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Numerical simulation of subduction-induced molten plume: destruction of overriding plate and its dynamic
topographic responses
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Abstract: In the process of oceanic crust subduction, with the increase in temperature and pressure and the difference in density, the subduction-
induced molten plume will rise rapidly and act on the lithospheric mantle bottom of the overriding plate, which may lead to the decrease in the
lithospheric damage and the drastic change of surface morphology. This process is similar to the destruction of the lithosphere caused by mantle
plume. So far, there have been little studies on the formation of subduction-induced molten plumes and their damage to the lithosphere,
especially on the responses of surface dynamic topographic changes to the deep destruction. Based on the conservation equations of matter,
momentum and energy, the I2VIS finite difference method is adopted by the authors to calculate and reveal the partial melting of the subducted
oceanic crust at different times and depths under given material parameters and boundary conditions. The process of forming a subduction-
induced molten plume is obtained, and then the process of molten plume-lithosphere interactions is further simulated, and the response of
shallow topographic changes are analyzed. The numerical simulation results show that in the process of oceanic plate subduction, the composite

molten plumes formed by subducted terrigenous sediment and oceanic crust eroded the bottom of the lithosphere longitudinally, and resulted in
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lithospheric thinning. During the transverse erosion of the molten plumes, the melting range of the lithospheric mantle increases up to 300 km.

In terms of geomorphic change, plate subduction results in compression deformation of the continental front, which may reach 300 km. At the

same time, the erosion of the molten plumes associated with subduction to the bottom of the lithospheric mantle is gradually strengthened, and

the dynamic topographic changes increased, while uplifting continued, and ultimately reached a figure of 4 km. The variation range of dynamic

topography is limited to 300 km, which is consistent with the damage range of lithospheric mantle.

Key words: subduction; subduction-induced molten plume; lithospheric destruction; dynamic topography; numerical simulation
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Fig.l Initial model configuration

a.Enlargement (4 000 km>670 km) of the numerical model shows composition field and boundary conditions. The isotherms (white lines) are plotted for each
400 °C increment. Yellow arrow represents the subduction rates of oceanic plate and obduction rates of continental plate, b.The colored grid for different
rock types: 1—air; 2—water; 3 —sedimentary cover; 4—oceanic crust; 5—upper continental crust; 6—lower continental crust;
7—TIithospheric mantle; 8—athenospheric mantle; 9—weak zone mantle; 10 and 11—partially molten sediment; 12—partially molten

oceanic crust;13 and 14—partially molten continental crust(5and 6)
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Table 1 Parameters of viscous flow in the numerical experiments (after references[35-38])
bR AR E/(K-J-mol™) V/(J-MPa™"mol ™) n Ap/(MPa™s™) 10¥/(Pa-s)
A TRIK 0 0 1.0 1.0x1072 1x10'8
B’ WA () 154 0 23 3.2x10°° 1.97x10"
c #HEANTS GO 238 0 32 3.3x10°° 4.80x10%
D’ FHAT AnT5 238 0 3.2 3.3x10* 4.80x10%
E' TR M 532 8 3.5 2.5x10* 3.98x10'
F® MGk ay 470 8 4.0 2.0x10° 5.01x10%
G™ LS AEEN 0 0 1.0 2.0x10° 5.00x10™
H BRI A 0 0 1.0 1.0x107 1.00x10"
VE: R A REE R, AN pe=(1/4p)x10%;
O R PR D T AR (R A R D R ) R b 5%
2 BWEREIWNEEMRSH
Table 2 Parameters of the materials in the numerical models
Wk e Po Pe Cp K ™ K ™ K Hr a B B e
> T lkgm®)  Akgm?) /(Jkg KT (W-mTK™) HE A A JW-m™) /K /MPa  EZH Sin (g
G — 1 — 100 20 — — 0 0 0 A 0
7K — 1000 — 3330 20 — — 0 0 0 A* 0
- [i] 2700 B 0.15
LAY
gij:/; — 1000 K1 TSI TL1 2 3x107°  1x107°
Yk 2500 G 0.06
- [ % 2700 B 0.15
F i e
(14 km) — 1000 K1 TSI TL1 2 3x107°  1x107°
Yk 2500 G 0.06
. i 4% 3000 C 0.15
i,h, 5 I—I [N
(T s t:n“) - 1 000 K2 TS2 TL2 05  3x10° 1x10°°
Yk 2500 G 0.06
[i] 3000 D 0.15
#57¢(8 km) 3800 1000 K2 TS2 TL2 025  3x10° 1x10°
Yk 2900 H 0.06
" R S 3300 0.6
e — N
ﬁf@.ﬂqj — 1000 K3 — — 0022 3x10° 1x10° E
IUERE e 2700 0.06
[ % 3200 0.6
KAk g — 1 000 K3 — — 0.022  3x10° 1x10° F
eyl 2700 0.06

¥E: a. K1=[0.64+807/(TK+77)]exp(0.000 04P); K2=[1.18+474/(TK+77)]exp(0.000 04P); K3=[0.73+1 293/(TK+77)]exp(0.000 04P);
b. YP<1 200 MPa, TS1=889+17 900/(P+54)+20 200/(P+54)% 24P>1 200 MPa, TS1=831+0.06P. TL1=1 262+0.09P; *4P<1 600 MPa, TS2=973—
70 400/(P+354)+778x 105/(P+354)% 24P>1 600 MPa, TS2=935+0.003 5P+0.000 006 2P>. TL2=1 423+0.105P
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Fig.2 Material field evolution of mantle plume damage to lithospheric mantle associated with subduction of an oceanic plate

The black number indicates the accumulated time of the experiment in millions of years. The solid white line is the temperature line, the number indicates the

temperature, unit “C
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a. Different temporal dynamic terrain instantaneous changes (in meters) corresponding to Fig. 2, b. Represents the evolution of terrain

over time

The dotted red line represents the topographic profile at different times, which is consistent with a
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Fig.5 Responses of shallow topographic changes to deep subduction dynamics

(The red dashed line indicates the extension range of dynamic topography, the black dashed line indicates the range of deformation, the dotted line

superposition area indicates the stable area of topographic change)
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