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kA iAte 27 7 OUIRNIE, EB L OB E
WT— BRI N DBR TH DM, HAT
IXEOWEFI N E 1207200 2T 7 OHIE
2L DBEET ) A7 2T DO EREZ LT
DT, WHTIET VIV EST XA Ok
EEEL T UIRLIFEEm SN TEREY, 4% AR
THIEHESNDZDOTIERWNEEZLRD.
Rosenbaum et al. (2008)1%, AT 7 & 4] 5 K& %
A Z 7 Y)W WrJE  (slab tear fault) & L, FD5y
AR TND 1 AT T O—EIMTIE A
N, HEHICRAT TONEEICWTZ 5 slab
breakoff (5 1 X a), A7 7 OUIMNIEITHEEH

1z

(ET)

TEAiAte 2 7 7 OYIWL, AR X OHHIZ
}DI/\/C ﬂXE/j k—nmy)%ﬂéfj%%(&) D 7/I/j~7
VERST XA MO E HEREIZED S TH
H. KT ELICAT 7T oRmREYIWIZE L T,
ZORK EENL O BRI ER RN TDH. F
72, BOLICHERMBE RN T — 2D, W)
WriciERK T 57 4 VAT TS A |k
ERERINTWD., ZNHOREME EbITT
ZHA NP7 5 FE LK LR (R R-
o) 74 VB RS T OmEYIW & O
Bt 2 Tk 5.

(24T L T < vertical propagating tear (5 1
b), AT 7 OB AKFEITHEITL TS
horizontal propagating tear (5 1 Xl ¢), LA iATe
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AT TINTTIIRL, ZOHERICHOOEL L
SHEBHEEEZ S DYV VA7 =27 H8IWH7T 5
lithospheric tear fault (5 1 X d), ¥EE % U7
52050 K87 AT —ALWrE (=2 tear faults)
Mo 0, U ICHENTZAT TR LY
< m—n 3y 7 (rollback=A 7 7 DE ) 3
L= (FE1Me). F1Me R LI-ERY)
WriX, %34 % Govers and Wortel (2005)7> STEP
(Subduction-Transform Edge Propagator) )& (Z
AT 5. EARMTH D0, UIEroR:
I 5T, —ieREE L CKEGIR
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Fig. 1 [Figure 1 of Rosenbaum et al. (2008)]. Schematic illustrations of processes involving tearing and/or
breakoff of subducting slabs. (a) Slab breakoff associated with the final detachment of a lithospheric slab. Slab
breakoff commonly follows collisional processes and is sometime referred as collisional delamination. (b) A
vertical propagating tear. (c) A horizontal propagating tear. (d) Three-dimensional structure of a lithospheric tear
fault that separates two subducting segments. The curved arrow indicates upwelling of hot asthenospheric
material, which can trigger tear-related magmatism during fault propagation. (¢) Two tear faults (indicated by
double arrows) that connect three segments of a subduction system characterized by differential rollback
velocities (Vrp(b) > Vgp(a) > Vgrg(c)). Triangles indicate the direction of subduction and single arrows indicate

the direction of subduction rollback.

F1R. AARALR S TOURDE/ 42

(horizontal tear) & HEEYJHr (vertical tear) %
A, ﬂKq:ﬁULﬁﬁ>ﬁ§??I/7f;Kt7i70) THELZ
Wz o T2 RBEZR AT 7 45BfE (slab breakoff ?6 L
< I slab detachment) T 50N & %7_ Z)
KT, L FORERIZB W THEARRIC
.

AEEIWNCBE L ClE, 7 e FEROHET
T, MR NET T 7 40—, BRSO, Kk
EEIR E DL BN DT 7 a—F BT
PILTWD. ZHuIxf LT, FELYIWIZEL T
1, T S ERHEET L &SRS
FZ LW, 2T TOKFEMDEE, AT 7 )
FyXF 7RI L THUNIAD D F TORFH
RAT T NN DIRE TR EN, ka7 &
OB TEHBEET AN DiEm ST D0 ()
Z 1%, van de Zedde and Wortel, 2001; Gerya et al.,
2004; Duretz et al., 2011; van Hunen and Allen,

2011), BEUIMOBESITIZIZ 9 W o =ERN
BN, AT T ORI BEYIWCT —L Ny

7 b= bVt OFBRICE L LIZT e s
EBRLFHRET VG HH D (BIZIE, Kincaid
and Griffiths, 2003; Andrews and Billen, 2009;
Duretz and Gerya, 2013; Faccenda and Capitanio,

— > (Rosenbaum et al.
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2008). ERBAIIAXSHE.

2013). £z, = ARy T FTHATTDO RN
BATZTOMFTy PERVIALTL S
toroidal flow 237 & / A7 =7 K5~ b
N Ty VOREIZESTEHETHD EV o
7-f5HH & 5 (Schellart, 2004; Stegman et al.,
2006) . AKFEGIWrORPMITHIFEICFED, KT
VTR (B G oD SRR 5 X OV B =kl — 5 DU A oD
ECEIWT D BARG %2 5 B IR 5.

EEVIORE & £ DEAKG

BEBIWZRE LTI, ko X 9 RJEKNZ
FTITERREINTWDS 1) EAIAT AT T DO
m— LNy 7 2) FETEOIEE MR DO UL A
AR, 3) WLHIATR 2 DD AT T OEEEICE
JoEET), 4) HIEREE D OWEHE~OEZRIC
EH7H AT 7@ “pinning” (Bt W), 5) b
TUAT F—LWEIZER. ZhbDENREN
WZOW T EARIY 72 WF 2265 2 7= L 72 A3 B R 4
5. RO AABLR 2 DD AT T D5
B8, N7 AT 4 — LWEIC B L /- FEE L)
Wro—EiL, A7 70—y 7 H 51T
Wb, EAMICEFETHDLEEZ LN D ENRN
DIETHOMI.
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Fig. 2 [Figure 13 of Rosenbaum and Lister
(2004)]. Schematic illustration showing possible

relationships between the geometry of the
subducting slab and the rheological properties of
the crust and lithosphere. Tearing of the slab
occurred as a result of the arrival of thick
continental material (the internal platform) at the
subduction combined with ongoing
subduction of oceanic lithosphere (the Ionian Sea)
in the Calabrian Arc. Following tearing, rollback is
further accelerated by sideways asthenospheric
flow (arrows). Abbreviations are Im, Imerese; IP,
internal platform; La, Lagonegro; Mo, Molise; Si,
Sicanian; SL, Sangineto line; TL, Taormina line.
F2l. A A=TFRZTOMAI~OO—L/NY
9 TTE=R S TYIHR (Rosenbaum and Lister,
2004). KRENFO—ILNYHTERSTDER
M5O toroidal flow. RIDZEEID Apulian
platform % IP (internal platform) I&, 4 %
D7HED—MEEHT 5.

