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Evaluation for Rock Cleavage Using Distribution of
Microcrack Spacings (I)

Deok-Won Park*

Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources,
Gwahang-no 92, Yuseonggu, Daejeon, 305-350, Korea
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i w40 A v A I) gebelel(l, 2 2 3), () IAEE, 5 2 6), (1) FE(7), AV)
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Eo FEsith AN 2 FHRNE =X F J}E}HIH(S.nean-S,“edianﬁl ol F7khs £ wigsiart.
oJE EEEL IAEIA R2 < Rl < G2 < Gl < H2 < HI1Y £& HoZEth & A7) oAl &%= 14
ZARI1+R2) < 291 Z(G1+G2) < 3H ZAHI+H2)9| ﬁ_i 8ok 4 gt} o3 A= mAlFde 744
I FAE Fe] Al AEE AAE 53] 7] F2 IEEE xt Abole] Hlg =A1e] oSl o
AP JRE AT 5 Uk

#AOJ: F2] SPgek, 7, vAlEEel A, o) e, ey vy A

Abstract: The characteristics of the rock cleavage inherent in Jurassic granite from Geochang were
analysed. The phases of distribution of microcrack spacings were derived from the enlarged
photomicrographs(x6.7) of the thin section. The evaluation for the six directions of rock cleavages was
performed using nine parameters such as (1) frequency of microcrack spacing(N), (2) frequency
ratio( 1 mm and 4mm>) to total spacing frequency(N:191), (3) spacing ratio(< 1 mm) to total
spacing(118.49 mm), (4) mean spacing(S,,...), (5) difference value(S ) between mean spacing and
median spacing(S,,.;..)» (6) density of spacing, (7) median spacing, (8) reduction ratio of spacing frequency
to length frequency and (9) magnitude of exponent(A and b) related to the distribution type of diagram.
Especially the close dependence between the above spacing parameters and the parameters from the
spacing-cumulative frequency diagrams was derived. The results of correlation analysis between the values
of parameters for three rock cleavages and those for three planes are as follows. The values of (I)
parameters(1, 2 and 3), (II) parameters(4, 5 and 6), (Ill) parameter(7), (IV) parameter(8) and (V)
parameter(9) show the various orders of H(hardway, H1+H2) < G(grain, G1+G2) < R(rift, R1+R2), R <
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G<H, R<H<G G<H<Rand H< G <R, respectively. On the contrary, the values of the above
four groups(I~IV) of parameters for three planes show reverse orders. This type of correlation analysis is
useful for discriminating three quarrying planes. Six spacing-cumulative frequency diagrams were arranged

in increasing order on the value of main parameter(S

mean Smcdian

). These diagrams show an order of R2 <

Rl < G2 < Gl < H2 < H1 from the related chart. In other words, the above six diagrams can be
summarized in order of rift((R1+R2) < grain(G1+G2) < hardway(H1+H2). These results indicate a relative
magnitude of rock cleavage related to microcrack spacing. Especially, the above main parameter could
provide advanced information for prediction the order of arrangement among the diagrams.

Keywords: Jurassic granite, rock cleavage, microcrack spacing, nine parameters, correlation analysis,
reverse orders, spacing-cumulative frequency diagrams, order of arrangement
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2lo] 7Fsain, HlEo] A HAFE A
71 7k 2
S A Sl B4 e golrs I o=
I A(rift, o3} 2l2ZE) > 2% H(grain, ©]3} 2|
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H, 3 T79 ANHL LRty o g 435 FAAAE
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et al, 1978; Rouleau and Gale, 1985; Kim and
Ro, 1989; Gale et al, 1991; Seok and Kim,
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al., 2001; Galla et al, 2005; Sanderson et al.,
2008; Pearce et al, 2011) Sold+ o=, dz] ¢
ko] A tigh thFst £ 9 2AYE 54
= e 53] sPEIZE, 28l 2 o=
Aot dde IR AFAE (Park er al, 2001,
2004; Park, 2011; Freire-Lista and Fort, 2015;
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3ekelst Aol AEE AF S A
231739H(Geochang graniteye A7 H.e]o}7]e] Wb
Ayvply) Son sAHAIS #R1s Fraly) st
olth(Kim er al, 1998). ©] A& 34 (greyish
whiteye W3, S THAYoR Ay 3 A
9] JEE 2~6 mmo|t}. AT A E AFA=
T o 20molth FPEARES] B 24 (vol. %)y

