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Measurements of crustal stress orientations around the north segment of the
East Matsumoto Basin faults, central Japan, by using borehole deformation
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at shallow depths
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Abstract: Stress orientation measurements were conducted at shallow depths around the north segment
of the East Matsumoto Basin faults (EMBF), which is a northern part of the Itoigawa-Shizuoka Tectonic
Line. The studied area is characterized by a low activity of microearthquakes. The principle of the
method of the measurement is to monitor the creep deformation of a borehole just after drilling in the
anisotropic stress field. The orientation of the maximum horizontal compressive stress (Sy..) Wwas
determined from a minor axis of an ellipse fitted to a deformed shape of borehole cross section. The
measurements were successful at three sites, while we chose four sites for the measurement in the area.
Three to five measurements at each site were conducted at different depths ranging from 11 m to 17 m.
Observed Sy, Orientations are in a range between NE-SW to NEE-SWW in general, which is found to
have almost a right angle to the strike of the EMBF. The topography effect calculated theoretically with a
finite element method using actual topography data around the measuring site is found to be negligibly
small in the present experiment. It is noted that the observed orientation of NE-SW to NEE-SWW is
consistent with the slip sense of the north segment of the EMBF which is estimated to be mainly a
reverse fault.
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Table 1. Summary of site parameters and measurement results.
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(3AfF 02010429 A 3 H, =PL:20104E 11 A 1 H)

o | Latitue |Longtiuce| 0P, | weasrement|  shmax | (SRR | Macinea
level (m) the orientation| ellipse (%)
13.10 N22.3°E 9.4° 1/855.2
14.75 N93.8°E 5.4° 1/188.9
A |[36.47930|137.9212 530
15.27 N79.8°E >180° 1/12200
16.35 N60.0°E 0.8° 1/30.0
11.35 N162.9°E 2.7° 1/194.7
12.05 N78.8°E 2.1° 1/93.5
B |36.43578|137.9374 490 13.95 N64.8°E 1.9° 1/128.5
15.42 N66.4°E 3.6° 1/137.2
16.35 N86.3°E 4.2° 1/206.7
13.48 N120.7°E 3.2° 1/187.0
C |36.36167(137.9156 585 15.25 N114.9°E 10.1° 1/176.0
16.70 N41.6°E 1.1° 1/17.2
D |36.39848| 137.898 | 665 — — — —
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Table 2. Physical constants applied to each element of the finite element method.

Depth (km) Vp (km/s) Poisson's ratio Density (g/cm?®)
0~1 3.5 0.25 2.7
1~2 3.8 0.25 2.7
2~3 4.9 0.25 2.7
3~4 5.3 0.25 2.7

3R, ARERECHE L3 HUSORE 17.5m (T8 2 M RIC
£ DI R FIE T DA & T B O/ IR FE 6 7] DA

Table 3. Stresses and the orientations of Sy, and Sy, at a depth of 17.5 m
calculated from FEM models.

Site Szz (kPa) S(F:(”F",z’)‘* Shmin (kPa) orimat;‘on
A 43738 ~62.2 ~954.4 N106.1° E
B 531.6 205 ~154.0 N46.0° E
c 557.1 1025.7 544.3 N66.7° E

* Positive : compression

4. AIRIESHEVET 3 HUSOE T VISR SFIZ 15 MPa @ 1 §ilifE
IS 2 N Z T2 BB OVREE 17.5 0 D Sypay & S DI L I

Table 4. Stresses and orientations of Sy, and Sy, at a depth of 17.5 m for
the calculation with compressive stress 15 MPa in a E-W direction.

