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A view of the eastern side of Mt. Muine

Mt. Muine is an andesitic volcano that formed in the Pliocene in southwest Hokkaido. The altitude
at the summit is 1,464 m. There are a number of hydrothermal veins that include Toyoha polymetallic
(Zn, Pb, Ag, Cu, Sn and In) vein-type deposits, which are genetically related to volcanic activity. The
Pliocene volcanic-hydrothermal system overprinted a Miocene volcanic-hydrothermal system.
Combined with previous data on geological reconstruction and fluid inclusion studies, an oxygen
isotopic study on hydrothermal vein quartz showed that the origins of the Pliocene and Miocene
hydrothermal waters are distinct. For more information, see the related article in this volume.

(Photograph and Caption by Toru Shimizu)
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Article

Oxygen isotopic study of vein quartz in Neogene-Quaternary

overprinting hydrothermal systems in the Toyoha-Muine area, Hokkaido, Japan

Toru Shimizu

Toru Shimizu (2013) Oxygen isotopic study of vein quartz in Neogene-Quaternary overprinting hydro-
thermal systems in the Toyoha-Muine area, Hokkaido, Japan. Bull. Geol. Surv. Japan, vol. 64 (7/8), p.
191-200, 4 figures, 2 tables.

Abstract: An oxygen isotopic study of vein quartz in the Toyoha-Muine area was conducted using a CO,
laser microprobe technique, in order to determine origin of hydrothermal fluids. The oxygen isotopic val-
ues of the hydrothermal fluids resulting in the vein formations were calculated to be between -10.6 and 1.0
%o, using the obtained oxygen isotopic values of quartz and previous data on the formation temperature
of quartz from fluid inclusion studies. Combined with existing chronological data on the hydrothermal
activities related to the vein formations, the isotopic values are classified into two different chronological
ranges: -6.3 to 1.0 %o in Middle to Late Miocene and -10.6 to -6.7 %o in Pliocene-Pleistocene. Based on
the previous geological reconstruction at the area, the values for the Middle to Late Miocene event indi-
cate mixtures of fluids with variable ratios of meteoric water, seawater and magmatic water, whereas the
values for Pliocene-Pleistocene result from fluids with high ratios of meteoric water to magmatic water.

Keywords: oxygen isotope, quartz, hydrothermal fluids, hydrothermal systems, Toyoha, Muine

1. Introduction

The Toyoha-Muine area (hereafter referred to as TMA)
is located in southwest Hokkaido. The area has been a
part of an active volcanic zone in southwest Hokkaido
since Neogene, and Mt. Muine, an andesitic volcano, is
located immediately in the south of the research area (Fig.
1). Toyoha, the largest polymetallic (Zn-Pb-Ag-Cu-Sn-In)
vein-type deposit in Japan, is situated in the north of the
research area (Fig. 1).

The TMA has been investigated by a number of
researchers in various fields, including geology,
geochronology, geotectonics, geophysics, geochemistry,
and mineralogy (e.g., Akome and Haraguchi, 1963; Sawai
et al., 1989; Watanabe, 1990; Takakura and Matsushima,
2003; Ohta, 1989, 1995; Shimizu and Aoki, 2011). These
studies revealed that the TMA has undergone complex
overprinting magmatic-hydrothermal activities, with
metallic mineralization since early Miocene. Prior to
the present study, two oxygen isotopic studies have
been conducted on vein quartz in the TMA (Matsuhisa
et al., 1986; Shimizu and Aoki, 2001). These previous
studies, however, are restricted to the Pliocene-Pleistocene
hydrothermal system.

Combined with recent studies on geochronology,
hydrothermal alteration, and fluid inclusions (Aoki et
al., 1997; Shimizu and Aoki, 2000; Shimizu et al., 2003;

Shimizu and Aoki, 2011), this paper presents new oxygen
isotopic data of hydrothermal fluids for vein quartz in
the Middle to Late Miocene, and Pliocene-Pleistocene
hydrothermal systems.

2. Qutline of geology, hydrothermal alteration,
and ore deposit

The geology of the TMA comprises three stratigraphic
units: the pre-Tertiary basement consisting of sedimentary
rocks (Usubetsu Formation), Miocene volcanic and
sedimentary successions (Shiramizugawa, Shiraigawa
and Takinosawa Formations, and Asari Group), and the
Pliocene Muineyama Lava of andesitic composition (Doi,
1953; Geological Survey of Japan, 1980; New Energy and
Industrial Technology Development Organization, here
abbreviated to NEDO, 1988). The pre-Tertiary basement
and Miocene successions are intruded by numerous dikes
(e.g., granodiorite, NEDO, 1988).

Shimizu and Aoki (2011) showed that hydrothermal
alteration was extensive in the Miocene successions, and
that it could be divided into acid and neutral alterations
using data on the pH and temperature stabilities of the
alteration mineral assemblages (Utada, 1980; Reyes, 1990).
The acid alteration mainly produces quartz, pyrophyllite,
dickite, kaolinite, and alunite, whereas neutral alteration
forms quartz, sericite, chlorite, pyrite, and calcite. The

AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
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Fig. 1 Sampling locations for oxygen isotope analysis (X1 to X6 and X11 to X15) on a topographical map. Distribution of hydrothermal
alteration of different ages and ore veins in the studied sub-areas of Toyoha, Yunosawa, Ogawa, and Shiramizugawa are
depicted, after Shimizu and Aoki (2011). Chronological ranges: MLM and PP correspond to Middle to Late Miocene and
Pliocene-Pleistocene. The ore veins at the Toyoha deposit are projected to the surface. A-A’ and B-B’ at Toyoha correspond to
the locations of vertical sections in Figs. 2a and 2b, respectively. The short, thick, dashed line between the southeastern end of
the Shinano vein and the southern end of 9MATY-2 drilling indicates a NNW-SSE fracture with ore veins intersected by the
OMATY-2 drilling at depth (Shimizu, 2012). *: There was no outcrop of ore veins at the surface; however, ore samples were
collected from the dump in a previous prospect to the east of Ogawa.

latter alteration commonly accompanies hydrothermal
veins. A number of K-Ar ages were determined for alunite,
sericite, and interstratified sericite/smectite to constrain
the timing of hydrothermal activities. Most of the ages

fall within three periods: 24.6 Ma, 12.5-8.4 Ma, 3.2-0 Ma
(Shimizu and Aoki, 2011). The surface and subsurface
distribution of chronologically different alteration phases
is displayed in sub-areas of Toyoha, Yunosawa, Ogawa,
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Fig. 2 Cross sections showing sample locations (X7, X8, X9 and X10) for oxygen isotope analysis. The cross sections are
modified after the Ministry of International Trade and Industry (2001) and Shimizu and Aoki (2011). The sections A-A’
(Fig. 2a) and B-B’ (Fig. 2b) correspond to those in Fig. 1. Drill hole 11MAHN-1 is projected to B-B’. The chronological
ranges of hydrothermal alteration correspond to those in Shimizu and Aoki (2011). EM: Early Miocene; MLM and PP:
the same in Fig. 1. Meter in italic is the distance (m) along each drill hole from the drilling point. Three thick arrows
at the depth of IMATY-2 drilling in Fig. 2a indicate the ore veins that occupy the same NNW-SSE fracture as the

Shinano footwall vein in Fig. 1 (Shimizu, 2012).

and Shiramizugawa (Figs. 1 and 2, Shimizu and Aoki,
2011). The Toyoha sub-area is slightly extended to the
southeast to include a drill hole: 12MAHN-1 in the present
study. The chronological range of the alteration along drill
hole 12MAHN-1 is not determined in the present study.

