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Abstract: The studied Nangsan area is widely covered by the Jurassic biotite granodiorite, which is mainly
light grey in color and medium-grained in texture. Results of the regional fracture pattern analysis for the
granodiorite body are as follows. Strike directions of fractures show three dominant sets in terms of
frequency order. The sets are in an order of a (1) N80°~90°E (1st-order) > (2) N70°~80°E (2nd-order) > (3)
NS~N10E (3rd-order). Spacings of the fractures are mostly predominant in less than 200 cm. Therefore,
the granodiorite of the area has more potential for non-dimensional stones than dimension ones. And
orientations of vertical quarrying planes can be also divided into two groups in terms of frequency: (1)
N14°W~N16°E (Ist-order) and (2) N78°E~N8&°E (2nd-order). The orientations of the two groups are more
or less different from those of the regional fracture patterns. These can be mainly attributed to the
preferred orientations of microcrack developed in the quarries. Of physical properties, specific gravity,
absorption ratio, porosity, compressive strength, tensile strength and abrasive hardness are 2.65, 0.28%,
0.73%, 1,628 kg/em?’, 100 kg/em® and 31, respectively. Contrary to the porosity, both granites of the
Nangsan and Sogrisan areas show almost similar values of the abrasive hardness. These can be explained
by the differences of Qz+ Af modes, which can be regarded as an index for abrasive resistance.
Meanwhile, it is anticipated that comprehensive understanding of the orientations of vertical quarrying
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planes and characteristics of various physical properties will be utilized as an important information for

stone resources.

Key words: Granodiorite, fracture, non-dimensional stone, vertical quarrying plane, physical property
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Fig. 1. Geologic map of the Nangsan area. Fracture-measuring sites are shown. Among them, sampling sites are Ggl0,

18, 19, 23, 26 and 30.
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Fig. 2. Fracture system analysis for Ggl.
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Fig. 4. Fracture system analysis for Gg3.
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Fig. 5. Fracture system analysis for Gg4.
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Fig. 6. Fracture system analysis for Gg9.
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Fig. 7. Fracture system analysis for Ggl0.
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Fig. 14. Fracture system analysis for Gg32.
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Fig. 15. The integrated fracture system analysis for the Nangsan biotite granodiorite.

Table 1. Frequency of the fracture spacing in the biotite
granodiorite.

Class Classification Frequency (%)
1 <2cm 1(0.2)
2 2~6 cm 8(1.4)
3 6~20 cm 131 (22.4)
4 20~60 cm 199 (34.1)
5 60~200 cm 191 (32.7)
6 200~600 cm 45(7.7)
7 >600 cm 9(1.5)

Classification: Based on Brown (1981).
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Table 2. Orientations of vertical quarrying planes and weathering depth in each quarry.

Quarrying plane .
Quarry name ep Weathering depth (m) Claim no.
Strike Dip
Naesan N8§°~10°E ver 3~4 Ganggyeong 118
Hanseong N2°wW ver 2~3 "
Closed N8'W ver - "
N16°E*
Geumsan N76EW ver 34 Ganggyeong 127
Baegsan N14°W* ver - "
Jeonbug N36°W ver 2~4 "
Closed N78°E ver 2-2.5 "
Closed N79°~82°E ver - "
N1°~4°W
Yongsan N84°~85°F* ver 3~4 Ganggyeong 128
Donggwang N3°~5°E ver 4~6 "
Closed N3°~9°E ver 1~5 "
Pyeongtaeg N§~10°W ver 3~4 "
Samgwang N1°~6°W ver 2~5 "
N6°W* "
Yeongpung N86°-8S°F ver 2~5

245 73 219 Y2} 217 57(1994). *: Blind end of vertical quarrying plane. ver: vertical.
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Fig. 17. Directions of quarrying planes in the biotite granodiorite. 0, + and - mean N, E and W, respectively.
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Table 3. Physical properties of the biotite granodiorite stone resources.

