e 0 A EE 4R R
£l Ak TR e R AR A3 A A S R R T i )2 T
) 3 S A ) 15 B2 A5 DA A Dl A 22 vt

Krzywiec S5 A A 1 0 )2 1] 117 il 2 2K (4 7 & R
NI R B RHLTT {5 Couzens—Schultz ZEMA K i

i 2 B R K 4 = A i v,
62 HMEBRTHESR

— e, R AR U R Y ) AR A2
JPARGL T, [ P AR 2 2 3 AT s A b = e
b XA 3 AR 1 8 MR 0 Ml R ) g o A A

Kle = faal Ak g5 mRe

Fig. 6 Development and abandonment of triangle zones
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Fig. 7 Development sequence of triangle zones
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X SRETHE B A A1 (UKCE (A e A f i )
A 16) T~ 245 [T (9 2 T8, AR BE T4k 1A A1 (W78
Jeh T B I R BUA ) AR B 4 2R 6T ) T
M2 R EE A RE T M R AR AP I 28 R B T B
JZ B T 7040 3 M J= T P 3l )= RE T P 55 B0
7 S Bt T 2 ) 57 N Y L AR B
B TEBE ST BT IS0 W3 -5 DRI B — e 5331
Wi S Re TR ARE 1L 55 i 2 R J
Morley™ ik g o T 55 RE T L JZ 2 - (55 fiE

P M A A 4 o B Bl TOURR U A 3 Yy 7 A AR
M7, Couzens 45 &4 T i 52 M A — fali K & 1R
AT e B = B LU A Dy 32 T
TEABEMGEZILH A0 IR RH =
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IREFREE ALK, B2 A A Bk LRSS Re T, 59 T
HUF B AR 4 5 09 A A 50T, T, Couzens 25 12A
Ry Ml S P B = A IR R R A —
PER R, S 2R TR E T =M Re &I i,
6.3 WMEEEREEEWL

b 23 AF R JEE B 2 S Ao 2 = A TR A o 4
%, Couzens—Schultz!"/& B 5 4% i K 250 — £
w2 T A JEE R R R T 1 0L TR 396 o D e e g JE
JE(E 8 ),

Fi¢ IR I - A A Y (critical taper models) , 415
R AR R IR B I A, BN 23 A ) i RS B
MEFEN TR AEASTE , AT A5 B A1 JE 5 5 | L
AR TUU A1 320 4 K 5 T > LA T A R T I S 1 338 o
LA K 1o 17 4 Jo LA B AR AL AA T00£75 B, Mugnier 551
(X5 Lo S B SR WY, [ A 3 T RR A T 0 1) T R 4k
oI ] T Rl A 2 JF 0 LR A A 3 el R G, i
VR 00 B ) 8 4 b Ui e W AL R, O S TR
HE 32 S vp B2 BB B, Bonini® A Sy, Bl & 15 )2
JEEJRE 14 O, ey 3 R 2 1) A% 1 4 4% (outward fold
propagation ) (&l 9—a) ] #E #F 5§ &} (prograding mono-
cline) (Bl 9—b)ZA8 Ak 5 B 37 A1 73 Hb v () ) 449 s T AR
T s THURR OB A s o =X ) ok

7 RBEE = A Al A R ) T U R

HT T = A R Al KRR S RE R B R A
FEREG T, 4% [k =l s DAY R R A T R Y
Mo A= B PRI AR = A R 3k B R T2 B AORE T
b 7 B ) TR A S5 T A B ) B8 B e B LR KA
5 2 PSR I R A A AR R
Jid 9 R B R, B A S BT R a9
PUEEARTC FH T B S 338 RO, il M s e 1 A% 4% 1Y
AE /I, T J8C 1 058 0 B A T o RTS8 PEAR
5o PR Y R A R D Wl AR B, AR R O B AR

1 T A 4
— INIR
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e — A
3cm JEC AR 3 e
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Fig. 8 Correlation of the strata thickness related
to the duplex and that of cover sequences

in passive—roof duplexes cases

JZ M 52 OB AR £ W H R ol A, P S M AR A RN
G R = A RS R B L, BT
Wl 119 M S22 SR ORI R | A A i M R TG R
FEIR o DRI | 10 2% e it DA = 3 5 T 2 380 R i g 365 % =
falt LR 25 AT & B A 1O, AR SO 4 2 BT
T2 R 5 1 7 b 7 ) T A i R AL T A
A A L 2 7 VR A R A T 12
71 ERMEFE

T 38 52 2% Y 3t DXt 7 B8l R ) £ MR L A AR AR
&, P IR 22 i i AR N BTGk 501 R ) i AR
Je fR] PRI BB 2 % AT 68 A, T AR KM T (growth
structures ) WA Bl DX 73 Fay i AR A0 HC A R 2 Y

b e By T A X A 3
zZ
7
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[ ] A
3cm i AR308

P9 e = A A RD A S 90 0L
Fig. 9 Sandbox experimental simulation of triangle zones
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W )23 A SR A B 2 X Bl e i v AR R 1Y i B
SFTUAAT 24 A TR 20 B R AR SR B A AR AR R
A, BEE I AR A B T S R
TE 7 s B AR )2 R e R B AR v AR A TR
ol TR B8y S I ek T AR W 4 A7 [ s DU AR, T P
WA AR L JZ O [ A A 08 R 32 B R T 3 i i
52 e 2 A (6] 1Y), JE T8 B TOAR 2 32 B I A8 B 22 |
Je I R DR M = 52 3 1 28 T D R DL AR ML= &R
£S5 IR TRe T 8 S NN o U I N P N o = 2 o v
P RE URR B A5, B S A b 2t PT RE DA PR 4
AR WTE R,

WA T 22 A SRR A e | B AT A (G 48 1
TG BRI T O 4, Y TTAR AR T R T R[]
Fay s DR 2B WA K =1 (growth triangles) , BEHT,
P AL 1 I R AR A = A H — > 1) R SF- B T Bl
THITH (active axial surface ) Fl—~T5 225 1 A9 [ 2 %l
Il (inactive axial surface) A5t (& 10, 8 A W1) 5 10 )
BRSBTS AT RE A T A B A K = A —
AT 1] ARk D A A IR — A R S LS 2
T T L RR (& 10, B8 F1) o 2 B Il 8 R T U0 R
TROAR NS b A AR RN TR B R 2 A T R Al 2 1) B 22 03]
W T e, X T R AR R R DL — A 1 R
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