Hydrothermal veins are mainly hosted by the Miocene
successions with neutral alteration. The Toyoha deposit
is at the north part of the TMA, comprising earlier and
later veins characterized by Zn-Pb mineralization to the
northwest and Zn-Pb-Ag-Cu-Sn-In mineralization to the
southeast, respectively (e.g., Yajima and Ohta, 1979, Fig.
1). Quartz is commonly associated with ore minerals in
the earlier veins whereas it tends to occur before and after
the polymetallic mineralization in the later veins (Narui
etal., 1988).

Numerous quartz and calcite veins occur in the Toyoha,
Yunosawa, Ogawa, and Shiramizugawa sub-areas. Most
of the veins are barren, with a thickness between 1 and 40
cm. Some quartz veins, however, contain sulfide minerals
(e.g., pyrite, sphalerite, galena, and chalcopyrite) and have
a variable thickness between 2.5 cm and 50 cm or more
(e.g., Ohta, 1997; Shimizu ef al., 2003; Shimizu, 2012).

3. Quartz samples

The samples were collected from surface outcrops and

from underground at various localities in the Toyoha,
Yunosawa, Ogawa, and Shiramizugawa sub-areas (Figs.
1 and 2). The analyzed samples at Toyoha were collected
from the peripheral parts: X1 and X2 to the northwest
(Fig. 1) and X7 to X10 to the southeast (Fig. 2). The
characteristics of quartz samples as described via oxygen
isotopic studies are summarized in Table 1. Samples were
obtained from quartz veinlets, except for X2, X5, and X14.
Some of the samples (X10, X11, X12, X13, and X14) were
intimately associated with sulfide minerals of sphalerite,
galena, chalcopyrite, and pyrite.

4. Analytical procedure

Oxygen isotopic study was carried out for the
thin sections that were also used for fluid inclusion
microthermometry (Fig. 3). Quartz chips were extracted
from each section for isotopic analysis. Some of the chips
(X1, X3, X4, and X14) that were partly disseminated with
goethite were treated with 5% oxalic acid to dissolve the
mineral. Quartz aliquots between 0.94 and 2.17 mg were
prepared for each isotopic analysis (Table 2).

Oxygen was liberated from the quartz using a CO,
laser (SYNRAD Model 48-2-115 25W, A= 10.6 um) and
a bromine pentafluoride method essentially the same as
that described by Sharp (1990). The optical system that
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Table. 1 Characteristics of quartz samples for oxygen isotope analysis
Sampling  Strati- ?bf(?\flel Vein Vein
Sample name location  graphic Strike/ dip sea width minerals Comments
No. group (cm)
level
N50°E Qz network vein. Sampled at
1998-07-03-01 X1 NE TN © 605 ° <4°® Qz® nearby Rebun raise of the
Toyoha mine.
1998-07-03-02 X2 SI¢ P 660° 20" Qz® Qz vein. ¢
MU98102711-5 X3 SM© n.d. 480° <3°® Qz"® Qz veinlet. ¢
MU98102711-6 X4 ditto ditto ditto ditto ditto ditto
1998070604D X5 SM n.d. 550° 40° Qz® Qz veinlet nearby fumarole. ¢
1998070604D No.2 X6 ditto ditto ditto ditto ditto ditto
Drill core sample
Qz veinlet. Oz occurs during
IMATY-2 1184.1 m X7 SM® n.d. -39° 1.5° QZ-PC}’}I-ISE-gn and after sp and gn depositions.
Py-sp-on-chl Qz veinlet. Black-umber
11IMAHN-1925.1 m X8 SM ¢ n.d. 82° 1°¢ y-sp-gn reniform sp and euhedral gn
9z form in quartz vug. ©
12MAHN-1 280.2 m X9 SM ¢ n.d. 500 ¢ 5¢ Qz-ka® Qz veinlet. Ka occurs in
euhedral qz vug.
Qz veinlet. A qz-py vein is
Py-asp-sp-c crosscut by a qz-sp vein. Qz
12MAHN-1 7129 m X10 SM ¢ n.d. 225°¢ >1.5¢ y -pz PP associated with sp was used for
a fluid inclusion and oxygen
isotopic studies. °
Cp, py, sp and gn interstitially
-~ £ £ Qz-cp-py-sp  occur in a qz vein. The sample
961030-01 X1l SM n.d 390 n.d. —gn 4 for fluid inclusion and oxygen
isotopic studies was a float. '
Qz network vein associated
with small amounts of ore
MA-960919-1-3 \ Qz-sp-gn-c minerals. The vein was situated
No.1 (961030-2 X12 SM ! n.d. 850° 2.5° 2P ENEP below a sp-gn-cp-py-z vein
No.1) Py with thickness, strike and dip of
50 cm, N45°E and 35°N,
respectively.
MA-960919-1-3
No.2 (961030-2 X13 ditto ditto ditto ditto ditto ditto
No.2)
Sp, gn and py sporadicallby
£ N65°E b b Qz-sp-gn-py  occur in the quartz vein.
MU98102804 X14 SM 90°° 650 250 -goe ° Goethite occurs along cracks of
the vein. '
98102901° X15 SMf N;‘SZ‘S” 790 ® 1 Qz® Qz veinlet. ®

Sampling location Nos. X1 to X19 correspond to those in Figures 1 and 2. Stratigraphic group: SI = Shiraigawa Formation, SM =
Shiramizugawa Formation. n.d. = not determined. Abbreviations: asp = arsenopyrite, chl = chlorite, cp = chalcopyrite, goe = goethite, he
= hematite, ka = kaolinite, gn = galena, py = pyrite, qz = quartz, sp = sphalerite. References: a. Ohta (1997); b. Shimizu and Aoki (2000);
¢. Ministry of International Trade and Industry (2001); d. Shimizu and Aoki (2001); e. Shimizu et al. (2003), f. This study.

introduces a laser beam into the stainless steel reaction
chamber through a barium difluoride window is co-axial
with a UV-CCD camera. The diameter of the focused laser
beam is ~100 um. The extracted oxygen was converted to
CO, with a diamond furnace at 1000 °C. A triple-collector
mass spectrometer (Finnigan MAT 251) was used for the
isotopic analysis, the result of which is expressed in 6'%0

(VSMOW: Vienna Standard Mean Ocean Water) notation.
The overall experimental reproducibility in the routine
analyses was +0.1 %o (10).