Sp.no AR PR Cs TS
Jsite SG (%) %)  (kglem?) (kgem?) ~ AH  Remark
-1 2.66 0.40 1.10 1,423 -1 101 34
2 2.66 0.40 1.07 1,425 2 105 33
3 2.66 0.44 1.18 1,410 3 110 32 Medium
Gglo 4 2.65 0.41 1.13 1,423 4 107 32 o
5 265 0.44 1.19 1,410 5 101 33 grame
6 2.66 0.41 112 1,453 -6 100 31
(Aver) (2.66) (0.42) (1.13) (1424)  (Aver) (106) 33)
-1 2.67 021 0.58 1,588 -1 102 34
2 2.67 0.20 0.56 1,526 2 106 35
Gels 3 267 021 0.58 1,576 3 105 35 Medium
4 267 021 0.57 1,488 4 108 34 grained
5 267 022 0.60 1,456 5 115 35
(Aver) 2.67) 021) (0.58) (1,527)  (Aver) (105) (35)
-1 262 0.26 0.70 1,518 -1 110 29
2 2.62 025 0.68 1,508 2 113 28 Medium
Ggl9 3 2.62 025 0.68 1,486 3 108 28 o
4 2.62 026 0.70 1,508 -4 105 32 grane
(Aver) (2.62) (0.26) (0.69) (1,505)  (Aver) (109) (29)
-1 2.66 0.20 0.52 1,494 -1 102 33
2 2.67 020 0.53 1,542 2 101 34
a3 3 267 0.20 0.53 1,504 3 99 33 Medium
4 267 0.20 0.53 1,489 -4 107 33 grained
-5 267 0.20 0.53 1,429 5 105 33
(Aver) @.67) (0.20) (0.53) (1492)  (Aver) (102) 33)
-1 2.62 0.29 0.77 1,508 -1 101 34
2 2.62 0.28 0.75 1,586 2 99 32 Medium
Gg26 3 2.62 0.29 0.77 1,578 3 105 34 "
4 2.62 028 075 1,498 4 104 32 grame
(Aver) (2.62) (0.29) (0.76) (1,543)  (Aver) (102) (33)
-1 2.65 0.26 0.70 1,488 -1 113 35
2 2.65 026 0.69 1,486 2 112 35
G0 3 2.65 027 0.71 1,346 3 104 35 Medium
4 2.65 027 0.71 1,508 4 101 37 grained
5 2.65 026 0.69 1,546 5 107 35
(Aver) (2.65) (0.26) (0.70) (1475)  (Aver) (108) (35)
-1 2.63 025025 0.65 2,196 -1 117 28 Quarry,
Naesan* -2 2.64 ’ 02 5 0.66 1,487 2 85 30 medium
3 2.64 : 0.66 2,036 3 130 31 grained

TH|EX AR 8-S ou]dit). YA AAje] w
FL 264-267(HTF 2.65FA olF F& WIHEL 7}
ZIth(Table 3). °l 33¢e] HE 2.52-2.81¢ ¥
Woll si3eckDaly et al., 1966). L&} AjEoz
283 9 AT E 23 g o)FE &4t Y
257(FES ], 2005) Roke Ao o] &7}
StH(Table 4).

