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ARG ET L =2y P LY 2y PICa
&7 5% (40-50 km) F ¢ (thrust zone 3 L
I seismogenic zone=HiEHLEH) DA 7 7HKH
3, RIS AETH 5 (Syracuse and Abers, 2006;
Syracuse et al., 2010), Jarrard (1986) Iz Xk b a2 v 3%
AN SNTAMRDWARAAR DG T A —FITHD T
i, WS SYEE 60 km £ TO A 7 7 OFHMERA I,
% ¢ 330° L FTd %. Lallemand et al. (2005) iC X
UL, #ED SRS 125 km £ TD R 7 7O F-HEHY

®E

B &R DK - KA UL A IA A D RO BTS2,
Bz L E2—9 2%, BULARARET DK 10 % 13K
AR ARARTE L INT VS, KPR AIA R EARS LA
AAEEFREAINE B fEHINTERL, LrL,
MiEIER L2855 <, KHLTH) o#EY) L EZS
N5, WRPKLKELAAZRIE, F Y @ Pampean flat-
slab, X)L —® Peruvian flat-slab, X ¥ 3 2 ® Mexican
flat-slab ¢ & %. Pampean flat-slab & Peruvian flat-
slab T3, JEEMEEESLAAA TV 5, KATLAIA
B, RDOARr—F, M7 7 A%, VEHAZE
LR S5 N B, KV AR AIAARDEAICIE, %<
DERDH Y, BAEbHmIFE L TW»5E, 20613, 1)
G IEHI DM AR A, 2) B 7L — b OniitE, 3) <
¥ PVIREF, 4) IEIA (> 6,000 km) PEAIARITT
OREMEICH D (>80-110 my) AAAR, 45
HR D 2 DL, EDER L TKFE - RALAAADTER S
N5 ARENED SR >,

D, KREEHRO N0 2 5 7T 27.6°, bR
DTDAT7TA425° TH %, MWITEHEDO TDA T 7T
fERA DY X D K E OMEIE, HEZ 125 km 2>5 670 km
DATTICEBWTHED 5%, Syracuse and Abers
(2006) 12 X 3uix, MADKILAAARTIZEIT %S 50
—-250 km @ A 7 7 o ¥R 1%, 30° 55 60° TH
%, %7-, England et al. (2004) 3 % & 80—-400 km %
TDA T 7DFHEMA DL 30° 55 60°Th 5
EERLTWS, LeL, HADWL D2 DILAIA
A ClE, thrust zone %8 2 CHENED & £ 100 km #f
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N ET, AFD L EFIEFITURAICLARATL R S
TOFEDRH SN TV S, KiTld, 9 wvolkikisi
ABKRAE Z2 KT AR A (flat-slab & L < 1
flat-slab subduction) & X MEATLAAA (low-angle
subduction) & M3, Gutscher et al. (2000a) I L #1
X, BHOMWAIAAR D 10 % H3KFD L IFEATL
RIABTH 5, P AARIZF T ) )L — -
AL, X Fa, KARAARIEIART — FRREET
7 AN, WMEEZETHMoNTWE, £, #@EDKF
b L CIHEAYLAIAAE, HEH =R ok (6] 2
1%, Coney and Reynolds, 1977) bV 7 2O H
tilE (Li and Li, 2007), #1227 fd- A0l Fifd o
# 7Y 7 (Kiminami and Imaoka, 2013) 7% & CHIS
T 5, KV ARMAI AR, KRIRD ALIE S K
BaGE ol R, g, LBV — F OEBRE - RE
REWCEBRRYEY L2 EEZ 6N, OB
PIHRERICE L T oA fTbn T &% (Hlz
1%, Gutscher et al., 2000a; van Hunen et al., 2004;
Espurt et al., 2008; Kay and Coira, 2009; Schellart
and Strak, 2021; Horton et al., 2022),

KT, BEE X CMEDKT - RALAIAADSY
MR, Bz SR 282/ L, 20BN
PREZHEIT 5.

KESLTEREFAH DR EER

AP ARA A EARFG I AIA RS, —MIC Dl S5 T
Ll Hwsn s (HlZ21E, Gutscher et al., 2000a).
— J5, Pérez-Gussinyé et al. (2008) iZ, 2 7 7 5%
100 km D & T2 L L, WIS 100 km
Wb e o THE S RV ARIAAR L, AT 7 DRI A
TiEAL, WX 70-100 km TRAMEICKRD, < b
WITA> TR AAA (7 7 AH, a A%
VA, ARV, MifikE) aRAlLTws, %
7z, Schellart (2020) 1%, ZK3F-PLA0A & & KA I A4
HEDFEVIZBIL TRD X ) IZIENT w5,

active subduction zones on Earth, the uppermost

MFor most

~200 km of the slab is defined by one convex-
upward slab hinge located close to the trench
(Figures 1A, B) (e.g., Kuril-Kamchatka, [zu—Bonin—
Mariana, Sunda, Tonga—Kermadec—Hikurangi, New
Hebrides). Some subduction segments, however,
show two or three slab hinges in the uppermost 200
km. The former generally has a very gentle, convex
upward, slab hinge near the trench and a second,

more pronounced, convex upward hinge several

hundred kilometers downdip, with a very low angle
slab segment in between (Figure 1C) (e.g., Alaska,
Nankai, Cascadia). The latter, with three slab hinges,
has one convex-upward hinge near the trench, one
concave upward hinge that marks the start of a flat
slab segment dipping <10°, and one convex-upward
hinge that marks the end of the flat slab segment
(Figure 1D). It is this subduction geometry, with
three slab hinges that is most enigmatic and that is
the subject of this study. In this contribution, only
the subduction geometry with three slab hinges will
be referred to as flat slab subduction.; Z® X 9 (g,
Schellart (2020) 13, 32Dty %2 HT BINAARY
A T2 AIAA EERL TV D, —T7, EALAA

SE } NW
0 km F====—

50 S
100 ~
150 . S
Top Kuril slab N5

200 L L
Okm 100
B Trench

wsw} ENE
0 km p====

1 1
200 300 400 500

~

~o Top New Hebrides slab
50 A

100 |- \
150 | ¥

200 1 1 1 1 1 1 1 1
0km 100 200 300 400 500

(o] Trench

SSE} NNW
0 km

-~

50} S~<
100} i .o

1501 Top Alaska slab

2000 km 100 200 300

600 700

400 500
sSW § NE

S~ Top Central Peru slab
50 S

100F " T “
150} S~

L 1 1 L 1 1 LS
500 600 700

000 kmI 1(I)0 2(I)0 360 4:)0
W1, B S 7 (1200 km) ORI & ERHAEICHES < 4
DDUHAI Y A 7 (Schellart, 2020). A: FTEHZAS 7. —
OOMMEle Y LB OR 7 THEAAEET S, B o a—
ANTYVFS4—=RAAT7 7, —oole vy LEMEDR T T
HERfEHET2, CTIAHNRATT7, 2oLz
DEDRDAZ 7%2FT S, Dt fRRL—2F 7, 320
bty (FiEd oMile vy, BXOzosiloMA e v
PriWE v Y) EHEE Y Ao E v P DB DIF

EKVIe AT 754 T 5,
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AIZOWVTIE, 77Dy INR2oTHY, FEHED
AAAR DR E LT3, 7, Schellart and Strak
(2021) Iz kU, EALARAARD R T 7RG (F
X200 km £T) 1320° LT TH S,

AT, JE A B2 Schellart (2020) & &k O
Schellart and Strak (2021) O3 8IZHEy, KFELAIA
A AR AIA R % DX L CRLIR T 5,

KT A
1. KEXHAH

WA At A D FRIF 3 D> S N AAA L HgE 7L — b
DICARD S 721278 2 DITHE>, FEAKPEER CIEHRS (KA
DIRAABDIES 5 2 EBHS IR > TER (BlZ
1%, Isacks and Molnar, 1971; Barazangi and Isacks,
1976). 2 LT, 246 DKM DIAIAR L IEEN
FOMAAARLIMKIUGEB D11 & DMHBI2EH S 1
TE Bz
1981). Cross and Pilger (1979) % Pilger (1981) (%,
vk 23A % % low-angle subduction & EHLTE D,
I D IR DV AA A g 7L — b DHiET
NGRS N LE2IRT 2L L bIC, KFED
T/ A7 2T B LHMINTHAAAIEA S 7 L i
TL—FONEEEL TwB E L,

