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MEASUREMENTS OF CRUSTAL STRESS GRADIENT WITH
DEPTH AT MANNARI SITE, OKAYAMA CITY
(CONTINUED REPORT)

By Yutaka Tanaka

Synopsis

In November 1990, the stress distribution until as deep as 200 m was measured on Mannari gra-
nite block in Okayama City. The Borehole was extended until 300 m deep in 1991, and the stresses
between 200 m and 300 m were further measured at 9 points by the hydrofracturing method. As a re-
sult, it was made known that the stress value is low and nearly lithostatic state until 170 m deep. At
the depth around 175 m, discing phenomenon was observed. Then around 190 m deep, an old con-
creted fault came out and the stress value began to increase sharply in deeper part.

The ratio (#,,) of the shear stress value to the horizontal mean stress value takes from 0.3 to 0.4
in deeper than 180 m. The horizontal shear strain changes in the vicinity of Okayama City obtained by
geodetic surveys have been as small as 10X 107% (1X1077/yr) in past 100 years, and seismic activity
is extremely low as well. It is absolutely impossible to occur shear fracture if z,,=0.4 or smaller, or
under such a stress state even though the hydrostatic pore pressure is taken into consideration.
Okayama area is, though unexpectedly under high stress state, supposed to be a stable area with low
shear stress and low stress changes.
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Fig. 1. Left: columnar section of borehole.
A: aplite dike, Gd: granodiorite, C: crack, D: discing, F: fracture,
H: homogeneous, W: weathered
Right: azimuths of maximum principal stress at each depth.
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Table 1. Horizontal stress values and azimuths at different depths obtained by
hydrofracturing measurements at Mannari site

Depth (m) o, (MPa) &y, (MPa) Azimuth of gy o Th
35.5 — 2.90 N21.9°E — —
52.0 2.45 1.82 N16.4" E 2.14 0.32
63.0 4.80 3.78 N22.2° W 4.29 0.51
74.7 3.42 3.03 N46.7° W 3.23 0.20
86.5 4.49 2.83 N40.2° W 3.66 0.83

119.0 3.26 2.74 N43.5° W 3.00 0.26

138.0 3.65 2.42 N84.2° W 3.04 0.62

157.0 3.75 2.89 N58.5° W 3.32 0.43

179.0 7.18 4.57 N10.2° W 5.88 1.31

183.5 11.12 6.08 N64.8° W 8.60 2.52

202.3 30.35 15.53 N16.9° W 22.94 7.41

214.4 18.40 8.45 N51.2° W 13.43 4.98

223.0 14.50 6.73 N57.6° W 10.62 3.89

230.0 15.16 6.96 N57.3° W 11.06 4.10

240.8 21.31 9.70 N71.3°W 15.51 5.81

264.0 25.51 12.20 N34.9° W 18.86 6.66

275.3 17.09 8.83 N48.7° W 12.96 4.13

285.4 17.06 8.82 N61.1° W 12.94 4.12

292.2 24.31 12.13 N44.7° W 18.22 6.09
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Fig. 2. Depth distribution of maximum (oy;) and minimum (ay,,) principal stresses in horizontal plane.
Solid lines indicate theoretical overburden pressure (o=2.65 g/cm®).
F: fracture zone or old fault, D: discing phenomenon, H: homogeneous part.
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Fig. 3. Depth distribution of mean stress (oy) and maximum shear stress (z,) in
horizontal plane.

AEMFILNE W, FRII LG om iR < Thi h K& <, 100m 122V T 6 MPa
(0.06 MPa/m) fiT, W HAELNHED 2 HAEDHRIET 5,

4.4 [EHREDE

Ons Ohz O Th PVTHOBILEBTH LD Fig. 4 IIRT L) IZADDBHENEROLNE, Tabb,

a) CHMEIES LML TV 24, MREBHS T, TEEEOHEBS TILIRIDI2OHIETIE
MEF LT,

b) TEMMEIRES 170m T TREEEREISEY, HOBB DS - 728 & ) B> SIe ARk
LT 2RSS NEHSBEL, R8T TEBCHAR L REHARD 2 212005,

o) &R HTH B, FEEEK 10m 2V Lk 100m BEOSEICHES B) »WHEETH
5LV, TREVHIBH TRIEIERIELTREL LYy,

d) BURICE 2L, SEEONEHEIMERES, BROFFICL LIRS DOIEENDHY, D7
HERBL TV, FHLTRAITHES LRITERL TV,

REICIE, Pig.4 Db, c HZYUTHAH, bLbFEZE40E, 210m LAREE L~ (€A
48) LRV (RS A4S Cohh, RASRETENEADIEEEGEZRO L L RADBY &
L5,

om = 1.240.084H, = —2.5+0.050 H
om =5.5+0.042H, g =—1.34+0.036 H

__._5_



426 BUORBS KRR S #3655 B-1 F4. 4 (1992)

0 10 20 30 HPs 0 19 20 50 7
[} v u T T T T 9 T T T T
e : ch, ®: ohy
T \o Qr chy 3 o' O : dh:
- oe Z '
£ \oe Oxavass £ P
3 o™ Glanaat) &

{laaat}

—
=1

0

2001 o 200} .

300 300
a b
0 10 2 30 fPe 0 10 0 30 M
i T T T T T T 0 T T T v v T
e : ah, # : ghy

T ° O : ghy 3 \© O : ghy
H Oxavasa é Travana
= (Mannazt) = (Manxart)

-

00f

-
<

1] 8

v e —o 2001

300F 3001

Fig. 4. Several presumable cases of stress depth gradient are shown by straight and curved lines.
Solid line: maximum horizontal stress

Broken line: minimum horizontal stress
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Fig. 5. The ratio (zy) of maximum shear stress value to mean stress value.
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Fig. 6. The ratio (x,,) of maximum shear stress value to mean stress value considering 3 dimensional

stress. Vertical stresses are calculated from theoretical overburden pressure.
@: reverse fault type, O: strike slip fault type, ©: normal fault type
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Fig. 7. Mohr's envelope estimated from compressive strength and tensile strength of Mannari
granite. The data are obtained by uniaxial compressive test and by hydrauric fracturing at
Mannari. H.P.P. indicates the effect by hydrostatic pore pressure at 2 km depth.
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Fig. 8. Seismic activities from 1951 to 1985 in the Northern part of Kinki District and Chugoku
District. The areas enclosed with chain line show the sampling areas of different types of
seismic activity.
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Fig. 9. Maximum horizontal strain (¢,) and minimum horizontal strain (¢;) calculated from the average
of maximum shear strains (¥) and of the dilatational strains () in each geodetic triangle within
six different areas. These areas are shown in Fig. 8.
+: extension, —: contraction, N: number of occurrence of earthquakes (35 yrs. M=3).
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