The oxygen isotopic values of quartz samples (518Oqum
values) were determined, using a %0 value of 9.34 of
an international silicate standard material (NBS-28) on
the SMOW scale (Matsuhisa and Aoki, 1994), resulting
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Table. 2 Oxygen isotopic values of quartz and hydrothermal fluids

. Formation
umlemme oot wegnO (0 oeagonthenug | ©'Ous  Chronlogal ngeof
No. inclusion study of (%o) hydrothermal alteration
quartz

1998-07-03-01 X1 1.90 22 192* -9.9 PP
1998-07-03-02 X2 1.41 42 157* -10.6 PP
MU98102711-5 X3 1.08 2.9 173* -10.6 PP
MU98102711-6 X4 1.10 33 173* -10.2 PP
1998070604D X5 2.17 22 241* -7.1 PP
1998070604D No.2 X6 0.94 2.6 241* -6.7 PP

Drill core sample

IMATY-2 1184.1 m X7 1.55 5.6 241° -3.7 MLM
11IMAHN-1925.1 m X8 1.04 2.5 253° -6.3 MLM
12MAHN-1 280.2 m X9 1.73 2.2 193° -9.9 n.d.
12MAHN-1 712.9 m X10 1.39 2.9 213° -7.9 n.d.
961030-01 X11 1.42 9.9 223¢ -0.3 MLM
MA-960919-1-3 No.1 X12 1.16 8.4 284° 1.0 MLM
MA-960919-1-3 No.2 X13 1.57 8.5 284° 1.0 MLM
MU98102804 X14 1.17 42 232¢ -5.6 MLM
98102901” X15 1.40 5.1 2214 -5.3 MLM

Sampling locations for X1 to X19 correspond to those in Figure 1. Chronological ranges: MLM and PP are the same as those in Fig. 1.

Stratigraphic group: SI = Shiraigawa Formation, SM = Shiramizugawa Formation. A chronological range for samples X9 and X10 is not

determined in the present study. n.d. = not determined. References: a. Shimizu and Aoki (2001); b. Shimizu et al. (2003), c. Aoki et al.

(1997), d. Shimizu and Aoki (2000), e. Shimizu (2012).

in 2.5%o, 4.3%o, 3.0%o, 3.4%o, 2.4%o and 2.8%o for X1,
X2, X3, X4, X5 and X6, respectively (Shimizu and Aoki,
2001). To avoid any potential uncertainty involved in the
previous 6'%0 value of the international standard (e.g.,
an uncertainty caused by a variability of the equilibrium
fractionation factor a, .. ), however, the use of a 6'*O
value of 9.18 on the VSMOW-SLAP (Standard Light
Antarctic Precipitation) scale was deemed preferable
because it was obtained through the measurement of
oxygen gas directly derived from VSMOW and SLAP
(Kusakabe and Matsuhisa, 2008). Thus, the present
study uses the 8'*0 value of 9.18 for the NBS-28 for the
determination of Slgoqmz values of the whole samples
(X1 to X15).

5. Results

The 8“‘0qua ., values are listed in Table 2, in addition
to the formation temperature data from fluid inclusion

studies. The oxygen isotopic values for fluids (6"°O,,

values) were calculated from the 6180W values and the
formation temperatures, using an equation of quartz-water
isotopic equilibrium (1000lna = 3.34 x 109T>-3.31;
Matsuhisa et al., 1979, Table 2).

The 60, ,, values and a previous dataset (Matsuhisa et
al., 1986) are plotted in Fig. 4 for the different research
sub-areas in the TMA. All the §'*O, . values range between
the values of meteoric water (nearby spring water, -12.6 to
-12.5 %o, Matsubaya et al., 1978) and magmatic water (6
to 10 %o, Giggenbach, 1992). Some 6'*O, , values (-0.3 to
1.0 %o) are close to the value of seawater (0 %o, SMOW).

6. Discussion

The common association of the quartz veins with neutral-
pH alteration in the Miocene successions (Shimizu and
Aoki, 2011; Shimizu, 2012) indicates that the quartz veins
and the neutral-pH alteration formed contemporaneously
due to hydrothermal activities. The author suggests that
the analyzed quartz samples, except for X9 and X10, are
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Fig. 3 Schematic map of locations for 6'30 laser microprobe analysis and fluid inclusion microthermometry for quartz in thin

sections with a thickness of 0.2 to 0.3 mm.

genetically related to either Middle to Late Miocene (12.5-
8.4 Ma) or Pliocene-Pleistocene (3.2-0 Ma) hydrothermal
activities (Table 2).

Based on geological reconstructions in Middle to Late
Miocene, the TMA was thought to have been located under
a submarine environment during a large part of the period,
butin terrestrial conditions between 10.5 and 8.5 Ma, except
for the north part of the TMA during submarine volcanic
activity at 9.5 Ma (Watanabe and Iwata, 1986; Watanabe
and Ohta, 1999). A variety of magmatic activities, forming
basalt, hyaloclastitic andesite, and intrusive granodiorite,
led to many centers of hydrothermal activities in the north

and east parts of the TMA including Toyoha, Ogawa, and
Shiramizugawa sub-areas (Shimizu and Aoki, 2011). The
present study suggests that the 5'°0,, ., values of -6.3 to 1.0
%o from the peripheral parts at the Toyoha, Ogawa, and
Shiramizugawa sub-areas (Fig. 4) resulted from mixing of
magmatic water, seawater, and meteoric water in variable
ratios. The intimate association of sulfide minerals with
quartz in some samples (X10, X11, X12, X13, and X14,
Table 1) from the Middle to Late Miocene alteration
indicates that the hydrothermal fluids of magmatic origin
carried sulfur from magma chambers. This is consistent
with the sulfur isotopic study of sulfides concluding that
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Fig. 4 Oxygen isotopic values of hydrothermal fluids for vein formations in the Toyoha-Muine area. Research areas: Toyoha,
Yunosawa, Ogawa, and Shiramizugawa correspond to those in Figs. 1 and 2. References: 1, Matsubaya et al. (1978);
2, Matsuhisa et al. (1986); 3, Giggenbach (1992); 4, Shimizu and Aoki (2011). The ranges of isotopic values in the

Toyoha earlier and later veins are shown as a bar.

the sulfide sulfur was sourced from arc magmatism in the
Toyoha-Muine area (Shimizu, 2012).