AL A GA B D I FB L, FEKRPERETHAA T

— P AAE 30° SR DO FRF Y, 10° S AR
®&w—,£iﬁ¢*@%?:327V—Fﬁ%&ﬁ
17 NMIED A ¥ amiiTtd s, 22T, 21
Z N % Pampean flat-slab, Peruvian flat-slab, ¥ X O°
Mexican flat-slab & I-53, Pampean flat-slab Tix 7 7
v 7 2V F v 57 AisE (Juan-Fernandez Ridge) 73,
Peruvian flat-slab Tl 7 2 A {48 (Nazca Ridge) 73
TV HERICEZE L T 5,

HREADED 7 7 POV IT b KL AIA B DEFLED
HEEZ T\ % (Gutscher et al., 2000a; Beate et al.,
2001; Bourdon et al., 2002, 2003). =27 7 K1 D
)L ——9 ) ¥Fi% T3 Carnegie VS E L T 5, L
L, 77 FATORHRMEOBES M (RiE-~=
A 7 HOEE) DI >TE ST, HWETHDIA
W (110 km) KINAEDRD 615 7@, KTFIARIAH
DIFAEIZ T L S UIRETIE 2\ (Bourdon et al., 2003;
Garrison and Davidson, 2003). Espurt et al. (2008)
1%, Carnegie ##3E23F 720 ICILAIAA TR R VLD T,
L7 7 PV TRKTFLAMARICES TRV E L TY
5.

Mexican flat-slab (Pardo and Suarez, 1995) o2

HE L ERELHAH DT

%, Isacks and Barazangi, 1977; Pilger,

X)——F

BT B8 X ORI AIA A DOHIE

b7 20| a8
J% 12 1& Tehuantepec #g48 D YL AIA A DIBIHE L TWw» %
L X172 (Gutscher et al., 2000a). L AL, Skinner
and Clayton (2011) 1, Tehuantepec ¥F4E D31 AA A
TV RGO R 7 TEREH 30° DT, ZDHFEDIL
HIABIZA T 7OBERICH E D EEELLGZTORVE
LT\ %, Manea et al. (2013) 5> Gérault et al. (2015)
1, A ¥ A EEEB ORI AA B DSIEREIFE DL AIA
A EIFMBERE LT3,
2. BREHFAH

Pérez-Gussinyé et al. (2008) % Schellart (2020)
X, 7777407V — 2 AIAL 48° N (LD A
A7 —=FTFR7 Y 2=y v VBEHRECRFEE7L— b
DAL T T 7 A A (61° N fhE), 749 €Y
7L — F 2SR AIAT VIR HAR TR A A 2 5880
TWw3,

Finzel et al. (2011) &, BB 7 7 A4 T O{EMATLA
A (Finzel et al. FisC TR AIA A & Zlb LT
%) D L7 L — b OMEREPERM L 2R L Tw 5
Gutscher et al. (2000a) % Finzel et al. (2011) (X, 7
V2= v VIEEHEICE 1T 5 Yakutat v 4 70 7L —
F DIRAIABD T DARFIRAABICB G L T3 & LT

W5 .

AR — PN OEARAIAARIZ, N7 —N—EFED
o7y b yHNALPEBICO T T T 5. SNIET 2IE
R AR DV AR TR D B 47\ (Gutscher et al.,
2000a), Z ZCIIEEICH W (7T-8Ma) 77T 74
7V — F R BHIAA TV S,

VR HAT oA L AIA & 1%, Hirose et al. (2008)
% Nakajima and Hasegawa (2007),
(2008) 7 E DWIHIXICEEDT X, ML 7 705 133°
E (G DPESR HEH T O TIciiAir e 7 4 ) E A
7 7T %, 136° EANTIC b /B 2R UL A B D3
W 545, Gutscher et al. (2000a) 1%, JuM-,37 4
HEEH DI ARIA DY T @fﬁﬁ(jﬂ?fl_yfkﬁglé‘bfbl%) &L
7. L2 L, Cao et al. (2014) 2 X#iZ, 15 Ma LI
D=3 7 AifEsals, KAYLAAA L 7 A+ OFEfl
DIM TR I HICZDWSTITHAIAATED, Ju-—r8
7 F WA DN AIA A DMES IR A A DK & 75 5 w]RgdE
RV EHEE I NS,

Shiomi et al.

KFE - (BELHAHR T T DFEE
1. KFRHAH
BRI 72 KR R IA A, FEKRPERRIC 2 A7, X ¥
AVHRIC L AFAET 5. BIR L 72 &k 912, ACHERARA
ADEE, WHHICET T 2MIHICEWTAZ 71:320
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2009).
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(i-1) RV AAA DA E L R T 7 DIRIR,

RIARDIAE XA 7 7T DIFIR.

WD I AIAR A 7 7D, —h: AL
m, n: BFHER IR AIARNT D A 7 7 DGR,

o: HHED HIEE 125 km £TO A 7 7HEBADOHE S/ (241 [HOMARABRE T AV T, )

ET 4 A e v Y OMEREZF 500 km TH 5,
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1,500 km) Z#b-o7EHEEZRELTED, ZOEEBIC
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LE i 20258 DL ARIA AL T 5. s & Tk
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ST 2 R H 5. Gutscher et al. (1999) 1, + %

A HFEE DI AIA R ETLAIAIIZ K> THERbLILTL

¥ o574 vAhiE (Inca Plateau) 12X > TIED AWK
YRT TR TRV BRI EEZT FEHX).

Baudino and Hermoza (2014) % Schellart (2020),
Schellart and Strak (2021) b Z DO HEZ2ERHA L T\ 3,
A v A#AEIE, <)L¥—R (Marquesas) #H & 5%
YA & LTS SRR FREE PR S L &
%2z 5 7T\w3% (Gutscher et al., 1999; Baudino and
Hermoza, 2014) . Schellart and Strak (2021) O Wilhi (8
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BO8M, a: B—h 7 5 2 H DX (Jadamec
et al., 2013). Kfada v ¥ —I%, F-Hk
T 7 AN DKNYIER T 7 KOS LR
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DEREREPAMANIR DML 2TBEE2 L Twd (8K,
Jadamec et al., 2013). HfliZWV < 29D TNDE
T4 @Wi g & 829 %, Schellart and Strak (2021) @ Wt
HICkE, T4 AZNLEe I3, DS B L Z 400
km AL/5icdH b, EEHH 40 km TH 5.

3) ERBEFDERILHAH

PR HAR NIk siAL 7 s YV EViET L — M, > v
TA—LETVF 7 A—LEBEVIELTED (59K,
Hirose et al., 2008), 7 ¥ F 7 & — LM A I A
A>T S, AT VY F 7 4 — L& $ED S
HEHL S O N DKM A Z 7 DIEIEA 250 km TH B, T
DARS I AR F D P 32U IEH 22 i A0A AL T
%. Obara (2011) 1%, ZZ TR I 7HUMish T3



36"

32"

s : Plate boundary (this study)
s ; Baba et al. (2002) , Nakajima & Hasegawa (2007)

HOK, WEEHAARICETZE 74V EViERAT 7
T DSEZEIERE (Hirose et al., 2008)

ELTWV3 (BI0M). £, HHlTE7 1) EViGA
FTIWe 7=l T VT T A —LREDIRT, PUE
R 2 3 2 kP - FE s O Wi (58 11 4 A1, Huang
et al., 2013) 12 k3, ##ED SRA TIRAIAATL 7 4
VE VAT 7N, HAMEICH U 72 LR T2
EOWAAAIZELL 5, T4 AZ Ve PIE, WS
300 km HEEMICH D, I 238 X Z 50-60 km TH 5.
¥ 72, Schellart and Strak (2021) ®oWihilic XU, 74
A&k v, WD 6% 350 km, #HZ 50 km T
H5.

