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Effects of seamount subduction on structural deformation of Hikurangi accretionary wedge: Insights from discrete-

element modeling

WANG Ming', WANG Maomao', GUO Ziyi'?
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Abstract: Subduction of rough seafloor such as seamounts has an important influence on structure, geomorphology, stress, and seismic hazard
of accretionary wedges. The Hikurangi subduction zone lies on the North Island of New Zealand, and the Hikurangi Plateau is subducting
beneath the Australian Plate at a rate of 40—47 mm/a. Many seamounts of various shapes are distributed in the Hikurangi Plateau, whose
subduction caused severe tectonic erosion along the northern Hikurangi Margin. In recent years, slow slip events (SSEs) have been well
documented in seismology and geodesy at the Hikurangi northern margin. However, the evolution of tectonic erosion, structural stress regime,
and their influences on seismicity remain unclear. By applying the discrete-element numerical simulation in combination with the interpretations
of seismic reflection profile, the effects of seamount subduction on wedge geometry, fault structure, activity and strain distribution of the
accretionary prism on the northern Hikurangi subduction margin were analyzed. The simulation result show that the subduction of a guyot
seamount formed a mega-splay fault, which absorbed the substantial shortening and thrusts along the seafloor with low angle. With the
subduction continued, a duplex shear zone was formed at the leading edge of the seamount, while the detachment moved down and extended
forward to evolve into a frontal-thrust zone. Our simulations confirm that the seamount subduction enhanced the heterogeneity of the stress

distribution within the forearc accretionary wedge, with significant accumulation of maximum shear stress at the leading edge of the seamount,
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while the rear edge of the seamount behaved as a stable stress shadow zone. The seamount subduction significantly increased the geometric

roughness and material heterogeneity along the megathrust in the Hikurangi Margin, which has important implications for the generation of

micro-earthquakes and slow slip events.

Key words: seamount subduction; mega-splay fault; thrust duplex; discrete-element modeling; Hikurangi subduction zone

RPEPEIE T2 A 3 i 1L 25 A R M JE R,
LA b J& 37 4 007 ey 45 Sy L R4 3 10 04 KT A1 o
MG 53 AT A R 1L U2, 3 6 P 5E I DR Ml TP
FRARF b ok b AR R AT B AR, AL B B AR
KA AR G AT | LY B w i Sl A AR
bR R B B B P AR RLR L RS AR L A IR Bl
SO RN A A g A B RN R
R R i 75 ) TR A A 5 T R RS IR L B OIS e
ARF X 8 A A2 A 96 e T 2 45 A R S P ) R g 1
g L1 A5 HEL R VA JEE 3t T A AT b mT L SO 2 T
AV FH RV JZ (4 305 AL, e 26 58 A AR 144 3 = felt
FIUTA W AR b, I 1T R S BURT & WA TURR ) ik

178.5°
1

38.5°

-
- Ul519

‘i’
2
‘1

4
% vk 1
’ C » !
’ / F "Ulﬁlbr
/

39.0°

179.0° 179.5°E

AR 2 ity 112 R b, 9 5 9 LU ARF b ] DL 4
b 2 A T SR MR B S A 3 AR AR 1 AR D B, X
LI ok TR E AT NEN B AN R L A B R
Pl b R I S MR 2 B R B R X

i JiE AR 31 2% (Hikurangi subduction margin )
AL TR0 223 8 M LLR, S KPS e -1
Jin A 36 I w7 ( Kermadec-Tonga subduction zone) )
A SEFR A 1) o A P B g D2 B A 4 RO
BRMPFEIRRKEEEZ—, KE THERZHR
TR 1L 410 3 SR AR YA L PR A v ] 5 i) Ay P2 B9
FPEARE e edy b 2 1 A8 365 4R Dol aod R R ) 6 1) Al B g
P 2 BT A T VR R T T3 L A R

U1520

U1526

h

Bl 1 ROKSPVEA M (HikurangD) i 16 0 18 75 5t
P vl SR € il e 3 s S0 % AR o 1 ) oz B4

Fig.1 Tectonic setting of the northern Hikurangi subduction margin, southern Pacific

The blue dashed line marks the location of the inferred subducting seamount
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A: Smooth seafloor model, B: seamount subduction model; the arrow indicates the relative direction of motion.
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Fig.7 Statistical graphs of fault displacements versus shortening in wedges

A: Smooth seafloor model, B: seamount subduction model.
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Fig.8 Results of maximum shear stress in the smooth seafloor (A) and seamount (B) subduction models
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Fig.10 Comparison between DEM simulation results and

structural profile in Hikurangi subduction zone

A: Structural interpretation of seismic profile 05CM-04 (modified from
reference[17]), B: strain derived from DEM simulation related to seamount

subduction; C: structural model related to seamount subduction.
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