Rift plane (1)

Grain plane (2)

= olg3sh o] H7H(I) 15

A9d: 31.3%, AFFA: 39.5%, A4 9.8%, HIARY
6%, HTIO|E: 5.7%, ﬁﬂ 2.9%°1™, 1¢]
% | v ERldnh o] 92 ERT &
%(Streckelsen 1976)°l &3}, a7t A4
e 1M Wol FRWL FAski, £He 24
~[WE4%@@%-ﬂHﬁ,$ﬁﬂ 3 e |
Rz Ae] 47+ YT Y RO <
U(Park et al., 2001; Park, 2015a, 2015b).
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Fig. 1. Sketch of microcracks parallel to the six directions of rock cleavages on rift plane (1), grain plane (2) and
hardway plane (3). (a) Photomicrograph of thin section of the Geochang granite cut parallel to three planes. Black,
mottled, and white areas represent quartz, feldspar and biotite, respectively. (b) and (c) Map of microcracks from
scan line method (b) and total method (c). (d) Map of microcrack spacings from total method. The preferred
orientation of microcracks in the quartz and feldspar parallel to the six directions of rock cleavages.
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33 ol Zpzt FaYehA whEg AlRsilvk. A%
H 8] 7% 2 emx3 om, WS FA= AR
o] Z42 &olskl sb7] flell Uk uRAS] 3-4af (oF
0.1 mm)= AZsi3Act. Al Wggke] A H ) FaPsiA
A v e] AR (x6.7)S Fote] dE st

E T 2o nRI@EN BAL 47 23T 4
ik,
M) vARE 8 FAZRE, AN v

2 BUIH, SR W 22]a YAEA wlMlet
d 59 oeket 84 AEHAG 2y Mg 2
A4 QA U] mAlFE S A9 o 24E 2
o] W Aol AoEom, mEbA B
e v HA T (microfabric), 3] v|MlFdo] HZE
ATt weba] vpEe] SARIS Fated A 2 A
A JAke] YoM Faxshs vAlgde] 7H4(S), 7
o] MIm=FMN)E S48 th(Fig. 1).
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Beyg vAlrd e seEE g5t o4 wEke
Aol tigt Bt Fgst A4S AxEg 7k ok
(Park, 2015b). o] AFoIX =Zg+ 7H7] wAlHEE

a

Horizontal plane Grain 1(G1)

c

1
Hardway 1 (H1) I 2

Rift2(R2) o ' = =

N:279 Hardway 2 (H2)

Grain 2 (G2)

-l Rift1(R1)
—

A B Z2a38 F3le] =&

g ARl wh el FojAlRl(Fig. la) 28]
I AR (Fig. 1b) 2 A (Fig. 1)l &3k
EE3 Mgl AR A, ARGl g v
42| 74 (Fig. 1d)2] 2=AX A7} Fig. 19] =A]
=] Sl

Ao BAE

Al ko] A HI FealA] AR A gellA
3% Aushs F 29| vAlEds =& A4
A} wAlsrge] doleke] S UEple BAE
(Fig. 2a)°llA 191 WHol] a¥sk= viex= 27l
I(grain 1, G1)& 3t=9°] 1(hardway 1, HI), 2
Hol| HyYsh= WHAM = EZE |(rift 1, RDIF 3}
=9o] 2(hardway 2, H2) 22| 3 W] HaPs}
= A= 289l 2(grain 2, G2) ¥ TZE
2(rift 2, R2)9] PlMlFES Z2 SHE 471 Aot
(Park et al., 2001, 2004; Park, 2007, 2011, 2015a,
2015b).

