25 % 5 6 2T 2% Ch [E BB 2 (L 5D 5 bRtk Vol.25 No.6
2018 4 11 H Earth Science Frontiers (China University of Geosciences(Beijing) ; Peking University) Nov. 2018

DOI: 10.13745/j.esf .sf.2018.11.7

D vty FE RCAIL ) T 9 B AR 3 T 5

RS, WEFY, B, g

L. v B2 (b D) HbBRBL 2 5 9EIR A BE . dbat 100083

2. 95 B ERR A SEORE R 0= SRS = . IR 775 266061

3. Department of Earth Sciences, Durham University, Durham DHI1 3LE, UK
4. P EPBRARE RN IR 5B 266071

Yaoling NIU'#?, SHEN Fangyu**, CHEN Yanhong', GONG Hongmei**

1. School of Earth Sciences and Resources, China University of Geosciences (Beijing) . Beijing 100083, China

2. Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and Technology. Qingdao 266061, China
3. Department of Earth Sciences, Durham University, Durham DH1 3LE, UK

4. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

NIU Yaoling, SHEN Fangyu. CHEN Yanhong, et al. The geologically testable hypothesis on subduction initiation and
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Abstract: The advent of plate tectonics theory 50 years ago has revolutionized Earth Science thinking and
provided a solid framework for understanding how the Earth works. This theory explains in simple clarity
that all the geological processes are ultimately consequences of Earth’s cooling. This is well manifested by the
origin of oceanic plates at ocean ridges, the movement and thickening of these plates, and their ultimate
consumption back into the Earth’s deep interior through subduction zones, which provides an efficient
mechanism to cool the Earth’s mantle, leading to large-scale mantle convection. That is, the immediate
driving force for plate tectonics is the sinking of the cold and dense oceanic lithosphere, under gravity, into
the deep mantle through subduction zones. Hence, there would be no plate tectonics if there were no
subduction zones, but exactly how a subduction zone begins remains speculative. Studies on subduction
initiation have been many and continue to this day by means of numerical simulation and geological
inferences, culminating with three IODP expeditions (350, 351 and 352 in 2014) in the western Pacific to
test the ideas of spontancous and induced subduction initiation. All these efforts are welcome, but the ideas
are not testable hypothesis. In this paper, we explain the only hypothesis that is geologically testable on
subduction initiation, i.e., subduction initiation is a consequence of lateral compositional buoyancy contrast
within the lithosphere. Such large buoyancy contrast is located at edges of oceanic plateaus in ocean basins
and at passive continental margins globally. Because back-arc basins result from seafloor subduction, all the
island arcs must have continental (or oceanic plateau) basement. Hence, this hypothesis can be effectively
tested by sampling and studying island arc basement rocks that are exposed on landward trench slopes as the
result of serpentinite diapirism.

Key words: completion of plate tectonics theory; subduction initiation; passive continental margins; oceanic

plateau edges; island arc basement rocks
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Fig.3 The stress analysis indicating the density (buoyancy) contrast
between OPL and NOL to be the sites of subduction initiation
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Fig.5 The eastward subducting of Nazca plate causing the westward trench retreat and westward drift of
South America continent and growth of the Atlantic Ocean basin
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Fig.6 The schematic illustration showing the geological significance of the Western Pacific trench retreat

BRI A S AL AT IO e (FP) A Al BB
b D S il ) R A% o TSR 7 AR S R e
AR R B E ) (LR .

Al A, Kamchatka-Kuril 5983 JE (L) L3 A
SN 8 W v g ) AR T i B R P b A
S B P 14 i 8 JEH T L Tonga-North Fiji 725 Hiy Hly

AL AT BE 2 Louisville Mk 3k 5l B 49 i 25
JEY, Scotia AR . Caribbean 1 #4551 /& Bouvet
Fl Galapagos #b 18 A% 3k B PR % 9 RS 5 B . 7
Caribbean 774 . Lesser Antilles ¥ 75 Fl1 Scotia ¥4
R ARl N A A N2 B T A SO A 30 3 i 1
Wi, AHFATHE L PE KPP 1Y Tzu-Bonin-Mariana

http: //www.earthsciencefrontiers.net.cn 3.5 7% ,2018,25(6)



