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A AR e Ay 1 B IS Y 2L N 4§ 2 — (Berg, 1962;
Brown, 1988; Coney, 1972; Davis, 1978; English and
Johnston, 2004; Li and Li, 2007; Mitra and Mount,
1998; Rodgers, 1987; Stearns, 1978; Weil and Yonkee,
2023; Yonkee and Weil, 2015; Zhang et al., 2021a)

LAY LG AR 3 5 AR TR AR 6
VU EY Laramide 3 11177 #1955 PG #8 A% Central An-
des i 1L, HETC &/ & 1T REAEH 5 A
T2 OC 2R, [a] oA 27 3 5 T A ) BRI s A
K4 & B9 # 7Y (Brown, 1988; Davis, 1978; Erslev,
1993; Horton et al., 2022; Jordan and Allmendinger,
1986; Schmidt et al., 1993; Stearns, 1978; Stone,
1993; Tindall and Davis, 1999; Yeck et al., 2014; Yin,
1994) , HFJb 3 PuER Laramide & L1747 ) AF 7%, &
JIE 5 A UG 3 AT UL, P40 20 e T s
B T 55 8 (Stearns, 1978), {H H fif 21\ M &K 5
JESIE R (Yin, 1994), SR, 76 HASTEALH DL K
38 5045 () B8 VA E 18, TR IS A B A
BRI R R A AN TR 4 3 A UG Jit 5] (Brown,
1988) FEJE 5 6 2 Z 0] )2 75 4l 75 (Cook, 1978)
K 5 35 )2 89 & 2 B — 2(Mitra and Mount,
19980, A& Ji< 5L 1) 45 #4 14 3 9 /5 1] (Davis, 1978;
Yin, 1994; Yonkee and Weil, 2015) , A5 & — K
B J2: 22 I B (Wise and Obi, 1992) L K 44 it &
R 77 (Bird, 1988; English and Johnston, 2004) 5,

Fe [ Kty LA 22 B Be i A 32 - A 5 1 28 i =&
Fr(Dong et al., 2015), JLHJE A A AR LUK B A
AP Rty 2 S S I TR RSB A DA TR 37 N
SRR BIFFE T8 3 A R AN [v] 450485 O T A8 1 AR A
Z—, “REE AR s RLE & 1 R G A
B 24 pl A iR (Wang et al., 2011; Wu et al., 2019;
KR HFESE, 2012) . MAh, WA DRI EESR T
W20 2 i A b s et 28 1 ik B ik A A 3 A
YE R, 40 s 437 38 P4 2% /4 B2 2% 1 —R 1L (Darby and
Ritts, 2002; Zhang et al., 2014) . b I FH 11— 1L
f4 33 of 7 (Davis et al., 1998) LA K B i B 22 10
Hbi [X (Clinkscales and Kapp, 2019; Zhang et al.,
2021b, 2022; Zhao et al., 2020; X1 56 i) %, 1985; ik
JEMUAE, 2020; 5K HFAE, 2007) o FE 31X S 45 40 44 1
H, JEH DL B BRI R, I X R T
RIS AR i, (H— B A 5 R, Bl
X AR JE AL A SR B A AR TR LR

(Zhang et al., 2020, 2021b; Zhao et al., 2020; 5K LA
45, 2020; TRIEBE, 2011) o BEJE A A TR & A 5T
TEFR [ v 8 55, BARE e RAL S — &
B A, T4 T e DR DG A9 A 15 0 9 T A 20, R
& Bou7 7F & & 1L (Faure et al., 2016; Bl 1 F 45,
2008, 2018; 471145, 2015) LA K e 4% VT 3 X A5 3 A
FBFFE (Yang et al., 2021), #8177 78 FHoAth b X %) H2
SR AR, A6 R M DX T ARV R R R
Ve B2 A8 3 R R AR, ] B AN HEBR A 28I 45 A Y
MR TE B B . PR L, a3 7 T A 9T T AR AT BY)
T A AR AR TS A B RS, A R T
SR L AR AL RN 4R R R AR T 25 S i ol R 2%
ARSI B 28T FE I AS A\ T A 15 1) FEAS RRAE . A
= W11 1 R 8 T s 1B T = =T EE R
A A 3 1Y B0 X RRAE LA K A I ]
REMBIFSE 7 1] o