&+8Y 338

Free FEQARY T o) AT ¥

s we] e udnt o] o HAle
F480] 020~042(BT 028)%2EA I7re] WEES
7Rt FFEE 061~1.13(8F 0.73)%2EN E5ER
o oA | He HIES Bo Jogos v1gsit
o FFE O HEE TFEVEAR, FFE-FS
g, TFEIRAE, SRR E B A -
ntRA L] Gawd Hste FiHos BRIt ¥
A e, Ao wekgt B9 HFg o] Fo
Tugrul? Zarif(1998)8] d7+A7e} vl 2 dR|sh=
Helth(Fig. 18).
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Table 3. Continued.
Sp.no AR PR CS TS
Jsite 8G %) ©)  (kglem?) (kgem? ~ AH  Remak
-4 2.64 0.24 0.64 1,902 -4 82 30 Quarry
5 2.63 026 0.67 1,737 -5 100 28 s
* . >
Naesan 6 2.63 025 0.65 1,735 6 110 29 mﬁ;‘:g
(Aver) (2.64) (0.25) (0.65) (1,849) (Aver) (104) 29) &t
-1 265 030 0.80 1,851 -1 90 32
2 2.63 030 0.80 1,615 2 9 33
3 265 031 0.82 1,659 -3 67 31 Quarry,
Yongsan* 4 2.65 0.29 0.77 1,811 -4 77 29 medium
5 2.65 030 0.79 1,659 -5 73 30 grained
6 2.65 030 0.78 1,440 6 73 29
(Aver) (2.65) (0.30) (0.79) (1,673) (Aver) (79) 31
-1 265 022 057 1,888 -1 102 28
2 2,65 026 0.67 1,903 2 134 30
3 2,65 0.23 0.61 2,095 -3 129 32 Quarry,
Donggwang 265 023 0.60 1,992 -4 112 31 medium
5 2.65 0.23 0.61 1,706 -5 97 30 grained
-6 265 023 0.60 1,580 6 104 31
(Aver) (2.65) 0.23) (0.61) (1,861) (Aver) (113) (30)
-1 265 037 0.97 1,455 -1 77 32
2 2.65 036 0.95 1,769 2 84 33
3 265 035 0.92 1,370 3 54 31 Quarry,
Pycongtacg* -4 2.65 033 0.88 1,289 -4 69 29 medium
5 2.65 034 0.90 1,412 5 63 30 grained
% 2.65 035 0.93 1,747 -6 61 29
(Aver) (2.65) (0.35) (0.93) (1,507) (Aver) (68) &)
-1 2.65 0.27 0.71 2,126 -1 115 27
2 2.65 0.26 0.68 1,994 2 107 26
3 265 027 0.71 1,848 3 117 28 Quarry
Yeongpung* -4 2.65 0.27 0.71 1,936 -4 101 23 ,medium
-5 2.65 0.27 0.71 1,901 -5 119 26 grained
6 2.65 0.27 0.71 1,524 -6 110 27
(Aver) (2.65) (0.27) (0.70) (1,888) (Aver) (112) (26)
-1 2.64 028 0.75 1,821 -1 9% 27
2 2.65 028 0.73 1,844 2 84 28
3 2.65 0.28 0.73 1,656 3 89 30 Quarry,
Baegsan* -4 2.64 0.29 0.76 1,996 -4 112 29 medium
5 2.64 0.28 0.74 1,563 5 94 29 grained
6 265 0.27 0.72 1,889 -6 105 30
(Aver) (2.65) (0.28) (0.74) (1,795) (Aver) (96) (29)

*: Park and Kim (1994). SG: specific gravity, AR: absorption ratio, PR: porosity, CS: compressive strength, TS: tensile strength, AH:
abrasive hardness. Gg 10, 18, 19, 23, 26 and 30 are same as in Fig. 1.

< SR Y 37

4 9, 2005)H =
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B 0.60%9} 1.53%(F

Al Zagr). ol AR Y9 AHZTel AFUT
SAUET dEes XY SAEE dAe S i AIH=E Yeh
oz #E ¢ Utk &4t 3} = AL KS-F 251990 9ste] AAHUT GAEA A

Fred 35S ZF & Y A Fow ZAtelE AWM R ula FHFERI ARHEES
E}Fig. 18). ol EIFE0) 9], 2005)0.2 Futdthy B9 u ok &8 AR

© 74 %(Dunkan, 1969)= Aol F4EL 2% 9w & 7HR Y(Dunkan,
2 AR gt. A o] X9 Fgd FFEY Aot 1969)57 R = 3 Qith
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Table 4. Comparison of physical properties of the granite stone resources.