In Pliocene-Pleistocene, the TMA was situated in a
terrestrial environment with active magmatic-hydrothermal
systems as a result of active uplift in western Hokkaido
from Late Miocene (Yahata, 2002). The §'*O, , values for
the earlier (-9.2 to -3.2 %o in Fig. 4) and later veins of the
Toyoha deposit (-6.5 to -3.2 %o in Fig. 4) imply that the
hydrothermal water for the vein formations were generated
as a result of mixing between shallow meteoric water and
deep water, possibly magmatic in origin (Matsuhisa et al.,
1986). The relatively low 6O, ., values for the earlier
vein formation (-9.2 to -7.3 %o) attributed to lower ratios
of deep water to shallow water (Matsuhisa et al., 1986).
The similar range of 6"*O, ., values from the Yunosawa
sub-area and peripheral parts at Toyoha (-10.6 to -6.7 %o
in Fig. 4) suggests that origin of hydrothermal water for
the vein formations in the sub-area and parts is similar
to that of the earlier veins at the Toyoha deposit. If the
quartz samples (X9 and X10 in Table 2) in the peripheral
parts were genetically related to the Pliocene-Pleistocene
hydrothermal activity, the 'O, . values (-9.9 for X9 and

-7.9 %o for X10 in Fig. 4) could be interpreted as mixing
of high ratios of meteoric water with magmatic water. The
interpretation of the 3'*O, ., values in Pliocene-Pleistocene
in the TMA is similar to that for the nearby hydrothermal
veins at the Koryu and Chitose Au-Ag deposits formed in
Pliocene-Pleistocene (Hattori and Sakai, 1979; Sawai et
al., 1992; Shimizu et al., 1998).

7. Conclusions

Combined with previous geological and geochemical
studies in the TMA, the 6O, ., values for quartz vein
formations are interpreted according to two different
chronological ranges of hydrothermal activities, in
Middle to Late Miocene and Pliocene-Pleistocene. The
relatively high 8'*0, ., values of Middle to Late Miocene
(-6.3 to 1.0 %o) resulted from mixing of magmatic water,
seawater, and meteoric water with variable ratios, whereas
the relatively low 8O, ., values of Pliocene-Pleistocene
(-10.6 to -6.7 %o) are a result of mixing magmatic water
and meteoric water, but with a dominant contribution of
the latter water source.
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1946 FE BRI OEEXFERFO_ L TEE R
WHREA" - RI5ESE

Yasuhiro Umeda and Satoshi Itaba (2013) Vertical variation curves on the Pacific coast of Shikoku before
the 1946 Nankai earthquake. Bull. Geol. Surv. Japan, vol. 64 (7/8), p. 201-211, 7 figs, 3 tables.

Abstract: The long term vertical variations including 1946 Nankai earthquake have been obtained on
the Pacific coast of Shikoku. However, the time of the datum just before the main shock was undefined,
because it was obtained by human witness. From tidal record, the time was estimated to be between two
high tides of which were the former spring tide and the day before the main shock. Within this time width,
we proposed a logarithmic function to represent the vertical variation until the main shock. The time
width was also confirmed by the witness testimonies for decrease of well water. We convert the decrease
of well water to uplift of the ground. From the data of the time required for well water decrease and of
the uplift of the ground, a gradient of the logarithmic function was estimated. The time width was limited
from the vertical variation curves which were obtained from the level data of the Geographical Survey
Institute and the gradient of logarithmic function. Finally, as a median of the time width, the time of the
datum obtained just before the main shock was adopted to be 6.7days before the main shock. On the
Pacific coast of Shikoku, the vertical variation curves until the main shock and the logarithmic functions
as an approximate formula were determined. According to the function, it is estimated that in one month
before the main shock, land has to 0.3m raised at Susaki, Kochi prefecture. This is consistent with witness
testimony to say sea level has been reduced in Susaki bay.

Keywords: 1946 Nankai earthquake, vertical variation curve, Shikoku, well water, witness testimony

C |

PUEREPER R IC I 5 1L RS BT, B E
(BUE D E L BRBE) 12 & 5 K UE sl R & KR (1
DM FRRRIT WS HEER) 12 & 2 B 2 lAaGbE T,
1946 F-FaE bR ELRT F TOM D - RS & R 72
KEEROBR DS 5, [FEM]IZERO L TE#RET
HBH, THIHWEOH L RO EE HEMHAET S Z
LIk > THZEDT, HEDROMEEDMIN & 7
PIARTH B, KT, ZTO[HEEM | OEL %, W
fialsks HEGES A 6 L. BEIc> VT, H%
ENT=HFOKAK N E2 LOEH FICHEE L, £8)
HORA &N 5 FEM OB OFEH & Kb 7= Wl
AR BHEE XN AR, FES A 63K 5 M=% 0
HPHNICNE 5 Z &2 6, HEMOIRGNIAZENH & 2
DHT DRI D WO M & HEE L 72, HfRiiixz o
Mo TH % 12 H 14 11 8 (K5ED 6.7 Al %2, A
EANCHEAIEL S O N2 & Yo Uz, S E O R
MNEHSNI=Z LIZKD, REEHTE TO L TAEhR

A ZERTER, ZhAERT 5EMEKEIET 5
ZEMTEE.

1. 3UBHIC

1946 4EabEE (DUF, FRCH S 2R A L IER)
IZBEfR L 2t oo B R AENE, MBI BRAE O FE 1
HPREE) 12 & 2 AKRHEHIEAS R A HIEBOR | & L TAKE
w5 ([ LHERE, 2009).  PUERFEERAR IS O
THE S T B A HBE AT % O Ml R 131939 4F & 1953
HEOARTHY, HIBRTHEMOT — 21380, —J7, Kig
J& (BAAE DU 1 IRZ TN W) TIPS - W R &0
KREME D720, KRERTE ZOEKIZ, REF D O
BT OKEETEILUEL U2z E NEBOWEEIT->THD,
IhaEHPEE LTAEKL T3 (KikE, 1948). %
72EJEE, UEOKTFAERFEERIC 0 2 H0E %, AET
DI1927THEH 5 1928412 T > TV 5.

FHIC, WA - S E IV, HENO LA
WA, REO[T & %O R (G2 X2 & o FE
CMIRIE) " DAL DA HIFE T2 Z 12k > TR

(it

WGkrRE - HEERZE & ~ &4 — (AIST, Geological Survey of Japan, Active fault and Earthquake Research Center)
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Fig.1 Long-term vertical variation graph at the bench mark
(BM) No0.4673 of Geographical Survey Institute (GSI) at
Susaki, Kochi prefecture. ( after Umeda and Itaba 2011a).
Solid circles and diamonds show the data of Hydrographic
Bureau (HB) and the survey results by GSI, respectively.
Two data before and after the 1946 Nankai earthquake
show the survey values obtained by HB. 1.2 m in figure

shows the amount of subsidence by the earthquake.

W, ZhzE[fElE]le LTARL TS (KRR, 1948).
5 LEARERNCIE, DITo2moEm s i S h
T, F9HEC, “FEWINR & 5> TEAEORH
DENEINRZZDH, & - EFHIOFIN & 7200135
5T, [FAEE]AESNEHAL RN LN TH 5. 6
AT, AEEORN, $TAbbHEIFOEBRICBL T
i, HETH 2 Z L L BB OMmEEE) % E &2 EEL T
03mDBENDH B E ENTVBETH S (KIRE, 1948).
KimTid, ERROMESE D> B, FHZRiE O[]
IZHBWT, AREEATOM (DUT TR ARG R 0 3 A
LIRS ORG A&, EIN ISP HBIES A EE#RMHL T
FEdT2Z e hikAhd. BEMETHN, KL RET
XMETRHBW AT -2 L LTRSS 2R TE, PR
B OWERREMAADLESL ZLI2L T, LTZEH
DL Z e NHREE £ 5.

