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Abstract: We have studied orientational characteristics of vertical rift and grain planes developing in 108
quarries for Mesozoic granites. Orientations of these planes vary in different localities. In general,
orientations of these planes are predominantly NNE in South Korea. From the regional distribution chart,
orientations of these planes show three dominant sets in terms of frequency orders: (1) N2~10°E (lIst-
order), (2) N15~25°E (2nd-order), (3) N45~70°E, N10~30°W and N70~80°W (3rd-order). These granite
quarries are classified by the relative difference in the easiness of rock splitting between horizontal and
vertical quarrying planes into: R-type, G-type, and H-type. The results showed that quarries for Triassic
granites belong to R and G-types;those for Jurassic granites belong to R, G and H-types. In addition,
quarries for Cretaceous granites belong mainly to R-type. Among these quarry types, the most diverse type
was identified in the quarries for Jurassic granites. R-type (77.8%) shows a higher distribution ratio
compared with G and H-types (22.2%). In general, anisotropy of physical properties is found in granitic
rocks and there exists close correlation between orientations of granitic rock splitting planes and those of
the open microcracks. Meanwhile, it has been reported that preferred orientations of open microcracks
suggest maxinum principal stress orientations.
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Fig. 2. Diagram of the six directions of microcrack on
rift, grain and hardway planes.
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Fig. 1. Rift, grain and hardway planes in quarry operations (R type). a:Cretaceous granite in Mungyeong, (b) Jurassic

granite in Pocheon.
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Fig. 3. G1 microcrack array on horizontal rift plane of the Pocheon granite. a, b:Typical feldspar-quartz microcrack
array in a quartz. c, d:Typical biotite-quartz microcrack array in a quartz. A short microcrack array generated on feld-
spar and biotite edges, respectively. The preferred orientations of intra-quartz microcracks approximately parallel to the
G1 plane. Symbols of the two directions are as same in Fig. 2. Qz:quartz, Fd:feldspar, Bt:biotite, F:fluid inclusion trails.
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Table 1. List of the investigated quarries for the age unknown and Triassic granites

Administrative district Clame No.  Quarry name  Grain size Rock color Area

Geochang-gun Wicheon-myeon Sangcheon-ri  Geochang 116~ Geochang medium~coarse greyish white
Geochang-gun Wicheon-myeon Sangcheon-ri  Geochang 117 Baewang medium greyish white Geochang-
Hamyang-gun Seoha-myeon Bongjeon-ri Hamyang 12 Seogwang medium greyish white 1(1??: a};zlllcg
Hamyang-gun Seoha-myeon Bongjeon-ri Hamyang 12 Youngdong medium greyish white granites)
Hamyang-gun Seoha-myeon Bongjeon-ri Hamyang 13 Sejin medium greyish white
Chilgok-gun Gisan-myeon Gagsan-ri Waegwan 111 Wuseok medium grey
Chilgok-gun Gisan-myeon Gagsan-ri Waegwan 101 Yakmok medium grey Waegwan

. . . A (Age unknown)
Chilgok-gun Gisan-myeon Gagsan-ri Waegwan 111 Hapgang medium grey
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Table 2. List of the investigated quarries for Jurassic granites