system,

A Z 7 O BEE G WAL K T 5 KR TE B o
LD D, ZZTEHERSIZOVWT LT
(2t 5.

1. X5 70O—)L/\yH

AT T DIRAILIIAFIL, Bl ZIXMEO FIZ
hHIAL 7 4 VE WA T T DX T —
NZRD HNDHBRTH Y, KALRIAZD
FRNBREINDE XTI LV EARIZR D
(AZT7TDua—)vNy 7)., ATTHRa—/LN
v 7T HEEA, AT TIXERNNERE LD
ThHD. —DODAT 7T HTEANDOEEITE
WAEUD E, AT TNEEFAIZET DL EN-
FHENEZY 95, 290\ o RO REEY)
Wrik, RN cE<HEIN TS, L
L, ZOHIRIX, 77V hEa—F2 7 &OfE
T HLH DO, HEST 7 =7 ARE
HETH Y, AFEREICE D RMOMEL S .

Rosenbaum and Lister (2004)1%, £ % U 7 O
PN E TS F L =T WO F THICILAA
T2 A =7 A7 7 (lonian slab) 7% 6-5 Ma tH|Z

HE
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FliZa =Ny 7 F 5 TAT 7 Odullo
7 KU 7 (Adria, Apulia) 7L — h EFEMOT
ZUVH T —brEOMTEEYWR AL L
ELTWD (B2 X). #olE, m—nAnNy s
O JFEKR & AL m | O K7 L — MZ T
AF=T AT TPRENWCDELTNDS., 20X
A 7 OIEEYIWIE, %IiRT 5 Govers and Wortel
(2005) STEP Wrf@123% 2% 9% (Chiarabba et al.,
2008). Gvirtzman and Nur (1999)X°> Trua et al.
(2003), Rosenbaum et al. (2008) % F L =7 #E D
TlZhHhrAF=T AT TOr— LNy 7 &
ELTBY, A4=T A7 7OEMOWE LI
boHT b (2 —F) OKEIEENZ D
Wi o ERT 2~/ ~<ICBRLTWD &L
TWo. FL=THhEn A7 7 O RELHTIC
B L TiX, Wortel and Spakman (2000)<° Marani
and Trua (2002), Faccenna et al. (2007),
Chiarabba et al. (2008), Gasparon et al. (2009),
Trua et al. (2010)72 E DGR H 5.

Gasparon et al. (2009)(%, F L =7 #ALE DA
7' 7Y%k (Capraialsland ; A % U 7)) T T
548 Ma DY avatA NBAA=T AT
D =Ny ZIZERLTERSNIZAT T
OIEEYIMICEIE LT L SR LT,
Trua et al. (2003)1%, F L =T WEEH DO Y ZAF &
i (Usticalsland ; A # U 7)) OFEMALT V5 Y
LRAED AT THKORKS % & LW LR
& (0IB) THVW, 77V 7L — b DFnbH
bbb EINT=T ) AT =T O toroidal flow (2
39 % & L7=. Rosenbaum et al. (2008)(%, F
L =T & OJE D O FEHT =S DU A 0 K LA
FEOT RS (REEMEX LGN, Ve L, 2
779, U7 hpk) & YSy/MSr-La/Nb &
Btk & ikim L T\ 5.

FvaEl b At ARt T 7 ) 7 v
— MO MEELINTICET DR AL RS S
TW5. 7272, ZoOHgO 7 L— MERSCHIE
MEIIIEFICEETH Y, PFREIC L D D
FEH £\, 5 3 X2 Biryol et al. (2011)IC XL %
ZOHBOWIER AR, £ vy b kLo
PEE O AN IZ S~V = > 7 W (Hellenic
Trench=Aegean Trench) &V, Z O Fimld5y
L7250 kT A7+ —LHE (Pliny
Transform Fault & Strabo Transform Fault) 7>5
ML, TIZERWEE L TCWDAIEE L WD,
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:l Western Pontide Fragment s Slab Contours (in km)
/ Edges of the slabs at tears
|:| East Anatolian Plateau

A Major Volcanic Centers

22° 24°

Figure 9B

34°

A Section lines for tomograms on
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40° 42° a4°

ESM: Eratosthenes Sea Mount

FBFZ: Fethiye-Burdur Fault Zone

KAIVF: Kirka-Afyon-Isparta Volcanic Field

KVF: Kula Volcanic Field

NAFZ: North Anatolian Fault Zone

NAP: North Anatolian Province

WAEP: Western Anatolia Extensional

Province

? ¥
36° 38°
AM: Anaximander Mountains
BZSZ: Bitlis-Zagros Suture Zone
CAP: Central Anatolian Province
CAV: Central Anatolian Volcanics
DSFZ: Dead Sea Fault Zone
EAFZ: East Anatolian Fault Zone
EAV: Eastern Anatolian Volcanics

Fig. 3 [Figure 9 A of Biryol et al. (2011)]. General map of the study area with inferred contours (in km) of the
Aegean and the Cyprean slabs, tectonic provinces, major structural and geological features. The slab contours
are plotted by tracing the approximate upper edges/ surfaces of the Aegean and Cyprean fast anomalies in our

tomographic model.

