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Two orthogonal joint sets develop well only in sandstone beds in the sandstone-mudstone sequences of Gumi
and Dasa outcrops within Cretaceous Gyeongsang Basin. And various joint data are similar in the beds of the same
thickness in both outcrops, meaning that the joint sets were homogeneously produced by extensional deformation in
the same regional stress field. Most of joints in the sandstone beds are orthogonal to, and confined by bed bound-
aries, which are believed to be formed by hydroftacturing during consolidation after burial. Two orthogonal joint
sets are considered to be almost coeval on the basis of mutual abutting relationship which makes up fracture grid-
lock and a product of rapid switching of o, and o axes with constant o, direction oriented to vertical. The joint
sets in the sandstone beds show planar surfaces, parallel orientations and regular spacing, with joint spacing lin-
early proportional to bed thickness. The spacing distributions of the joints seem to correspond to log-normal to
almost normal distribution in most of the beds. But multilayer joints do not display regular spacing and dominant
size. Either joint set in this study is characterized by a high level of joint density and a saturated spacing distribu-
tion as indicated by the mode/mean ratio values and the Cv(coefficient of variance) values. Joint aperture tends to
increase with the vertical length of the joints controlled by bed thickness.
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Fig. 1. Geological map of the study area. (a) Geological
distribution of the Gyeongsang Basin where two outcrop
sites are shown. (b) and (¢) Geological maps around Gumi
and Dasa outcrops, respectively.
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Fig. 2. Sandstone beds interbedded in thick mudstones can
be divided into single layer (lower thin bed) and multilayer
(upper thick bed).

Fig. 3. Two sets of joints almost perpendicular to each other
develop in a competent bed (sandstone) interbedded in
incompetent beds(mudstone).

o ue} sk ejoks) HESPIE sk Age) HED
AR 3 95 B ofs) s do,
o) A 57 AR HEEe Haliol sgshe
Fo= 9] 29 Ul Mgl sl i) )
o, Zale] bl A B wgo) was AR sk
*1 Spbaje] Z@ARKE 318 AIY Al R ojgke)
z:sl-r;]. :H.ﬂx-]g]ﬂ. ZF HL%O},A A]_o].xo ?‘ygﬂ E}%‘—
Z(multilayer) 02 2REE7% H T F(single layer)©-
2 AEHVE etiFig 2). S A= N3OEFEF
ol 18°SEE HofEth Hele AlRAA MR Hashe
27 A e o Qe A Al AlgksH
(Fig. 3) Az]e] 7l &3] et or S3€Er. Hw
sle 7 20 deje /‘1i 7VEA 2N dds)] wiizel] &
A 0] AFUAE Wekalr)7} o RTHFg. 4).

$AYRE A2 @ A7 BN FA o




354 e -

Fig. 4. Mutual cross-cutting relationship between two sets
of joints on a bedding plane.
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Fig. 5. Multilayer joints in sandstone beds that cross several
layers (a) and their sketch (b). Some joints are confined in
single beds.
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Fig. 7. Spacing distribution of joints in single layers 1 to 5 and a multilayer from Gumi outcrop.
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Table 1. Spacings and aperture of joints from Gumi outcrop.
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Single layer

Layer Layer Set FSR Mean spacingMedian spacmgSpacmg. sFandard Cv  Mode/Mean Mean aperture
thickness (cm) (cm) deviation (mm)
. 0 WNW  1.80 6.52 5 4.03 0.62 1.15 0.18
NNE 1.29 7.69 7 449 0.58 0.98 0.24
5 20 WNW 222 9.49 9 4.03 043 0.79 0.46
NNE 1.82 11.00 11 4.51 0.41 1.14 0.46
3 34 WNW 2,06 18.47 16.5 9.68 0.52 0.41 091
NNE 1.66 19.92 20.5 9.34 0.47 1.13 0.86
4 8 WNW 164 14.95 11 12.19 0.82 0.50 0.25
NNE 1.39 15.47 13 9.39 0.61 0.81 0.23
s 2 WNW 133 7.73 6 4.89 0.63 0.97 0.22
NNE 1.00 9.78 8 6.28 0.64 0.77 0.24
Multilayer
. 90 WNW  4.09 28.00 22.00 16.58 0.59 0.54 1.24
NNE  2.09 49.71 43.00 27.39 0.55 0.91 1.18
50 - 20-
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Fig. 8. Layer thickness against median joint spacing of single
layers from Gumi outcrop.
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Fig. 9. Joint aperture against layer thickness of single layers
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Fig. 11. Spacing distribution of joints in single layers 1 to 6 and a multilayer from Dasa outcrop.

Table 2. Spacings and aperture of joints from Dasa outcrop.

Single layer

10
0 Joint spaé?na(cm)

Layer thiﬁc:ss Set FSR Mearz;ryla)acing Media(z ng)acing Spaziggi :ézr:}dard Cv  Mode/Mean Mear(xniﬁe):nure
: 20 EwW 1.74 12.93 11.5 6.03 0.47 0.97 0.90
NNW 143 16.64 14 10.39 0.63 0.75 0.62
5 g EwW 1.33 570 276 0.49 1.32 0.18
NNW 133 6.87 3.93 0.57 1.09 0.24
3 55 EW 192 14.14 13 6.85 0.48 0.88 0.56
NNW  1.67 17.92 15 10.09 0.56 0.98 0.63
4 s EW 1.67 8.47 9 3.18 0.38 0.89 0.45
NNW  1.50 11.95 10 6.53 0.55 0.63 0.56
""" S % EW 1388 1725 16 6.03 035 101 0.63
NNW 177 16.22 17 7.03 043 1.08 0.80
6 34 EwW 213 16.67 16 5.81 035 1.35 131
NNwW 213 16.85 16 8.06 0.48 0.74 1.17
Multilayer
) %0 EW  4.10 19.50 19.50 10.37 0.53 1.03 143
NNW  6.15 14.74 13.00 9.78 0.66 0.34 1.21
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Fig. 13. Joint aperture against layer thickness of single
layers from Dasa outcrop.
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