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Intrafault Materials and Fractals
— Grain-Size Distribution and Grain Surface Area —
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Hiroyuki Nagahama

Abstract: A fractal analysis of intrafault materials has been made for the purpose
to elucidate the properties of intrafault materials and to appreciate faults, It is
shown to given a power-law mass relation of intrafault materials M(r)/My = (v/ o Y,
where M(r) is the cumulative mass of fault fragments with a radius less than r,
M7 is the total mass, and ¢ is the mean size. Moreover the distribution of var-
ious fault parameter sizes takes a power law distribution as N(r)) ~ r; ¥ where r;
and N(r) denote the fault parameter size and the cumutative number of fractures
larger than #; respectively, and P is constant. These results indicate that the size
distribution of intrafault material and fauit parameter can be described by fractal
distributions. And A-value and P-value represent the degree of fracturing and the
structural uniformity of intrafault materials or fractured regions. The relationship
between the mean grain size (F) of intrafanlt materials and the specific surface
area (S) of them is given by § ~ r”"3, where D’ is the surface fractal dimension
of intrafault materials. From the analysis of various types of faults, D" may be re-
lated to both the degree of fracturing and the rate of weathering in the fault
zone. Therefore, it is disclosed that the h-value, P-value and D’-value are the im-
portant parameters to appreciate faults.

@BUBIC R FREE S VDL, KBLUEHTE ORE N

_ W IR B B TR P OB OIS

HER P HHIE I, TORBOANC BT, MESHLPRERIINE XSS, Zh
PhrbLTEICHBAMEEE). EOMER & VX T RE R R R PR O S TR BN & B N RaS ik
WHE OERGRRE LR T AR & L ORI gk X AMRALERA, FhEhor

IR R
Earthquake Research Institute, University of Tokyo, Tokyo 113, Japan.
(RRR - SRR )

Present address; Institute of Geoscience, School of Science, Shizuoka University, Shizuoka 422, Japan.



& @

T LoL L THHEsRA, £/, HIIKE
P ORI A BT ER E 0 L DI K E
BELRIITLDEELZLNT S,

IEH S OB TEHN B R WiE T
FAEREFELFAEO—2THD, LT, &
BEECEEROGM L ART MO ¥
FOEMTR LI EHFEETHY, TodRH
HECHBRFOABOMERLEKERZEIZKE
{EET 52 28EEENE O CRIENEE
DHE TFHFHEPLESL ShTnh, 2617,
Wig OFEME R FEMT 57200, WWENSEEF
D ETLMENAALNL L IR TE
Twd (£3Fi3H, 1980 #F5 - AUE, 1981,
i34y, 1982 ; WP, 1989). Lo L, WiE
BRAMEL BRESTREE, AHRACHELELT
Whie, ThoOFHIZE - THENME Y
EARZBIFRELGMEE L TETW A,
—%, BETWE 737 % VORSTEML S
§—OBFICEATEI LIZE T, HER
Mgy — > O#BME T RviEid 2 e
BEIZ 7 5T & TV % (Mandelbrot, 1977, 1982).
FITIORLTHE, WMBANWEDEREL L
DEICERMICEBLZO W ET7F2 ¥
NOGEPLEBET L,

WNEME TS 22 NDE

-~ R VR EE Y ORI S A CREEE MR & [W U
LOTHAA, IHF TEREM &LV FE
PEEDORTW L) THEH ) id~ 3 FEH|

Ny ~ P (1)

D BUEREMORE AT DR
Nir) DRI & DK E OBEEED O R R

b2 X o T &1 4 (Hartmann, 1969 5§74 -
A 7F, 1968 5 A 4F, 1989 ; Poulton et al,
1990). <D & IXMEEBLR AR AT L
TIRMEAL BB THL I LR LTND
(Matsushita, 1985 ; Turcotte, 1986, 1989 ;
Cheng & Redner, 1988 ; Nagahama, 1991).

REFELEIHLBWTT » FABEEIIBL
T, MEhA - VOESOETOFTHIKE
AT —VOREORGORAE—BTAIL
Thbhb LIt T, #HEREICEAS -z
b 5B T HHET YRR O 2577
HELTWAIERLRL, ZOLHbRESRT
752 & LA E ATV S (Mandelbrot,
1977, 1982 ; Turcoite, 1986, 1989). % 7:,
DEE/N S ERIZA§ 5K B RO
HWESFEL, 77 ¥ LRTEBEIATV S,
DO RFWIIREEROES /S~ 22 b
EHRTH

M(r)/Mz = (+/ g )" (2)
=3-D (3)