1 ERENBEASEHHFIESHERX

H A, 55 E AR i i sy 2 b7l
VYIRS PG ER, I 7 T 24 150 4R WE5E, 1
XPZ R 15 AR R B ETIR AR o BRI
N TR RA 3 R A O RRR AR 17T 75, A (5] B 30 1) S A 4l
WAL AR, 140 Stearns( 1978) Al Erslev(2005) 41 XF
[Fi] —~ Rattlesnake ¥ A&} A9 TA YU AT B 5k 1y 22 31
(K 1), JR A J2& Stearns(1978) 4 1) I J2& A 1] - 1
0o BT, — M ok ik S 4 1 19 55 )2 A8 U AR 7 LA
AR 3, PR b 2 8008 ST E A BE ST, H R
B, MR SREN AR E, 2R
BN AR g T R, X LT AR R —
(TR B ) = N o e B R B 9 /il ) PRy
MR IEWTZ . A, BRI N 28 20, B
F EBE P — AW EGE ) I (Mitra and Mount,
1998) % # AH H.°F- 17 () £ 4~ Wi )2 I (Spang and
Evans, 1988), X &£ W J2 7 10 vt — M B 148 IE 4R
g = A X 38, B Trishear £ %Y (Erslev, 1991), 24
SR, BT BE IS T A AR A T A TR A 1 O 3 Bl
JFORRED, AE G IS B AR AR ) AT, BRR 4
S M 28005 J2 19 25 ¥ 1 I ( Davis, 1978; Schmidt et
al., 1993), {HIX A J& T # B i) 55 IS 45 A R A i
(Stearns, 1978) .
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(a).Stearns( 1978) B % ;  (b).Erslev( 1986) 4

K1

Different interpretation models on the relationship between Rattlesnake anticlinal basement fault and the fault in overlying

Fig. 1

JL3EVEES Laramide & 11177 Rattlesnake 15 2155 W72 5 L 7 2 A )2 56 28 A0 [R) i A 72l

strata in the Laramide orogenic belt, the western North America

{EIZ AN [R] 2 35 6 1 W7 2 09 1% sh A7 38 AN TRl R A
P, EFXF AL SEVEER Y Laramide 7956 i 4 A AU RH 4%,
Tt 2 5 R B2 6 BB 20 (B 2): Ok
5 ¥4 4% Drape fold(Spang and Evans, 1988); @ ]l
W72 Upthrust fault( Stearns, 1978); @) i i [ &
Thrust uplift(Berg, 1962); @ 4 4 3% #f Fold thrust
(Stone, 1993); ®HA 8 #E Wrench uplift( Tindall and
Davis, 1999)

HA RIS A 1] Tk O R 2 Bz 3k il 1 b
SETE IR0 FL R 4 A BUH & (Stearns, 1978), {H il Sk
7 22 AT R 4 7R 32 2L ARG 3 0 ok F AR 2%
TR HRATC A B B R v mT LK 7 g 4% 336 B AR e Iy
HE, DT T2 T AR AR A9 A2 JE (Yonkee and Weil,
20150 S FT I Ay A 56 VG 0I5 R A 3 1 206 o
W )25 A AR K, &= B 37 (Stearns, 1978) ., 1F F ik
AN TRVBE Y 0 (D AN @) 32 ZE 0 7] F 56K & A
Mz 3, Ja 3 AU s A S 4 3 2 H JE IR OK -
Bl ALY, XA B T AR R b Bk ) B AR B Y
SR IUESE, X kb 3 = B Y 3105 o BT 23 1] T &R 20~

(a)

(b)

30 km ¥R B BVAE B 7K F-J7 [a] ( Brown, 1988; Stone,
1993) . L, 7K N J) 38 B Laramide J5 7 #4) 38 JE
B WL 5 R A 3 ) HE R (Yin, 1994; Yonkee and
Weil, 2015),