F3X. FLanLI—HFBEIINTTOHEER Biryol et al.
ﬁmﬁﬁt%_lﬁbtﬁ%ﬁ ASTLEEDOFES (km) ZR9.

STUHOBEAERAOT v,

7z, ZORED by ah RO AN 1T
72 AYEE  (Cyprean Trench & L < X Cyprus
Trench) 23& 5. MEED HILIZIEAIAT 2D
AT 7 OMIITHBR FE7 T 7 4 —POR
PElE 200 km (235 27 7o xan (5 3T
DFFALT M DIR D 2 RO KNERROM) 234
E S TUW5 (Biryol et al., 2011; Salaiin et al.,
2012) . ZOXRMOKRxR, TRbLFTBAA
7 7 OWkRO LI, % 3 X1 KAIVF (Kirka
—Afyon-Isparta ‘K117 ¢ —/L F) T L7=mAL
RO KINFIBAFAET D> ZD AT TR
UL, ~b =y 7 HHEO Rl ~D#%i& %
Eblp o~ =y 27 XAF 7 (Hellenic
Slab=Aegean Slab) DEIE7/2 v —/L Ny 7Tk
K95 & ST\ b (Biryol et al., 2010, 2011;
Bakirci et al., 2012) . — 77, Dilek and Altunkaynak
(2009)1%, F 7 1 AU HILAIAT F T r X
A7 (Cyprean Slab & L < i Cyprus Slab) &
N =y JENOIRBRAL NV =y 7 AT
7 LOMITAT T OIRIRNWR I ZGEO TR L

18

2011) . EFD2KDREERMNR

T, TABVEOKLFITHLD KAIVF (553
X) O FTiljAT 73Uz LR Ul S
TWbHEEZT-. £ LT, A7 7OmEYIKIZ
BLTIE ~Nb=v 7 AT T7DRERT—/LN
v I MRKRTHDHELTWD., £, ZOT IV
71V EOFEALS] (KAIVF) OERNIEN SR
[f]73> T, 21-17 Ma, 14-8.7 Ma, 4.6-4.0 Ma
EEL DT EDD, IO (S
M) [CHEfT L7 & B 2 7.

Bakirci et al. 2012)1%, NET T 7 4 —DT —
ZIZH EDSE, T ABIAlOF o AR Z
T HmE YR (5 3ROtk 36°, AR 32°
1) ZHEE LTV 5. Z ORI, Biryol et al.
QOINTHLAED LN TEY, FEIXFDORTT
FHOFERE X —IZH ST, ZOEE
Uk 2 e A THMIO 25 7 EHEROE S A<
o TS, ZOEEYIMIL, ZORMDOAZ
TOLYRE g —N Ny 712X b0EHE
EIND.

Biryoletal. 2012 ElZ LD~ =7 X T
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Fig. 4 [Figure 1 of Mullen and Weis (2015)]. a: Map of the Cascade Arc. Red triangles—major volcanoes.
Contours (1, 3, 5, 7, 9, 10) indicate the age (in Ma) of the Juan de Fuca plate from Wilson (2002). Dark blue
arrows indicate the extents of Garibaldi Volcanic Belt (GVB) and High Cascades (HC). Garibaldi Volcanic Belt
is also enclosed in rectangle (enlarged in b). JDFR—Juan de Fuca ridge. Yellow star labeled TW (at upper left) is
the Tuzo Wilson volcanic field. b: Garibaldi Volcanic Belt with sample localities indicated. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)

FAR. LARARICEFTD2HRT—FNEZOBERDOBEETL— LOAH (a) , XU Garibaldi X

WO M LEE (b) (Mullen and Weis, 2015) .
TEXTORART T EOMICHKEINTZAT

7 ORBERO EIFICIE Kula kL7 ¢ — v R (5B
3XH > KVF) X Kirka—Afyon—Isparta /K[~
4 —I)V 3% % . Dilek and Altunkaynak (2009)
I%, Kirka—Afyon-Isparta ‘K17  —/L R &Rk
T 5 FHT D BB AT 22 1 T O kLA A
OIB DMEHIF S Z R~ T A ) LE TH
D, AZ T FOHERINTETE® ) A7 =7 O
JEVARUC IR Lffam-2 0 72, Kula K1~
14—/ FOFEMAL KA OIB & A 7 DK
MRS ZRTH, ol b PN REREY
(Aegean extensional province) (21T 57 &/
AT =T OWEEMICH KT H & L7z, Ersoy
et al. (2012)F KX T Ersoy and Palmer (2013)(,

Kula kL7 4 —/L ROFWUA KL IO
Isparta K17 ¢+ —/L N (Ersoy and Palmer (Z &
% Denizli-Isparta X |11 i) o 5 tH—55 DUkl
AN OIB # A 7 ThoHZLamd &bl
Z DOEIEN AT 7 O T E G2 B E S 2 FTRE
PEAFERE LT\ 5. Prelevié et al. (2012)1%, A
7 REHO LML T e T A

19

T—IlCHEM Lem S R T A VE
(High-Mg ultrapotassic) KI5 Db F Ak & A
MR EZ BRI L. 2hboTr7a 7y A
TP, FEICm A>T 20 Ma2vh 4 Ma
FTHEL Y, BT XIVEZ VW avat A
NERANT T T VE, B U EO KIS L
HHET 5. #HEKMbEZER X OFRMARO T — 213,
Fr7rm 7 AT —HUENERICE L 7
D DIZHE-> Tt (orogenic) 75 FE i Lk
(anorogenic) ZHRAMNCENT HZ LE2RL
TWD. 1L O KITEEIA AL B E I T H»
STHETT AT 7UIREREEL T 5 &
E L 7= . Prelevic et al. (2015) (%, Kirka-
Afyon-Isparta K[ 7 ¢ — L R o> Hf ] e it
Afyon 7V U KA 2> 7 Ly 7 AD{LEEAR
Al & [FNARHAR A FR et L, AT 7 DU E-
TERLET®E ) A T72T7 VYR T 2T &
DAAEM Z#im L TV D.