Depth (km)

Tk 2024

Short-term SSE
(By interval)

Regular
earthquake

Nankai
Short-term SSE

with active tremor and VLF,
(~0.5y interval) ,4‘

Tremor triggered
by long-term SSE

Subducting
oceanic plate

HI0K., WRHATICAAL 7 4 VEVBTL—L D
WG & HbEZIEE) (Obara, 2011), & T AA T PU[E
TORAZ 7L XD EMTRAALTNTD R F 7 DI
(M@ Bungo channel & Hyuuga-nada O[H) T7 4
VEVEA T 7MW LT B

WENTE

1. KFRHAH

1) RIES & BRE

KR AAADHEST LT 2 MR Tk, KILTEBI 235
IED U GEH X D b o i e RN A7E L,
EMEIITIEEIAMET LT 5, #il 21X, Pampean flat-
slab TIEKFER T 7R 7 A v b RiciEkixZz<, 74
AZ Ny oOR (NBE) HNCERICEBIST 2 (1
Z1Z, Ramos, 1999; Ramos and Folguera, 2009),

1L, PHED S WIS TFTO PN €S T 7 4 —DIEWIH (Huang et al., 2013). WIS ) R OHIZ L, %X
D ISR T, Al 25 A9 F oD OWHRIE, ARG 7 4V EVHER T 7O ki, €46, 410 km R#fER, B X

O 660 km AT b B TR
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South American
crust

/

Subducted|
Nazca

& crust

Subducted
Sub-ridge Nazca
low velocity mantle mantle

12X, hRAOL—D NI ARIA L F A AR OB 3 K
JLE TV (Bishop et al., 2017), g oKPEHIER, FWLHE:
WHANTEF AH TV — 1+ (PRFBDIE TS DI AA A
TR AAWER), HNBALEF AV P, ALV
LAAATET A AR D T & 2 S EYHE, Kt (7
W) OTICH pEAMIE, KEEOY Y 27 272V b
. FADWERO T OBEEYE (FLry) 1, B
SrlEElE Ge) b U SIS RN T 2R Bk & e &
na,

7z, Peruvian flat-slab Ti%, KFRAF 77X+ |
R Tidzn <, ZoRMNIC IR & b,
Mexican flat-slab Tlx, 79 v FA 57 77X +D
IR KINIFEL 2028, T4 ANy YRR T
A7 7HE 100 km (HED _EAIZ% { OFEKINBFELET
5.

KA AAA DU BT 2 9 o 7R R 2215 KL
DAL, KPR T 7R 7 A PHEBICE T 5/hS 4
Bgfist (Hamza et al., 2005) EFMITH %, Marot
etal. 2014 D+ES 774 —ETIVEEAFNET IV
12 X+, Pampean flat-slab (31-32° S) & 2D ¥ '/
M DIEH DU AIA RN (347 S) & T3 BRI 1< W 72
MHERD 2. KFPRAF 7 Lo~y v (FESH 100-50
km) DHFIEHH 600-500° C & REDL s DIH L,
Z DM DIEE DILAIAANTTIX 700-1,100° C & HLiE
boi5,

Kay and Mopodozis (2001, 2002) |*, Pampean
flat-slab i o Wit A LARE D KNG E) 2 ek L, 2o
HSs A3 DU AAIA R D SR DI AIAAIZZEALL T,
KUTHENDNEMICEE L 722 L 2H oI Lz, Z
DWMBTI Y ML 2y PDT7R/ A7 =70 L
XN, ATZT7EVV A7 2 TOEREE L EHEEL &,
Wager et al. (2006) (X, Pampean flat-slab OHiFE D
T &, KPR Z 70 RIAKIRD <~ P VDIEFLEL,
WHEOA—F—RBIFEEL BV E, AT 726D
KIZE D ZDEGF D=2 v FADMERCAIL L T 5 ATRENE
Z¥R L Cw 5, Litvak et al. (2007) % Pampean flat-
slab Hblsk D Gt DURE o SO LGS - ks E) 2 Es L,

7 7V 7 2V VT A MEE DI - R e i P A
RIRD D &, AT 7 DMEMANZ 7 D, KITHE ST (M F2)
ICBEE) LiR®, MM IC k> TR L 22 L 2]
5212 L7z, Capaldi et al. (2020) (X, Pampean flat-
slab Hu DFERDOHEREIER, KILTESE), HERTYI DOk,
PeEtEY varyo U-Ph ERAEZRHNL, A7 7D
I & b 7 o TRILTE B HERE SN BRI 7 8)
L7zZ &z LT,

Gutscher (2002) 12 X #1 13, Peruvian flat-slab 1%,
B2 U 72385 D YL A A AT T H T B B SIS IS /N
S\, FAMMEEOBEN R % G L 7% Hampel (2002)
1, F AR LR & DEER 11 STE L Z 11.2
Ma 2R $ b, 22 A% 10mm/ fF O 3 T I8
L2 E®2HS2ICL 7, Bishop et al. (2017) (3,
Peruvian flat-slab #udgi CILAHA AL F A A 7L — |,
FAMMEEE XX EBOREY Y 27 27 DEKRMEOD
RS PREER BT L, T A D EEIEED 5 300-350
km FCUAAALZMECARICZ 7uy v 4 MEL T
WBHIEEHOMILE, 21T 7Yy A Mhk
DHISICHBEZT7 7y P A7 70k L T2 (f
e T 4 AZ ey DOHikX 450 km) DT, 77 v
AT T RKZDIDITE, JEEEREDILAARIINT
TIERL, 6N B LB IBNETHL L
%Z 5844 L 7-. Bishop et al. (2017) &, FEEMEMEHED T
D=y PIVOMERCELD U < AZEBERDSHINm 22 1% 1
ZL5ZTOLAREEZIERL T2 (B 12 1),

Mexican flat-slab Hiulg o KL, W8I PLAA T
oMtk & O HABERNCAZEL, A7 7o 100 km &
VEEERRIZIB ) T TIRICa 4% (Mori et al., 2007).,
FKD 2 DDKFAAZR LG RL D, JEEWRED
Ho2II D 5N\, £72, Mori et al. (2007) 1%, 20
Ma DD KIGEB O ZLEZ R L, 77y P AT 7D
BRI~ D RIHE & #23R 12 U CRILTEE D8 03 8l L
fltzWohic Ll Tws, ZoKIEHSEDEER,
Skinner and Clayton (2011) DfEHFEHE & 13133 L
T 3%, Ferrari (2004) 1, KL AA A DG HEHE
BXRREPLT I H A b 2o SR KT OFEE W
HmLTBH, 11 Mas5 8 Ma lcdHfllicig> TR S
THMWTZLL 72 &£ LT\ %, Manea et al. (2006) 1%, &
P X X2 aTIFEZ 60-80 km THXREE S L LY
0y A MR T 2 IRERE 2 ¢, Mexican flat-
slabTiz 7oy v A4 MEDBETL TRV ELTY
%. Manea and Manea (2011) %, Mexican flat-slab
Hin g oD B S 2 Wt L, KBt o & il & EEEEE L 7
77y b A7 70 LD 500° LT O{EIEIRETH 5 &
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3000

HE L7, ZOHBOT 4 A VE Y YOESIE, 1
50 km ZDT, 77 v FA7 7RO 0P v 4
MUIC k> T, BEOLAAARIIBEATL TR 200 L
T,
2) MEEE

Pampean flat-slab #ulgiiZ, 7> F 2RO & D EW»
4y & —3% ¥ % (Ramos and Folguera, 2009), Kay
and Mopodozis (2001) IZ, Pampean flat-slab ik 12
BWT, A7 7OMEMAMIHEY, KILDSHMANCEE) 3
% EFIFIC7 7 v b AT 7 Lok ok & EAL
%7- L L T\w3, Ramos et al. (2002) b 2 5 7 DK
AAGIC R, WGBS RMNC B L2 L Tw 5,
Gutscher (2002) 1%, Pampean flat-slab @ |- o 5 12

65°W

65°W

10

2024

60°W

5°s

I3, V=7 v 7 AR

(Espurt et al., 2007). 7<=V vk
- DVEERIE 2 D DRGNS 75 2 L
TS Wy vkt (NAFB) &
R 7 = Vv ik 4 (SAFB). %
DI 3 AT T H 5 Fitzcarrald
arch 28 & %. Fitzcarrald arch ®
HUNE, #7 Y v 4k (BAB) 12k -
P THINS, F ADBEITLAA
AT2EHETE LB & Fitzearrald
arch L 3% 3.