, . SHmax
Site SHmax (kPa) Shmin (kPa) orientation
A 147754 -613.9 N84.4° E
B 16528.4 1360.6 N87.6° E
C 14587.3 501.1 N92.0° E
* Positive : compression
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Fig. 1. Epicenter (M>0) distribution from Japan Meteorological Agency catalogue around the East
Matsumoto Basin faults of the Itoigawa-Shizuoka Tectonic Line from 2006 to 2008. Activity
of earthquake is low in bold square area.
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Fig. 2. System diagram of a tool for stress orientation measurements (from
Kiguchi et al., 2010).
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Fig. 3. Locations of 4 drilling sites for stress orientation measurements. A bold square area indicates the region of a
low activity of microearthquakes. Active fault traces are simplified from Shimokawa e/ al. (1995). Bold
line : active fault, dotted line : inferred active fault, white line : concealed active fault.
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(b) site B

(c) site C

(d) site D

B4, WEREMTO=a T BH. RENTIERE 277, () A #R (UUETRE @ 16.35m), (b)B i
A GRIETREE £ 12.05m), (o) C Mg (UIEVREE : 16.70m), (d)D Him (RE 15~16m, AKHEFS
OWHEE D78 D S TIRIE 21T 2Dl 72).

Fig. 4. Photographs of core samples at measurement depths. Arrows indicate measurement depths. (a) for the site A
at a depth of 16.35 m, (b) for the site B of 12.05 m, (c) for the site C of 16.70 m, (d) for site D from 15 to
16 m. We could not measure at site D because whole core sample is unconsolidated gravel.
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Fig. 5. An example of original data of borehole shape measured at a depth of 13.95 m at site B. The data of the first,
the 10th, the 50th, the 100th, and the 150th lap are overlaid. The data are almost overlapped at the same
points, indicating a good data quality in this scale of the figure.
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Fig. 6. (a) Time variations of borehole diameters relative to the initial ones for each 30 degrees orientation at a depth of
16.70 m at site C. The data after 2 hours from measuring were defined as the initial data, because the data during
2 hours from measuring were not stable. (b) Result for a depth of 16.35 m at site A. The data after 1 hours from
measuring were defined as the initial data, because the diameter during 1 hours after the start of the measurement
were isotropically enlarged.
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Fig. 7. Relative changes of the borehole shape (red dots) at 3 sites. Moving average for 10 degrees is applied to the data.
Siimax Orientations (blue arrows) are determined from the minor axis of the ellipse fitted to the deformed shape.
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Fig. 7. Continued.
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Fig. 7. Continued.
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Fig. 8. Sy Orientations (red bars) at the 3 sites. The orientations estimated at all depths in each site are overlaid on the map. A dotted
line at each site denotes a theoretical stress orientation caused by a gravitational effect of topography. The length of the bar is (a)
inversely proportional to a value of a standard deviation of the estimated orientation and (b) proportional to a parameter of
flattening of the fitted ellipse. A scale of S.D.=2.0 deg. and F=1/100 (%) is shown in the upper right. The length of the bar for 1.5
degrees of the standard deviation (a) or for 1/50 (%) of the flattening (b) is a upper limit of the length in the figure. Black dotted

lines denote theoretically calculated orientations of the maximum compressive stress due to topography effects. A dotted line at
site A shows a orientation of absolute minimum stress, since all principal stresses are tension.
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(a) site A

%9, AIREHEIC L 0 MR A G A REE. 4 km D05 ORISR 2 ARV A TR, IERLE A B ALTTRT
(a) A Hiss, (b) B His, (c)C His.

Fig. 9. Region for the calculation of the FEM. The model size is 4 x 4 km’, which is indicated as white square. White circle
indicate the position of measuring site. (a) site A, (b) site B, (c) site C.
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Fig. 10. Model of the FEM for calculation of topography effect. Closed circle indicate the position of measuring site.
(a) site A, (b) site B, (c) site C.
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Fig. 11. Results of the calculated stresses of the topography effect at a depth of 17.5 m from surface for the site A. Positive
value means compression. (a) S, (b) S,,, (c) S,,.
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(b) TREE 80 m LA & IR L 7o G
Fig. 12. (a) Calculated results of the topography effect in a depth direction at site A. (b) Same results as magnified
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F 13 ). REE 17.5 m IZB T HHIEZNIRIC KD ACE R IO H AL, FALZ w385 O & S 1L, IS O Eic bl L,
FICHBEMEDOEEITE, IRV OHBEIIRTHS. () A ML, (b)B MR, (o) CHim.

Fig. 13. Orientation of the horizontal principal stress caused by gravitational effect of topography at a depth of 17.5 m. The length
of the bar is proportional to an absolute value of stress. The blue bar and red one indicate compressive and tensional
stress, respectively. (a) site A, (b) site B, (c) site C.
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