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ABSTRACT: A series of three-dimensional geologic modeling is performed using a three-dimensional geologic
model to characterize quantitatively and visualize realistically distributions of geologic formations and lithofacies
of a heterogeneous metamorphic complex, which is considered as a prospective deep underground research
laboratory site, distributed in Songcheon-Dong, Andong-Si, Gyeongsangbuk-Do, Korea. First, three-dimensional
stratigraphic modeling is performed using the digital elevation model (DEM) with the surface geologic map, the
virtual boreholes with the geologic formation informations, and the discrete smooth interpolation (DSI) method
to predict distributions of geologic formation boundaries. Second, three-dimensional grid modeling is performed
based on the geologic formation boundaries of the three-dimensional stratigraphic model to dicretize spaces between
the geologic formation boundaries into hexahedral grids. Third, three-dimensional geologic formation modeling
is performed polymerizing the three-dimensional stratigraphic model and grid model to visualize distributions of
geologic formations. Fourth, three-dimensional lithofacies modeling is performed using the actual boreholes with
the lithofacies informations as well as the digital elevation model with the surface geologic map and the virtual
boreholes with the geologic formation informations to predict distributions and volume fractions of lithofacies
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of the heterogeneous Schistose Granitic Gneiss (SGG), which has three different lithofacies such as mafic gneiss
(MGN), granitic gneiss (GGN), and banded gneiss (BGN). An optimal theoretical variogram is selected using the
orientation of foliation structures in the Schistose Granitic Gneiss, and the sequential indicator simulation (SIS)
and truncated Gaussian simulation (TGS), which are kinds of conditional simulations, are then performed
respectively. The results of the conditional simulations show that mafic gneiss is overwhelmingly distributed
compared with the other two lithofacies, and granitic gneiss and banded gneiss are more disseminated and scattered
in the results of the truncated Gaussian simulation compared with those of the sequential indicator simulation
similarly to the results of the statistical analyses and observations of the actual boreholes. On the other hand, the
volume fractions of the lithofacies in the results of the truncated Gaussian simulation are relatively more similar
to the results of the statistical analyses of the actual boreholes compared with those of the sequential indicator
simulation. As a result, the three-dimensional lithofacies model using the truncated Gaussian simulation show
higher reliability than that using the sequential indicator simulation in terms of geology and statistics.

Key words: deep underground research laboratory, metamorphic complex, heterogeneity, characterization, visual-
ization, three-dimensional geologic modeling

(Sungho Lee and Jai-Yong Park, School of Earth and Environmental Sciences, Seoul National University, Seoul
08826, Republic of Korea; Jun-Mo Kim, 60 Gwanak-ro 40-gil, Gwanak-gu, Seoul 08730, Republic of Korea)
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Fig. 1. Location and surface geologic maps of the study area (geologic modeling domain) with 3 actual boreholes.
The surface geologic map is modified from Kim et al. (1970).
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Raw data
(a) digital (b) surface (c) borehole well logging
topographic map geologic map and core data
Digital elevation models Boreholes

(d) digital elevation model (DEM)
with surface geologic map

(e) virtual boreholes
with geologic formations

(f) actual boreholes
with lithofacies

Geologic models

(g) stratigraphic (h) grid
model model

(i) geologic (j) lithofacies
formation model model

Fig. 2. Work flow chart of three-dimensional geologic modeling of the study area through (a) digital topographic
map, (b) surface geologic map, (c) borehole well logging and core data, (d) digital elevation model (DEM) with
surface geologic map, (e) virtual boreholes with geologic formations, (f) actual boreholes with lithofacies, (g) strati-
graphic model, (h) grid model, (i) geologic formation model, and (j) lithofacies model.
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(a) Quaternary - [_] Alluvium
[ Crystalline Limestone
[ schistose Granitic Gneiss

Precambrian [
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B 8 AA0kE Be) B8 AR ARws} e
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smooth interpolation, DSI method) (Mallet, 1989)
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Fig. 3. Three-dimensional spatial distributions of (a)
geologic modeling domain (digital elevation model
with surface geologic map), (b) 3 actual boreholes with
lithofacies, and (c) 49 virtual boreholes with geologic
formations in the study area.

Z5E "l s |uH(SGo) AR (T
4a), 2HA M 3Y(CLS) FFH(2H 4b) 2 SHF
(ALV) 4HH(2E 4o) =22 F 3719 AF A4
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Table 1. Depths to upper surfaces of geologic formations from ground surface at 49 virtual boreholes.