Administrative district Clame No. Quarry name Grain size Rock color Area
Wonju-si Gwirae-myeon Gwirae-ri Munmak 76 Jinsungl medium greyish white
Wonju-si Gwirae-myeon Gwirae-ri Munmak 76 Jinsung2 medium greyish white
Wonju-si Gwirae-myeon Gwirae-ri Munmak 78 Daehan medium greyish white
Wonju-si Gwirae-myeon Gwirae-ri Munmak 77 Wonju fine greyish white Wonju-Yeoju-
Wonju-si Gwirae-myeon Yongam-ri Mokgae 101 Sinyoung medium grey Eumseong-
Wonju-si Gwirae-myeon Ungae-ri Munmak 58 Haenam medium~coarse grey Chungju
Wonju-si Buron-myeon Songog-ri Munmak 118 Sinil medium greyish white
Wonju-si Buron-myeon Songog-ri Munmak 109 Cheongam  medium~coarse greyish white
Wonju-si Buron-myeon Songog-ri Munmak 107 Okyang fine greyish white
Chuncheon-si Sabuk-myeon Gosung-ri Hwacheon 10 Daea coarse greyish white
Chuncheon-si Sabuk-myeon Gosung-ri Chuncheon 1 Dongsin coarse greyish white
Chuncheon-si Sabuk-myeon Gosung-ri Yanggu 150 Bosung coarse greyish white C\};,uﬁl::}f:;l'
Hwacheon-gun Gandong-myeon Yuchon-ri Yanggu 128 Taewha medium greyish white
Hwacheon-gun Hanam-myeon Samwha-ri Hwacheon 8 Hwacheon medium greyish white
Gapyeong-gun Ha-myeon Sinsang-ri Gisanri 109 Yuchang coarse greyish white
Yangju-gun Gwangjeok-myeon Ganap-ri Uijeongbu 141 Sindongl,2 medium greyish white
Yangju-gun Nam-myeon Ipam-ri Munsan 8 Sinsang coarse greyish white .
. . Pocheon-Yangju
Yangju-gun Eunhyeon-myeon Unam-ri Pocheon 147 Unam coarse grey
Yangju-gun Eunhyeon-myeon Hapye-ri Pocheon 147 Jeongil coarse grey
Yangju-gun Hoecheon-eup Hoeam-ri Pocheon 100 Daeho coarse greyish white
Yeoju-gun Daesin-myeon Sanggu-ri Ipo 58 Daesung coarse greyish white Wonju-Yeoju-
Yeoju-gun Buknae-myeon Sanggyo-ri Ipo 58 Youngil coarse greyish white Eumseong-
Yeoju-gun Buknae-myeon Jungam-ri Ipo 30 Chungheun coarse pale pink Chungju
Pocheon-si Gwanin-myeon Chogwa-ri Yeonchon 12 Dongsan coarse pale pink
Pocheon-si Gwanin-myeon Chogwa-ri Yeonchon 3 Garak coarse greyish white
Pocheon-si Gunnae-myeon Hasungbuk-ri Pocheon 6 Sinbuk coarse greyish white
Pocheon-si Naechon-myeon Nae-ri Uijeongbul3 Naechon coarse greyish white
Pocheon-si Sinbuk-myeon Giji-ri Pocheon 5 Haesung coarse pink
Pocheon-si Sinbuk-myeon Giji-ri Pocheon 5 Dongin coarse pink
Pocheon-si Youngbuk-myeon Jail-ri Jipori 114 Sinmyeong coarse greyish white
Pocheon-si Youngbuk-myeon Jail-ri lipori 114 Youngjin coarse greyish white .
. . . . . .. Pocheon-Yangju
Pocheon-si Youngjung-myeon Geosa-ri Pocheon 12 Ilsin coarse greyish white
Pocheon-si Youngjung-myeon Geosa-ri Pocheon 12 Dongin coarse greyish white
Pocheon-si Ildong-myeon Sajig-ri Gisan-ri 82 Geumpung coarse greyish white
Pocheon-si Iidong-myeon Sajig-ri Gisan-ri 72 Gyeongseo coarse greyish white
Pocheon-si Changsu-myeon Gayang-ri Pocheon 13 Daegwang coarse greyish white
Pocheon-si Changsu-myeon Gayang-ri Pocheon 22 Samwoo coarse greyish white
Pocheon-si Changsu-myeon Gayang-ri Pocheon 22 Changsu coarse greyish white
Pocheon-si Changsu-myeon Gayang-ri Pocheon 12 Sinbuk coarse greyish white
Geochang-gun Ungyang-myeon Gunam-ri Mupung 50 Dongwoo  medium~coarse greyish white
Geochang-gun Ungyang-myeon Sanpo-ri Geochang 31 Baekam medium greyish white
Geochang-gun Ungyang-myeon Sanpo-ri Geochang 32 Beumil medium greyish white
Geochang-gun Wicheon-myeon Modong-ri ~ Geochang 74 Modong medium~coarse  greyish white (;lea(;fl};z?lg
Geochang-gun Jusang-myeon Naeo-ri Geochang 64 Samwon coarse greyish white
Geochang-gun Jusang-myeon Naeo-ri Geochang 64 Myeongbo  medium~coarse greyish white
Geochang-gun Jusang-myeon Naeo-ri Geochang 64 Gyeongil medium~coarse  greyish white