9 15°S

20°s

60°W

4000

B14M, 7 7 AN OHIE & HUE G
(Finzel et al., 2011), H 0o KRk
1%, Yakutat w4 781 7L — b 2LAIA
AR ERES NS HE, RO RVE
#tix, flat-slab € 7' x v @ik, CI,
TB, CB, MB, SB, CR : #tf&i#:. AVA:
TIANEE-T VU 2 — v v KL
WVB: 7 v 7L Kili#i. CMF, CSEF,
DRF, QC-FF, TF : Wi,

BRI S 15 HIE L ROV X — 9SEE DO ILAA BRI D
ZNEDBEBIIRECIE, BLXOZNOHEORKE
RN ICIEZ T 2 N OIEMITH S 2 Eh 5, 7
7Y MR TRITAVIERBETL DAy Y v
7 h3eEs L HESE L 72, Rosenbaum et al. (2005) 13, 7 7
V7 2V v T RMEHED AR AT & R4, WEno
BLRTER S DB L DRREH S LTz,

Ramos and Folguera (2009) (&, Peruvian flat-slab
Hio 3, D Fe AN 72 FE 1S Pampean flat-slab s o) Ry %
EHET 2L LTW0D, FRAMEIAIAA FZIER
T 12 1% Fitzcarrald Arch & BRI % F— 2R O Bkl
WIETET % (#2132, Espurt et al., 2007; Bishop et
al., 2017). Z DA%, NE-SW SFlicfiR L T



Bt &R DU 81T 2 KT8 L MR A AR DHIE I FEE & JRIA

D (IF 200 km, X 750 km), # DOTEEIEZAREE T
BIAATEF AAWHADTEIB & —BL T3 (5 13 [X),
Espurt et al. (2007) I%, F A A#EDOILARAARIZ X 5
T Z DR Sz & LT3, Rosenbaum et
al. (2005) % Sun et al. (2010) 1%, Fk7 v FAICLE
AT B0 E, HERDOIIKRDAKERA T T2 T A FD
FIchiiET 2 2 ERRL, s DREIRDIEE
HPWE DNAARBIH L TSN LB Z . 2
LT, 7AA 7V — | DkARALD S HEE S 5 IEENE
MR OB E) & SR DT HE) L Twb 2 2R L7k,
%72, ZOFLT Peruvian flat-slab JLEBICHEAIAA T
L ¥ - 7:#F#A (Inca Plateau) DR HEE L 7=,

Pérez-Campos et al. (2008) (%, HiFEik o @btz
&, Mexican flat-slab Huls ¢l i 2> & 250 km @
HECE>Taax 7L — F OMENERMTRfTbiT
W3 ELTWS, 7z, JEEICH: (10 £ 3 km) fIRFS
PEDHERIZ X > TRFER 7 793t S U D S
TwbELTw3, IhzRBL % 7%od, Mexican
flat-slab Hiigk Tl WERE2D S 10 km WEE D Hilgz o Z >
TRERHEIIRE E Ty, Stubailo et al. (2012)
&, KPRF 7% 72y b oA EEDOWZI X >
TUWI N T3 & LTw3, Géraut et al. (2015) 1,
Mexican flat-slab 23R4k D B KL AA A & Hie 2
MELT, WEFERKUNES) (FEH7 551Ut o Trans-
Mexican Volcanic Belt) 2358 615, KL 25#
BHTH 5, MEHRHPINEHRETH S, REED~ v
FILYUY A7 2 7 DIEFICHOLEEL 2, LI
continental root (=¥ FLHICHE D HY L 72 KR AL
=keel) MFEL L\ ERFIZEL T0 3,
2. BAELHAH

AT — FOEHILAAB TR, LAALTL—FD
HFRU%, BX#Z7MaThbh (Syracuse et al., 2010),
Z DA F I D 3FH DI AIA AT LR TR KL D7y
MW EIXS 1T > T3, McCrory et al. (2012) I1T &
R, AART— FERALAABDEITDAY 7 V=T
JH Eureka T (40.5° N) 12 b /NBUE 7 {5 A P 0 3A 2
DEET S CGETH). ZOEMNAIAALDT 4 A8 )L
ErPlE, i S 130 km OFEEEICH D, HEI 25
km FifECdH 5. Calvert et al. (2003, 2006) i2 k13,
NV —N—EREBO T TEAICILAAATE T 7 v T 7
AAZ 7D EICE, JEE 10 km FLE DS 2% b -
7 AIMEDSELE S 5. McCrory et al. (2012) 1%, #\»
7L — b DL AIAL A AT — R Tl E & % 40-45 km
DRI TZr7uY v A MEDIRZ L LT 5,

7 7 AN DR A A AT, 30 Ma BRI Kl

11

e 8

TEEI A& 2 Tw B (Finzel et al. 2011). Z o ki
WXk % 72 L (Cook Inlet Z7& £), 51220
LN AR R EED 7+ ) 2 & RS k> Tw 3
(Jadamec et al., 2013). Finzel et al. (2011) 1%, 75
A FESG UL AL AR O ERET) 12 13 Yakutat =4 7 0
7L — DOV HAH (14 X) PEERLEEHEL T
W3 ELTW3, Yakutat w4 7 7L —FliE, EX5
km DA FreE =Rl (siliciclastic) HEREE 2> &
2D, WARAATES T 7 A DRI AA A HIRK I B
7z % (Finzel et al. 2011). Yakutat <4 7w 7L — k
DIRAIARL, T T A PRI IA A HIE D FE Hh =2 3
JEi 75 E DM B X O KILTEB) D5 1k I B 2 5 # %
#HLUTw3s (Finzel et al. 2011),

ViR H AR DRI AIA B D T 4 AZ Ve v PiE, H
AMFITTH L 72O TIZH ), mHEAT—Y (4-0
Ma) D KIPEED A (L) L12X—B L Tw» 2,
RO AT =Y OKIERIE, TAA)ZREPT S
B A+ 57 % (Kimura et al. 2005), Kiminami et
al. (2017) & (2021) 1%, PHEO T TEMAICTLAR
74V EVS L= LYy PR RGBT R
A DRk & B L T\ % & L 7. Hasebe et al. (1993)
¥ X ¥ Tagami et al. (1995) 1%, 7,844 b+ FT 4EfRo
a6, X #F 10 Ma i PUJ5 45 23 A2 & Al -
L5 (exhumation) U7z &EHEEL 2, F7, HOIEH
(2009) DEFHUISE OV T OWIZEE, Tk
D FACHERE U 7 i mb i HERE P 23 i) o {H: DU (2 5 <
FMEE L2 2R L Tws, Ihs 0HHFEE, MHE
PR CETAEARPUL 7)) 23t b L < I3 Z bl IC iR
CFML7Z2Z EZRBLTED, [KALAAARIZK S
BTV — DL E KL T2 R S 5.

BEDKFERHAHS U < RERTHAH

WEDVRAAATICE WTIE, KFERAIAR & KAV
LB ZHANT 5 Z ENEHL HEBS V., 20D,
CITCHMEEXNT S &L, KPFEAAARE LT
FHT %,

WED T —2ATiRbAEALZDIZ, KEREDT 7 I —
KL AIAATH %, Coney and Reynolds (1977) 13,
AV T ANZTH6 TV Y FICaAT 5 Akl - AR
D KIEDBGHENREZ a > 84 L L, 120 Ma 25 55
Ma 122\ TRILAEBEOFEARDH (HNBE) Bl %D,
55 Ma %5 40 Ma I KILEE) A3k L, 40 Ma 2>
5 20 Ma lZ i TlafliicE 25 T E 2SI L Tz,
KILTHE) O BB EREEE, AKTERD 5 800 km 12T
3, ZLTC, A7 7HEZ 150 km LAAATE EZHT



A Ak

KILDFEET 2 L HE 2T, KILDOBEIZ A 7 7ERAE &
N2 UF 7. 29 LT, Coney and Reynolds (1977) I3,
KUTEE S DR ZE A 2 ARG R 5 7 DAL E Z D
BICHES AT 7Toa— Ny 7 THHL 7.
et al. (1981) (%, 77 I —/KVFLAAADFIKNZ KX 7%
mE (~NAFR ez 2T, KRVFE-7 7 70 VT
B E NIHEE) DA KB E Lz, BRI

Livaccari

285 DRI AA AN BE T B IFEIE L BT s, #it
BoOFBRGH 2720, ZZTEFNo0EY A b

7 v 7 LT :Bird (1988), Dumitru et al. (1991),
Livaccari and Pe

rry (1993), Humphreys (1995), Murphy et al. (1999),
English et al. (2003), (2003),
Murphy et al. (2003), Saleeby (2003), Chapin et al.
(2004), English and Johnston (2004), Lee (2005),
Smith and Griffin ((2005), Bedle and van der Lee
(2006), (2006),
(2008), Wells and Hoisch (2008), Humphreys (2009),
Liu et al. (2010), Currie and Beaumont (2011), Jones
et al. (2011).