Mullen and Weis (2015)(%, 7 7 > 7 7 4 (Juan
de Fuca) 7'V — F O dbix % 724 Nootka K& (55
4 [X) ok FIERFOFAINCALE T % Garibaldi
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{ NE Pacific mantle
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Fig. 5 [Figure 6 of Mullen and Weis (2015)].
Schematic 3-D representation of plate configuration
at the northern end of the Cascade Arc. The
Explorer plate detached from the Juan de Fuca Plate
along the Nootka Fault ~4 Myr ago (Riddihough,
1984) as it became younger, hotter, and more
buoyant at the trench. Heavy red line and
transparent red shaded area indicate the location of
the Nootka Fault and the resultant slab window,
respectively. The wide red arrows depict the influx
of hot, enriched NE Pacific mantle through the slab
gap by toroidal/poloidal flow, triggered by slab
rollback (heavy black arrow). Southerly narrowing
of the second arrow depicts the waning influence of
NE Pacific mantle on magma compositions due to
progressive mixing with melts of the depleted
mantle wedge. GP—Glacier Peak; MB-Mt. Baker;

MG-Mt.  Garibaldi; CV-Cheakamus Valley;
EV-Elaho Valley; MM-Mt. Meager; SG-Salal
Glacier; BR-Bridge  River  Cones. (For

interpretation of the references to color in this figure
legend, the reader is referred to the web version of
this article.)

¥ 5K. Garibaldi KIUFHER T THEE DE
%% RTHERXRE (Mullen and Weis, 2015) . R
S U E CTH S Nootka BIBICIR > TLR
LEz7E/RTzT7RIV ML - D2y OHT
BEBEICETAEREORNEDLSSH. BNEFE
Bllc@Emd>ThEL, BLAHY, REICRTT
DFEBEHSHBLIEI ML Dz PD
AILEEDRENEDL. COFHIT0IB AT
D7/ RATT A FIREIHFEREND.

J A (AEKRTEERINND I 24— Rl Ak &
T AU NIHT=D) OLRAEOMETEMES
FNLR L Z /s L7z, % LC, Garibaldi kIL#H;
EANC 72> T OIB X A 7 ORME S AT
T ORBNIEL 7 DR~ &I 2 T
LZEERWELE. HHIIZ0ORRNE AT T
DOYJWr & BHE S 1 TR L T\ 5. Nootka Wrfg

24°

22

20°

18

20

Fig. 6 [Figure 1 of Soto et al. (2009)]. Map showing
major tectonic features of western Mexico and
Rivera—Cocos plates. Black spots represent the areas
of major late Miocene to present volcanism. Red
circle indicates the rotation pole of Rivera Plate with
respect to North American Plate (Demets & Traylen
2000). Blue dotted lines show the relative motion of
the Rivera and Cocos plates with respect to the
Jalisco and Michoacan Blocks, respectively. EGG,
El Gordo Graben; TME, Tres Marias Escarpment.
F6H. AXTahIAROEBER (RVOAR
v MEFEENL) EZOBERDEFETL— LD
43#7 (Soto et al., 2009) .

%, deflo= 7 27 va—Z (Explorer) 'L —
FEREBOT 7T T T L — b EE LT
5. 77T ITARTTNREDES B—L Ny
JFHZ LWL AT T oREREYWETETH
% Nootka WiENEK S N7z, #61%, oY)
Wrazilo CAT T Fmbbliba&nier7k/
ATz T PN~V b Ty VR CHRHEIC AT
REREOWNES D, TR TRILR
FER S 7= 72 DI HL RN e R (L 23 AR U 7
LR LTWS (E5X) .

AX T afEOMETIEY X7 (Rivera) 7
L— k& zaax (Cocos) 7' L— hASHKiEE
[ZIEAIA A TWD, a3 A7 L— MLRER DA
I 1X, MR Z El Gordo HIIE Y, F iz <
[ Z Colima UV 7 b33 5 (36 X) .
Soto et al. (2009)/%, NEZ T 7 4 —CHIFER B
FHENS, H< v — ARy 7 FH)RTRTT
CFEOEMOaaRART T EOERTAT T
s Z v, 20 B OME TITHESY 7
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HB : Huatung Basin
IP : Tlan Plain

RT : Ryukyu Trench
WPB : West Philippine Basin

Fig. 7 [Figure 6 of Lin et al. (2013)]. Geodynamic
sketch of the northwestern corner of the Philippine
Sea Plate with a portion of the EU plate located
above the Ryukyu slab and bounded to the south
by the Ryukyu trench (shown in the small
diagram) removed for clarity. The left- lateral
shear fault F1 offsets the Ryukyu slab and is
sub-parallel to the PHS/EU convergence vector.
The NS Ryukyu slab tear located along trend from
the Gagua Ridge accommodates a downward shift
of the western part of the Ryukyu slab.

EIR. J4VEVEIL—bOLBERIZE
(+% Gagua BEDAHRAHERTTDEEY)
#r (Lin et al., 2013) . ERBAIFXAXSHE.

rERL S 7z EHEE L7z, Colima U 7 K24y
9% Colima KLl L w7 2 iL4o5DK

I BHER SN, Rlar vy 7 2285k
WHEENE 1.7 Ma (ZHAE 0, EE GEMERD 1
AN CTHELS R D.
2. EEMBEDLAAH

A A TEIEBIEMERE DR IZIR > To AT 7
iR nW< oHlEI N TN, m%ﬁr®ﬂ

]&Wmﬁ@ ZTRWT, EEMMSE TH D Gagua
RN TR L IZIEEEICLAEL TS, o
@ Gagua M58 O ALANVE R CTlE, ThAA AT
FEOFZKIZBWT, 74 VB WRAT 7O L
DESNTEENPHTE I N TWD (Lin et al.,
2004a). MEFEDOHRMTA T 70O Lk, £
O FALENC 2> TREL 2D, ﬁ%ﬁ%
235 150 km LRI TIiE 100 km LL_E O & £ T
XT3, Linetal. (2004a, b, 2007, 2013)<X°> Wu
etal. (2009)1%, 74 VB LMBAT 7N 2T
BEAMIZEN TS EHEL TS (B 7).
HBREBIX, Zookro4 < Ml uﬁfé
Fio, ZOUWOE HEAOMHE N T 7 HIiC
70 B oML D 7 F A X —RNED BN S, Lin