Borehole [m]

Geologic formation
1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15 16 17 18 19 20 21 22 23-49

Alluvium (ALV) 000 00O OTU OUOTG OGO - - -020 - - - - -0
Crystalline Limestone (CLS) - 127102120 - - - - - 0 O - - -

Schistose Granitic Gneiss (SGG) 48 37 7 180233226 92 59 30 39 59 192190 0 59 45 0 0 0 0 0 53 0

Note: The blanks with lines indicate the absence of the geologic formations.
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Table 2. Statistical analyses of lithofacies in Schistose Granitic Gneiss (SGG) at 3 actual boreholes.

Lithofacies Borehole [m] Length Length Le?ngth
BH-1 BH-2 BH-3 sum [m] mean [m] fraction [%]
Mafic gneiss (MGN) 500.30 419.50 489.10 1,408.90 469.63 93.89
Granitic gneiss (GGN) 0.00 80.70 0.00 80.70 26.90 5.38
Banded gneiss (BGN) 0.00 0.00 11.00 11.00 3.67 0.73
Sum (borehole depth) 500.30 500.20 500.10 1,500.60 500.20 100.00
@ vty - £ M 49 A7 BdY G Yol q NEHL F1Eow

[ Crystaliine Limestone
[ schistose Granitic Gneiss

Precambrian [

(b) Quaternary - [_] Alluvium
[ Crystaliine Limestone

Precambrian
[ B8 Schistose Granitic Gneiss

(c) Quaternary - [_] Alluvium
[ Crystalline Limestone

Precambrian
! [ I schistose Granitic Gneiss

Fig. 4. Three-dimensional stratigraphic model of the
study area with upper surfaces of (a) Schistose Granitic
Gneiss (SGG), (b) Crystalline Limestone (CLS), and
(c) Alluvium (ALV) using discrete smooth inter-
polation (DSI) method.

Held oaera Wule A AES 0-252 m,
2747 MBI A AEE 04115 m, 12T 3
2% AR 7oA = AR AEE 0 me]th

42 M9l X Dozl

A71% Ak A BEO] X F A 712
5t A Z ZFAH Ato] 9] F7HE SHA| AR o4t
3lol= AR AxF mAES FYsigled, 14
= 39 59 Ak a-ofA] Bebala] AAE ARk
AR B2 FA HEFeR 1007, d Bge s
1007}, =2 W8k o & 5072 £ 500,0007]2] <=
AR olitstE]o] gt} 53] ARt SA mdF
< B9l AAE AT AR F 284 43 H(CLS)
2 ZHS(ALV) ARH A SHA| =71 A
YA A= o, Q1get & A5 ARHe 2t
Ao| FolAl= FEAANE SHA Axp7t AldstA
A=t 18 AE AR AR mde 4
A A mdgS Bl AAAE F 3719 AT AR
He AAR £ 3709 A& 1 (block) o2 Ha]g]
o] St T ARt A 2ElF G YoM olF
3719 A5 o AR} 4= 3 3] FE] o] YUt

Fig. 5. Three-dimensional grid model of the study area
with boundaries of Schistose Granitic Gneiss (SGG),
Crystalline Limestone (CLS), and Alluvium (ALV).
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Table 3. Number of grids, volumes, and volume fractions of geologic formations.

Geologic formation Number of grids Volume [m’] Volume fraction [%]
Alluvium (ALV) 100,000 5.1208 x 10’ 0.48
Crystalline Limestone (CLS) 100,000 6.8035 x 10’ 0.64
Schistose Granitic Gneiss (SGG) 300,000 1.0550 x 10" 98.88
Sum 500,000 1.0669 x 10" 100.00

43 MxSl X|= Dol @ Qustomary - [ Allwiam

713 AR F4 29 W A% 5de Sg0t
o A%F BEE NSk AR A% BEYL
Saystgon, 1 Ane 1Y a2k agely
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24} 8149k BRIRHSGO) (1Y 6a), 242 43)
9H(CLS) (18 6b) B FAF(ALY) (1Y 60) 22
2 33709 AFom TyEe] ek dH X
A2 B9 G RollA o] 5 3719 A% T A
2 9 AH ¥ &S E 30 FElo] glek EoA 2
ohAl) 370e) AFE FNE B4 o B
slere] 7bg gl s, F2%o0] 7h 4 &
3zt