AAgel ofgk g 2 A b HF- Al
o] 7449] 7% svHE =&
ATk AEPete] witell fAske 4, & wAl

2
98 sejule Aole] ARAS M RSO 2
o Bl AN o3l Wk B wjgshs )

N:22 L 7

N:44

N:43 = |

T
N:30

N:24  N:191

1:Riftplane, 2: Grain plane, 3 : Hardway plane

Fig. 2. Diagram of the six directions of rock cleavages on three planes. The distribution of lengths (a) and

spacings (b) of microcracks are shown.
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A4 (Fig. 2a) ¥ vlAlFE e 7H4 (Fig. 2b)yS
28 AxE AP Fig. 29F 2tk
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7Hie|
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=

oAAl ek G widshks N mAlEEe] o)
(Park, 2015by= Z2#8 53l F 279715 =7
stk O mAIHES] 4 & 19UHE 5785131
THTable 1). 2zt AEZE 1 A(GI+HDOIA 5070
(H1(22) < G1(28)), 281 WRI+H2)° A 6871 (H2
(24) < R1(44)), 331 HR2+G2)IA 7370(G2(30) <
R2M3)E ZH7t S4sislnh. 7H4e] Hles= 11 |
<2 ¥ < 3H W] Fojm, R2¢F G229 vAlH+E
o] wxtsl= 3¥ WA 7HAe] NiegTt 7Y Wt

@ 72+ A¥2E 1 ARI+R2)0IA4 877, 2 24
(G1+G2)°1A 5870, 3 AHI+H2)NA 46715 7
7} 245t 749 Hiea= 31 4 <2d 4 <
1H Ae] o, 1 A 7+ 9] Hlw47t 71
Hy HlEg] 91 < 2 < 3) Z2E2
IR A xS £9G6 < 2 < 1) Allde A

o) thsle] &7l Alg77keE -
T30 tH(Table 1). A2
mAELe] 7L 4mm oo™, 1 mm ©]s}lA
AZ3Th 2 NEFN:191) thE] 1 mm ©)3ke] Hl%
F(N:164)2] H] &2 85.8 %°|Th.

O F ¥Eg oiH] oA WEPE 4mm olke] ®l
E=57F AR SR HIE& (%) HI(11.5) < H2(12.6)
< GI(14.7) < G2(15.7) < R2(22.5) < R1(23.0)¢]
wolth. @ F W= o] oA e | mm o3t

i

-
2

= olg3sh o] H7H(I) 17

o] MI=F7t AA e WE& (%) HI(733) <
H2(9.42) < G1(12.04) < G2(12.57) < R2(21.99) <
R1(22.51)9] &olth. & & ¥z tiv] oA w3Pd
4mm@) ¥ 1 mm(®@) °olste] RlEs7t 2A|sk= ¥l
&9 #9e A5 At 3EAd #A8ES &
Z3qich. &gk 2H 4 ¥ 3W 2SS F4Ee G,
G2 ¥ HI, H2olME (1) < 2)9] £22 =Ho] (2)
o Mz go] =2 BEAS =E3NTE 53] ol &
A7k MIZ=&(%)e Aol(O-@)= R1(049) <
R2(0.51) < G1(2.66) < G2(3.13) < H2(3.18) < HI
4179 «oltk. & 1 ARIHR2, 1) < 2¥ 4
(G1+G2, 5.79) < 3¥1 AHMHI+H2, 7359 £o=
Z7Fhe 23S =E3ItH(Table 1).

1

0 ™, 37§ Aol BIZ=E(0~1 mm FZH

A WEPE 1 mm o]ske] W=+ Table 13 2
o i w37 A¥ HES (1 mm °]shE =3}
W oo 2ok O 371 WE 1mm olske] HlEs
(N) 283 & HIEZRN:191) the] W= (%) B,
1M HN:37, 19.3) < 2 HN:61, 31.9) < 3 H
(N:66, 34.5)°] 2Rl WiEE S =58 5+ Uth
Hizd]= 1 () < 29 W1(1.64) < 3 TH(1.78)
o] Folt}.

@ 370 2¥ 1mm ©]sle] W= 223l &
e =S (%S W, 3H AN:32, 16.7) < 2
H A(N47, 24.6) < 1H ZA(N:85, 44.5)°] =24 <1
WS =3 4 ok RiERlE 3W Z(037) <
28 A0.55) < 11 A1) ol ) 248 F Wl
Z=5tE] 1 mm ©]5ke] Hl=&(%)e] *FolE 0.5(G2-
Gl) < 0.6(R1-R2) < 2.1(H2-H1)¥] <=o|t}. 3# 3