O'Driscoll et al. (2012) %, 20° S fBEDEKPEE (X
V—EF ) OEHANT) 12 Manihiki {85 & X% 7% 3
B Y50 Ma B2 LAaATr 2 & 12 & - T 40 Ma BHIZ KW
WARARDIEER S 4L, KKK D NEEMHI~ DO T8 <= Mgt D
iz EEEL L LTWw S, ORI AIAAL DTG
23, WBEDMAAARL L DHIC
fEIC X 25171 (suction force) oAl 73 HE % 7 5]
ZHEHUELTWVS, BKRDT7 77 2V v T A
R A AWEE LW E DRLRUL, T — F DUWHRALR L
ELICHINCEHL T, 20koic, FEEERED
WAARIT L > TR Z 2EBIRIE, RREOEEE &b
RN ZE LT k3 ¢h 5. Kay and Mpodozis
(2001, 2002) 5> Kay and Coira (2009) i%, Z @ #5
(diachroneity) IZ3EDWTHEAKD 7 7> 7 2V F v F
AHFRERRC T A B DB E DN AA A ZEHITLL T B

Zhou and Li (2000) i, FHFENCIAA T 2 KRG
B DOWF22 340 % Bat L, 180-80 Ma I K15 B 2349
1,000 km HEED S ANEE THEIL 72 2 L 2P 50
L7, 2LC MEMEO TICARAL TV IR
FHER 7 7 DB DK S KD St 2L &
#E5E L7z, Li et al. (2007) & X OV Li and Li (2007) I3,
AP EIC BT 5 4o SHRIMP U-Pb 2L a v 4
R X OEAIWTET - HERER 0 & DIRFZE oAl 2 4P L
250 Ma 2> 5 190 Ma I} T D A 7 7R DK T,
flat-slab DEIK, A7 7DFHE LT % E2H 2 5 72

Humphreys et al.

Valencia-Moreno et al. Liu et al.

continental root d f

12

2024

L L7z, Lietal (2012) 1%, KJ&AE O HuER{L A2 HT 72
BAERT =2 IcHIE, 280-250 Ma 0 7 v 7 AL
BIAR, B DMAAAIT K B 250-190 Ma 2B %
KIBAEE) D NEETT A~ DT HE) & KRIEE) D1k, 190-
90 Ma DA F 7 Dua— Ny 7 Z2ELTWw3, Meng
et al. (2012) ZXRE DHT 72 RER T — & Bk LI
HDE, TOHIKDKFILAAARRR T 7 Doy E L
T, a—=nA ANy ZIZEKLTWS, Z DU D KM
BIAHPT =Ny 712D TE, b & Chen et
al. (2008), Jiang et al. (2009), Zhang et al. (2009),
Zhu et al. (2009), He and Xu (2012), Dai et al. (2020),
Wang and Yan (2021), Wu et al. (2021) 2 EHE &L
TWw3,

Sagong et al. (2005) &, HEIDHZIY 2 7 fld o Hi
MEmALIc 2T (8950 my) KESEENI RIS
22k, ZLTCZORRD—D L LTAT 7 DR A
IABDTREMEZ R L 7. FkiEH (2009) %, PR
HAD Y 2 7 -Hllifd s a o KIlraa i deasa
fLepfi z Bt L, sy o 7 4d 2 & wiil i il mi
DWEDPKIEERZIFEAEEET, TLREEPK
Peiigr o BblcfaInic 2 Lo L, 2L
T, WD O BHAERAL O Tan Lu #ifE £ Co1ER
FHOBEFERZ a4V LT, FiY 2 86k
WY 2 Z RIS JORIRS NN 28 L 72 2 &, 1568 Ma
225 115 Ma I KIRIGE ORI H 2 2 & 2 HS )
12U 7z, PURE HARM AR S CfEse & Lotk - RBE
Hfig > & QUGN KBIEB DR IR & 131X—-30T 5.,
FWzo (2009) 1k, oD EE2BEE AT, MM
HAD»& Tan Lu Wi £ COHUIE TR 5415 —Ho
REWHAL AT 7 D&M & Z 1Tk < KA
H, A7 70w =Ny 7 CHB L%, Kiminami and
Imaoka (2013) 1%, P HA%> & Tan Lu WilE £ Tcok
S DI AR DI 225340 & 2 DM o v AR AR o st
e l, Y2783 A7 7oA LT
7 7D, WiIAELICEITE2 A7 7o =Ny 7
ZRELL, Z2LT, 20K E L TERDLAIAAR
& continental root D FELEIC & % W5 J1 D ¥ % TR
L7z, ZOAPFRAIAHDIZEE, JLhEMsEO T &%
Zoinsd, HEROIPELIELIE, JE& 200 km % 8
ZBHEHIBEVYYRA7 27 2L T07d, Z20%
AbhEHRE D) VA7 2 7 BEZE10 km ITE T
ALz EZsnTws (FlZiE, Xu, 2001;
2007). ZDVY VA7 7 DI
L CRBSTEERDOMENDH Y, FEIOME ORI
WET —= itz >Tw 5, LRIl TiE, av

Menzies et al.,



Bt &k DIk I

LYY ABRLENTURVLL DD, % OFFEHEHH
WAL D L CdEdid EHEE L Tw 5, o H K
WKL THL K DIAMERH D, BAD—Bx2ATWiA
v, RICED AR ICEL L2 e 95 &, Y a 7RI
I continental root VLI k> TA S 7B 13K
&, ZNDKRFLAAADIEEICEE G LT 7 AlRgME
N#EZ 605, Lin et al. (2020) 1%, A EHBLAGT D
B REIE & KL - RIS O v a2 > U-Pb 4R % 1
AL, 2 OHugAY 143-129 Ma I D 5 BIRICHE U
7 EERHSHICLE, 2L T ZOREEAL XA
7 7034 144 Ma I AR AA A D 6 0 — )Ly 712HR
U77® kL7, Maand Xu (2021) %, dbrhEisio
KA DHERAG AR, Rt K2 S L, 185
~145 Ma \Z KSiGE 28 NEEST 1A (19) 12 1,000 km B
BB 722 &, 145-140 Ma IcHICBE L, FERIC
BB MG O RIRICE U722 L 2SI L,

F 7o KIE B DOHERLAARIRCS Caud®E) L T2k L
7oL, —HOZ{LERTAL A7 7T ORMAE
a—)LNy 7O L 7. Liu et al. (2021) 1%, 7
7T OHIY 2 F flh S B AL D ACEIARIA AR E T 5
S =K AAR E 2 RS L7z, 2 LT, W7 YT
TRAAATER T TISE DIFHIEDH 5 KBEY VY 27 =
TTHoII L, REBEAKIFAT T 2R Ttk
CLEERBRML TS, ZOHIBOKELARIAHRP T —
LNy Z7129» T, Kee et al. (2010), Zhang et al.
(2010), Kim et al. (20016), Park et al. (2018, 2019),
Sun et al. (2018), Ji et al. (2019), Cheong and Jo
(2020), Lee et al. (2021), Wu et al. (2021), Cheong
etal. (2023) 2 EHEKX LT3

KFERHAHE & BRI HAHDEEE

B U7 & 912, AKCFILAA A LRI AIA A &1
W ODPDREDZENDH DL B, e, T4
AZNE Y DORE, FEREBHDOWAARLE), Wi
FORK BRI 2, MEEIME L5 2
D%, ZiE SIEAILAABRDIKARAAIR DATER
B(H L IRFERED—D) LA DS TIE
T, TITIEB O ITKFLARABRDILEIZDOWT L
Ea2—72%,

AL AIA R EARFTL AR DA, A 7 7 1ERH
ZXWT 27 A=Y ORETLH S, TITHRKIRAT
TR, HEE 400 km £ T H B XA
MEds,. A7 7HEAHOZRERICBIL TIX, I