Mir) K U TORRESR

Mr HUREVMOEER

o - BHIEEMOFRY L JIZHERT L1
hER

AL, ZHIBRTEOSEIIE VT
Gaudin-Schuhmann O & E A & IR T
L. ELI, WHMEROBLIISEETL L
RO DR (23D b I3 ARK

D=3-h=3-klw (4)
B, w71 TNOE MR,

I2& o TH SN B (Nagahama, 1991). 22T
DT AT NOE PR () IHIES R D
Bt -theKl, TOMIVNE L LITEH
FHEAY -~ 1274 B (Weibull, 19392, b). L7
Ao C, A4 D EPFEORE -1 & BT
TAHZEEIRLTWA., 7282, WHOHI

ast., T/, FROBEICETLI L F—
(e )ERIFE (r) & OBRITRA



KRR EEL 75 50

e BB AN F-BE(BIRICET D
HigH/HOLANF-)

W& » T#E SN S (Nagahama, 1991). & Uik
HERDLLOOKRESHE L SIE, BBt
LWF-—BEFRBEVEIEDBIIEZ & FH(5)
WBRLTWA, 2O EIEREDEEREE
B (Matsui et al, 1982) 12 BT & BERE 124
LTz {Fig 1), 2612, () &G
BIE S N AMEFARE— I 213 8RE (1) O
WAL AR ERY ) OB A L — DY
MPFF LI LR LTS LT,
Lk Z Lns, DIESR R HIHIEOM S (3
B )R WE OGN A 425 2 TE
BELEEL L0 A EDHENTHL.

MEAMEE 7S 7419 %

IREF TIEAORIR oW TR N H O
A D VR ST £ AR ARD A+
Higgins (1971), Sibson (1977}, & #F (1973,
1980), BA(1982)7% S E0 T ATERE
fToTHY, FAMO978), #H- B@H
(1977), mEEIZA(1981), &A(1983), Yoshi-
da(1985) &H WREFEE & v ) Blelh H e RIS
MEAmEL RELTWwA. FH-RROMEN
MEOKETHEIT- -0 E LT,
Engelder (1974}, 43713 4:(1980), Olgaard &
Brace (1950) 7% & #dhiFf b, LA L, AIE

a 30
[ ] L ]
5 . e o
2 :
=
3 Y
5 237
©
i
uw ap T T
69 70 80 990

log (energy density; erg/g)

Fig. 1 Fractal dimension D of the size distribution of
the fragments vs. the energy density ¢ (Data
from Matsui et al., 1982},

TR LD %752 7 VOB ST N
HE EEMIZER L Ty S I9E60 13 Sammis et
al.{1986), Zhao et al.{1990), Nagahama (1991)
L, FORIEALL G, FITIOET, G
Tl R ORFE AR Y THTRG
M EORESF 2B IR VHB OSSR T
BHZRRT L2 82§ 4,

W DA DRRE I B 1 B BRE N E DR S
Hi#h # (Fukushima, 1984MS) % V5 &, #F
BAMBEORES ML, X2)Tkshi
Gaudin-Schuhmann DR B A +7 L T 4
(Fig. 2). Zh o OfFIEERBIZE-I L
DHTREASRALT A2 & %00, Engelder
{1974) #4T - 72 Muddy Mountain thrust fault
DR RLEER LTV L, BT R (Fig. 2)
DEMOMEE 6, XN2)DrfErRkdD o E
HTEL. FIETENZIEME, SOl
Wi PV OIS A — R E 2 £ LT
WhHEEZLNL, FEORIENYE OB
REEMBEICES Il ThflidE & b
HE AR LT3 (Fig 2), 202 Eid,
EFEI B ONTh DR LA L2 E®
LTwd, ZOL, BBNSED LS,
Wi Oy TRENICRBLZ LTS,

— AR RBECE LT s R
B MALERIADE b o b, Fii i
OEIZE L THERRIZ 7 9 7 5 VA ARl
Ehn., Ji A ZOBMEEFIKIBET S KM
o A—y(WEORS, B £ig)0d4q
Aok, - NE 1974 5 AE, 1976 5 FEH,
1976 ; Kakimi, 1980 ; #7 - & 4F, 1981 ;
o - &4, 1983 ; Segall & Pollard, 1983 ;
KE - DB, 1988 BNT, i) & EENHS
ik

Nlry ~ »?* (6)