FLICWTZ B =R 3R DL A A 1 45 R o
FUsg w25 17 W2 0 A8 T, il = A B U) A R A
PURT LU Hh, W72 B 000 2 o E B I o R R
(3. FEWZEM B — LT, W2
FBER, I Hh 2 AT 3 LN, AR A T e
W )2 Z b A AR /N DX 5 A B, B )2 10 A 2,
L M ) b )2 AR TR S LB, H 2 55 2R AR IR
AEXT I 5 A2 T R BE AR /N o 78 Wt )2 i — B0 2%
PER, WHEAL R m ik, 35 )2 32 52 W A8 B 1Y

BB R 5 B I Y, RS IR AR i
TESZ 5 (4 52 2 h 28 23 B 2R IR T J= 1k o
R BB B, E R R R A SE 1 O — Y
CIE Do FE R BB FE e X 48 IE W7 J= 7 4
AR R 8 T AN [+ 2 2 o LI A A A 3 G AT AL
PR B DR AT

(e)

() IR (o) Mupli)Z; (OB bl ; (D RSk (o HhEER

&2

FL RS 5 A U 2 W7 2 36 80 75 2 (Brown, 1988)

Fig. 2 Different styles of basement-involved structures(Brown, 1988)



296 1g R Hh i 2025 4F

Trishear angle=40 P-S=1.5 Slip=100 Trishear angle=40 P-S=1.0 Slip=100 Trishear angle=40 P-S=2.0 Slip=100

5600060000000000000000000000SPesssE T ———
50000006600600000000600008 8P, O

~ T-Ramp=30.0
0050005006000000600650 Mggparrie

500000000000000000000e gy,

6000000000000
6006006000000,
0000000000007

/00000000000000000000000000000000000

500006006600
000000000000

0006000600008
000000000000
000000000000\
500000600000

10666600000000000000000000000
R 99800000000000000000000000000
$$€5000000000000000000000000000
9€00000000000000000000000000000

00000000000000000000000000000000000

00600600
5000000000
NS

60000000000000000000000000000000000

~ T-Ramp=20.0 20.0

©000000000000000000008ggg
5000000000000000000

16©06000000000000000000000000000

.‘ /886000000000000000060000000500 20000000008

{\80000000000000000000000000056600000
180006006000000000600006000000000000
I850000000000000000000000000000000000
00000000000000000000000000000000000

T-Ramp=20.0 p

5560006000000000000000000000e PP seper I

©000000000000000000000085544,
500000000000000000008

166©0060060000000000000000000

/€5060000600000006000006000000600000

50000000000000000e;

15000000000000000000000000000000000

50006000000000!

00000000000000 @Yy

©0000000000000g)

00000000000008;

0000000000000 RN

0000000000008 18800600000000006000000606060
6000060000001 1860000000000000060600000000000
6060060600000 60000000000000000000000000000

0

0000000000000000000000000000000
£6506600000060060600000600000000000

/566060600060000000000000600000000000

T
5060065000000% 8 . _

55660000000084 T-Ramp=70.0
0000000000008, )0000000000000000000000000

6006060060068 \k\#88860000600006000000060060600
0000000000008 O ©0000000000000000000000000000
600606006000 \#P866060060600600000006060060660
©00000000000\#86000006666000066666660000666600
©00000000000f#885666600666666066606600666006660
’6000000000000000000000000000000000
5600006600000000666000660066606600
$56665666660606066606660660006600660

5000000000
60000000008
500000066008

$5500666600060606666606666666
50000000000 660606066660000000066000000000
0000000000084 \868666660050600000000660606666666

060000000008 4\#666600000006606606000000000060600
600000000600

000000000009

8860000000000000000000000000000

00000000000000000000000000000000000

T-Ramp=90.0

50000000000000000000000000000000000

P-SAL#E 5 shim L3 ; T-Ramp. Wisli {iffi; Trishear angle. =57 )4 ; Slip.ig shi
B3 RTR] A 1 25 P 7 2 2 A 1 2t 2 AN ) 1 AR T R B 5 v

Fig. 3 Different deformative degrees and ranges of overlying strata caused by basement faults with different dip angles

2 FERHLE

LA A BUAL A T ROHL R © B A 12 40 ek
KIS R R 2 —, I 2 AR08 SCER W Jx 5
RS . iz 2 MR G, H i C 404
2K OER A TIE 3 2R 0 A Rl =X oy
JE 0 S, T 7 )2 ) LR 4 SR R (R 4) (Cook,
1988; Mitra and Mount, 1998; Spang and Evans,

