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Suhwan Yu and Changyeol Lee, 2018, A benchmark for two-dimensional numerical subduction modeling
using COMSOL Multiphysics®. Journal of the Geological Society of Korea. v. 54, no. 6, p. 683-694

ABSTRACT: Subduction has been the focal point of numerical studies for decades because it plays an important
role in the Earth’s mass and energy circulations and generates earthquakes and arc volcanoes which are closely
related to the human lives. Among the studies on subduction, numerical modeling has been broadly applied to
the quantitative studies on the subducting slab in the mantle which cannot be directly observed. In this study, we
benchmark the numerical subduction modeling using a finite element package, COMSOL Multiphysics® and the
results are consistent with the previously reported benchmark results.

Key words: subduction, benchmark, numerical modeling, COMSOL Multiphysics®

(Suhwan Yu and Changyeol Lee, Faculty of Earth Systems and Environmental Sciences, Chonnam National
University, Gwangju 61186, Republic of Korea)
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Table 1. Parameters and reference values.

Parameters Symbol Reference value
Velocity v ms’
Dynamic viscosity n no= 10" Pa-s
Stress tensor T Pa
Strain rate tensor € s
Dynamic pressure P Pa
Density P 3300 kg-m'3
Temperature T To=1,573 K=1300C
Thermal conductivity k 3Wm'K'
Heat capacity Cp 1250 Jkg K
Thermal diffusivity K k=kplc,' =0.7272 x 10° m*s™
Activation energy (diffusion creep) Egir 335 kJmol™
Activation energy (dislocation creep) Eldis 540 kJ-mol
Powerlaw exponent for dislocation creep n 3.5
Pre-exponent constant (diffusion creep) At 1.32043 x 10’ Pass
Pre-exponent constant (dislocation creep) Aldis 28968.6 Pa:s'"
Maximum viscosity Tinax 10% Pass
Gas constant R 8.3145 J-mol "K'
Model geometry Boundary condition Model mesh
(a} So0km (b} fixedsurface T ) (C} < 660km
4 ‘Rigid overriding plate (to 50km) = = Tlg::;i:ant :
T Wedge with induced cornerflow & \\ Rigidb.c. Mantle
iable rheol 2 i
NN (constant viscosity: 5 o, s
E S ~._ Ol diffusion creep; = RS E
> ‘Oé@w)l dislocation creep) S \Qs\’o’;}-b é g
8 N A Y "e,o Y 2 \40@9-% S| B
c)_?‘,\\\ § {%Q’ utflow for
NN \d‘%\ - & heat & Stoke
25N ] N equations
-~ \ = \\\
JESSTNTN

— Scmlyr outflow for heat equation

Fig. 1. Model geometry, boundary condition and model mesh used in the benchmark study modified from van Keken
etal. (2008). a) Model geometry consists of kinematically subducted slab and underlying mantle at a rate of 5 cm/y,
rigid overriding plate of which thickness is 50 km and mantle wedge of which behavior is analytically or dynamically
calculated. For the viscosity of the mantle wedge, constant viscosity, diffusion and dislocation creep are used for
the cases 1a-c, 2a and 2b, respectively. b) Boundary condition applied to the model domain. The temperature profile
along the left vertical boundary is prescribed with half-space cooling model. A constant velocity is prescribed on
the interface between the subducting slab and mantle wedge to solve the Stokes equation. The top and bottom bounda-
ries of the overriding plate are fixed and prescribed with the no-slip boundary, respectively. The right vertical bounda-
ries of the overriding plate and mantle wedge are prescribed with the linear temperature gradient and mantle potential
temperature by a depth of 200 km. The other boundary of the mantle wedge is prescribed with the open boundary.
¢) Model mesh consisting of triangular elements of which sizes range from 1.8 to 18 km. Mesh refinement is applied
to the subducting slab and the interfaces between the subducting slab/overriding plate and mantle wedge.
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Fig. 2. Schematic diagram used to calculate the cornerflow solution of the mantle wedge. The subducting rate is
U and the x- and y-component of the velocity in the mantle wedge are expressed as u and v, respectively. The &
is the angle between the subducting slab and fixed overriding plate.
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Fig. 3. Velocity and temperature distributions obtained from the cases 1a, b and c. a) Velocity and temperature dis-
tributions from the case 1a. Left panel: velocity distribution described with red arrows of which sizes are proportional
to velocity. Right panel: temperature distribution described with colors from blue (cold) to red (hot). b) The same
with a except for the case 1b. ¢) The same with a except for the case Ic.
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Table 2. The chart of temperature distributions for cases la, 1b and 1c.

Case Code T0km Vot | Twedgel
la Brown 393.51 520.14 866.52
LDEO 396.63 506.43 855.58

NTU 388.87 507.43 852.99

PGC 388.21 503.69 854.34

UM 388.24 503.77 825.89

VT 379.87 502.26 852.05

WHOI 388.26 503.75 854.37

CNU 388.18 503.68 853.63

1b Brown 391.83 493.76 842.01
LDEO 387.15 500.86 852.80

NTU 391.42 511.27 853.16

PGC 388.21 503.69 854.34

UM 388.22 503.65 854.12

VT 389.82 504.63 853.04

WHOI 389.08 504.50 856.08

CNU 388.13 503.67 853.62

Ic LDEO 397.55 505.70 850.50
NTU 391.57 511.09 852.43

PGC 387.78 503.10 852.97

UM 387.84 503.13 852.92

VT 389.39 503.04 851.68

WHOI 388.73 504.03 854.99

CNU 387.68 503.06 852.21

CNU: Calculated values from this study
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Fig. 4. Slab surface temperature at a depth of 60 km, L2 norm of the slab temperatures along the slab surface and
L2 norm of the temperatures in the triangle part of the mantle wedge varying mesh resolution near the corner of
the mantle wedge from the cases 1a, b and ¢ in van Keken et al. (2008). In this study, the benchmark experiments
are conducted using one mesh resolution and the calculated temperatures are depicted with the purple diamonds.



Table 3. The chart of temperature distributions for cases

2a and 2b.
Case  Code Teokm [Tl [ Tweqgel
2a LDEO

NTU 57030  614.09 1007.31

PGC 580.52 606.94 1002.85

[8)%1 580.66  607.11 1003.20

VT 577.59  607.52 1002.15

WHOI 58130  607.26 1003.35

CNU 580.48 606.83  1003.52

2b LDEO  550.17  593.48 994.11
NTU 551.60  608.85 984.08

PGC 582.65 604.51 998.71

UM 583.36  605.11 1000.01

VT 574.84  603.80 995.24

WHOI  583.11 604.96 1000.05
CNU 582.12 604.70  1000.30

CNU: Calculated values from this study
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