ZERS PRI BT . 25/ b F AT 4R (Earth Science Frontiers)2018, 25 (6) 59

g4 A1 Tonga-Kermadec #4 #EAT R FEAF 5T, A
BT A A DR il 14 i 2R AR P AR s AR 4
L)

(EAS IR PE Y 2 18] 6 B B3I 74t 1 R Al
SN TR (O e IO T . X PP IE R
A BRI 8 R IR 2 mT DL AR BT R A
i+ By AT L6 A G il B o 33X v A 5 e A
AN OB HR B 4B S0 T A D ol LR 55 e i
(B HT R AR

IR R 9 2 » U SR R I Rl B S MG o B
S R B R R T 9 i B3 AT TS 2 P S T LB A
Mie A B I Rl B RS » M Nazea A B 40
MTERISE KRG Z T (B 5) (B AT 2 PR B8 7 K71
VA Tk 5 RORSE o 2 DA o JEG o J) i S ) T
P U AT RS T 158 1 PG R R Al R
IR AE R R B 2 7 57, fE X L, — A
B R (AR TR B A AR SR 2 R U A A R S
BT VRIS 2. & SR AT
N B PRI —A KBl IR B SRR R
5553 AR AR 7 7 S R A R R PE PR TR (T 5 A .
PR R PYPRAE H AT AR AT B A — A B R 9
Ja M (TERES LA 2 b AT RD BT LUl 3%
A FALTVE TP IS ™ . S YR B
A Nazca B 1] A< R b RIRL £ R T 18 DY 1Y
Jr AR i I i — 1 52 A A R B TR Y 14 i T 1) 74
ST . X — T B G T 5 ] Pl 5 R RS A
RGEERIRIEY K2 [/ — D HLH A R Rk . —
I I S 2R K PR T S A 4 R (R 5D
37 AAXKE(YBRER”) MIBEHEERS

R B EAME?

5P 35 km J& KBl 52 5 20 km JE A
JEE s I e A L T BRI TR 5~ 10 km (914
HHEE . T EL BT B9 AT OICE SR AR ik R RERE 56 0T
AT AT RE HH B8 B RIS A R IR 0 . TR
DUT - A8 A BRI B AL VA & 2 R Bl (ol ¥ IS i
JRO SR A0 7 SARE B HLE A A AU 3R
TE I8 I A AN /D W Ty SR R 1 g fgi) 200000 01088
NP 7a 7R o TERAR b R A K-S 2 B Rl
5 RIS e e A A T e 18 Al e I v s £ 1)) e
SUAAL S JIRRE LTV 5T iR 28 e Rt 7 (1945 Pl
A0 CBLIRIE ST 7 B 7 S 1) 3t 0 MRS S T B L A TR
HRURRRLA AL e AR TR 25 o SR Bl Rl 1 2%
P9 i D00 R JE A 7 108 P 1 J5 » 30 2 B S0 G e

A 2K e B 25 1 4 A s (P T

Hu g
B

MR 7K -8R A 1 i
g, esUs LUREERIE A £
7, #EERA O R
Wik (k) % k.

T?"J?aSkm

(a)—7 RV bR B i 7K 25 5 350178 Rl (B0 i e Ji) Bl B
Py 1 5 A1 VB R A I B A B B0 LURRE I 2 1T, #5747
WS RSS2 0 b7 5 A T 2 B VT Bt 3B L4485 S A IBURE:
WFFE . (b)— U SRARF bty Bl il B 2 7 A 3l i 2% 5 TS ) s
TEIFUR I L MEBCA TR AT REHEHE AR URHT A A B M 55040 T 08 LA
e 1 0 PR iR 2 A R ) A R A 2
B 7 E&FRRLIUEREE LA 8 M S A
W AR () BB R A
HEFHTHREEE EEEEEMT 4 (D)
Fig.7 The serpentinite diapirism can carry mantle and
crustal rock fragments up to the trench slopes(a) and
can carry HP and UHP rock and minerals formed
under deep lithospheric mantle conditions(b)
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