1988); @2l 7 )2 125 ¥ 4 FH (Chase et al., 1993;
Schmidt et al., 1993)a% & # 4% (Garcia and Davis,
2004), MARZEIF AR T o0 2 L R R A
7 ¥4 38 (Stearns, 1978) ., 4 5 UL 2B X006 o)
I, 322 3R B i 5 A A FH (Cook, 1988; Mitra
and Frost, 1981) 15 ] 1 AR 28 #4) 4 7505 2 ( Garcia
and Davis, 2004; Huntoon, 1993; Marshak et al.,
2000; Stone, 2002) .
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A
KB TR PR Z /M2

() ZJEEWZESN, HEEME —AXNEEEE,; (b)) BIRKAE EERI N —RIVNEES; (OREABE A —E 5N
AR D M ARAE, a5 2N AR 4ok
K4  SEJEW TG I A M E A TR 4% T8 L # (P& Mitra and Mount, 1998 &40

Fig. 4 Formation mechanism of basement-involved folds related to the activity of basement faults (after Mitra and Mount, 1998)

J12E L, TN FEEFE TS Laramide JE K RIYEE, HATC &6, ¥l % Laramide 5K
FIREEE T — RIIBA(F 5, FEAHE: OFalE ARG W2 5A V) HI 508w, e m ks
W7 JZ (McQueen and Beaumont, 1989); @£ B 4 B AH LS, DRI 5 A P T 2 A 780 4l B A AU |2 8
#4)% (Egan and Urquhart, 1993); @HI5EHFES (Erslev, B2, 1 HLAl 2 A BIRIERAY AT 2 Ab, {HU2 24K
1993; McQuarrie and Chase, 2000); W7 A1 BEINEE S 000 1] T 45 il 3L IR 46 A RUR) 18 10 BT )2 78 T e
F(Tikoff et al., 2022) . BEAE A HERD BRI L W WA A (Erslev, 1993; Weil and Yonkee, 2023)
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AR b (ch)
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SevierkH 4-i¥ il Laramide iy o

bird u;.gi
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(@) A A BEWZRBERL; (b) By IBIERIRL; (o Hredr gfiny; (A a AL HA
El5  dbZEVEH Laramide 3 (L7 & 11 3h 1 1 (35 Weil and Yonkee, 2023 15250
Fig. 5 Dynamic mechanism of Laramide orogenic belt in the western North America(after Weil and Yonkee, 2023)
3 HELeE (1% 2 R B AR 3 TR e 1 A i P A P, 2 X
Se I 1 8l ok A A A O — A SR TR AL
xR A L iU B ORI — B T2 BTk A AL S vE AR L K g SE PO &R,
B AN, A FE I SEPUHE Laramide 35 AP 7EN BEBSELAEOR F XS0 IX 30 > 4 XY 2 ]
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RUBSEIRTE 2h KA &, IR 2 80 A 58 0 oy 2
I ARG & S b SO R A DI OCR, 5
M e 2 18] 1) A0 5 AE A 5% (Bird, 1988; Dickinson
and Snyder, 1978), {H 2 A [a] 24 & i) BAK i B %8
FEAME . WAL SE PR &, AF7E LA JLA A TE]
IR (DB & 1 7 AR R 1] R 40 o, Y Cordillera
W v R A B LAY T P A 3 (Price, 1981); (@La-
ramide & L7 14 28 1 38 3o b 7 v 0 — > DXl v v
JI 2 5 M i A0 %, 5 MR TE A G (Oldow et
al., 1990); @K FEMRILIEE 1A A e it ik i 5t
AT AR BEAR o, AT AE B3 Al e b e 1K 1 1 7
(&l 6)(Bird, 1988; Yonkee and Weil, 2015); @]k 3
VYR — FR G Y S0k oA ) AL PEIG, I 5 b Ak
KARE, S 20T Laramide & LU 7 A JE Bl (Max-
son and Tikoff, 1996); & H T Laramide /G ] Sevi-
er i LA Y5 B, 15 B T R ] Laramide M X Y 5F
JE o HAG, 8Ok 82 i B 58 8 ) T 3 246 ok
FI P AR B 1] 2R 09~ A AR o ARG £ B2 AR o (Wel
and Yonkee, 2023; Yonkee and Weil, 2015)