=] R

=

N o Mg #9931 < 2 < 3) 2L I
A N=gE)e] G <2 < 1) Aljlle s

Table 1. Frequency of microcrack spacing on three planes

- Total
Spacing (Mm) 4 5 05-1.0 1.0-1.5 1520 2025 2530 3035 3.54.0 o
Plane N %
wp | Cranl 12 9 1 1 1 2 28 147
" Hardwayl 10 4 4 | 2 1 2115
o R 29 14 1 44 230
T
Hardway2 13 5 2 1 2 1 2% 126
L Rift 2 29 13 1 5B 25
Wi
AV Grain 2 14 10 4 1 1 30 157
109 55 13 4 5 2 2 1 191
0,
Total (%) (570) (288) (681) (20) (6 (105 (105 (0.52) (00) 100
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0 H, 34 A BIEg
T

AA WP ol AleTkel &k W E¢(4 mm
016})E J2lsh Table 13} 2t 371 =4, 370 4

U NEES B v 2ok @ ) WE o
& W= CF 3R] ), NES (%S 2, 1H
HN:25, 262) < 2¥l W(N:34, 356) < 31 ©
(N:36.5, 38.2)9] x4 wigddS =& 5 3
HlEdE 1 A1) < 29 H(1.36) < 3 H(1.46)
o] =olth.

@ I A H =T, NEE (%) 2H, 39
ZAN23, 24.1) < 28 AN29, 304) < 1 2
(N:43.5, 45.5)°] =241 Mg S EZsISlth Hie
Hl= 33 Z0.52) < 291 A0.66) < 1H A1)
woltt. 37 A AA7E7H0~4 mm T7He] Rl=g
(%)2] zFol= 0.5RI1-R2) < 1(G2-G1) < 1.1(H2-
H1)e] =olth, gk 370 A Rl )9 4%’4(1 <
2 < 3) 28 i A R=EEE) #9193 < 2

< ) APoldl= s 9o s Adh

(MAFZH 0~4 mm

ol

7}A

-

374 ®, 394 &el & 2+ (0~1 mm Fh)

AN Wkl 7HA 9] kRl tiste] §f AlETIES
2 T, F AE) B HES =ESTH(Table 2).
7R HellA S wAFE ] % 7+HLe 11849
mmo|™, 1mm ©]&ke] 7174 (70.62 mm)o] 2FA|sh=
H&-& A9 59.6%0]tt. oAl é;% 1 mm ©]&}<]
Z 7V (mm) 2]a AAHA F 7H4(11849 mm)
thH] ¥ &(%)S HI1(6.05, 5.0) < H2(7.82, 6.5) <

=
A

(e

G1(10.0, 8.3) < G2(11.42. 9.5) < R2(17.08, 14.2)
< RI1(1825, 152)¢] <=olt}. oAl WaPE | mm ©]
she] 7HAo] k= i WY, ) AE N=gS
E&3H v 2
@ 370 A 1mm olste] F A Bk ¥
&, mm) 23 HAFA F 7H4 tiv] H[E (%)
p_ud_, 11 #(8.02, 13. 5) < 29 W(13.03, 22.0)
T(14.25, 24.0)¢] =& Belt & 7+49] H]
1Hd H() < 24 "], 62) < 39 WH(1.77)9

A5 WS 25T+ 9

@ 371 2% 1mm 0]6}4 2 7 (F ko] 9
H
10

FIF A mlo FJLI

I

[e} 4 —
o4k, mm) 223 AAHA F 7HF9 |
(%)S HW, 3H 7&(6.93, 11.6) < 2" Z(
18.0) < 1 ZA(17.66, 29.8)2] <=214¢] wjgdA S &

=3 4 3 olF 2¥ A(Gl < G2), 3tﬂ Z(H1
< H2pllME (1) < (2 F&40] Ut} & 7+ 9]

HlE= 3W 4(039) < 2 Z(0.60) < 1tﬂ A

AAHe = 74 (11849 mm) thH] 1 mm ©]3}e]
|

F 7440 Xk O ) AE =91 < 2 < 3)
I3 @ N A G <2 < 1) ARlolle A

ol & 7HAl et

B2 4 2 3% 4
OiX Wael WE 1A
AAPgl 1% o

Table 2. Measured value of total spacing on three planes

Spacing (mm)