AR PR

CS TS

Areas SG %) %) (kg/er?) (kgferr?) AH Remark
2,64~ 0.20~ 0.61~ 1,424~ 68~ 26~ Medium
Nangsan 2,67 0.42 1.13 1,888 113 35 o
(2.65) (0.28) (0.73) (1,628) (100) 31) gram
2.53~ 0.25~ 0.66~ 1,100~ 59~ 23~
*Sogrisan 2.60 1.07 2.70 1,849 87 42 Cgfnr:fi
2.57) (0.60) (1.53) (1,449) (74) (32) &r

*: 884 9 (2005). ( ): average. Abbreviation are same as in Table 3.

A7 9] %}%ﬂE“ 1,424-1 888(%& 1,628) kg/em*E A
tae] HEE S st o] & &)X g ket
2] 1,100~1 849(Jﬂ& 1,449) kg/fem® B} T3] Frish
ok 39 XY MRl AR S 4EH
E21 1,000~2,500 kg/fem?e] ®9 ol &a Y~z
7ol #lFetth(Hawkes and Mellor, 1970; Winkler,
1973; Farmer, 1983).

At oz SRR dEA= dFS
299E Y%, BERY, TIE, T8 € ¥
So] ok e At A FE] L W
PRl dx 2 FEAE dEAEete] dus

AE A7 AlEE B 71 Stk o] d7diMde #
x4 Wske &A= wAE 9Fo| un|siy,
w9} e Ao 92-S .ﬁl.xﬁs].ga];}(z;ﬁﬂé] 94’
1978). 3HH o] &FE MAS AEYEE vz

71229 ZAREE Y 9, 2000)F &3t 73}, Fat
A B EHPAAG AR AEUEE xR
4% Blastd b 2 AsiA9e AgA 3%
A(2,210-2910 kg/em?) > GG 9] FHA 3

F(1,424~1,888 kgfem?) > MR Do =g 70U
(1,305~1,515 kgfem?) > &2k 9] 2H2 32 UF
(1,100~1,849 kg/em®) 2] o2 Vebdt), waka 37
A7 Y= ASAEE A3 v s Ao
ABE 7% drAgel gRIgt) B3 &)Y
s3eke] A, FAA U] Ak vAl 359
S sl Sl 43 AXE of, oy
o] ZAww 343 AslE rFeie] Wl A

QAAES A9 Aol v AFHLE 9n)
Btk A Ao JIAAEE 68-113¢3F 100) ke/
cm’EZX thAie] HIlES TR, AP A et
A= 70~250 kg/om®®]  Fh(Hawkes and Mellor,
1970; Farmer, 1983)s} AX$tct. 33&3 QA= 9
A FREA gon, BXFH2 Y=a302 F
S I /= S S o o R P R e BN P S R B

[

)

59-87(H T 74) kg/em® BTF 2 Hggko] Tl F7t
gt} X 2g 227G ol A H AAfd st
o £gxge] a7t WIvE] eutEE A FF
T2 98l JAAAEI} AR ZaHe Ao
A€}

[3=Pz 1

7L AGA, v FO2AM U A7 AMRE
A 2 ouleAYe] QS YOEE nuAEE A
ook & B9 shto|thBowels, 1934). %Jxl%ﬂ A
Ae wEAES 26-35(EF 3DEA FL WIEE —%

JHAT) EAE O REARE EEle Ko By,
2T AT O neAEE 35E U 9835

355k wf& 229 Y=aBo= 5

(Fig. 18). MIEAE= 4t 4
7t Z2E 31 2 322 Ge9xge] Yol ozt 7

Py fs]_]:]_

%Vﬂ (Klem and Hurlbert, 1985)—4 2= %;\L% i g
A o SAAAFIT A7 50.6%(1Hd 2, 1980
2 784%(EET 9, 2005)E THAIH 53] FAA =
A F7HTE olgd 9= 39 Ro|E st Ad
z4 9] PN e] mA| FETEE ol A Y
I A2 fAG IEAEE o]FE ZOE A Hr)
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Fig. 18. Correlation diagrams of physical properties of the Nangsan biotite granodiorite.
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