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Fig 1. Summary of morphologies of transition-zone slabs as imaged by tomographic studies and
their Benioff stress state (after Goes et al., 2017)
Vel 57 Sk s )T B G B 1 o JLART B AR R AR R B 2 (AR DR Fr) 34 52 3B S W Y R ) o 7K B A 3 b i o 8 o IS
(~660 km FRAL) o X TFIM A AR T FIRBAICEE (OB s X T RO, R TSR R BRI (R OB ) o MR R Bl

AHUZ(100~350 km) FIEE)Z (350~700 km) FIEHLHIFI E52 0 FHAHRE (BE) SR (H60)

MRS A0 R . RYU—BBREES) | 1ZU—PF GRS, HON—AH , KUR—T 5 8% 5, KAM—IZn, ALE—RT & i1 | ALA—BI Rz i,
CAL—REA W, HEL—A i, IND—EIE, MAR—Th W44, CAS—RHTRIE, FAR—IEHE, SUM—ART 150, JAV—IUH:, COC—
AIATHE, ANT—3 B9 51 #f, TON—% i, KER—3% 5 8 578, CHI—% #|, PER—M &, SCO—HT &} & Arrows on the map indicate the
approximate locations of the cross sections shown around the map, with their points in down-dip direction. Blue shapes are schematic representations
of slab morphologies (based on the extent of fast seismic anomalies that were topographically resolvable from the references listed ) . Horizontal black
lines indicate the base of the transition zone ( ~660 km depth). For flattened slabs, the approximate length of the flat section is given in white text
inside the shapes. For penetrating slabs, the approximate depth to which the slabs are continuous is given in black text next to the slabs. Circles
inside the slabs indicate whether the mechanisms of earthquakes at intermediate ( 100~350 km) and deep (350~700 km) are predominantly down-

dip extensional (black) or compressional (white)
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Fig. 2 Examples show different Subduction Patterns; (a) stagnant-slab mode, example from the middle part of the northern Honshu

arc along profiles A shown in the right bottom map(b) penetrating-slab mode, example from the middle part of the Central America

arc along profiles B shown in the right bottom map; (c¢) Multiple-slab subduction mode, example from the Tonga arc along profiles
C shown in the right bottom map( Yoshio and Masayuki, 2013); (d), (e), Rewind-slab subduction mode, examples from the
Tibetan Plateau along profiles D—E shown in the right bottom map( Huang Jinli and Zhao Dapeng , 2006) ; (f) Locations map

fIT 410~ 660 km TRAL, K32 3 5 1 Bl AL il 72
FRISEIR | 5 T I A0 5 R It ek 22 [ R X6 EE AR
Hiu M 5o AT & T 2o A B e B R ) AT, — A
RSE T ) AR AR RN BE AR AR 5 (Guillot et al.
2013) , Mol 3=F 32 3 00350 A0 8 )23 B O\ R 2 T R 43

VRS B (4 2014) . WA AR 660 km
TRAE BRI 2 . S, 660 km BRAL Y F 1
B R A BB 4 AT b 0 7 5 B R ( Burke et
al., 2008) , AN AL AR v Al R 32 Bl 450 OB 45 45
i, B FTRERHPY FAR I AE FH (&1 3) , A WA
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2.2 WA RIS FE R EEE
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A1 P8 37 65 3 5 S —IK sl A v VR

Mo A BB, Rk AR ARR 5 O T 47 B9 1l S 2 (5 (Torii and Yoshioka,
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1) E5 R+ 7 B AL ) |, 7R ) S5 AR A5 F T WO PR BU I 1A 1) 3 7 5 i, ol

PRI S5 FAE TSN g et 660 ko 51187, 10 () B 7% 28 3 675 660 k11 10 B0 5B ACKT AR Ho
o A Jey 3t IR s oy, JFE ) B 5 () T MO 5 B SE IR I OB W

AR A 1) T e 0 BT M £ Fig. 3 Figure shows factors control on ways of slab stagnation: (a) a schematic figure of
ﬁﬁ%ZLEFiE@{*O M N critical boundary lines for slab stagnation. The dashed lines indicate the critical boundary
JEREER A7 [m] VF S7, T U03# F 1 lines between slab stagnation and slab penetration. They consist of three parts (lines 1 to 3).
* ,ﬁ%”jf‘m?i‘lﬂ e R 2 4 Schematic figures of the ways of slab stagnation by the effect of (b) positive buoyancy force
ARF IS 4 R S T A 45 B due to the negative Clapeyron slope associated with the ringwoodite to perovskite+magnesiowu