J. Petrol. Soc. Korea



=] S SPIRM weeke 4] 1 ® 2 Hel ek 19
Table 2. Continued
Administrative district Clame No. Quarry name Grain size Rock color Area
Geochang-gun Jusang-myeon Yeonghyo-ri ~ Geochang 73 Haedong coarse greyish white
Geochang-gun Jusang-myeon Yeonghyo-ri ~ Geochang 75 Hanguk medium~coarse  greyish white
Geochang-gun Jusang-myeon Yeonghyo-ri ~ Geochang 75 Ajin medium~coarse  greyish white Geochang-
Geochang-gun Jusang-myeon Wandae-ri Geochang 75 Numter medium~coarse  greyish white Hamyang
Hamyang-gun Seosang-myeon Sangnam-ri Janggye 47 Daeok coarse greyish white
Hamyang-gun Seosang-myeon Sangnam-ri Janggye 47 Deoknam coarse greyish white
Sangju-si Gongsung-myeon Inchang-ri Oksandong 101 Minsung medium greyish white  Mungyeong-
Sangju-si Modong-myeon Idong-ri Youngdong 21 Gangjin medium greyish white Sanggl(;e(:}u(;esan-
Andong-si Nokjeon-myeon Juksong-ri Yean 137 Youngchang coarse greyish white
Youngju-si Anjeong-myeon Yeoreuk-ri Youngju 133 Pungan fine grey
Youngju-si Anjeong-myeon Yeoreuk-ri Youngju 133 Taepyeong fine grey .
Youngju-si Jangsu-myeon Sunggok-ri Youngju 133 Geumgwang fine ) grey ﬁ’gggu'
Youngju-si Jangsu-myeon Sunggok-ri Youngju 133 Youngjin fine grey ¢
Youngju-si Jangsu-myeon Sunggok-ri Youngju 133 Seowon fine grey
Youngju-si Jangsu-myeon Sunggok-ri Youngju 143 Jeonghan fine grey
Namwon-si Gwangchi-dong Namwon 63 Ara medium greyish white N
Namwon-si Jusaeng-myeon Nakdong-ri Namwon 117 Hakrim medium greyish white amwon
Buan-gun Baeksan-myeon Yonggye-ri Gimje 118 Baeksan medium greyish white
Iksan-si Nangsan-myeon Nangsan-ri Ganggyeong 128  Yongsan medium greyish white
Iksan-si Nangsan-myeon Nangsan-ri Ganggyeong 118 Naega medium greyish white
Iksan-si Nangsan-myeon Nangsan-ri Ganggyeong 128  Samgwang medium greyish white Nonza?n;l'l;san-
Iksan-si Nangsan-myeon Yonggi-ri Hamyeol 8 Hamyeol medium greyish white ’
Tksan-si Hamyeol-eup Heulsan-ri Hamyeol 17 Youngjin medium greyish white
Iksan-si Hamyeol-eup Heulsan-ri Hamyeol 17 Tksan fine greyish white
Jinan-gun Yongdam-myeon Waryong-ri Yongdam 23 Youngwhacolor coarse pale pink
Jinan-gun Yongdam-myeon Waryong-ri Yongdam 22 Pyeg)gg;cil;ng- coarse pale pink Jinan-Wanju
o . . . . Nonsan-lksan-
Nonsan-si Bujeok-myeon Gamgok-ri Nonsan 48 Dongyang medium greyish white Gimje
Eumseong-gun Geumwang-eup Naesong-ri  Eumseong 101 Sinyoung fine grey Wonju-Yeoju-
Eumseong-gun Eumseong-eup Pyeonggok-ri  Eumseong 24 Pyeonggok fine grey Eélﬁljfl;nug_
Jechon-si Songhak-myeon Songhan-ri Yeongwol 148 Dongchun medium greyish white
Jechon-si Songhak-myeon Songhan-ri Yeongwol 148 Yuwon medium greyish white Jaecheon
Jechon-si Songhak-myeon Sigok-ri Yeongwol 149 Sunchang medium greyish white
Chungju-si Sancheok-myeon Songgang-ri Mokgae 4 Songgang medium greyish white ] ]
Chungju-si Sancheok-myeon Songgang-ri Mokgae 14 Beumsung medium greyish white “}]EOHJU'YCOJU'
Chungju-si Sancheok-myeon Youngdeok-ri Mokgae 37 Youngdeok medium greyish white gﬁiﬁ;ﬁg_
Chungju-si Eomjeong-myeon Gachun-ri Mokgae 32 Tusugol medium greyish white
S, 19967 FE fAsite ARl FEdTh 2 9 ol Exshe 47 Ao thEAQ] FRFE N2 10°E
3AFARI WEe N35~40°E, N45~50°E, N15~20°W B ojm, 22149l WEkE N15~25°E 2813 3243 Ql W&
N82~-88°W FojH, duta oz Hipulgko] 943ttt 2 N45~70°E, N10~30°W = N70~80°W S-0] D}(Table

