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Distributions of Shapes of Cracks in Rocks

By Nobuyuki SHIMIZU
Department of Geophysics, Faculty of Science,

Hokkaido University
(Received March 16, 1983)

Based on a relation between the measured compressional wave velocities(Vp) and
pressures, distribution of shapes of cracks(DSC) in eight- kinds of rocks were inversely
estimated. The distribution is exhibited by a crack porosity normalized to the total porosity
for a given aspect ratio. The following results were obtained:-(1) Variation of Vp under
pressure depends only on a reduced crack porosity, (2) there is one peak in DSC for all rocks
except a very fine-grained rock, (3) the aspect ratios for the peaks are between 5x 107° and
1073, (4) the aspect ratios for the peaks in granite samples are smaller than those of
calcareous rocks, (5) the DSC in granite samples are broader than those in calcareous rocks
in aspect ratio, and (6) the results (4) and (5) may be explained qualitatively by differences of
mineral composition and those of origins of rocks.
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Table 1. Physical constants of rocks used in this study

rock name K(Mb) G(Mb) E(Mb) v olg/cc) ¢ grainn;?z%n(mm)
Yamaguchi 0.750 0.346 0.900 0.300 2.711 0.0025 2.5
Yugoslavia 1.050 0.311 0.849 0.365 2.855 0.0036 0.4
Solenhofen* 0.570 0.270 0.700 0.295 2.663 0.047 0.01
Bedford' 0.550 0.190 0.511 0.345 2.620 0.123 1.0
Webatuck® 0.755 0.535 1.298 0.213 2.867  0.007 0.45
Westerly” 0.590 0.335 0.845 0.261 2.646 0.009 0.75
granite

Troy e 0.670 0.340 0.872 0.283 2.670 0.002 4.0
e 0.655 0.375 0.945 0.260 2.626 0.007 5.0

* denotes data from NUR and SMMONS (1969).
K, Bulk modulus, G; Shear modulus, E; Young’s modulus, v; Poisson’s ratio,
o; density, ¢; total porosity.
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Fig.1. Measured Vp changes(solid
lines, after NUR and SIMMONS,
1969 and SuiMizu, 1983) and cal-

Fig.2. Measured Vp changes(solid
lines, after NUR and SIMMONS,
1969) and calculated ones(broken

culated ones (broken lines) due to
pressure for five kinds of calcare-
ous rocks.

lines) due to pressure for three
kinds of granite.
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Table 2. Relationship of porosity to Vp increase

rock name (D" % SEE KO fernan(x10) fuoum
Solenhofen 2.0 0.2 0.1 0.047
Y;g;%%:chl 36.0 2.5 0.3 0.0025
Bl?r?nfeoslgne 68.0 4.7 1.0 0.123

Webatuck 39.0 0.9 2.34 0.007

Yugoslavia

dolomite 68.0 2.9 1.5 0.0036
Tgfa’:ﬁte 4.0 1.25 0.5 0.002

Vg?iﬁ{? 54.0 2.15 3.46 0.009

Casco 9.0 30

granite . . 1.32 0.007

*This value gives the Vp increase from 1 bar to 1 kbar

619359, Perack and drorm give the closed crack porosity from 1 bar to 1 kbar, the total

crack porosity and the total porosity, respectively.
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stone. stone.
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Fig.7 Same as in Fig. 3 for Webatuck dolo-  Fig.8. Same as in Fig. 3 for Westerly granite.
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Fig.9. Same as in Fig. 3 for Troy granite. Fig.10. Same as in Fif. 3 for Casco granite.
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Table 3. Characteristics of distributions
of shapes of cracks in rocks

rock name @eak B
Tmaracht 107t L
Solenhofen _

limestone B
e
e o0t o
Canite 1 23

* apear 1S the aspect ratio of which cracks are

most dominant in a rock.

**B, which is defined in the text, is the para-

meter related to the shapes of distributions.

Wit S B SR DT LR A e b EWIfFE NS,
—%, BEY LR, EEBRKEETH NI, AKREEIIAEA2RITITHRET
BB, KEETHE, W2ZEE2EETHRIMCBIETICER LR EFL 7 7 v 7058 ET 5, 72,
SEEICE{LL B THOTHNRIENICRRL2REL 7 7 v Z13FE L ) 5. MEE Tz
B EBEEBICEN 779 7P RINE EFEZLND, - T, KEETIE, MESCHk
NTCREFELRERD 7 Z v 7B E S 5 2 EEFE N5,

kS, BEARD 7 7 v 7 OBRSAOEVIZERNIC ISR OEZ V- R ORI
DEVELTHAZINGY, O EHRL TAYED L) RS EERNLTRFIC L VHEES N

5THDHI.



288 Hm ok B 2

=
&
»

SHIN LTIV, MESNPEAET— 90575y 7 OBRSTHED b, L
FIHREL L5,

(1) COBRNRENMARLEEBEIAD 7T o 7 OBME L THALSHBENG, Thb
b, PUSEENWARIZIBNSZZ T v 7 DEERIZHAMRETFL TV 5,

(2) BMROERLRITE, 77y 7 OBKIHIZ 1 20— 7 k5, Lhb, E—7%
57 AT P 5 X105 ~10" n&ipIc b 5,

(3) TEMEDT T o IDOHRIBNE—2 L% BT 227 b MIEEREEDZ LY DS,
@) TEMBEDTZ .y 7 OWRHIE, TRA~7 L cML T, BREEDZILE ) EEELE
M o,

5) (3) WOAADE GRS k EBEORENR & L TR 3315,

WEE RMLETATORLEVAEE S&ESICEE 2L 2T, 408, itE R At#mER AR
Bt ¥—on HITAC-M200H T 2 L7z,

X R

ANDERSON, D. L., B. MiNsTER and D. CoLE, 1974, The effect of oriented cracks on seismic velocities, J.
Geophys. Res., 79, 4011—4015.

CHENG, C. H. and M. N. Toks06z, 1979, Inversion of seismic velocities for the pore aspect ratio spectrum of
a rock, J. Geophys. Res., 84, 7533 —7543.

ESHELBY, J. D., 1957, The determination of the elastic field of an ellipsoidal inclusion and related problems,
Proc. Roy. Soc., Ser. A, 241, 376-—396.

LockNER, D. A., J. B. WaLsH and J. D. BYERLEE, 1977, Changes in seismic velocity and attenuation during
deformation of granite, /. Geophys. Res., 82, 5374—5378.

NUR, A. and G. SIMMONS, 1969, The effect of saturation on velocity in low porosity rocks, Earth Planet. Sci.
Let., 7, 183—193.

SHimizu, N., 1983, The effect of cracks on compressional wave velocity and its anisotropy in calcareous
rocks, Ph. D. Thesis, Hokkaido Univ., 122pp.