% DEmHRNITHbNT W5, Ueda (1983)  LH
(1989) 2k bR N/ F ) B AIAA (HiET S

BT B8 X ORI AIA A DOHIE

13

b7 20| a8
KRBED TISH 7L — P MR THEAAT) &=
7 AAA (IR, BIRT274)EY
7L — F D PITEWREET L — PSS T AIA
&) D2ODHFMIPERTIESHEOSND I LITLD,
7L — FMEATIARR, 7L — FAEAT
ARG E o MDA ITEE -7, L, A
WAH8T X — 5 DERFRZFENCIGIR L 720 < 2 D Bf%E
1E, ZORBIZESRFL TWZaw,

HARZH O UWHIE DI AAH ST A —=F1F, D

DX Tary L LI N3 (HlAi, Jarrard,
1986; England et al., 2004; Lallemand et al., 2005;
Syracuse and Abers, 2006; Wada and Wang, 2009;
Syracuse, 2010; Abers et al., 2017).
(2004) % Syracuse and Abers (2006) 2 X h a v 34
VENt, WHRAL T L — P DERE R T 7 DR
flEiZIF e A EHBEZ RS2, 428, England et al.
(2004) D A 7 7MERHGIZTE S 80 7> 5 400 km D-F-¥{#,
Syracuse and Abers (2006) ® 2 5 7EBA IZHEE 50
7225 250 km O FETH 5, WHRALHEFHET L — D
EADIA 7 7RG LB L 2 2 L iE, % < OifER
XCHEMI w3 (212, Lallemand et al., 2005;
Hayes et al., 2012).

FEEMEMEE S AA LY TIE K2 R E, X77@
BANNI LI ENELS L SEMINTu (2R
Isacks and Barazangi, 1977; Cross and Pilger, 1979;
Pilger, 1981; Ben-Avraham, 1989)., Z#5 D% T
FIERMER DL AIA A KITEB) DIF IR 2 5 7R
AOEALICEFLG L Twb L LTws, —J, JEENE
AL TV B u%##bE?,X77@ﬂ%#@
it oTwuhwr—2bH25 BRI, ko 22° S
fhEiz & % Iquique ¥#4E). L2 L, Espurt et al. (2008)
PR T2 X912, 2 ok CEiE’ 2o
ELILAAAL TR D Y Liti, 72, Mexican
flat-slab 4 27 — ¥, WEHA®D X 912, FEEMEmEE
DILAARD L DIZ S b 657, AKFED L < IHEAH
WARBBRDENET—AbDH 5,

(2005) & Heuret et al. (2007)
&, BIHIDCRI DL RIAH ST X — 8 MBI 7 ) 1
TREBUHED S NI X = HOMHBZBE L T2

Lallemand et al. (2005) (2 X #uiE, HIHEPLAIA A5 D
AT TR, AT T TNVDORE SR, WAL T L —
F O, INHGHEE R & L FMHBIE S, B L— o
B IC X > TIEMIC 7 %, Heuret et al. (2007) 7+
o 73S L7 L — b ot - $R1E, 2 F 7R
DEBELIMENTH L I L2 LTS (HB15K),

England et al.

Lallemand et al.
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15K, 7Fm FERBRICEDS CAIARS T A — 5 DRR
(Heuret et al., 2007). HE#EOBEEE F11), k&7
L— bt oZEEE 512), A7 7MEkA F13) vs. k
7L — L OBEE (Il a), hAaidis 7L — b OdiE
(B b). R 7 7R DMERE L L, EARAHRZ S AL (T
EIDICRHKAET 5, AF AV T BT L — b DY)
DL, EISILHE VAT TITIZEAE ETHD,
A7 7OEFADMEPEZTH S, A¥A L 1T (Lfk
7L — FHEIR) DYEIE, WRSITK o TRESELL,
TR O MITERTEE MR
Z3UZxf LT, Hu et al. (2016) 1%, wED 7L — MME
It (fl 21F, Miiller et al., 2008; Seton et al., 2012)
WEWT, FERICE T 2R REDOVIEN /NS W I
& 2RI A B DIEIRIZ L > T, E#ETL—
F OEGEIZEECIEZ VW E LT3, Artemieva et al.
(2016) &, KEe—KEg, KBE-iEFES X NHEE-IHED 3
& A TDINEIED Z N ZF 3B L T4 BRI 7 7
78 =037V — MBI RUZ TR G L2, 2 LT,
KEE BRI A 7 7RG I 7L — MAEREMBI L &
WS, HEEEERITCIE 7L — FERIRELS RS LR
7 7ERADNI BB EL TS,
FERRMEFRCHE G D X ) IIF I D YL AIA A DK
IR AIA B DRI & > Thikd THIETH 5 2 L 1%
COMEFIC L > TEMI T35, 7 n VLS
FFRETLVOMES ZhELFFL Tws (van Hunen
et al., 2002a, b; Espurt et al. 2008; Rosenbaum and
Mo, 2010). Gerya et al. (2009) ® 2D &€ 7L X
x, 27 7OEAe KILTEB OfE IR, Ak
FEBMENEPHEHE DT A XD ICKRECLEDH B,
RGO RE D £ 2 (200 km x 18 km) DO¥#EEP
MG DWAAHLTIEA T 7DEMAIIEE D3, B
7L — O EACHEGERE, MHEOREHINORIRHNE 2
% & LTw3, Tassara et al. (2006) (%, V) #4107 —
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FEEICEHLZ 3D FEETIVOMEL S, KFELA
APV ERIL DI A AP E YL BB 23 Tw b
723, L7V — L OENES L~ > R L DhKA &b %
PELTwS,

PLED X912, KRPFLAIAADIEKIC & > Ttk
ML DM AAA L LBET L — L DOFIENEETH %
EEZ6NS, INSICMAT, REIDOREREED %
COWIEHIC X > TERIEINTWw S, Stevenson and
Turner (1977) % van Hunen et al. (2004), Manea
and Gurnis (2007), Pérez-Gussinyé et al. (2008) (&,
W5 DA A 7 7 DIRAGICBEIG L Tw 5 2 & 215
5L T3, ODriscoll et al. (2009) 1, AHREEES
H L THRAAANIZ BT 5 continental root D% £
FUALL, root DFEN Y ML Y 2wy YD a—F—
7u—2HRL WL 2RI E 2 L2 o0IcL
7. 3BDEFT I TIEroot 3w bL 7 = v DI S
400 km M -0 FEHECH 5 LRG| I 2B T 5 &
LTWw3, $kbbill)kfEic root DFEE L 72 K
Mo D I AR T 7L — R TG 12358 CFH L <
KV (Ef) EARAAZRI LTI ks, Mk
TS 5 600 km 13 SR AZEICE S 200 km %
i# 2 % root BELET % (ODriscoll et al., 2012). =
VIRV 2y COEIHEC, KERRE SR, A
ABDBHELS B E, WHIJNF LD HsEINTW
% (Stevenson and Turner, 1977; Pérez-Gussinyé et
al., 2008; Manea and Gurnis, 2007; O'Driscoll et al.,
2009). O'Driscoll et al. (2009) DWFEDH b AT (K
1) YLAIAB DTG 1) DB G % 6 5 itgi#&
1% \> (Jones et al., 2011; Roda et al. 2011; Manea
and Manea, 2011; Manea et al., 2012; Taramon et
al., 2015; Schepers et al., 2017; Schellart, 2020;
Schellart and Strak, 2021) 23, Z D¥EEL2REN?
LT3 FES H B (Hu et al., 2016; Huangfu et al.,
2016).

CNETHBRILIHT AR (KH) TEAIAHRDIZL
BRI S & L 75 E% >, Manea and Gurnis (2007)
&, FHEETVICHEDWT, 2T 7 Lo EkiEY =
MR 7 THEAAERT I, KE (KA) TLARIAR
BRI NS 2 LaR L7, MY =y 2iF, A9
TEERTL - DAY TV VT REFDLDT, K
VAT TR T RA VD O KEEHLB I AR YL & R
X4 7%\, Mexican flat-slab -¢l%, Pampean flat-slab
% Peruvian flat-slab & (X872 ), JEEMEWEO AL
AOFRDSNT, KFEARAT 7R 7 Ay D LI
Tl 9 G DNR® 5 7s >, Manea and Gurnis
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(2007) 1, 25 7D LD b AMERER £ 25T
DEMALELEL 2\ WD T, KERT 7TOMRICE > T
B2y PV 2y PEHIZE L CWw%, Manea
and Gurnis (2007) %> Skinner and Clayton (2011) I,
AT 76 DPAKIZE - T v FVHINNAK L TR DMK
ML, Mexican flat-slab 23JE & 117z L HEE L 72, Kim
et al. (2012) i%, S D@ELIHIA> 5 Mexican flat-slab &
TRV OERMED 2 v bVICEREOE (B 7-
8 km) BHET LI LML, TNWAT 7 2EMAIL
IR EEZ LrL, =YLy P OMERN
BKTFT2 WG HETT 25 (HlZE, Stevenson and
Turner, 1977; Pérez-Gussinyé et al., 2008; Manea
and Manea, 2011; Schellart and Strak, 2021) ® T,
2V VY 2y Y ORRELIZAKTER F 7 DIEERIC & -
TIFADHEHR L % 3.