Plane 0~0.5 05~1.0 1.0~1.5 152.0 2.0-25 2530 3.0-35 3.540 Total
Rift Grain 1 4.32 5.68 1.23 1.85 2.15 6.34 21.57
Hardway 1 3.36 2.69 4.82 1.56 432 3.56 20.31

. Rift 1 8.89 9.36 1.05 19.31

Grain

Hardway 2  4.17 3.65 2.49 1.74 4.46 2.50 19.01

Hardway Rift 2 8.66 8.42 1.14 18.22
Grain 2 4.08 7.34 448 1.61 2.56 20.07
Total (%) 33.48 37.14 15.21 6.76 10.93 5.06 6.34 3.56 118.49

(28.3) (31.3) (12.8) 6.7 9.2) 4.3) (54) (3.0) (100)
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Table 3. Summary of microcrack spacing statistics for six directions

Spacing

Total

Mean Median

Plane cl]: ;)\S:ge N range spacing spacing spacing (a)-(b) De(nps )ity
(mm) (1 mm >) (mm), (a) (mm), (b)
o Grain 1 ég) 0226~3302  10.00 879791) (01.%894(; 0281 ?69111939)
Hardway 1 ég) 0.159~3.562  6.05 (01"97224) (01' '56233) 0.401 (0(59016942)
o Rift 1 (‘7‘3) 0.126~1.056 1825 (02'2308) (02'_31%‘9) 0.049 ?&06743)
Hardway 2 é;‘) 0.168~2.506  7.82 82973) (01'2464) 0.349 (00’9016835)
_— Rift 2 (Z‘%) 0.142~1.140  17.08 (Zz'zozlz) (21:851‘72) 0.038 (Zdzz(l)gz)
Grain 2 an  M-2se e 0% sy 0.150 (&0
Total (;23)) 0.126~3.562  70.62 (01'_68280) (01'2484) 0.176 (0(59988652)
*(): Data on microcrack length (Park, 2015b)
AR Ha 7042 0.620 mme|th. oA HFeke] (0.669~0.924 mm)e HT} &

1
Ha 7HE(mm)S R2(0.423) < R1(0.438) < G2

0.669) < G1(0.771) < H2(0.793) < HI(0.924)°]
SRR otk & Wit AL 1 AR) < 29
AG) < 39 AMH)e wolH, (2) < () +To=
o] ()9 Hat 7H4o] B} 2Ud ¥EHA 13
A& EFsIGlnh 3 7 WEF Alolo] Wit 7HA <]
H]&(%)S H2/H1(85.8) < G2/G1(86.7) < R2/R1

(96.5)°] <=olt}.

N H, I Zo| BE 2H4
AN W] "Wt 74 AElshH Table 33
ok I, 3l Al

2

s

|=3

AR B 4 L B

A9 vlE =&sh v 2k © ) W
o A B Hdw, mm) 2 e 7H49] 6]
=2 w3, 3 W(0.546, 0.64) < 2 H(0.615, 0.72)
< I¥ 90847, 2] <AHH Y wiEA S =&l

@ 0 A "B A L] Btzh, mm)
gl i 7HAe] viE 2E, 1A 20430, 1) < 29
7(0.720, 1.66) < 3 Z(0.856, 1.98)2] =222
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Fig. 3. Spacing-cumulative frequency diagrams arranged in increasing order on the value of main parameter(S

S
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Linear-log plots showing successive transitions in distribution types for divided sections. Upper (@) and

lower (O) sections divided by distribution type and slope are shown. The six directions of rock cleavages(R2~H1)
are the same as ones in Fig. 2. R2, G2 and H1 (P): power-law decay (upward curved line). R1, G1 and H2 (E):
exponential decay (straight line). G1 and H2: exponential cut-off in the tail. 6: intersection angle, A and b: exponent

of exponential (A) and power-law (b) equation, S__..:

mean*

mean spacing, S :

median spacing.

median®
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Fig. 4. Spacing-cumulative frequency diagrams. Log-log plots showing successive transitions in distribution types
for the whole range of the diagrams. The order of arrangememt and the range of two sections for six diagrams
are the same as ones in Fig. 3. R2, R1, G2 and H1: exponential distribution. G1: power-law distribution. A and b:
exponent of exponential (A) and power-law (b) equation.
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