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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
in the Pohang Basin distributed in Haedo-Dong, Nam-Gu, Pohang-Si, Korea. First, three-dimensional structural
modeling is performed using the digital elevation model (DEM) data with the geologic map, the eight borehole
data with the geologic formation boundaries, and the discrete smooth interpolation (DSI) method. Second,
three-dimensional grid modeling is performed based on the geologic formation boundaries of the three-dimensional
structural model. Third, the three-dimensional geologic formation modeling is performed by integrating the
three-dimensional structural model and three-dimensional grid model. Fourth, three-dimensional lithofacies
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modeling is performed for the Tertiary (Neogene Miocene) marine sediments (Hakrim Formation, Hunghae
Formation, Idong Formation, Duho Formation) using the six borehole data with the lithofacies. An optimal
theoretical variogram is selected through the variogram analyses, 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 mudstone is overwhelmingly distributed
compared with sandstone similarly to the actual deep borehole data, and sandstone has excellent extension
(connectivity) in the horizontal direction rather than the vertical direction. In addition, the results of the truncated
Gaussian simulation show that the distribution of sandstone and its extension in the horizontal direction is localized
near the boreholes compared with those of the sequential indicator simulation. On the other hand, the results of
the sequential indicator simulation are more similar to the statistical analyses results of the actual deep borehole
data compared with those of the truncated Gaussian simulation. As a result, the three-dimensional lithofacies model
using the sequential indicator simulation show higher reliability than that using the truncated Gaussian simulation
in terms of statistics. Finally, cross validation is performed to identify the most influential borehole among the
six deep boreholes. Its results show that the borehole PY-2 is most influential in the three-dimensional lithofacies
modeling performed in this study. This arises because the borehole PY-2 is located closest at the center of the
three-dimensional geologic modeling domain. The three-dimensional geologic modeling technology presented
in this study and its results can be usefully applied in quantitative characterization and realistic visualization of
deep geologic formations for energy and resources exploration, geothermal energy development, geologic
radioactive waste disposal, and geologic carbon dioxide storage.

Key words: Pohang Basin, characterization, visualization, three-dimensional geologic modeling, cross validation

(Hae-Sung Ahn, Jai-Yong Park and Jun-Mo Kim, School of Earth and Environmental Sciences, Seoul National
University, Seoul 151-742, Republic of Korea, Hae-Sung Ahn, Research and Development Division, Hyundai
Engineering & Construction, Yongin 446-912, Republic of Korea; Jeong-Chan Kim, Geologic Environment Research
Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Republic of Korea)
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Fig. 1. Location and geologic maps of the Pohang Basin with 22 deep boreholes and geologic modeling domain.

The geologic map is modified from Um et al. (1964).
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Fig. 2. Stratigraphic cross-sections of 22 deep boreholes in the Pohang Basin. The numbers without underlines in-
dicate the Cretaceous and Tertiary (K-T) geologic boundaries, while the numbers with underlines indicate the drilling
depths. The borehole PY-3 does not have the K-T boundary.

Raw data

(a) numerical maps

(c) cross-sections of boreholes

(b) geologic maps

Digital elevation models

Boreholes

(d) digital elevation (e) DEM with
models (DEM) geologic maps
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geologic formations

(g) boreholes with
lithofacies

Geologic models

(h) structural
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(i) grid
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(k) lithofacies
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Fig. 3. Work flow chart of three-dimensional geologic modeling through (a) numerical maps, (b) geologic maps,
(c) cross-sections of boreholes, (d) digital elevation models (DEM), (e) digital elevation models (DEM) with geo-
logic maps, (f) boreholes with geologic formations, (g) boreholes with lithofacies, (h) structural model, (i) grid model,
(j) geologic formation model, and (k) lithofacies model.
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Table 1. Depths to upper surfaces of geologic formations from ground surface at 8 deep boreholes.

Geologic formation Borehole
A [m] B [m] C[m] DS-1[m] DS-2[m] PY-2[m] 301 [m] 302 [m]

Alluvium 0 0 0 0 0 0 0 0
Duho Formation 50 50 50 50 50 34 47 47
Idong Formation - 120 - - - 293 264 270
Hunghae Formation - - - - - 459 430 436
Hakrim Formation - - - - - 610 590 590
Continental sediments - 690 - 680 700 - - -
Volcanic rocks 424 875 436 822 843 630 625 602
Plutonic rocks 1,182 1,354 1,209 1,409 1,518 - - -

Note: The blanks with lines indicate either the absence of the geologic formations or the unknown depths to their

upper surfaces.
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Fig. 4. Three-dimensional structural model of the study
area with upper surfaces of plutonic rocks (Pr), volcanic
rocks (Vr), continental sediments (Cs), Hakrim Formation
(Hr Fm), Hunghae Formation (Hh Fm), Idong Formation
(Id Fm), Duho Formation (Dh Fm), and alluvium (Al)
using discrete smooth interpolation (DSI).
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Fig. 5. Three-dimensional grid model of the study
area with plutonic rocks (Pr), volcanic rocks (Vr),
continental sediments (Cs), Hakrim Formation (Hr
Fm), Hunghae Formation (Hh Fm), Idong Formation
(Id Fm), Duho Formation (Dh Fm), and alluvium
(AD.