Roda et al. (2011) i%, FHEETFTALICHEDE, Fv K
PEV VA7 =27 LHOIET L — P OMABDEDR T
TEREMICTEZIERZRLE, EETL—-FDEL, &
TewEw VY PV 2y CORMERRRL, WEIBKE
(2 EEZ26N5DT, ZHUIKS ORI T
HA77ORALEEZEZ SN S,

Schellart (2020) (%, JEREVEHEREPWEA DLAAA T
W BIZH DD 6 TACHILAABRDIE TR — A
Bl Z 08, VERE) 23h -7, JEEMEEWES D
WAIABD IR DIZ S D H D & TR AAAR D -
Twa BlziE, x¥>a) ZEIFEHL, KFh&A
Az Y % B 2 B 20A A4t D 3 RIGHI 5 TR S
FHRET AL OME L, ZOf5E, ROILAIARI
G IPAT 2 T DR DY D 53 >6,000 km, T 0 A
7 7 DB AIA AT G 2 552204, Schellart et al.,
2007 #ZH) 2B, EHE (>80-100 my) (2>
TRAIABDNEC &, TRAIA A D RIS TAREIL AA
AW EINBE EFRL (E16M, H1XK)., 5
I ZDOFHRE TV, WRAVIEETA 7 7RV S
(5 L, A7 7RMOEERN AR (deviatoric
tensional stress) 24K (T4b b, KEIJI0HK) L,
AP AIABZTER LT b L 2RT,

Schellart and Strak (2021) i, # & 200 km ¥ T
DA77 DEICEDE, BIDOWAIA A4 2 KA
HiA# (low angle subduction), K3 AA & (flat
W H VL A A & (normal angle
subduction), FEAMAIAA (steep angle subduction)
XA L7 G4 X)), BB L 72 X 91, KM AA AR,
HE 200 km £ TOR 7 7 VFERAH 20° UM T, 2
DDE VY ERL, KPLAIAARIL, KFERT 7T R

slab subduction),
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B16 . A BIINAAATICE T 5 27 70l GV
TRABDA T 7OREE) LikHAHDRKEIRFE & VA
5 7 DIGIR & DR (Schellart, 2020), BAL @ AKELAIA
By FARAGBE DKV ILAIAR, B A v IRV AIA A,
B 1 A THIW T\ 2 AA R O ALE,
Y FOERAN 10PN T, 3200k ryYELD, X5
2, AHEETAD S, RD3DODF A TDOKFAAHA
WD ExEHL T L FIROAKPLAIAL, E
AR DAL AR, B X ORIRIN AT AR, B
X 660 km OAHERGAFTA T 7 DOP Y I lc B3 H 3 &,
E#~ v o2 7 ZTHEBABERIICZT 5, =
7L — POBENRECS L IEWARAL 7L — 23
JEus ERIRIN AL AAARDHEZ 5, FEETL— D
flm & AL E 2 L, 2 vV VY 2y DA S
DKL, WEITD55 72 2 DT, KFILARIABRD KD
% (ZHUBIT 2 EE41%, Schellart and Strak i X ®
Fig. 156 2#2). E# 7L — + OBREE i O R O L
it 50T, LBV —FDmEER, KRR
A DOMRBEIRRNCIE C HET 25, R EESL—F
TR AIAADMHER L 6 my FRETH D, &d
B R TL — P TIE 2 OfERERR X 75 my 22 5.
Schellart and Strak (2021) IT Xk 25 € F L DOFEHIL,
R AIA A DBl « MkfeiiE « #H5ICB L TRRICE
A, BHIRIR S,
WAALHET L — Dz r7uy v 4 MU, KFEL
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1% KPR 726 2AAAN DGR (Schellart, 2020). £ o 2 OHOMOE T, # 15 KMz Z ]

Subduction zone Number in Slab width Slab width Distance to Slab width bduction zone bduction zone  Time of flat slab  Subduction zone
Figure 2 {average) at flat  (min.-max.) at flat closest slab edge durlng/c]ose to age (best age (min.-max.) inception [Ma] age at flat slab
slab initiation* slab initiation at flat slab luction zone il / age)’ [Ma] initiation! [Ma]
[km] [km] initiation” [km] formation [km] [Ma]

With present-day flat slab

South America 1a 6992012 8571-7413 2200 11,000 + 1000 200 (be) 191-2106-9 40 196
(Southern Peru)®

South America (Central 1b 7162(1:2 89117413 1400 11,000 + 1000@) 200 (be) 191-210G-9) 8M 192
Peru)®

South America (Central 1c 757012 72127928 2400 11,000 + 1000@) 200 (be) 191-210G-9) 208 180
Chile)*

Mexico-Central 2a 11,250@.10) 10,500-12,000 2100 ~5800® or 220 (be) 174-2010"1 or 30-25(13-19) 190
America (Mexico)* 11,000 & 1000©@ 220012

With past flat slab

South America (Central 3 12,5000%-19) 10,500-14,500 3800 11,000 + 1000 200 (be) 191-2106G-9 3506 165
Andes)*

South China™ 4 10,78407) 7421-14,146 3000 10,000 & 200007) 360 (av) 330-390(17:18) 230019 130
Farallon” 5 11,9000 11,500-12,300 1700-2700 13,000 + 20001 185 (av) 160-210€0:21) 85-65(%2 =24 100-120

*Slab width is based on the average of the estimated minimum and maximum slab width at the time of inception of flat slab subduction. It is derived from tectonic reconstructions presented in Gordon and Jurdy (1986);
Coliins (2003}, Schellart et al. (2007, 2010), Domeier and Torsvik (2014) and Seton et al. (2012). “Trench-paralie! distance from flat slab segment to closest lateral siab edge at the time of flat slab inception. 1Subdiuction
zone age (time of subduction zone initiation) based on the best estimate (be) or average (av) of the estimated minimum and maximum age. TAge of the subdluction zone at the time of inception of flat slab subduction.
SSouthemn Peru flat siab 0pat/.:al// correlated with the subdticting Nazca Ridge (Piger, 1981; Gutscher et al., 2000). ®Central Peru flat slab possibly related to subduction of the Inca plateau (Gutscher et al., 2000).
Central Chile flat siab spatially correlated with the subducting Juan Fernandez Ridge (Pilger, 1981; Gursc/ver et al., 2000). *Mexican flat siab, not spatially associated with any ridge or plateau (Skinner and Llay‘om
2011). Note that a flat slab subduction inftiation age of 30-25 Ma is chosen, based on the timing of migration of arc magmatism from the Sierra Madre del Sur to the Trans-Mexican Volcanic Belt (Ferrari et al., 1999;
Moran-Zenteno et al., 1999; Kim et al., 2010}, and not a younger initiation age of 16-9 Ma proposed more recently (Manea et al., 2017). A consequence of adopting the older age is that the siab width then includes the
South American segment and Mexico-Central America segment (and possibly the Baja Califormnia segment), because the I\Iazua and Cocos plates still formed one single plate until ~23 Ma (Lonsdale, 2005). *Central
Andes (southem Peru-northemmost Chile} flat siab in the latest Eocene-Oligocene (Ramos and Folguera, 2009). +South China flat slab in the Middle Triassic-Early Jurassic (Li and Li, 2007). % Faralion flat slab in western
North America, thought to be responsible for the Laramide orogeny and eastward migration of the magmatc arc (Dickinson and § ny(‘e) 7978 Henderson et al., 1984). The numbers in between the brackets refer to
the following references Schellart et al. (2007}, 2Seton et al. (2012), *Coira et al. (1982), “Vasquez et al. (201 7) SScheuber et al, (1994), Svan der Meer et al. (2018}, 7 Rosenbaum et ai. (2005}, ®Kay and Abbruzzi
(1996), 9Schellart et al. (2010), 1°Gordon and Jurdy (1986), '* Centeno-Garcia (2017), 'QBoschmam et al. (2018), B Kim et al. (2010} orén-Zenteno et al. (1999), '°Ferrari et al. (1999), "8Ramos and Folguera (2009},
" Domeier and Tcrva (2014), *€Collins (2008), "°Li and Li (2007), 2°Burchfiel and Davis (1975), 2" DeCelles {2004), %2 Henderson et al. (1984), ZLiu et ai. (2010), #*Copeland et al. (2017).