H A, 7 EAH G pIF 983 3o 55, st db
SR 1L A A B 3 B E LR, A
(R BIF AL DN Ay 5t R Al e ) W 4 11 £ B AT
A oG, BITE h— Ak 2, b RSP Ve AR B AR A
FEARF o, BTN T R R B AR, TR T AR v
P38 S v oo A L T A s A R AR T
W8, JE L T &R B A R B9 4 i (Zhang et al.,
2021b; Zhao et al., 20200, i#F A EL, B i K

Sevierf# 4 - w7

; _{a(a“o“
meniCd
Noﬁ“%\%:\_ A !

< 4 A
R X\E‘Q > 2\ 2
‘&/‘%%&

P AR HARE o A B Y A8 R (el 4, A2 b v e
GRS 37 NS R NN VRS i ) N 27127 N

YHEVES IR 435 Hb JE IS A6 A UL 3 A9 T B0 7] g 5
Jil G 3 1L 0 e oy AR AR —rh AR ZL AR TR A G
(Hendrix et al., 1992; Zhang et al., 2022) , % ZMTE
X BB ] N 4l 28 05 T3 EW ) A SN [a] B9 1R
FH, BT BN S A A TG B, TR T
WES I 4t 1) R A8 s R A 2, 2L T b S8 VY AR i il
7 W AL A9 1 2 (Horton et al., 2022) .

T e i A BB S A A B 1 IR B S
B - BRI A Bl 1) il 48 A B4 6 R . TE BT AR AR,
Wil 5 A 8 %) 4, R ) Bk e R A% 3 A ARG 1 b
IX.(Yin et al., 2008, Fi i 51045 w2 1 %) 8 755 Hs
AR AT EHT I B, IR T B R A A )2
(K

AT LLVE h, S BRI AS A B 15 T8 B ) 1) 1
W ZFh 24, 3 1 R IEM Z M 24, JLEFr 36
U LIS A A AU 3 1Y 8 A B R Horp — R
T2, 3 E 24 M X R Y 2 1 AN TR] £ B2
HRULHN T HEA A 0 N 1Y, B b R
VLS5 ER A T e R AR TR, T B I Y RS A

TR
4 HEFRIRK

4.1 fiesEp
oAb v Pl 7E B S Dy T R A A R,

Laramidefij ity

JLIE A el

R Bk
2

Faral\on’ﬂi}#

K6 db3EVEER Laramide ¥ Ll T BRI N J1 1% 345 80 (4 Weil and Yonkee, 2023 1550

Fig. 6 Stress transfer for the formation of Laramide orogenic belt in the western North America(after Weil and Yonkee, 2023)
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“ARAb TERLE AR A A SR R I AR R AN
[7i) 45458 OC 7 A5 Y 4 2 — (L et al., 2019; Lin
and Wei, 2020; Wu et al., 2019; Zhu et al., 2017; 4 H
FEARE, 2011,2012), MAEH . Be PR 2 AR AL Fodirid
o, % A= 3k B I ) ) i 4 AR, AR 22—
(Darby and Ritts, 2002, 2007; Faure et al., 2012;
Zhang et al., 2014, 2022) , BH (LI—3H 1] (Davis et al.,
1998; Li et al., 2016; Liu et al., 2007; 7k < J& 45,
2006; BB A5, 2004) T AL T AR b T A IE H S Y
BRI —RAT LU DI IR B 1 v Bl AR 38 e e
7Y ) F i ¥ A R i ( Zhang et al., 2020, 2022;
Zhao et al., 2020) ,