2. REEOZEEHTZ7DHEEH

PR AT & KPR R OB A A G bt 7z RIFIB 0%
o5 71k, MEE - B35 (2011a) 12 & 5 TIUEREFED
FEOBPTTHONT WS A, I Z Tl kIR
W, MEH - BRO 7 S 7 OfE FEEAT L= E, M
RER A BN B,

XN, MEH - B35 (20112) I2& > TR & /z, 1898

20134 fHe4 & HT7/8%
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An extended graph of 1926-1946 in Fig.1. Dotted curve is
expected by the witness testimonies of the inhabitants.

Fig.2
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M (BM.4673) IZH T 2 MERRTH O, 1898 LD IRYID
Fhaid(¥a) L LT7ay P LTWa, 308N
FNEIAKBEIRNZ X BT — & & b T, 19284 L AREH (1947
) D SO0 RZEH» S/ o HEMTDH 5.
KEDOERTEARD 522D F — 2 3ZEGEIZ I 1T 5 A
WTHD, RERIHBETIZ12 mtEL 242" L
TW5., HEHEEROTF -2ty b EARFOZ i
ML DBEDT, TN 2R SE5720, hEDT —
Aty bEEEFLTHIEDZHIZBNTN S, T4hb
5 B S AT D 1898 - £ 1931 H-D 52D DR D 5 N
ffi & 721928 - DS, K& D] (1928 4F) D %
—EEXETND,

B AT T 0D FEUE |30 R0 OO S K IR T & B DI xt
U, ARERFOZ T EUEE GE1IXNTERE) IS0 %
KT 5. F 727K R O RIEAE 13 5 I 0O Wi
EHBOMIEDSZ Eh Tnandl, #FEMEITHHETH 55
BEBLEFRLT, BFEIIRATOI me T T3 (K
[, 1948). XITIZZOfE%s, KEZOFi &% L2015
mTOIRD I CT T — =% LT 5.

3. XEMREELT 2BBORE

KT, REEROZNAFLLLHERT 5720, H1
KD 1926 - — 1946 - & Jik L 7= (BB2IX)). 72721, %1
X, $2XE ERPOERIZT — & & HIZEH TRHA
2T, BT L S BEIEAEARIISEIT L2 b i Tl n
DTHEBPDETH 5.

IR E O MR A B TIE, BREEEA T em S
FAEMAZD L) RLGAEIREREEEZELLNTEHD (H
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(m) Tosashimizu sea level (1946 12/1 - 12/26)
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Fig.3  The tidal data at Tosashimizu (after Kobayashi, et.al.,2002).

Bl 7AER & T2 213 E A 12V, 1946 4F-Fi il
HEFTORBEHRIZOWTIE, WO DHEIES 5%
ENTVBER, MEENERFELIECZOFRL TAED
EBFER, AEE0i 02 ERCd 5 (Bl 2, Kk,
1948 ; AL 2RI T, 1995 5 WA, 2009). Zh 5D
AEZDE, BREE2XCEBETRLELS IS, AE
EANZ A>T b KRESEBLZEDEELONS.

Z O ERBT 200 L LTiE, BEaap, X
Borf, BEEPEENELLNER, FT—2DT 4T
AV BN &<, F2XOBRIZE LR xR
W&, AmTIEREL 20,

D=—a-In(t)+D, (1)

Wi A 29 t OWALIZ HE (day) & U, KEZOFAEH (1946
F12H21H) A HMEIZEHhDIES.

4. BT —2%&BEICLEFRBRERORAEED
REZI DHEE

AT B AL 2 F O CEBRR % 3 < 1213, AR
BIOFEMITT — 2 & L THBERTARTH A, [1ZU
WIZ]TEBRA KD, KEERIZ & 5 AREENOHFHA
EOBLNIARHTH 5. AT, RZEFOHEEMD
B &5 5 -0 LEEAROEIN 7 — 4 2 8H51,
AT IS DO BEL D E E 175 .

TEFEARICB T 519464512 A1 H»SRIA26H £ T
D 1B O WIA. VNI A, 2002) &, F3RNIAR L 7z
FEEA L T IR 75 kmE EBER Tl D, RCHIRLD
BEGIZE13 2012 4 1 AR O ¥ T 6 43 72 W ARG D UF 5 3 7
WA, AEIO X S kiR OIS LT X B
P2 &l L 7=

BB PR E AR & OWIN E RS 2558, W
TS 2 IS I A IR AT S 2 &S0

7%, KEEATOMEM S 2D E S 521IZE T B %
S 72 LARGE U7z, REERTO T & il & R 5 &,
T ZE 12 H 20 H 23 el i i e 1320 H 16 e B
Thd. HHFIETHD, YRHCHBEI M E LT
FHREOMREES BV E BN b, ARENTO KO
BRZ 12 ASHI17HETH 5. HEHEWS B2 61F, Z
D57=DDHKE, & 5\VIEE N5 O RO i 5 HiE7E i
GO & L TIETTREME S .

IR TH I 360 2 58 | IO Rt i 0 7 — & % F okt
Bro7ic7ay F LERIDBEAX-ATH 55, K
R O B (0.615 m) I 2 W TiE, Lo #E##HIc &
D, 20H 16K (RKEDO0S5HAT & 8 H17H (KFED 12.54
HHT) D& 722084 &L, BAHTS DD
270y L 202007 — & (HAE) 2hFhiz,
1939FELHTO T — 2 #MA C2/DTF -4y &L,
Uz (1) X& O Ti/h ZJ R TR 72 ihig % [H
K2 2 RDFHR TR L 72,

HIRDFR)INZ BT ERMD FIETHIN 20T 7 %5
4X-BIZ/R L 72, s, 20124F 140 &I & LK
& DR DZE XTI T 1355 72 RN DIE S AHE
7, JEIE T OBE L EERIZ, N0 T & MR O Rk
FENIAGR D i CII MR T & B & L 7=,

W2 < BT O i 1%, O EDDHETIE D
DA, FOFPTET T L B &0 S IREY LB
IR B. FlAE, AROFOKENES > T3, Ll
DEN&D & FITHIOKMARGO RN A B E T & Ao,

5. HERIE 22 EIC L FABRERMDRAEE
DEFZ DHE

ZOEITIEAFRERNRE L 2H KO TICBE T 25 H
BAES A6, AKREEATOF MO RLNOHEE 2 il A 5.
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Fig.4 The curves in order to estimate the time of the survey values just before the main shock. Abscissa axis shows the days

before the 1946 Nankai earthquake. Solid and open circles excluding 1928y are plotted at the times estimated from

the tidal data and the witness testimonies for the decrease of well water, respectively. The numerals with vertical and

horizontal arrows indicate the day or year and the survey value just before the main shock, respectively.