R BIRIE R R
AT 2B R W] (Agrusta

stite phase transformation, (¢) high viscosity of the lower mantle, and (d) high viscosity

of the lower mantle plus trench retreat



%24

VLIRS Hub AR DR iz Sl b H R Ay i 7 459

545 1 ( Ballmer et al., 2015) .,

3 M AE Mg Py AR A X A
LA BR Hi I X

XoF ML PR R DR i R TAR, 5 X6 4 BR b i Xof
TR TR AFR DT . KEEARIAR ol R 0T, &4 A B
[ IEA T BE A2 — AR S50 B b BR W) 7 24 A
PR 73X 38 e K BRIz i A s fi
B, T LA ) b R AL 38 2R AT FUAR oy Ptk T A
FERL . Bl TREERG N E A M i Yt | PR
JET A I8 25 A PR e | A DG ) A B 14
LT T (TR R e A S ARURE A2 1) 7= 4, 3 it
PN EA AR5 B % B () M R i, H
G 1 P AR i Al R %) 6 031) , 32 B ek ) B
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Fig. 4 Hybrid mantle convection model ( Modified from Chen Jiuhua, 2016 and Tackley, 2008)
ARSI A IR e AR R Ol €0 A it A R Ab , 75 660 km FLIRT Ak A= 25 i, B h b W FiLiad 4 AT A JZ0IR X 37 ( Chen Jiuhua, 2016) o 4%
SR BT FE R — I SRR (I ) (R AR TR AR L P8 1S3 ) | M e R G R TR W (Z068) | #8540 i
FRIE & EAAHEEIR P BT, F35 660 km FiET, F4 HubEAY 20T 660 km FriE - F -, WiJCALAEZ A 18T BLRAES I B s i vk i g
Fe, SR B 660 km T Ay 432, Pl b A6 g 2 AR 3 L i PN R A X AT, PR € S IR SR R b g X
The emerging model of mantle convection suggests that some relatively cool subduction slabs of oceanic plate (blue) are deflected at the 660 km
discontinuity ( dashed black line) whereas others penetrate all the way to the core — mantle boundary (solid black line) , forming slab graveyards.
Piles of material that are enriched in incompatible elements compared with the expected mantle average (orange) are pushed around at the core—
mantle boundary by incoming slab material, and plumes form from their edges and tops (red). Some plumes penetrate below 660 km, whereas others

are deflected and may produce secondary upper-mantle plumes. An average compositional stratification exists either side of 660 km
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Subduction patterns within mantle and its tectonic significance
——Subduction barrier and crossing mechanism

LI Jianghai'** | LIU Zhonglan'"
1) Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education, School of Earth and Space Sciences ,
Peking University, Beijing, 100871, China;
2) Institute of Oil and Gas, Peking University, Beijing, 100871, China;
3) Center for Marine Environmental Sciences (MARUM) , Bremen, 28334, Germany

Abstract; Seismic tomography reveals important evidences of subduction slab within the mantle, which
involves a variety of geometries and modes of motion. The mantle transition zone is an important barrier to
subsidence, where subduction slabs stagnate, deform and lithosphere material accumulation. Plate in some areas
can be subducted to the core—mantle boundary, the accumulation of the formation of plate cemetery, resulting in
D’’ layer material composition and thermal heterogeneity. High-temperature and high-pressure experiments and
rheological calculation simulation provide new constraints on the composition and physical properties of the mantle.
During the subduction of the mantle, plate mineralization involves the constraints of mineral phase transitions,
viscosity, density, and mechanical strength of the carbendazim, Mantle transition zone is an important interface of
phase change. Based on the study of plate subduction, a new mode of global convection of the mantle is proposed.
The plate grave has a causal relationship with the super mantle plume and has become an important link in global
mantle convection and needs further study. Plate subduction is the connection between the superficial plate tectonics
and deep super mantle plumes and an important driving force.

Keywords: plate subduction; mantle transition zone; plate grave; lower mantle; super mantle plume; mantle
convection
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