Table 2. Number of grids, volumes, and volume fractions of geologic formations.

Geologic formation Number of grids Volume [m’] Volume fraction [%]
Alluvium 26,400 1.2529 x 10° 2.18

Duho Formation 184,800 4.2485 x 10° 7.38

Idong Formation 211,200 6.0369 x 10° 10.48
Hunghae Formation 112,200 2.7156 x 10° 471
Hakrim Formation 118,800 1.3463 x 10° 2.34
Continental sediments 118,800 4.0169 x 10’ 0.70
Volcanic rocks 620,400 1.9806 x 10° 34.38
Plutonic rocks 653,400 2.1793 x 10’ 37.83

Sum 2,046,000 5.7601 x 10° 100.00
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Fig. 6. Three-dimensional geologic formation models of the study area with (a) plutonic rocks (Pr), (b) volcanic

rocks (Vr), (c) continental sediments (Cs), (d) Hakrim Formation (Hr Fm), (¢) Hunghae Formation (Hh Fm), (f)
Idong Formation (Id Fm), (g) Duho Formation (Dh Fm), and (h) alluvium (Al).
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Table 3. Results of variogram analyses.
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A= Case 51 (A5 A AlL)), Case S22 (A53 B
A|2]), Case S-3 (A% C A|9]), Case 54 (AFF
PY-2 A|2]), Case S-5 (A5 301 A|2)) U Case 5-6
(A1F% 302 Aol thafAl, Ak 7F-AIRE A&
o] of| A= Case T-1 (A% A A|2]), Case T-2 (A]
23 B A|¢)), Case T-3 (A|5=F C A|2)), Case T-4
(M55 PY-2 A 2)), Case T-5 (A5 301 A|]) &
Case T-6 (A= 302 A <))ol halA] 2Hzt 10034

Variogram model

Azimuth Dip

] ] Spherical model i Gaussian model i Exponential model i
Range [m] SSR R Range [m] SSR R Range [m] SSR R
0 0  356.5350 0.0074 0.4217 356.5350 0.0101 0.5769 356.5350 0.0055 0.3128
30  334.4280 0.0063 0.4708 334.4280 0.0088 0.6540 334.4280 0.0050 0.3744
60  332.6840 0.0063 0.4690 332.6840 0.0087 0.6512 332.6840 0.0045 0.3341
90  338.5660 0.0082 0.3870 338.5660 0.0109 0.5149 338.5660 0.0062 0.2922
30 0  347.4070 0.0083 0.4730 347.4070 0.0115 0.6517 347.4070 0.0061 0.3469
30 327.6750 0.0072 0.5409 327.6750 0.0101 0.7573 327.6750 0.0052 0.3886
60  327.0480 0.0073 0.5523 327.0480 0.0102 0.7702 327.0480 0.0053  0.3998
90  327.0480 0.0090 0.4224 327.0480 0.0120 0.5645 327.0480 0.0066 0.3110
60 0  327.6020 0.0078 0.4198 327.6020 0.0102 0.5464 327.6020 0.0059 0.3189
30 329.0980 0.0071 0.4214 329.0980 0.0094 0.5563 329.0980 0.0052 0.3068
60  328.1930 0.0105 0.4944 328.1930 0.0120 0.5673 328.1930 0.0072 0.3407
90 335.8730 0.0167 0.4560 335.8730 0.0198 0.5411 335.8730 0.0138 0.3771
90 0  350.0340 0.0069 0.5371 350.0340 0.0100 0.7698 350.0340 0.0052 0.4010
30 333.8600 0.0210 0.4540 333.8600 0.0239 0.5146 333.8600 0.0169 0.3643
60 333.6770 0.0205 0.4414 333.6770 0.0238 0.5136 333.6770 0.0168 0.3633
90  333.6770 0.0204 0.4459 333.6770 0.0238 0.5208 333.6770 0.0169 0.3697
120 0 3344320 0.0064 0.4995 3344320 0.0092 0.7187 334.4320 0.0046 0.3632
30 333.2550 0.0096 0.3240 333.2550 0.0129 0.4340 333.2550 0.0072 0.2430
60 333.0190 0.0201 0.4383 333.0190 0.0232 0.5073 333.0190 0.0162 0.3546
90  332.3600 0.0201 0.4384 332.3600 0.0230 0.5025 332.3600 0.0160 0.3494
150 0 130.6940 0.0202 0.3072 130.6940 0.0223 0.3393 130.6940 0.0198 0.3013
30 118.9300 0.0190 0.3311 118.9300 0.0207 0.3602 118.9300 0.0184 0.3200
60 119.9010 0.0236 0.3150 119.9010 0.0246 0.3287 119.9010 0.0222  0.2955
90 118.7860 0.0234 0.3119 118.7860 0.0246 0.3281 118.7860 0.0221  0.2951
180 0  363.6040 0.0042 0.5835 363.6040 0.0063 0.8624 363.6040 0.0031 0.4212
30 329.3600 0.0088 0.2552 329.3600 0.0108 0.3144 329.3600 0.0064 0.1849
60  328.5540 0.0094 0.2560 328.5540 0.0117 0.3209 328.5540 0.0072 0.1978
90 327.0140 0.0068 0.3129 327.0140 0.0090 0.4128 327.0140 0.0050 0.2307

