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Numerical Heat-conduction Modeling to Understand the Genesis of the
Observed Geothermal Gradient in Ulleung Island using Experimentally
Determined Thermal Properties of the Rocks

Changyeol Lee*, Kiseog Kim, Kwanhee Yun

Abstract We have numerically modeled thermal evolution of Ulleung Island after an emplacement of magma chamber.
The disk-shape magma chamber is assumed to locate at 2.9 km beneath the island and has a diameter and a thickness
of 10 km and 300 (or 600) m, respectively. The geothermal gradients evaluated from the numerical modeling coincide
well with the range of the geotherms (~95°C/km) observed from the well logging. Although there are limitations
in the application of the numerical results directly to the interpretation of the observed geotherms, we believe that
an existence of a hot magma chamber in molten or in solidified state is the most plausible explanation for the
observed geotherms.
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Fig. 1. Location map for the boreholes of GH-1, 2, 3 &
4 on the topographic map of Ulleung Island

wE QI S-& 7RISkl 1d%e] a7k AR
Mu} GH-1, GH-2 A|Z23-2 NX F2A(W7A 76.2 mm)

o2 FHEom, 1,000 m o] thAlE AL A
Eﬂf& GH-3, GH-4 X332 A%t5a} BEQES 212}
HQ A7 77.9 mm)3H NQ F2(H7 60.0 mm)©.
2 ek 1,000 m ole] thim FxlelH: 4
B gz} Feb 7ke] FuRy) YRS s A
olgol MAHYI E AEAAE NQ FAWA
60.0 mm) o2 FAElom, FH BB & B@Z0|
S|l

23 25 HE A

S5E9 AEEAE 98l AAJH AlFF GH-1, GH-2,
GH-3 Z128]1 GH-4ol|A] =284 ﬁ—TWJ(KIGAM)

oA =AFE AL 2215 T2, GH-1
AlFE2 600.1 moA HE 73.79CE 2| &F57H&0]
oF 95°C/km, GH-2 AJ5=2-2 497.04 mof|A] & 66.11°C
2 227182 oF 95C/km, GH-3 A|Z2-2 1,001.0 m
oA HE 77.1CE A&Z7le-2 ok 63.5C/km, GH-4
AlFE-2 1,009.0 moflA 2 922CE A 57H2
oF 77.1C/km= 77} =] O H(KEPRI 2], 2016).

nE ol el zho] 2] &Z718-0l 25~30C/km R}
2 =t

24 92N

A = (thermal conductivity)= 2.9 W/ (m « K) &
2, S5=olA 7P S5 W 2HYS e
2 ARAAALATLAN A3 ZAech AL



268 LB A 9

X

YL SHEE Ul SAE v AP L
(gamma ray API)S W5lo] E3F 3.0x10 ¢ W/m* 2
2 =AEQtHKEPRI 9}, 2016).

3.1 X|ujeE 4|

AlFEold SA4E w2 A7 &5 SR
SOl e Gl vham) o] EARIth: Ae o
AlBtER, L2l 5% A sk x|Ztof mfnt
uho| ZAFIcha 7Hgstgich A8 npam) WA
HE 2 o] AHhheat transfer) 7|20 24 Q2= A
%=(conduction) T 22T 32H F7k] ALAof A
o] Mteof ot A 2k 374 |(diffusion equation)
& olgso] Ae 4= glov ZmAHEA sl A the
T} Zro] HolEtiCrank, 1975).

100m (elevation difference

o] A=A ARE ol 8% &5 A Al iRt M= A By A

aTr 92T o*T o’T
a 2 2 ) (M
dt o oy 0z

oA7|of|A, T= L5(C), 1= A7Ks), ki AsHALS

(thermal diffusivity, m?/s)o|H GEAEE JHAEE

(K), G82KC,, heat capacity, .J/ (kg « X)) 12]al U=

(p. density, kg/m')°] AN k=" 7|9
P

% gk

32 AFE FizL

S5 M= Eol7F ¢F 2900 m, Z]5o] ¢F 30 km
Q! Hcone) FEIZ A ol F/= o] dom s
A= EEE o] A5 oF 10 kmo|oh(717] ¥t o]
718, 2008). -2l= AHIrE FAREGS 35H]
3}o] Fig. 29} 30]4] AAE Z(cone) FE|Z A WA
Fglshleh o] tollA A do] Z4H GH-4 Al5

4000m (distance between center of Ulleung island

between sea level and borehloe) |e—— and the borehole)
2.9km Sea Level [} I
. magma chamber with cylinderical shape
location of borehole where (qiameter : 10km, height : 300 & 600 meters)
geotherm is measured
10km
D t A . t D t D
L heat flux (0.12W/m?) |
! 50km !

Fig. 2. Simplified illustration of the model dimensions and boundary conditions
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Fig. 3. Finite element mesh used for the calculation of thermal evolution after an emplacement of a magma chamber. (a)
a model using a 300 m-thickness of the magma chamber. (b) a model using a 600 m-thickness of the magma chamber
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Fig. 4. A steady-state geotherm calculated with the parameters listed in Table 1
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Table 1. Parameters used for modelling

type (magma vs country rock) model parameters value units
diameter 10 km
height 300 or 600 m
disk magma chamber temperature 1,100 °C
radiogenic heat production 0.1x107° Wym?
latent heat of crystallization 0 wW/m?
heat capacity 850 J (kg « K)
properties of magma chamber density 2,600 kg/m’
and country rock thermal conductivity 2.9 W/ (m « K)
thermal diffusivity 1.18<10° ¢ m?/s
radiogenic heat production (volcano) 3.0x10°°¢ Wim?
properties of country rock r(?iigf:lzizghza; ;;r l(iducilt:;[)l 0.1x10"° wWim?
heat flux at the bottom of the model 0.12 Wim?
Temperature (°C)
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Fig. 5. Thermal evolution of the volcanic body with depth after an emplacement of a magma chamber. The thickness of
the magma chamber is assumed as 300 m. The dashed and shaded curves represent thermal profiles obtained from
the experiments using no radiogenic heat production and the rate of the radiogenic heat production used in this study,
respectively
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Fig. 6. Thermal evolution of the volcanic body with depth after an emplacement of a magma chamber. The thickness of
the magma chamber is assumed as 600 m. The dashed and shaded curves represent thermal profiles obtained from
the experiments using no radiogenic heat production and the rate of the radiogenic heat production used in this study,
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