E

21

13 (2017) 15-34

etal. 2007)1%, B NEZ T 7 4 —InHZ D
Urmaz@-oC~v 7 ~nER LTS EHETE

L7=. Linetal. Q013)i%, 74 VB AT T
MPERNZ B 2 BBICA L TRDICEZZ L T
57201, 74V EMERT T ORI ETE
T VA —ATFZARNLTEY, ZOUNEKFT
Gagua 58 O HAI AN BN S L7z L HEE L TV %
(5B 7X).

Park et al. (2009)1%, HURLA S & B 0Af,
TR, IR S DM N T 7 O ENE
DIk AIA AT TN =R T A AR O RiTE R T o
NE (EREENLZOME) ZHEE L TWD.
Z LT, thARAA TR DO F AR Ol L4 A 7
OHFHMHENEE TWD Z EICEAL, HIA
TAFEA 6 B A 2 TR - 37 [ D A
TTYIMIN S D EHEE Lz, M50, B0
JUUN-RZ A iEsE L FET L — R EDA R LR
MIFKTAZ TEWNHEE LT EHELTWY
5.

—7J7, Huangetal. (2013)I%, F"EZ T 7 14—
2B [ A 2 B B AR BV & 2 o bl o
HAWEIZONT T, AT 7« U 4> R—=WHEET
HAetE A R L. 2 20, WEM S FEDT
O FTIRAICEALIATL T 4 VAT T L
MO FTEEmaIciksrAte7 o U B
A Z7 7 DEROIEIZH =% . Huang et al
013)%, ZDATT - U 1 F—DERRRE
%i< #%&mtb&#%% TN =r3Z

WSO B LA 72 & DL ARIZ L » T, 7
4veyﬁxﬁiﬁtﬁv>4%tbfwét
DTV EHEE L7e. Caoetal. (2014)% K
BT T T 4 —OFT — X5 LA RO
K%ﬁ#éﬁﬁkM@TwamuL®@f
A6 TE I AT 0D TN 2 {53 8 S 5 i , ThAIA
U74UHV@X§7%@of7t/X7I
TN EF LTS EHEE LT, #61%, ZHHE
DIIN-—RT TR DRI IAIR & 2 Ma LD
74V L — NOBE T OEICE
HMLTT7 4 VAT 7 OEEYENEZ
D, TORTT « 74 R=RNT&& LT
5.

G —7R = RE DL T iA T
ALl o ik 5 EE YW (Nakajima
and Hasegawa, 2007a) (Z2>WTiL 7 4 VB
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Carnegie Malpelo normal faults
Ridge - Fossil Rift at bulge
NN
////// > it g,
7 2O\

<25 Ma old
Cocos-Nazca
crust
— trench axis

older
Farallon crust

Peru
"flat slab"

steep ESE dipping

steep NE dipping

Fig. 8 [Figure 5 of Gutscher et al. (1999)]. 3-D view
of the two-tear model for the Carnegie Ridge
collision featuring: a steep ESE-dipping slab beneath
central Colombia; a steep NE-dipping slab from 1°S
to 2°S; the Peru flat slab segment south of 2°S; a
northern tear along the prolongation of the Malpelo
fossil spreading center; a southern tear along the
Grijalva FZ; a proposed Carnegie flat slab segment
(C.E.S.) supported by the prolongation of Carnegie
Ridge.

¥£8H. aOVETEBENSEARALZFHED
N—RF—BEELZOTMADORSTEDENE
& THEINEZRT TOEEYE

(Gutscher et al., 1999).

Gutscher et al. (1999)(%, FEKD=T 7 7 K
DUFFED SILIA L TWD B — % X — %8 JE
W=7 7 RVEE ORI A K L O 53 A
ERETL, I —3 X RO AIASIE FER D
WA > A7 702 E LT\ bd (58
X). % 51%, b—FX—E s T Ol 2
FTEDERNENAT TYIME L6 LIz L
LTW5. MMl R T 7HIkoOE AT ICALE

A

TN OPDOKINDLINERT A YA AR
T H T A FHLA% (Beate et al., 2001; Bourdon et al.,
2002, 2003; Samaniego et al., 2005) Z/~3 Z & 1%
HEHIZMET 5. LA L, Bourdon et al. (2003)13,
H—F X =R N KRR R Z T Z &I
FoTAT 7 EmARSH10 km TR DE
TR U ey DICHEM LT DI AT TR
AaEZ L, T4 A MRS E LT
L. ZOHIBOT XA MHLIET X I A b
MR ERET 22 LA T A A4 MIBELT
%, Garrison and Davidson (2003)<> Bryant et al.
(2006)72 ElZ X > THMEEINTEY, AT
R O RR bR ST b,
3. MARAL RS TDEEE

AR L7~ =y 7 257 LFxFn 2R
TEORICHERENTZAT 7YKL 2 2D A
T T DOEEFITHRL SN TNV DR, Z ORI
RNV =Y VAT TDORE T — Ny
JWERTHEEINTWDHDOT, Z 2 Tidfitn
72\N. Obayashi et al. (2009)1%, LA AT 2 5D
AT ThR= v PO THET 258, 5
I A DX IHITATZTHRKECHITOLND Z
LICKVIHREICHBIT D AT TREENET,
SHIZEIM B OLITEDORITAN2OD
AT TDOERERITHB > THEITTDHEE R, &
DA77 YWD BARBI L LT, HAUFED G
AT HARA T 7 LAF G- = YD UL A
AR E-R= AT T 2HIF TR, HEK
NET T T 4= ZDOAT THIWICER
HAZTT 74y =S 300 km LUE TR

Fig. 9 [Figure 1 of Obayashi et al. (2009)]. (A) Schematic explaining how slab bending to the horizontal causes slab
tearing at the slab—slab junction. Dipping slabs without horizontal bending are shown in a light gray for reference.
(B) Schematic illustration for the Japan and Izu-Bonin slabs at their junction. The white arrows indicate the
dominant principal stress in the slab inferred from the focal mechanisms. The gray arrows show the approximate
direction of motion of each segment of the stagnant slab. The resultant direction of the two gray arrows should

coincide with the direction of the motion of the Pacific plate.