BIARZ LD BT, HWHFDILAIARIIIRI T 5 DI W%, %7z, van Hunen et al. (2004) X, 400-800° C
HETH B EELOND, KFLARARICECTIE, — KB TOXREEAPELEDRECHFETEL L L
BICAY P RTR /A7 27 2RE, KERAT TR Tw3, 7Yy A MELEKFRAIAA L DRI,
VI OKEY Y A7 2T BT DT, IWAAL SRETIICHEHINT LR, KPFLAIARD Sl
KREEEDZ/7uY v A MEENS EEZ 5T WILAIABANDIRPLERDOMRHICE > T 7Y v A F
W% (#1412, Gutscher et al., 2000b; van Hunen et fLizgx—FA v rEEZ6ND,
al., 2002b; Arrial and Billen, 2013), Pampean flat-
slab %> Peruvian flat-slab Tl&, K¥Z2 5 7k 7 A~ b 90U
DI D100 km BETH D, —MRIVRILAIAANTTICE P AR B & AR P AR IA I D [ R R BE £ A3 HA B ©
F2 DS TIRA T 7 EOXREEHIZ L 70y v Ban I B IOMPLARARR ST A )L DRFHEDE >
A4 ML T3, BB L 7% X512, Bishop et al. (2017) 7 &, Pérez-Gussinyé et al. (2008) % Schellart and
%, Pampean flat-slab ODK¥ER T 7 7V Ry Strak (2021) 2’ FET 2 X 9512, MEFEZ T T TR D
v r A MULTH E S ITKFICHAAA TV S L EiR PHEYIEEZoND, T, KELARARIZEWTDH
L C\w%, Currie and Beaumont (2011) 1, FHEF Mexican flat-slab 1%, Pampean flat-slab % Peruvian
WDFERD S, WFELWE O K 9 2 )E WS 2 1E o flat-slab & > < D DIEARWFHIDI® 7 5. BB L 7%
DIIFREFEI D DD 0, KREEE»P 67 aY v A b fiél % 0)7J<5F AU AIA A DR E RO W T DL
NDEEBICENDEL B2 E LT3, —J, McGary et o =%, KPELAAR & AR AAADIE—D B 12
al. (2014) 1, ﬁ27—Pﬂﬁ(7V k> M) i%ﬁhfw%®Tu&<,@ﬁ®%ﬁKiof,ih
DU R FEBIRD 7 — % 5> 6, S 40-45 km T L ZNSHROMAGDRICE ST, LdBERIEH
MO XREN T 7Y v A Mg, #Z 75-90 km T THBEIC K > TR > I AIARTGREEDHELT 5 2 &
TR N LA BT 7uY v 4 MERLTWw5 ZRBEL T, ZITHRKTFILAIAAPLIA VL AIAF
TEEHOPIC L, T k), e aikos T 2 Z A AT AN R ER 0% DS 2> T 3,
Yy A4 MET 2121, 224D ORRI»»0 5, I 7L — bt DURAABIBHI T 585 X — SIS HAAAE
ERT 2 AAOINFEHEEZE 30 km/my £ T35 &, HA L, A7 7H#AOZEERZRET 5 2 LIFES TR
7 — PO ez 7a Y vy 4 MET 2 DIC B0, IFHIEHIBL O ARIA AR T TR %
A b3 my 28T 5, MHHPIA L EDQRCHR  RIXT 2 LE, BUHKFRAAARICE T 2 #8%E L O
TIRESICE VLI ZNEIC 2 57 % 9. Schepers et FEET LT Fu VEBROMR L £ o ME W RV
al. (2017)1%, =7uy v A MEA3 myiENn5 2 LT 59, LinL, ZHEIE NS » k‘F‘ﬁﬁﬁﬂiﬁ%ﬁi
J& & 250 km @ Pampean flat slab 2L 9 2 £ LT L, £7, HESL— oRE GEEOEEB) 2
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7 7R R NS T2 L, SHREEFTALRT RS
FERHR LTV 553, Pérez-Gussinyé et al. (2008) 23
BT 2 k91, B L — b Rl 1) ¢ flat-slab %
BT 2 DIxREES £F 2 6415, Pérez-Gussinyé et
al. (2008) (%, W5l hnmfb SN s B E LT, hAHib
HHEDIEKR, =V VY =y POMEDOEK, < v b
WYz DL 2 B 82T 5, Continental
root D FEAEDWLE| J1 % ¥ K S % (O'Driscoll et al.,
2009) Lo EHEETFTLOMBEE, v LY 2y
POIRE (&I D) BGIICHEL Twb L
WHTEEAHH, ETL—-FPRELSTHEY (Thb,
Bitc\v) Lo by =y DI & D, R R L,
WBIHWKREL BBDEAHH ., ZDEIHIT, WEIHDK
E I XWT 2UERFERD 2 LEZ S50, TR
WARABDRAEZFFET S E2HL LTS EEZ
55,

<Y PLVOWRNB AT 7THEMNAICEEE 52T 5
EWwo i L D63 H % (Doglioni et al., 2009;
O'Driscoll et al., 2009; Jadamec and Billen, 2012;
Crameri and Tackley, 2014; Taramon et al., 2015;
Huangfu et al., 2016; Ficini et al., 2017), KFELAaiA
Ab L IHMEATLAIAAR E Z IR LA T 7Du—
WXy 20, AT 7 oEEYIW (#]21F, Rosenbaum
et al., 2008; Dilek and Altunakaynak, 2009) P
delamination (#1212, Wells and Hoisch, 2008; Kay
and Coira, 2009; Ramos and Folguera, 2009), 7%
A4+ DI (B Z1F, Beate et al., 2001; Bourdon
et al., 2003) 7 &L bEEIChPD>TED, KI--
AL AAAAIBIE L 7 EBIR DL D IEKRE W, AR
MCL B a— LR E BISRE, % < oBEERSC &
BIHHERDO—ITH D, 2102 TRXTHEFHET 2 2 L1,
FHEONRZEA T3,

B AnEONRNEBAELOAERZ B ICk>TEK
fElddE SN, L TEHBL BT3B,

X #|
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Flat (low-angle) subduction is an enigmatic style of subduction where the slab attains a
horizontal (low-angle) orientation for up to several hundred kilometers below the base of the
overriding plate. Flat or low-angle subduction occurs in 10% of the subduction zones present-
day. I herein review geological features and manifestations, and causes of present-day flat-slab
and low-angle subductions, as well as ancient examples. Flat-slab subduction has equated with
low-angle subduction in general, although, it is more appropriate to distinguish between the
two subduction styles, because there are some different features in the both. Typical flat-slab
subduction is well established beneath South America, in central Chile (Pampean flat-slab) and
Peru (Peruvian flat-slab), and beneath Mexico (Mexican flat-slab). Pampean flat-slab and Peruvian
flat-slab are associated with overthickened oceanic crust. Low angle subduction is found beneath
Cascadia, south Alaska, and SW Japan. A number of possible hypotheses have been proposed
to explain the formation of flat-slab (low-angle) subduction, although, the origin remains
controversial. These hypotheses include: 1) subduction of anomalously buoyant oceanic crust
such as aseismic ridges and oceanic plateaus, 2) rapid trenchward motion of the overriding plate,
3) increased suction force (a large negative pressure above the slab interface which is enhanced
by the existence of continental root), 4) preferentially occurs at wide and prolonged subduction
zones. Two or more of these would be responsible for the formation of flat-slab (low-angle)
subduction. A change in subduction style from flat (shallow) to steep (normal) would depend
largely on the basalt-to-eclogite transition of the subducting slab with overthickened oceanic

crust, although, the relationship between eclogitization and flat-slab subduction is still unclear.

24