Aif7ETIE, FFHF RO TR Z Mo BT 2E8) &I
BELL 72, ROT L MABROHM (oA & o) & 02
L, JHFPFAKRMET U2 A & BN A OIS (4
/AL OHiPH &K 72, Z Ok L F B &
AR & 2 5 RELIHEE O 7= O iR & Ske, g Sh
2 RN D HEPH %2 KL D A A 72

5—1. WFKEDETEE LMOEES & DORRF

AN B B I OAKRLIE, Eh e B R
&> TERBZMKTT 2 E WS TFIY, HHIEH,
Q010) 12k > THEIN TS, ZOEFLAIIZ, Hb
TABSE S DD > TOBEAIZONWTIE, Lo E
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HEOMERERD S Z LIZL .
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i, 2011b).
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WAIZEL £ 5128, HErhtboRRIZk-> Tt
FOKRMIZAZLALTT2DT, JEWEARED =YL

— 204 —



AR R R T D M O 1 N5 (MgH - #ads)

o

05 -

e

2 RS

é15 \2\\1\N

=

3 2 tifzzk\

g 25 \\\’.‘\\'\\ T+ am

g \ » 4m

é ) ‘\"\ ~_| .
35 \F’( 6m

0 001 002 003 004 005 006 007
Uplift of the ground (m)

S AR (2) Rz &k B B o R &SP F KO
. SR G OB IS ARG DJE A

Fig.5 Decrease of well water against uplift of ground based
on the equation (2) in the text. Attached numeral at each

curve indicates the thickness of aquifer.

FRMN T, JRWHIPHITE < OHFOKMIMET T 5 &
Fiohbd., L2UEEZIEZS Tlda<, KEORHNIC
HFEORMNMET L7z 0nS HEGES 2 - 28K
WTE, RNOIKMIZX A 5720 HFFDIES
MNEL, 2m~3m K LT iﬁc‘:ﬁo“(ibl
EThd. ZOZLenbimAKEDIEAZ, FEMIXIC
%4 m&KIIZIZZED S T, H‘j(“(%6mfifé':<‘:ﬂii
T 5.

5—2. HFAPETLAEBEIPSHESNZ LETES
DREE (ZXENDED)

AT KR, 1948) 12 K AL, 1946 F- RV 2

DORUZHFDOKMME T L2 WHEES 1, MEO K

PRI B T S8 TG S Tw 5. %0)7751(
m&w B9 % B Jﬁ*?’éﬁ?ﬁ‘ét;@i 5

%EwEﬁﬁf)a ﬁ%%@%ﬂ!ﬁﬁE@ﬁbim
2005) D22 Th B (o). REFAHKL12 21
HO4IKE19 3 EH T H %75, FEIXDFEF IC KJAUL T ARE
J8A T H D20 HE 6 WA 7 0¥, HEOIH A OKES
m) BRI T ENTEZH, 40D SHITIEAK & <
BoTW]ZS5Thb. 7, BiilX TOIES TIE[A
BOHFKERY T TWRAD T TN 20 HOBEE T
WERE L PS5 720, YHPEWRAE LTI HD, 200
EIZREAD T oNEL Korz 21 HARToEE, <
DO BE5RKNDOKFEHFTAKERE S & L —T g
DF2mIEEMEIE L THRAZ. WAFKIZE > Tz
& b5 (EEIEH 2005, HEHIEH2010).

WIEHIX DI F OLA, AREED 21 BiR ~ 22 BER i 12

Bk HHoOBEE (- h) IS LT, AP0 Q) Xr 6
KD SN ZWHR (). D& Ci3Aho (1)
AR N (R 18

Table.1 The gradient (a’) in equation (3) for each uplift (h; - h;) of
the ground. D, ’and t’is obtained from equation (1).

Susaki
= hj(m) 0.03 0.06 0.03 0.06
a' (m/day) 0.049 0.098 0.022( 0.043
Do’ (m) 0.483 0.869 0.138( 0.308
t’ (day) 0.07 13.3 0.3 28

Asakawa

WBHEKEBD-Z 570, ZOEETHA 20
KEB3I md > 722 E 3 213br» 6 kv, EFFHAK
FEHONTOBRIFFT TIERND 20 &K L Tk
2mPl LB H B Z ENMENT WA L (FEFIE A,
2010), AEABFAEL 12 HITEKEITE H 50T, i
KIRETE» >t FE L oh 5. F72, HEmO
M ZE B O ET, HPFDOKMEHRAIIEFLDDH -
72BN H, KPWD TSI S»ah -7
VWS ZERHETER . 25 LERHEEEZE
L, ZZTIEARENH O (KRE DK 22 R 2> 5 4
75 (K9 12 IR & T2 2 mDAKNAE T2 % - 72 SARGE L
7z, RS, RN E X OHF T, BESI2k b K
EOK 16 HEEIRT 2> 6 4 B RNIE LR £ TIZ2 mD AKX F
N -7z e S,

HsX2 o, UCHAKEOEL B3I m256mTh 7z
Wity KA 2 mfiK N4 3 & 113 0.03 mA 5 0.06 mbE
BT3ZEMnELLENDS. ZD5SFDODMMDHHIORIE
OINERKRTH D EREL, GE5 Ih-l» 5, £
NENICH L TR BREE 2 RD A, ZTZTH
O B &, A8 A BRI TR L 22 6 O T
5L, (DRXOFRK () 2T HE2» 5, DT TIIZEHLN
EMEREIZT 5. TADBIGE L 72RO LR T H
5.

Bt &t OB D A (@) 13 (1) & D,
—(h;-h) / In(ti /" tj) 3)
THb. 72720, WEMITIRET 2 BB O DI (a)
EXAT B0, ZZTROAWEIZIEZLS Y2 ()%
DI THD. t IFARBEREMOHE (day) & LTV BDT
T HEOESIZ & 5 12 KW & 22 B Ak 2 h 2
N, ti=05, =092dayTdh 1, FEEEHREN] EHHbX
12DV THE, 20 H OB (REOK 16 ReHIT) 12135285
<, 21 HOFHG0 M (ARE O 4 B A7) 1213 7 <
KolzlnwdZE25, =017, tj=0.67dayTH 5.
JEHIX & BLUHIX Z 36 0 B TR R (b, - h) (ISK5 5

ZEAEL () ZH1RITR L 7.
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BIOEMEOMLI DKL AR ELITS . GEgDHR6h-+
VErhi s X & ZEIG T 1318 kmFFBERL T B 28, ZTo
FRFRICBEI L T RkZ NI e o285, ThbD
ZHAN (27) EHE & HRTH U EINET 5. 2B
(@) &, HBHEELE)ICHT A D) BkEhE, (1)
R —FEMcpE I h 3.

