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MEASUREMENTS OF CRUSTAL STRESS GRADIENT
WITH DEPTH AT MANNARI SITE, OKAYAMA CITY

By Yutaka TANAKA

Synopsis

In order to confirm the stress state of the region where seismic activities are
low, the stress measurement by the hydrofracturing method was performed in
Okayama city drilling a 200 m deep vertical borehole.

The measuring site consists of the homogeneous rock bed of the Mannari
granite of the Late Cretaceous. The boring core looks almost homogenous for all
200 m long, however, cracks and Aplite dyke are observed at places. Especially,
deeper than 175m were seen discing phenomena. There are old fault or fracture
zone-like signs, too.

The azimuth of the maximum principal stress is N45°W-S45°E and this
corresponds well with the result of the geodetic survey of the region. Magnitude of
the maximum and the minimum principal stresses in the horizontal plane show
approximately the equal increasing rate with that of the West Japan standard stress
gradient up to 90m deep, however, between 90m to 170m deep, the stresses
decrease to show almost lithostatic state, and then, from 175m below, they increase
very rapidly.

The maximum shear stress value is, at every depth, unusually low. Within a
granite block, a stress relaxation takes place in a homogeneous rock bed, on the
contrary, a stress concentration seems to develop in the hard structure, as expected
from discing phenomena.
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Fig.1. Location of Mannari measuring site (@) in Okayama city. Short lines
show the azimuths of principal stress by in situ measurement. Stress
measurements except at Mannari were made from 1977 to 1990. Arrows
indicate the maximum pressure axes obtained from earthquake
mechanisms by Nishida (E-1) and Takeuchi (E-2).

Hi: Hiraki, Ho: Hoden, Ts: Tsuchihashi, R: Rokko-Suwayama,
I: Ikuno, A: Akenobe, S: Shiromidai, T: Takatsukayama,
Y : Yanahara, O: Otani
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Fig.2. Topography of Mannari and its vicinity, and NW-SE cross section
through the measuring site (S).
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Fig. 3. Left : columnar section of borehole.

C: crack, F: fracture, D: discing, S: soft, H: hard, W: weathered
Middle : principal stress axes in horizontal plane at each depth.
Right : azimuths of maximum principal stress at each depth.
O : estimated maximum stress azimuth after excluding topographical
effects.
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Depth Deptit
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179 180
180 8L
181 182
182 183
183 184
184 145

181
132
193
194
196
196

Photo. 1. Boring core taken at Mannari measuring site (Depth: 179~201.1m).
Discing phenomena are clearly seen on cores deeper than 190m.

Tablel. Horizontal stress values and azimuths at different depths
obtained by hydrofracturing measurements at Mannari site

Depth(m) 0w (MPa) ov:(MPa)  Azimuth of 0w: 0w Tha

35.5 — 2.90 N 21.9° E - -
52.0 2.45 1.82 N 16.4° E 2.14 0.32
63.0 4.80 3.78 N 22.2° W 4.29 0.61
4.7 3.42 3.03 N 46.7° W 3.23 0.20
86.5 4.49 2.83 N 40.2° W 3.66 0.83
119.0 3.26 2.74 N 43.5° W 3.00 0.26
138.0 3.65 2.42 N 84.2° W 3.04 0.62
157.0 3.75 2.89 N 58.5° W 3.32 043
179.0 7.18 4.57 N 10.2° W 5.88 1.31
183.5 11.12 6.08 N 64.8° W 8.60 2.52
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Fig.4. Depth distribution of maximum (@::) and minimum (0..:) principal
stresses in horizontal plane. Solid lines indicate West Japan standard
depth gradients. Chain line shows theoretical overburden pressure (o =

2.6g/ad).
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Fig.5. Depth distribution of mean stress (o») and maximum shear stress
(74) in horizontal plane. Solid lines indicate West Japan standard depth
gradients.
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Fig.6. The ratio (#n) of mean stress value and maximum shear stress value.
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