Note: SSR indicates the sum of squares of regression error, and R” indicates the coefficient of determination.
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Fig. 7. Three-dimensional lithofacies models of the study area with granite (Gr), tuff (Tf), conglomerate (Cg), mud-
stone (Ms), and sandstone (Ss) using sequential indicator simulation (SIS) with (a) 1st realization (mudstone and
sandstone), (b) 1st realization (sandstone only), (c) 50th realization (sandstone only), and (d) 100th realization

(sandstone only).
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Fig. 8. Three-dimensional lithofacies models of the study area with granite (Gr), tuff (Tf), conglomerate (Cg), mud-
stone (Ms), and sandstone (Ss) using truncated Gaussian simulation (TGS) with (a) 1st realization (mudstone and
sandstone), (b) 1st realization (sandstone only), (c) 50th realization (sandstone only), and (d) 100th realization

(sandstone only).
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Table 4. Results of conditional simulations.

2 9 FUol 7 7HA AR wEelh
oje} o] £ A5 Sl AAIE AR A 2
B 71 A A 2l A9 FF oUA
A AL A oA A, BAME w7 1E AS A
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glof) vi-¢- -85k 282 4 & AL E 7|did:

Conditional simulation Statistical value

Volume of mudstone [m3] Volume of sandstone [m3]

Sequential indicator simulation (SIS) Minimum 1.3556 x 10° 42071 x 10
25th percentile 1.3688 x 10° 5.6579 x 10
Median 1.3737 x 10° 6.0628 x 10’
75th percentile 1.3781 x 10° 6.5718 x 10’
Maximum 1.3932 x 10° 7.9092 x 10’
Mean 1.3734 x 10° 6.1336 x 10’
Standard deviation 6.9845 x 10° 6.9839 x 10°
Truncated Gaussian simulation (TGS) Minimum 1.4329 x 10’ 1.5029 x 10°
25th percentile 1.4339 x 10° 3.5939 x 10°
Median 1.4342 % 10° 5.3893 x 10°
75th percentile 1.4343 x 10° 8.4941 x 10°
Maximum 1.4346 x 10° 1.8485 x 10°
Mean 1.4341 x 10° 6.3964 x 10°
Standard deviation 6.0180 x 10° 6.0191 x 10°
Table 5. Results of cross validation.
Case Volume of sandstone [m3]
(excluding borehole) Minimum Median Maximum Mean Standard deviation
Case S-1 (A) 4.6000 x 10" 6.0576 x 10" 7.9800 x 10’ 6.0265x 10" 7.1522 x 10°
Case S-2 (B) 2.1000 x 10° 63268 x 10" 8.7500 x 10" 6.3792x 10"  9.3155 x 10°
Case S-3 (C) 43000 x 10" 57068 x 10'  7.3500 x 10’ 5.7216 x 10" 6.5337 x 10°
Case S-4 (PY-2) 6.5500 x 10° 47516 x 107 6.6500 x 10" 4.7384x 10" 8.1026 x 10°
Case S-5 (301) 48100 x 10" 6.7399x 10" 9.0400 x 10’  6.7399 x 10" 8.1507 x 10°
Case S-6 (302) 47800 x 10" 7.0789 x 10" 9.9900 x 10" 7.0617 x 10"  7.8092 x 10°
Case T-1 (A) 1.0896 x 10°  4.8085x 10°  1.4800 x 10°  5.8134x10°  3.1140 x 10’
Case T-2 (B) 13453 x10° 53688 x10°  1.6600 x 10°  6.1042x10°  3.0148 x 10’
Case T-3 (C) 1.1391 x 10°  4.8072x 10°  1.4600 x 10° 58154 x10°  3.1331 x 10°
Case T-4 (PY-2) 44461 x 10 15650 x 10° 83071 x10°  1.9349 x 10° 1.4632 x 10°
Case T-5 (301) 9.6160 x 10* 45221 x10°  1.6400 x 10°  5.1973x 10°  2.8022 x 10’
Case T-6 (302) 12535 x10°  4.9069 x 10°  1.6800 x 10°  5.3812x10°  2.9341 x 10’

Note: The sequential indicator simulation (SIS) is used in Cases S-1 to S-6, and the truncated Gaussian simulation

(TGS) is used in Cases T-1 to T-6.
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