17} A Hellal S8% =l 2 do| uds T 5, Fig. 6).

|
3 A3 BT 57 2go® EiErh 2y sius
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Table 3. List of the investigated quarries for Cretaceous granites

Administrative district Clame No. Quarry name  Grain size Rock color Area
Goseong-gun Donghae-myeon Naegok-ri Jindongri 49 Jusin fine greenish grey Goseong
. . . . . Geochang-
Gimcheon-si Daedeok-myeon Dae-ri Mupung 39 Jinheung coarse. pale pink Hamyang
Mungyeong-si Nongam-myeon Galdong-ri Hamchang 147 Samgwang coarse pale pink
Mungyeong-si Nongam-myeon Gunggi-ri Yongyuri 32 Gomuchi coarse pale pink
Mungyeong-si Dongno-myeon Noeun-ri Sanggeumgok134 Sejin coarse pale pink
Mungyeong-si Mungyeong-eup Dangpo-ri Mungyeong 45 Beuma coarse pale pink
Mungyeong-si Mungyeong-eup Dangpo-ri Mungyeong 45 Mungyeong coarse pale pink
Mungyeong-si Sanbuk-myeon Geosan-ri Mungyeong 6 Miro coarse pale pink SMupg}gong-
Mungyeong-si Sanbuk-myeon Soya-ri Sanggeumgok 136 Namwon coarse pale pink mg];(;eu(fsm-
Mungyeong-si Sanbuk-myeon Jeondu-ri Mungyeong 6 Mido coarse pale pink
Sangju-si Oeseo-myeon Yeui-ri Cheongsan 2 Samju coarse pale pink
Sangju-si Euncheok-myeon Namgok-ri Hamchang 139 Chilbong coarse pale pink
Sangju-si Whabuk-myeon Jangam-ri Yongyuri 56 Ssangyong coarse pale pink
Sangju-si Whabuk-myeon Jangam-ri Yongyuri 46 Whagwang coarse pale pink
Wanju-gun Dongsang-myeon Sinweol-ri Yongdam 103 Samik coarse pale pink Jinan-Wanju
Goesan-gun Cheongcheon Sadam-ri Yongyuri 104 Pungsan coarse pale pink Mungyeong-
.. . . . . Sangju-Goesan-
Boeun-gun Sanoe-myeon Sinjeong-ri Yongyuri 126 Dongin coarse pale pink Boeun
Table 4. Orientations of vertical rift and grain planes in each area by frequency orders
. Vertical rift and grain plane
No. Area Quarry gemp
N) 1st-order 2nd-order 3rd-order
N25~30°E o
1 Pocheon-Yangju 23 N5~10°E N60~65°E N
N25~30°W
N20~25°E
2 Chuncheon-Whacheon 5 N55~60°E - -
N65~75°E
o . N2~10°E N19-20W
3 Wonju-Yeoju-Eumseong-Chungju 18 N75-80°W N35~40°W
N30~80°E
N30~35°E
4 Jaecheon 3 N50~55°E - -
N40~45°W
o N30~35°E
5 Mungyeong-Sangju-Goesan-Boeun 16 Ezgjgg N55~60° N65~70°E
N15~20°W
6 Youngju-Andong 7 N15~20°E N50~55°W -
7 Nonsan-lksan-Gimje 8 N2~10°E N20~25°E N40~45°E
. . N20~25°E
8 Jinan-Wanju 3 N35-40°E - -
o o N45~50°W
9 Geochang-Hamyang 19 N2~15E N45~50°E N80~85°W
10 Waegwan 3 N2~5°E N10~15°E -
N5~10°E
11 Namwon 2 N75~80°E - -
12 Gosung 1 N50~55°E - -