HFRFAA NI K % 2EIR T (BM.4673) 12361 % AR D
TR (0.0974 m = D) &, AREFHAED 2555 Hiij (1939

i) (¢ =2555day) I 6T 5B, Ko (1) X&Hw

IhoDfis, H1ERISRINZ2DODGEDZEF N

@)75, ThThoD) ZWREL T 2RKD 2= (1K),

FZeh 6, JRTHIZ 30 5 ZB/ARAHE X & [H T <
0.049 721 L 0.098 TdH - 72854, KRERFTO AWM H
i o 250 0.07 H (17 BRED 2V L 133 H
HiZo>7z S N5, Fa4X-AIZIE, ZEFIZKT S A
EEATO TR (0.615 m) 57200 ¢ OFEIZHILT
Ty bR TWAE X o s 19394 D1l
EREATZEDTH S.

AR & [RAR D 7T, UiGlT Bl o= 12BI 3 % H
R &, B2 5 5.5 kmBlENL TV BRI O T — 2 125
L, REEFOMHEMAE L NI OK D AARE
To(1£, F4K-B). Zhic ki, R0z
AN B & 6] U 0.022 0 L 0.043 Th - 72354, AR
BT OO FHAAE (0.164 m) 23 HAH TR 5 7240113 0.3 H A

+0.47m +0.25m +0.11m ..

-0.39m

6K 193 14F-H0 5 194647 F i 2
FTO LTAHRE. AR
BB O LT KD 5
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KT OHLNZE$ 2565 2
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Fig.6. Amount of vertical variations

Kannoura ~ Okuura

Sakinohama from 1931 to 1946 Nankai
Shiina earthquake. Open 13 circles
0.21m and 2 squares indicate the
) points where were obtained the

Murotosaki . .
-0.21m long-term vertical variations
0 50km and the information of the
| | time for well water decrease,

respectively. Open and shaded
bars with numerals indicate
uplift and sinking values of the

crust, respectively.

(725 REIRT) 2L 28 HAET7Z 5 7z EHEE X T 5.

Z O Cam L 72 H P AKIZB T 2 EES 2 6 OFZ D AL
F, IWENRL KD AAZHELNZE 2 E D DIELH 5.
— /T, AT ERINC W TE Mz kD, ¥
2 HEE L 22 SIAEIC RS & 6 vk D i gd %
BZ2TW5.

AW TR, AETOFAEMEORZNL, WRECEE 5
HEE NS DDORLIOHEMNICH 2 8D& L, 2D
HR D IRELINZ 0 il IRE S & R 2 ic L 7z, Hflo
BN 12 H 14 H 158300 Th 5 4%, 7 AITHe B U0 i
WA H O 1NETH D, KERLEDCTHRITH
3. ZOHERZENOREMAS 5 N1 & e
T 5. BEOFIIERMOWEETH 512 A8 H 150
(KRR 12.54 Hin) 2 6 11 H OWigikE D 12 H20 H 16
H(A&EH#ELEDsHEN T L, 2827 5 7 QR
IR ZOHBELS ==L LT 2527 5.

6. AIEMREREEH 5K 5N /-ZEHHR

WEO KRR TIERABOZEH 28§27 7 7 7,
HOXDEARHTRL 7 132 TR 5T\ 3 (M -
Wi, 2011a). &RIZOWT, FiffioEHIC k> THS
NZ=ARBEHOMEMEOKA 2 G T — 2y b &2
FRITR L7z, T aRdfis 7 7 Biciinizor»iT
KIOAMDKTd 5. Hifid 18984 &MUt Lz LT
ZEERE, AR 1946 FRIVEHEE RS Sl I &
DIE->7-HETH 5.
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2k
IR DT — 2 IIHBEFIA T D 7 — 2 12— X H 7.

18984F-2 & 19464 it £ TO L TS, GEHIZHBEREN & KBBOT -4 Th 2 HERT. 2> fOFDK

Table. 2 Vertical variations from 1898 to 1946 Nankai earthquake. G and H indicate the data from Geographical Survey Institute (GSI) and
Hydrographic Bureau (HB), respectively. Data of HB in the year with the parenthesis imply the shifted data to combine with that of

GSI.
GSI | days befor| Sukumo Saga Kure Susaki |Uradowan| Kochi Tsuro | Murotosaki [ Shiina | Sakinohama| Knnoura | Asakawa | Hiwasa
or HB eq. BM.4620 | BM.4644 | BM.4668 | BM.4673 | BM.5002 | BM.5003 | BM.5142 | BM.5140 | BM.5136 | BM.5131 | BM.5121 | BM.5112 | BM.5101
1898 G 17520 0 0 0 0 0 0 0 0 0 0 0 0 0
(1927) H 6935 -0.219 -0.1635 -0.084| -00758| -0.224
(1928) H 6570 -0.0094 0.0108 0.0154 -0.0148| -0.0185[ -0.2715 -0.2813
1931 G 5475 -00103| 00119 00169] -00163| -00203| -0.2986| -0.3094| -0.2492 -0.1861 -0.0955| -0.0863| -0.2547
1932 G 5110 0.0161
(1936) H 3650 0.0447
1939 G 2555 0.0944 0064| 01069 00974| 00594| 00551 -0.2431 -0.2447| -0.1856 -0.1236|  -0.0354| -0.0315 -0.1995
1946 H 6.7 0.592 0.0906 0.5108 0.615 0.2652 0.332( -0.6915 -0.5213 -0.349 0.0664 0.436 0.164 -0.144
F3E 200HIIZ I B A (1) XOFRE (a) & EE (D).
Table.3 Coefficient (a) and constant (D,) in equation (1) in the text for two periods.
period Sukumo Kure Susaki |Uradowan| Kochi Tsuro |Murotosaki| Shiina [Sakinohama| Knnoura | Asakawa
(year) BM.4620 (BM.4668 | BM.4673 | BM.5002 | BM.5003 | BM.5142 [ BM.5140 | BM.5136 | BM.5131 [ BM.5121 | BM.5112
1898 — | a (m/day) 0.08 0.069 0.083 0.037 0.047 -0.074 -0.05 -0.031 0.022 0.067 0.029
1946 Dy (m) 0.733| 0637| 0.764 0.333 0415 -085 -064 | -0427 0.836 0.539 0.205
1931(x) —| @ (m/day) 0.086 0.072 0.088 0.039 0.05 -0.065 -0.037 -0.02 0.035 0.079 0.036
1946 D, (m) 0.757 0.65| 0.784 0.343 0.43| -0.809 -0587 | -0.382 0.136 0.587 0.234

*Sukumo(d1932-1946

F6XNTIZ 1931 -2 & RE W E TOR & ik 2 45
757 ERIETREN TN B A, B E Q02
0.1 mf2fE L 2 LAVNE <, FBRZE0.15 mDOHPANTH 5 7=
WHETIXID S Z 71213R L Tungn., 2 (1898 42—
19464F) D F — 2 70 53K 5 N 7= F 2 B 1 % xR
DHFEL(a) LD IFH3IRICE LB TiL L7 5HiTIZ()
&, HEMEOMLEHEE T2 20ICFHLEZOT, 4
Bl (a) DI 1E & v ¥ 2 &P LTz, KEiILIE TR
AKDHNTDH 2D I IZ B % TPl 3 5 B D
ISTA=BTHBIDTH v ¥ 213 DFTOAEWN,