I BWBNRS A -y D4 X

Nir) i 94 X DL o BigHE%

P.ERME T A-F T YA ZG545D
A EES Y o



Rl #E

A
100
- P—I
3 == .
e = & 0=3 cm
O ﬁo’ﬁ/ A 5-10cm
g = .—_::_—: re .M’. X 2Wem
5 g R o 30cm
2 1% v
a 2 o Im
10 T . - 3m
5.001 [X1] 04 19
Grainsize, r{mm)
B
- Too et e e B g/‘-—-‘# E’/-:g?'
HE= Py A et ‘%D/
T e A,A—-- > /O/
3 - __./4/ ’o,.-"s’.'_.o/ A D5 cm
g E. A’;_?’j;-—‘;’./. c/D’ a %16 cm
S ¢ -} /O o x 10-13 ¢m
2 . 0/0’0' ® 15-20 cm
E g o/ D 30cm
] v S0em
© 10 S 100cm
T T
0.001 ant X w
Grainsize, r (mm)
c
100 — X it s
zr =2 i
o= A e
> = ol o
P ox :/ x__—/"':/
¢ ¥ “:’// i
$= o =
- e
28 — & 0-5cm
R a 5-10cm
3 2 x 10-185cm
10 T T & 15-20cm
0.001 001 01 10
D 100
-
o=
(-]
L3O & S-t0cm
¢= x 1-15cm
S & a Iem
2 o v S50em
2 D e Tcm
EQ
3 g o Wem
o W0 . . " Wkcm
1.001 001 01 10

Grain size,r{mm)

Fig. 2 Size distribution of fauit fragments. Symbol marks show the distances from the
fault plane(Data from Fukoshima, 1984MS}) A: Sodezawa Fault, B: Kizugawa Fault,

C: Hananoki Fault, D; Atotsugawa Faull.

HESHEND (Table 1}, ZOIZ &L
DB LT A 7T 2 IR 0 D
Sl EERL TS, 20 Pl Eeh
1 7 M2 ORI R RS- e L R L
T B (B b - AE, 1974 5 a4, 1979
Kakimi, 1980 ; Nagahama, 1991). 2@k 312,
#2072 — S IZIAT B 4 XA P A
G, f il MR 2 My PR O B s s 2
WHiD e TED,

WiEEHORERK

WIRGOEAR L 75 7 ¥ LORRELETH
% {Mandelbrot et al., 1984 ; Nii et al, 1985 ;
Brown & Scholz, 1985). I pk I 2Rk oo &4t
T o ERINHT (S) & iy o-ita
i () E W2 S HIIEREO 6N TS
{Nii ct al,, 1985). &M (S) & Mg
YRR (7) & OBHRIEA



ERRAMEE 737 ¥ 0

Table 1 Power-law relation of fault parameter size. Asterisk indicates the Japanese

reference.
Ty P Source Detail
Fault length 0.52 Kodama {1976) Normal fault (Experiwents)
1.30 Yamaguchi & Hase (1983) % Linecament
1.70, 1.95 Ohno & Kojima (1988) % Lineament,
Fault width 0.39-0.94 Ogata (1976) Fracture thickness
0.39-0.94 Ogata & Honsho (1981)% Fracture thickness
0.60, 1.40 Olino & Kojima (1988) % Fracture thickness
Joint length 0.30, 0.80 Segall & Pollard {1983) Joint
Crack width 0.78-1.50 Watanabe {1979) %% Micro-crack
Displacement 0.30-1.40 Kakimi & Kodawna (1974) % Normal-slip fault
0.30-1.40 Kakimi (1980) Normal-slip loult

* In Japanese with English abstract.
* %In Japanese.
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Table 2 Surface fractal dimension D” of fault fragments. MTL: Median Tectonic Line.
Fracture D-value Source
Atotsuguwa F. (Amodani) 2.67 Kanosori et al. (1982) %
(Makawa) 2.50 Kanaori et al. (1982) %
2.70 Kanaori et al. {1980)%
MTL {Yoshinogawa) 2.74 Kanneori et al. {1980} %
(Kinogawa) 2.62 Kanaori et al. (1980) %
Neodani F. 2.66 Kanaori ¢ al. {1980)%
2.72 Kanaori et al. {1980) %
Straight Creek tunnel 2.47 Brekke & Howard (1973)
Nast tunnel, Henderson 247 Brekke & Howard (1973)
Mise tunnel, and Haulage tunnel
Weathered rocka 2.60 Nossin & Levelt (1967)
Same particle sizes 2.00

*1n Japanese with English abstract.
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Fig. 4 The specific surface area S (cmzz’cmg) as fune-
tion of mean particle diameter # (mm}. © ;
Straight Creek tunnel. ®; Henderson Mine tun-
nel and Haulage tunnel {(Data from Brekke &
Howard, 1973).
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