FOR. 2DONDRATTNEEEICHHE SNB RS THH (Obayashi et al., 2009) . ERBAIIAXSHE.
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Fig. 10 [Figure 1 of Miller et al. (2006)]. Map of the Mariana arc with the major features of the region, ETOPOS5
bathymetry (National Geophysics Data Center, 1988) in km depth, hypocenters of earthquakes events with
magnitudes of 5.0 and greater from the Engdahl et al. (1998) catalog, location of the new slab tear and previously
identified tear (Gvirtzman and Stern, 2004), and locations of the cross sections used in Figure 2. PA, Pacific Plate;

PH, Philippine Plate.
FI0E. <7 FilEALOMAEE

S% (Miller et al., 2006) . <) 7FilAmAICTKE < ZEHY
Li-EZAI2AR) UEBBEAERLTNS. FULERIEMiller et al.

(2006) [Z & > TH-IZER S

NE=XSTUE. HOE#(EGvirtzman and Stern (2004) 2k Y HES S h=-X S5 THIH.

HoHELTWNSD.
4. EAHALRXZ T D “pinning”

Miller et al. (2006)i%, ~ VU 7 F Lo F kAt
IZBWT, NEZ T 7 4 —BIXUOERSHND
AT KTEPEA T 7 9 B P o 3 E Y
RO (FEI0XKFOFTWER). ZORATT
YKL, AR T FE~y FMra B Al 2
T 7 LIRS 250 km FRJE F To BRI EE ]
D A Z 7 (Challenger Deep segment slab) & % 43
/7T 5. Gyirtzman and Stern (2004)(%, 5 10
X o Dk D FEFE TR LIZALEICE D R T
T YW &2 & LT 5. Miller et al. (2006)13,
N 2Oo0RAT 7Y ORIK L LT, o
AT T O — L3y 7 DR[EEME & & B IZ,
ROX D72 vREEbERM L TWnWD 2D 250

23

A Z 7YWroOMMATIE, BEEo e ) B
%8 (Caroline Island Ridge) SVFEIZHEZE L, £
XTI 7 il RE L R sE b6,
AR BT L TR 2 s & -
TAZ 7 pinning (D) S bH72DIT,
AT T YR Z o 7o, BRGAMA NES T T
£ —7~ B Jaxybulatov et al. (2013)I1%, FFE-—~V
T WD I HRIA L KEFER T TR D
DOmBEYIFIZEID BT A MEL TS Z
L &R L T\ 5. Masonetal. (2010)1%, &
DX DRI S o T EHGGR D & 2
T5&, AZ 7O pinning NELZ YD, AT TN
KT DA ZFIRET A bR LTz,

5. NS URT+—LWEBICERT SRS
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Fig. 11 [Figure 1 of Yogodzinski et al. (2001)].
Map view of the study area. The figure shows the
oblique subduction zone of the central Aleutians
(near Adak), the transform-type boundary in the
westernmost Aleutians, and the sharp bend into the
subduction system of the Kurile—-Kamchatka arc.
The Klyuchevskoy volcanic group and the
Sheveluch area mark the location of the Kamchatka
central depression. Exceptionally voluminous arc
volcanism in the central depression, and the slight
offset of the magmatic front in this area (apparently
due to a slight flattening of the slab dip) are
believed to be evidence of mantle flow around the
northern edge of the subducting Pacific plate as it
passes beneath the Aleutian—Kamchatka junction.

LTI FEHLFYyvhBEET )2 —Y
YUBBLEDREMBALDEELNLTF YYD
FEDKLD S (Yogodzinski etal., 2001).

BIKEIICRLIEEI RN T AT+ — A
Wl EZENT A7 70RAYE THD,
Govers and  Wortel (2005) @ STEP

(Subduction-Transform Edge Propagator) W) 73
IFIEZNIZEEY 35, Govers and Wortel (2005)
L, M HLHIABTOIBS=a—~T VT
AULFIA R DRI E SN D L O 7, HE
T AT F—LWRBICATL, e VA
7 NEECHHIATWD EZ AT
Subduction-Transform Edge Propagator & 44}
7. 2OV TIE, WARANTEART T H
EZEIr ST 5. STEP Wi, £ < Ol
HICTRD B, ERRKINEE & & HITT L
HYVERT FHA NOFEHT UL LIRS
Jond.

REWF LS EZRT DT/ LT v v il
Eodbdkxix, 7V a—v vy ElEO N
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Dredge sample
Buldir 70B-29 Kluchevskoy

Attu group

. Shiveluch

™

Seismicity

Fig. 12 [Figure 5 of Yogodzinski et al. (2001)].
Perspective drawing showing a torn Pacific plate
subducting to the north beneath the central Aleutians
(Adak) and to the west beneath Kamchatka. The
geometry shown here implies that the Pacific plate is
being torn in an unzipping motion as the Aleutian
slab sinks to the north beneath the Bering Sea.
Adakitic volcanism is observed at Sheveluch
volcano, immediately above the torn plate edge
beneath Kamchatka, and above the inferred position
of the active tear in the Pacific plate beneath the
western Aleutians (location of andesite sample
70B-29). The large arrows indicate asthenospheric
flow around the plate edges and through the slab
window. This kind of mantle flow would explain the
melting of relatively old subducting plates along
their edges, as well as the relatively high heat flow
from the area of the Komandorsky basin in the
western Bering Sea (location in Fig. 1). Asterisks
indicate the seismicity (schematically) which shoals
to the north beneath Kamchatka (Fig. 2) and to the
west beneath the Aleutians.
F12H. 7)a—y U BERGHNOHLTF
Yy NFETITMIFTTOSTEP BTEIZIA > TR
ENE-RZ3T -4 F—0OKBAE
(Yogodzinski et al., 2001). RS TDFTHh B
1ELENETE/RTITIZEYRS TOH
MBERE L T Shiveluch O RL Yy Y -4 T
L (T0B-29) 7 ZHA B ENT-.