BRI — D TE MR S IR B 1) Bl PN 2R IS 4
A BRI RS 498 R G0 (L 7D, %08 4% R 50 2 76 T FE i
g At s LA IS BB R, L SE RS 78, AE )
K4 560 km, 474 % 80~ 120 km. [H 4 — et
TR IS A AL 1Y R84 PR monocline, R
BEh “ RS ", WA B F F N R e

i sk JE I AR, 2011D), HIX 5 F R} Y 9% 3C Chomo-
cline) A — & DX, FATHE Z A A9 TAE b g 130 H:
B “smEtg s GRIEATAE, 20200, B 21l
B E M NNE 1Y 58 2215 &), BRRAR D 88, 76
AR FNAZ R S B AN 6] E [ 1 B8 A 8 (1 DD
b B AR K i € e 20 A e R, A U o3 A
SRR SN E In] B AR A 1 . mE BRI SN
] B DA AR o 0 AR A, WM % kB
A3 SN [ A1 EW [n] (Y FRAE A 1, 2GR
R TAZER . BFgE R B, B 4% 1L i v B 40 T 3
CHOBRER, 3 BF 3 DL K9 DA J5 Wi EW
] A 8% FEAE R AT DL R IE sl L 7D, 8 il T 2
JUE W 2 3% B, OF 2 3T B U0 RR M 2 Y R Ak
(8, B fli 5 52 1L AN [] b X 1) 8 45 T2 B %) ey oz
F13707 ) AR —FL, Ry SEC122°)—NW(302°) i) £
(& 7, Zhang et al., 20200, E 92 111 #4 4 i) JE 1%
B PRy DR P i e A G R 2 1 Y RS A
fifs o, 15 B T AR AL s RLE Y i N A8 JE (Zhang et al.,
2020; Zhao et al, 2020) ,

R 5 BRI A, AT L P A K B R a1 R
& N\ UG 3 B HURE #4) 1 ( Zhang et al., 2020) . ]
m, fE R AL, on RAE K S A NW ] SE
W TFRERRABEASZ L, IS8T ERLH)Z
RAEEEE, IE AW 2 A R R 4, W2 AR

e S iR R (K 9, fEEILMIX, FFER
20 1) FE RS AL B 7 R B R IS A6 AR 45 1 %R
KEH KBV EW [A 8T SN [a] (138 w2, 31X 2 40
WiZEdl TR RIS A RN ET
(Zhang et al., 20200, B4k, 76 K47 LU W7 JZ 2k LA
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Basement-involved structures: characteristics, styles, mechanism and
tectonic settings

ZHANG Jin', ZHANG Beihang’, ZHAO Lei', ZHAO Heng', QU Junfeng', ZHANG Yiping’,
WANG Zhenyi*, YANG Yagqi’

(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. Northwest Institute
of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, Gansu, China; 3. Chinese
Academy of Geological Sciences, Beijing 100037, China; 4. Hohhot General Survey of Natural Resources Centre,
China Geological Survey, Hohhot 010010, Inner Mongolia, China; 5. MOE Key Laboratory of Karst
Georesources and Environment, College of Resources and Environmental Engineering,

Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: The basement-involved structure is predominant in the thick-skinned structure and developed in
various tectonic settings, which is not constricted within the peripheral of the active continental margins but also
involves the formation of orogenic belts, fragmentation of foreland basins, formation of plateaus, and deformation
of cratons. Some of these structures are developed in intracontinental areas far away from active continental mar-
gins. There are both links and differences between basement deformation and caprocks deformation in the base-
ment-involved structure, including the thickness of caprocks, pre-existing structures of basement, stress field, rhe-
ological differences between basement and caprocks, thickness of caprocks and so on. At present, the formation of
basement-involved structures, especially the deformation mechanisms in intracontinental areas, are still unclear,
low angle subduction of oceanic plates is considered to be the main pathway leading to long-distance stress trans-
mission. During the Mesozoic and Cenozoic, the Chinese mainland has experienced multiple tectono-thermal
events, which are prerequisites for the development of basement-involved structures. At present, typical basement-
involved structures have been found in central North China Craton, the Junggar Basin, northern Qinghai-Tibetan
Plateau and other regions. Their formation mechanism and setting represent different important continental crustal
deformation, including the deformation in the process of plateau formation, the shortening deformation of craton,
and the process of gradual fragmentation of foreland areas of orogenic belts. However, the study of basement-in-
volved structures in China has not drawn enough attention, and there is also less profound understanding on the
influence of these deformations in the process of continental deformation. Southern China has also undergone sig-
nificant continental deformation during the Mesozoic. However, unlike Northern China, there are fewer reports
and studies on basement-involved structures in Southern China, which may be one of the future research
directions.

Key words: basement-involved structures; deformation characteristics; formation mechanism; orogenic belt;
thick-skinned structures
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