F2ET, FHRICHINARM L 2FOMIE, 28T b
N7z & 912, KERO T — & 2 EFAENT O 7 — 2 124
BEXE B0, 18984F & 193140 .5 72D D HIE K E
25 NI 72 19284 DEIZ, AZAMIC B & & 724l
Thb. ZolEKRL L, 19314 (TE B2 19324F) LU
THERMEIZX, AKERBAEDIZERD 18984 D Z 1 &
20, REEMOLEEH %W 5100%, BEARD #h .
filiZ FHOTERT % &0, KEISEWERE L3 DO
EHWEZEIREIVEF L, 1B31FUEOT -2 %2H
WK 7228 Btz & B 7RO GMICEIE 2 7 7 TR L
7z, ZORNZEH W T it K (FEEO ¥ 7) 121898
LU, BIABRRAEE, 5BEIZXLDIF S HEK
AL oTHB. 19314 ETBIT19324F) gD 3 DD F —

A5 (1)U & > TRD 5N BHIZ I B () &
Dy dEE3RICELL 72

O E TN T, ABRICEEK L 25 i
TIIHIEERNIVERE L T 0, WA VLR U 72 fEik
TIREN E TR LT\ Enbhr b, KERIC
IREBHEDOKE Do 7R &, REOKE 5 72t
PIZOWT, FIRGMDO% 2T 70 i hzA %
TR E R CTA D, RED 107D 1B DZEAL
I3ZEIE T3 0.009 mDFERE, i T3 0.007 mDILET H
. 10FETO TEROZEZ (1) RI2& D, 105F &£ 954
D) RDODDFETH 5. KBEDSHERTO1EM (4.5 L
5.54FE-DDME) TIFZERKIZ0.018 mDEEEE, #H7130.013
m®DERE, [FRIC TERTTIATH 1201 mDBEIE, %51
0.07 mDVEkE L, Bk PiREICARRISE DI L2 5
TERRHIZKEL & 5.
BHAOZIZ O T ki L 220, (1) AUIBE
OWEE, KEERTIERERLTLEIDOT, dFHHE
HiETIRIMETZ 5. 22Tl 1 B (12 H20 H 04 1)
O D) LHid 22 &35, 1»HREENS EH
IBETi30.3 mORE, #ETiE0.22 mOPkk, 1EBR &
D HETIETT# 13017 mBEE, %E130.13 mitfETH 5.
RO X ST, 1y AT03me T 5 L, HARNMOIK
TR AE H 57255, FE, HEEO HTH 5
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Vertical variation curves and the logarithmic functions that approximate the curve. Graphs in left and right side show the long(1898-
1946) and short (1931-1946) term vertical variation curves shown in semi-logarithmic and in linear graph, respectively. Each datum
on the vertical axis, in both graphs, is plotted relative to that of 1898. Horizontal axis represents the days or years going back to the
main shock occurred.
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Takeyuki Ueki (2013) Description and age estimate of the Ogoya Landslide in south Tokushima Prefec-
ture, southwest Japan. Bull. Geol. Surv. Japan, vol. 64 (7/8), p. 213—219, 3 figs, 1 table.

Abstract: The Ogoya Landslide is a large failure of 8.6 ha area in south Tokushima Prefecture, southwest
Japan. Both re-sedimented humic soil and tephric loess overlie the slide deposits composed of angular
boulders of sandstone. The tephric loess intercalates a thin deformed humic soil layer with AMS "*C age
of 4,050+40 yrs BP, and contains entirely volcanic glass shards of the 26-29 ka Aira-Tanzawa Tephra (AT).
This stratigraphy suggests that the landslide predate to 26-29 ka. Average incision rate of the upper reach
of Kaifu River after the failure is estimated to less than 1.0 mm/yr.

Keywords: Ogoya landslide, Chronology, Aira-Tanzawa Tephra (AT), Pleistocene, Tokushima Prefecture
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Location and landslide geomorphic map of the Ogoya Landslide in southern Tokushima Prefecture, southwest Japan

Base map is after 1: 10,000 topographic map by defunct Kainan Town Office. Line I-II corresponds to the geomorphic and geologic
cross-section in Fig. 3. The numbers 1-7 indicate the localities 1-7 in the text and Fig. 3. The arrow denotes the collapse direction of

the landslide.
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Fig.2 Geologic columnar sections of

AN AR NS A e - %+ R

the slide and overlying deposits
A-D indicates sampling horizons
of re-sedimented tephric loess.
Each locality is shown in Fig. 1.
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Fig. 3 Geomorphic and geologic cross-section of the Ogoya Landslide

The cross-section corresponds to the Line I-1I in Fig. 1.
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Table 1 Refractive indices of volcanic glass shards in the re-sedimented tephric loess at Loc. 4

Sampling horizons are shown in Fig.2.
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Number of
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C 1.497-1.500 26 clear AT
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&} - #2534 - Note and Comment

RREZNEICE 2RBaaRAADER - EFRRE
KFHE BA* - k=R - THEE

Akira Owada, Takumi Sato and Eri Hirabayashi (2013) New method for making petrographic sections of
fragile rocks without using liquids as coolants or lubricants—dry method—. Bull. Geol. Surv. Japan, vol. 64
(7/8), p. 221224, 4 figs.

Abstract: It is difficult to make thin sections of fragile and unstable specimens that contain sulfur, clay,
salt, and water by applying the conventional method in which water and oil are used. Although such
liquids protect samples from the heat generated during the cutting and grinding processes, they can
also damage samples, for example, due to expansions. As a solution to this problem, a new method in
which liquids are not used and frictional heat is minimized has been developed; in short, samples are not
influenced by liquid and heat in this new method. This method enables to make easily the least damaged
thin sections of such fragile samples. Further, this method can be adapted for even complex samples that
contain both hard and soft minerals, and thus helps researchers obtain all possible information that can be

obtained from the samples.

Keywords: thin section, fragile rock, dry method, alumina powder
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Fig.1 Photograph shows ferromanganese crust embedded into
MMA (methyl methacrylate) resin.
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Fig.2 Grinding a sample on waterproof paper attached to a

variable-speed abrasive machine.
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Fig. 3 Slicing of a sample by using a band saw to obtain 100 pum thickness slices while keeping the sample

dry. Right side photograph shows 100 um thickness sample retained on the glass slide.
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Fig. 4 Last step of polishing. The photograph on the left side shows the conventional method of polishing, which

employs diamond paste and coolant oil; the surface of the cloth sheet on the machine remains wet. The

photograph on the right shows the new method of polishing, wherein alumina powder is used; therefore, the

sheet remains dry, which is the preferred condition.
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