*1~12: Area numbers are same as in Fig. 4.
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Fig. 4. Orientations of vertical rift and grain planes in 12 areas (N:108). 1: Pocheon-Yangju (N:23), 2: Chuncheon-Wha-
cheon (N:5), 3: Wonju-Yeoju-Eumseong-Chungju (N:18), 4: Jaecheon (N:3), 5: Mungyeong-Sangju-Goesan-Boeun
(N:16), 6: Youngju-Andong (N:7), 7: Nonsan-lIksan-Gimje (N:8), 8: Jinan-Wanju (N:3), 9: Geochang-Hamyang (N:19),
10: Waegwan (N:3), 11: Namwon (N:2), 12: Gosung (N:1).
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Fig. 5. Rose diagrams for orientations of vertical rift and
grain planes in Jurassic granite (H-type). 1: Sinbuk and
Gunnae areas, 2: Ildong area, R:rift plane, G:grain plane.
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Fig. 6. Composite rose diagrams for orientations of ver-
tical rift and grain planes by geologic age.
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Table 5. Orientations of vertical rift and grain planes by geologic age

Vertical rift and grain plane

Geologic age U

gle ag Quarry (N) Ist-order 2nd-order 3rd-order
N35~40°E

o N45~50°E

Cretaceous 17 N10~20°E NS N65~70°
N15~20°W
N82~88°W

N45~60°E
Jurassic 83 N2~10°E N15~25°E N25-30°W
N70~80°W

Triassic 5 N10~15°E N2~10°E

N45~70°E

Total 105 N2~10°E N15~25E N10~30°W
N70~-80°W
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Table 6. Classification of granite quarry type by geologic age

23

Horizontal quarrying plane

Geologic age Quarry (N)
Rift plane (R-type) Grain plane (G-type) ~ Hardway plane (H-type)
Cretaceous 17 - - 17
Jurassic 63 15 5 83
Triassic 3 2 : - 5
Age unknown 1 2 - 3
Total 84 (77.8%) 19 (17.6%) 5 (4.6%) 108 (100%)
*Age unknown: Waegwan area
Table 7. Location of each granite quarry type by geologic age
Horizontal quarrying plane
Geologic age -
Grain plane (G-type) Hardway plane (H-type)

Jurassic

Pocheon-gun Youngjung-myeon & Changsu-myeon, Wonju-si Gwirae-myeon,
Gapyeong-gun, Jechon-si Songhak-myeon, Geochang-gun Wicheon-myeon  Gunnae-myeon & Ildong-myeon

Triassic Geochang-gun Wicheon-myeon
Ageunknown  Chilgok-gun Gisan-myeon

Pocheon-gun Sinbuk-myeon,
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Fig. 7. Orientations of vertical rift and grain planes in
Mesozoic granites by frequency orders.
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