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ABSTRACT: We carried out a benchmark study on McKenzie (1978) and Jarvis and McKenzie (1980) that proposed
the analytical and numerical solutions for the thermal structures of extensional basin using the finite element package
COMSOL Multiphysics®. For the benchmark, numerical models of the IBE (Instantaneous Basin Extension) and
PBE (Protracted Basin Extension) models were developed for McKenzie (1978) and Jarvis and McKenzie (1980),
respectively. We found an excellent consistency (relative errors < 0.1%) between the numerical solutions of the
geotherm and heat flux at the surface from our model calculations and the analytical and numerical solutions of
the two previous studies. Our model calculations demonstrate that the IBE model is useful for explaining the thermal
structures during basin cooling when fast basin extension and small stretch factor (5) are considered. By contrast,
the PBE model is useful for verifying the temporal evolution of the geotherm and heat flux during the basin extension
and thermal structures when slow basin extension and/or large stretch factor (0) are examined. The IBE and PBE
models were applied to analyze the measured heat flux in the Ulleung Basin and nearby in East Sea. The measured
heat flux at the surface is consistent with the calculated results from the two models using a mantle potential
temperature of 1,450°C and a stretch factor () of 2.5.

Key words: benchmark, extensional basin, thermal structure of basin, numerical model, COMSOL Multiphysics®,
Ulleung Basin

(Yeseul Kim and Changyeol Lee, Faculty of Earth Systems and Environmental Sciences, Chonnam National
University, Gwangju 61186, Republic of Korea)
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Fig. 1. (2)-(c) Schematic diagrams showing the process of the basin extension from McKenzie (1978). a and Sindicate
thickness of lithosphere and stretch factor, respectively. L and 4 mean lithosphere and asthenosphere, respectively.
The basin extension instantaneously occurs from (a) to (b). After extension, the basin cools with time by heat loss
through the surface. The right graphs show the geotherms of the basin and underlying mantle with depth. (d) The
model domain formulated by using the COMSOL Multiphysics®. The mesh refinement is applied to the uppermost
part of the domain for the accurate calculation of the heat flux at the surface. The right graph is the initial temperature
condition relevant to the stretch factor () of 2.
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Fig. 2. (a) Schematic diagrams showing the velocity trajectory of the lithosphere and asthenosphere from Jarvis
and McKenzie (1980). The “Vy’is the vertical velocity at y=a. The blue line is the velocity trajectory of the lithosphere
and asthenosphere. (b) The modeling domain formulated by using the COMSOL Multiphysics®. Except for the
open boundary condition applied to the bottom and side walls, all the modeling conditions are the same as Figure
1b. The right graph is the initial temperature condition (geotherm).
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Table 1. Model Parameters.

Symbol Explanation and Si Unit Value

a Depth (km) 125

Ty Temperature at the surface (C) 0

7 Temperature at the bottom boundary (C) 1333

Pec Density of the lithosphere (kg/m3) 2800

Prm Density of the asthenosphere (kg/m") 3330

k Heat conductivity (W/(m-C)) 3.13878

G, Heat capacity (J/kg:C) 1.40233 x 10° ('M., 1978)
1.17162 x 10° CI&M., 1980)

K Heat diffusivity (m’/s) 7.99 x 107 ('M., 1978)

8.0451 x 10”7 (CJ&M., 1980)

'McKenzie (1978), *Jarvis and McKenzie (1980)
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(a) Geotherm, p=1.25 (b) Geotherm, B=1.5
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Fig. 3. (a)-(e) Geotherms calculated from the IBE (Instantaneous Basin Extension) models and analytic solutions
from McKenzie (1978), corresponding to the varying stretch factors (£3). Horizontal and vertical axes are temperature
and depth, respectively. The green solid and red dotted lines correspond to our numerically calculated geotherms
and the geotherms from McKenzie (1978), respectively. # is the cooling time after basin extension. (f) The heat fluxes
at the surface with time that calculated using the IBE model with the heat fluxes from McKenzie (1978). The horizon-
tal and vertical axes correspond to the cooling time and heat flux (HFU, heat flux unit), respectively. The black
dotted line indicates the heat flux at the surface, corresponding to the stretch factor () of 1 or infinite cooling time.
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Fig. 4. Geotherms calculated from the PBE (Protracted Basin Extension) models, corresponding to the varying
stretch factors () after basin extension. The axes are the same as Figure 3. The black, blue, green, pink and red
solid lines correspond to G'=5, 10, 20, 50 and 100, respectively. The black dashed and dotted lines indicate the infinity
and 0 of G, respectively. The calculated velocities of the basin extension equivalent to G's are described in the legend.
At is duration of the basin extension.
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Fig. 5. Surface heat fluxes corresponding to the varying stretch factors (5) calculated from the PBE (Protracted
Basin Extension) model. Horizontal and vertical axes correspond to the time from the basin extension to cooling
and heat flux at the surface expressed as heat flux unit (HFU). The other notations are the same as in Figure 4.
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models, respectively. The horizontal and vertical axes correspond to the time from the basin extension to cooling
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basin and nearby (Kim ez al., 2010).
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