VAT F—LWTEESAE LTS (GF 11 X).
Yogodzinski et al. (2001)I%, 2D h T AT —
AWIEN A LT ¥ v BYEOTFTETHOEBY,
ZOMETATTHE 12 KR Lz X 9125]
TXHPNTAT T T4 R=RTETNHE
HEE LT, ENDILBIANTEZ D N T VAT
F—2WrElL, A7 7 OmEGIMDO—X A 7T
» Y, Govers and Wortel (2005)7> STEP [¥7/&
%49 5. Levin 2002)%, TR~ ALF v o h
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Studied

165° 170°E

Fig. 13 [Figure 1 of Portnyagin et al. (2005)].
Simplified map of major Quaternary volcanic
belts (dark shading) of Kamchatka and tectonic
structures of Kamchatka-Aleutian arc junction.
SR-Sredinny Range, CKD-Central Kamchatka
depression, EVF—Eastern Volcanic front. White
stars—locations of active Kamchatkan volcanoes.
Volcanoes: N-Nachikinsky, Kh—Khailulia,
K—Klyuchevskoy, T-Tolbachik, Sh—Sheveluch.
Location of Deep Sea Drilling Project (DSDP)
Site 191 in basement of Komandorsky Basin is
shown. Extinct Komandorsky trench is shown
(after Baranov et al., 1991).

LTI, hLFyvvAhAFEOFMLERKLOS
71 (Portnyagin et al., 2005).

277 OIHZE T 2 mELIW DR O
T AT 2T OWNE NET T T 4=
HELTWD., 20D AT 7 OREEYIHIZ
B L TiX, Portnyagin et al. (2005, 2007)<°
Portnyagin and Manea (2008)IZ & > TH ;A
nTnsg.

Yogodzinski et al. (2001)1%, A 7 7 O T [EY) Wr
DEFIIMESTDDLET vy DFEHD
Shiveluch HUE D &AL K (LS DL RN T X 71
A b L OK LGN kLA & o PRI 72/
RERTZE, Ty YEOBEENS KLy YL
727 (811 X)) BT XA Mk E R
TZEEHLMNILE FLT, ZhbHDTH
A MEKIWENAT T 74 R=nb EH
LCEET ) A7 2710k >TAT T

25

BRI LEEEDICERESNZEE T, £,
WU SNTIZATTOBNTE ) A7 x
TIHENTEHETRT W EE2BFALTND.
Portnyagin et al. (2005)(%, Shiveluch XL (£ 13
K Sh) Z#A TS HIZJEHEM O Khailulia
K> SR PERI D Tolbachik KL (£ Fh,
X 13 D Kh & T) (20T TOFE ML LA —
T A A N O & RN AR 2 5t L,
Z O HIR o K LS A3 AL AR A S P AN ] 2
> CHEESX A 7 (MORB-OIB) DOfLH> 5L
A T OB HE BRI E LT HZ L 2B B )
WZL72. 2L, HolddbsE o kiLAa N A Z
T4 =L EALTCELTE /AT =
TORBERI O TND EHEL.
Portnyagin et al. (2007)/%, Z @ik kLD
iz 7 ayy A DAL MR KELEE
LTWbHZ EaREMT oL L bITRERMICA
T TR D NG D LR Lz, Ll
Portnyagin and Manea (2008)(%, Z @ik (55 13
KD Kh ZFRWENMLSLTET) OZNET
DT —HEBRFIL, AT TRICBITDHATT
a4 E L=, £ L, Shisheisky 2> 7 L
v 7 A (5513 Mo Sh D) 70 km AL B IS )7 &
L, 2OFIZAZ7UERH 5 EHE) D
Tolbachik ‘K[l E TOHRAIM R ZELE X F
THRNPOLEEICANI AT T EEHOEE~
Ve VORE ERCEB LT (G 14
) .

Clark et al. (2008)iZ X > T, /A7 > F il
(Lesser Antilles Arc) DOFExZIEMT S T v
AT —LWE Y STEP ¥ A 7D AT 7k &
7=, Miller et al. (2009)1X = @ STEP Wifg %
WoT, TR /A7 27N ERLTNWEZ L%
NET T T 4 —RHERBRGENGHETE L T
W5,

T4VEVBRZTDET AV ME

M N T 7 b BRERHEE AU IS BV Tk
HIAte 7 4 VAT 7O EEb LITA
T 7 OENRMEIEX, 7Ty FTIERL, LT
W, ZOREINBELTZT5 (BRI,
1991 ; FAIE1E A, 2003 ; = 4F « £4G, 2004 ; Shiomi
et al., 2006, 2008 ; 5LHAIZ >, 2007 ; Nakajima and

Hasegawa, 2007a ; Hirose et al., 2008 ; 7 H.1Z 7>,
2008 ; Zhao et al., 2012 ; Huang et al., 2013). =
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Fig. 14 [Figure 3 of Portnyagin and Manea, 2008].
Trench-parallel along-arc thermal model (A) and
summary of physical and compositional parameters
of CKD magmatism (B). Volcano abbreviations are
explained in Figure 1. Trench-normal thermal cross
sections used to constrain along-arc profile are
shown in Figure DR2. Due to likely transient
regime of subduction near the slab edge, the
maximum model temperature near the slab edge is
underestimated (see text for explanation); it can be
similar beneath all volcanoes (shown as dashed line
in Fig. 3B, max T). The volume of hot mantle
(>1300 °C) and therefore mean temperatures (mean
T) decrease toward the slab edge, which correlates
with decreasing subduction dip and magma flux
and increasing SiO, in evolved and primitive
magmas (SiO,) and pressure of crystallization (P
cryst).