44 HXE oHd 2EE

AR g mER oAM= A 3E A A
2 B4 9 A0S 59 9 A E N YETH Uy
d A E1 21 da) W AF YRS T
49709] 7 A F3(2H 3 1) Qo P HES
R 370S] A AFT(TH 3b; F 2)0] AHEH
oA} 1211 2 HHWCLS) L FHHALY)
= 22 A9k W BoR(EE, Ao 22 Tl o
gozut TAE ] g7 Bz @ BE L A
L R R R L R L
ggkon, 18 HuH(MGN), ek Hupet
(GGN) ¥ &4 HuloHBGN) I} 22 Al 714 7
9] ol EAH Sl= Bt AT WAl A
AHAFHSGG)of| thaA Tt o 232 9 A4 vle=
A&shes AR P 2D FS ST whEkA
37he] AA| AlF5(BH-1, BH-2, BH-3)] £A3h=
Al S wekete] dd Hekl, S
Hupeh 9 S4; ool A FE A=l st
w2 213 EX(variogram analysis) $of 2%
AELDEERS TS

[ Crystaliine Limestone
B8 schistose Granitic Gneiss

Precambrian [

(b) Quaternary - [_] Alluvium
[ crystalline Limestone

Pr brial
Aeeamonan [ [ schistose Granitic Gneiss

(c) Quaternary - [_] Alluvium
] Crystalline Limestone

Precambrian
L [ Schistose Granitic Gneiss

Fig. 6. Three-dimensional geologic formation model of
the study area with (a) Schistose Granitic Gneiss
(SGG), (b) Crystalline Limestone (CLS), and (c)
Alluvium (ALV).
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o] o] 27 v]2) 2 TS Sjulgick. shAE 37 A
A AZF 227k 4R 47 42 BRE=o] glolA
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9] XA A& (Kim et al., 1970; Korea Institute of
Geoscience and Mineral Resources, 2013)2H¢
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HjAt s73ebd Holeh(SGG) Y] g =29 ¥
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A HuMGN), 37492 HuleH(GGN) 2 34
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A& o] A (sequential indicator simulation, SIS)
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(Alabert, 1987) & Atk 712Xt AlEF| o)A (truncated
Gaussian simulation, TGS) (Matheron et al., 1987)
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(a)

Fig. 7. Three-dimensional lithofacies model of the
Schistose Granitic Gneiss (SGG) with (a) mafic gneiss
(MGN), (b) granitic gneiss (GGN), and (c) banded
gneiss (BGN) in the study area using sequential in-
dicator simulation (SIS) with the st realization.
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Fig. 8. Three-dimensional lithofacies model of the
Schistose Granitic Gneiss (SGG) with (a) mafic gneiss
(MGN), (b) granitic gneiss (GGN), and (c) banded
gneiss (BGN) in the study area using truncated
Gaussian simulation (TGS) with the st realization.
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Table 4. Conditional simulations of lithofacies in Schistose Granitic Gneiss (SGG).

Volume [m’]

Conditional simulation Statistical value

Mafic gneiss

Granitic gneiss

Banded gneiss

(MGN) (GGN) (BGN)
Sequential indicator simulation (SIS) Minimum 9.4900 x 10°  2.5400 x 10°  2.1800 x 10°
25th percentile  9.6900 x 10°  3.6814 x 10°  3.4603 x 10°

Median 9.7404 x 10°  4.1984 x 10°  3.8747 x 10°

75th percentile  9.8005 x 10°  4.5301 x 10°  4.4006 x 10°

Maximum 1.0000 x 10" 6.2000 x 10°  6.4300 x 10°

Mean 9.7434 x 10°  4.1614 x 10°  3.9391 x 10°

Standard deviation 1.0763 x 10°  7.7583 x 10’ 7.9396 x 10’

Truncated Gaussian simulation (TGS) Minimum 9.8936 x 10°  2.0045 x 10° 1.5851 x 10"
25th percentile  1.0007 x 10"°  2.5622 x 10°  2.3778 x 10°

Median 1.0039 x 10" 2.6597 x 10°  2.5304 x 10°

75th percentile  1.0059 x 10" 2.7881 x 10°  2.7422 x 10°

Maximum 1.0176 x 10" 3.3382x 10°  3.4073 x 10°

Mean 1.0035 x 10" 2.6560 x 10°  2.5382 x 10°

Standard deviation 5.0121 x 10" 2.2261 x 107 3.1612 x 10’
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