LA DLF vy HhFEED Shisheisky(Shs)
a 7Ly XAH 5 Tolbachik (T) KIWET
DRSS TREERV MLy SORERE
W), BEUZORMIZEITZH/ITA—42D
%1t (B) (Portnyagin and Manea, 2008).

NoOTF—21%, 74V EMWRAT T RET R
YMELTWD Z EERIBL TWD. AHEIED
(2007) 33 L O Hirose et al. (2008)I2 525 7 « U
EUMAT 7 FROFEREa H—~ v 7T

26

b DT, BB AT BB HE AT
DT TT7 4 U AT ZIXRR R R,
FeprEE I BT (ARD RITZR> T
S (GEISK). £72, WEMSZOILMOHFE
H D T TIEA T 7R TULAIAL TN D
DK LT, JWHFTIET XY &AL AIAAT
WAL RIEA~(2008) 35 & O Shiomi et al. (2008)
LD 740 VU WERAT 7 OFRETDFEERE
OV =<y TSI E o TRENTEZAT TDE
He (3% 15 [X) 1%, Hirose et al. (2008) & FEARIZ
YA 228, WUEHEEOR FTAT 7 NERHE
DOBENZITEL 720, FAEo 208 N fFAE
THRNIER D, T o2Rm O AR =
FURJEZ D MORB & FH{EL L 72 A8t K ples 48

(BN LA RLT 4 K, ML KL
Y7 ) BT HZ LIXERICET S0, 2
OB EERT DD TEHEO AT T D
SR T HANENH D.

Nakajima and Hasegawa (2007a)l%, ~EZ7 7
T4l ESEFEEEOIMOM T TT
4 U B MEART 7 N E AL I B B Y &
NTWDEHEE L. #8613, thRARAALTETE
-A=rgrE () OBEN/NEL Role®
WCZOREOWAERINTZELTND.
Miyoshi and Ishibashi (2005)1%, 2004 {22 % 7=
Ao B IR & Z ORIE - REOMHT NG,
RSO N7 7 b AElE FEIZ O,
HAZ 7 OEBEYIM A HEE L7, Ishise et al.
(20091, hEZ T 7 4 — MBI RGNS
74 VWA T T ARG B O W I A T
O FCEALICIED)N D BiZd (fracture) H1Z Xk > T
7 A MELTOWD EFEL TS, 2ok
ZLUET X, Hirose et al. (2008)I2 X » TR E N2 A
Z7 EmBROL DRFOHRBEIZH - TEBY, £
O EHAEICITALH S O R K A R ()
WS, AERFERM SR, REmME, =A%
s 7e &) 233747 % . Nakajima and Hasegawa
(2007b)i%, NEZ T T 4 —lTb O, K
Bo Tk R#E b oM EOT &
A7 =7 L5 (Kinki Spot) ZHEE L TV 5.
2O R, AOEEICBIT AT T B
AR IR > TV D,

A - HH (1992) 1F, RFEHE ORI & fif
Hri, JUNTFCIAIATe 7 4 U B AT 70
RS OB L' 7 A MELT
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£ 15 BAEAARTICE TS 74 VEVEBAS I LEOEEEI VS — (Hirose et al., 2008;
Huang et al., 2013) XS THNEAREOEFEZEEI S — (Shiomi et al., 2008).

BY, EANZED > TAT T LRSI
b LTWh. LavL, ZhicxLTidsl
DORELREINTWD (AT, 2007).
AR U 72 £ 9 WS PAE & 2 o b8l oo H [ sk
DFTIET7 4 VAT 7TI3EMA TLAIA
Fr, JUNDOFTIEL Y @A ThRAAALTND.
BADATZTELVEMDRAT T LDEEHRR
%, BN T 7 DikAiATe A T T L BRERIEE
NIRRT AT T L OSBRI T 7
WA DIE RN —Bd 2 FREMEDS® . Huang et
al. (2013)%° Cao et al. (2014)1%, &AW DH 72 <
E B AL Sy (P R HGE 2 & BAR RV & &
DOALVER) BNATT « 7 4 F—%Z D 2T
HEHEELZ, LL, ZDOXT 7THIKAEH
IZEZETHRDL DN S TIEA2L. Shiomi

27

et al. (2008)IZ KD AT 7 NT KM DERE 2
vE— ey FITh ESTIE 15 K), KA
2R A A TP [E - E I FD AT 7 L L0 E
BTN R T RS 7 L oERIL, B
VAV i 0 RN B T & 1L 0 R oo IR LT & R S
PO T CHEBEROZEEL S 2 TWND. —7,
AFEFRT O F B (L2 S B LT o &l & P RE
ST T, 0.62 Ma2>5 0.14 Ma O it
FEREZRT T AT A N6 725k kLR
Ra L EBCO L, B ERLEE (BB 15
B1) EPREATWD ORFF, 2009). Z kil
FILE HIC R RO ICERT 5 L HEE S
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(Fl 21X, Kimura etal.,2014). Z iU 5 O EREL
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=T AWEEED 2 Ma IZB 1T D Hixix, 207
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Abstract

Tearing of subducting slabs is a wide-spread phenomenon in present-day and ancient subduction
zones, and resultant upwelling of asthenosphere is partially responsible for generation of specific
magmas such as alkaline mafic and adakitic magmas. Here, I review some factors leading to vertical
tearing of subducting slabs and their Miocene—Quaternary examples. Segmentation caused by
fracturing and/or tearing of the Philippine Sea slab subducting beneath Southwest Japan has been
inferred from geophysical data by many authors. I also review the studies on segmentation of the
Philippine Sea slab, and tentatively suggest a possibility that the origin of Aonoyama monogenic
volcanoes made up of adakite lavas may be related to a possible vertical-tear of the subducting
Philippine Sea slab.
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