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Fault scarf of the Red River Fault at the Sin Quyen mine area, northern Vietnam
The Sin Quyen copper deposits, opened in 2006, are located at the fault scarf of the Red River Fault
in the northern Vietnam, which runs from right to left in this picture. The ores are open pitted and
transported mostly by belt conveyor system, and chalcopyrite, magnetite and gold are extracted. The

ores containing abundant allanite occur as lens shape in mafic metamorphic rocks intruded by granitic
dikes. Photographed in autumn 2008.

(Photograph and Caption by Shunso Ishihara)
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Article

Mineralogical and chemical characteristics of the allanite-rich copper
and iron ores from the Sin Quyen mine, northern Vietnam

Shunso Ishihara™*, Hideo Hirano', Mihoko Hoshino®,
Pham Ngoc Can®, Pham Thi Dung?, and Tuan-Anh Tran’

Shunso Ishihara, Hideo Hirano, Mihoko Hoshino, Pham Ngoc Can, Pham Thi Dung, and Tuan-Anh
Tran (2011) Mineralogical and chemical characteristics of the allanite-rich copper and iron ores from the
Sin Quyen mine, northern Vietnam. Bull. Geol. Surv. Japan, vol. 62 (5/6), p. 197- 209, 6 figs, 2 tables,
2 plates.

Abstract: Selected ores from the Sin Quyen allanite-rich Au-bearing chalcopyrite-magnetite deposits
were studied microscopically and chemically. The ore minerals tend to occur along the NW-SE-trending
sheared zone of altered host rocks; yet the ore minerals show no stress effect, implying the mineralization
later than the regional shearing. The ore minerals occur associated with the metasomatic minerals consist-
ing mainly of clinopyroxene, hastingsite, allanite, epidote, biotite, titanite, carbonate minerals and rarely
quartz. Allanites containing almost all of the rare earth element (REE) components of the ores occur in
disseminated manner and are euhedral to subhedral. The mineral is an early crystallized mineral replaced
by magnetite and chalcopyrite. The allanite contains around 16 wt.% REE and is low in mafic compo-
nents having chemical composition of Mn-poor type, which tends to occur in the magnetite-series granitic
rocks in Japan. The REE components could have been derived from an oxidized alkaline granitic activity
of mid-Tertiary. Both chalcopyrite and magnetite are well separated by the mineral dressing, and all the
allanites moved to the tailings. Therefore, the tailing pond turns out to be an excellent LREE reservoir in

future.

Keywords: Sin Quyen, allanite, chalcopyrite, hastingsite, magnetite series

1. Introduction

Au-bearing chalcopyrite-magnetite deposits of the
Sin Quyen mine in North Vietnam are a new modern
mine open-pitted since 2006. The ore deposits, hosted
by altered amphibolite and biotite gneisses within high-
ly deformed and metamorphosed sediments of the Pro-
terozoic Sin Quyen Formation, were formed in a wide
fault zone of the Song Hong (Red River) Fault (Figs. 1
and 2), which acted as a channel for pre-mineralization
magmatic and post-mineralization hydrothermal activi-
ties (McLean, 2001).

Au-bearing chalcopyrite-magnetite deposits occur in
lens shape with clinopyroxene, hastingsite, allanite, epi-
dote, biotite, titanite and some quartz in altered parts of
the amphibolite intrusion and gneisses of the Sin Quy-
en Formation with some granitic dikes (Fig. 3). Similar
mineralizations are observed in and around the Sin
Quyen Formation along the NW-SE fault zone; namely
the major ones of Vi Kem, Nam Chac, Suoi Thau and
Ban Vuoc (Fig. 2), and more than 10 mineral localities,

besides Sin Quyen mine (Bui et al., 2004).

The Sin Quyen mine is composed of the largest
base-metal deposits rich in allanite of hydrothermal
origin in North Vietnam (Fig. 1). For the confirmed
ore reserves, two sources are available: one by ESCAP
(1990), while the other by McLean (2001), as follows:

ESCAP (1990): 551,000 tons Cu, with the cut-off
grade of 0.3% Cu and the minimum width of the ore
bodies 1 m. Besides, the following economic compo-
nents are contained: 334,000 tons REE,O,, 843,000
tons S, 34.7 tons Au and 25.3 tons Ag.

McLean (2001): 480,000 tons Cu from 52,800,000
tons ore with the average grade of 0.91 % Cu and the
cut-off grade of 0.5% Cu. Besides, REE ores (Ce, La,
Pr, Nd) of 370,000 tons containing an average of 0.7 %
REE; magnetite ores of 2,850,000 tons with the aver-
age Fe,O, grade of 5.4%, and 23.2 tons gold from the
average grade of 0.44 g/t Au.

The ore deposits are unique containing abundantly
REE, which is rather unusual in base metal ore depos-
its (Giere, 1996). REE-rich lead-zinc deposit is also
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known at the Na Son mine near Ha Giang of the north-
ernmost Vietnam (Fig. 1, Ishihara et al., 2009). There-
fore, it is a common feature of the North Vietnam to
have REE minerals in the base metal ore deposits, and
it is our interest to describe mode of occurrence of the
REE-minerals in base metal deposits and it’s migration
during the ore processing.

The senior author had an opportunity to visit the Sin
Quyen mine and collected representative ores from the
open pit in 2009. This paper describes briefly petrog-
raphy and chemistry of these interesting base metal
ores, and the ore geneses are considered. The tailings
of these ores were also analyzed chemically, in order
to know migration of the REE minerals during the ore
dressing.

2. Geological background

Geological background of North Vietnam is briefly
given in RIGMR (2006) and Ishihara et al. (2009). The
Sin Quyen ore deposits occur along the NW-SE trend-
ing Sin Quyen Fault, which is a part of the Red River
Fault zone. The rock constituents around the ore depos-
its are divided into, from the southwest to the northeast,
the Proterozoic Lung Po Formation and Sin Quyen
Formation, and Phanerozoic (Cambro-Ordovician)
sediments (Fig. 2). These rocks are intruded by two
large granitic units of the Po Sen (751-760 Ma U-Pb,
SHRIMP) and Muong Hum intrusive bodies (Bui et al.,
2004), and small unit of the Dien Bien Phu intrusion
(McLean, 2001).

The Proterozoic metamorphic rocks with an amphib-
olite metamorphic grade are divided into the oldest unit
of the Lung Po formation and conformable upper unit
of the Sin Quyen Formation (Fig. 2). The Sin Quyen
Formation consists of biotite-muscovite-graphite-
quartz gneisses in the lower unit and graphite-poor
felsic gneisses in the upper unit. The schistosity tends
to trend in NW-SE direction and dip generally toward
NE direction. Many mafic and felsic dikes or sheets,
called amphibolite or leucogranite, both have unknown
ages in the strict sense, are intruded into the Sin Quyen
Formation (Fig. 3). The Sin Quyen Formation is con-
formably overlain by the Cambro-Ordovician sediments
around its northeastern margin (Fig. 2).

Intrusive rocks of the Sin Quyen mine area vary in
age from Proterozoic (1,700 Ma, Bui et al., 2004) to
Phanerozoic. The Proterozoic rocks are composed of
small bodies of altered amphibolites, with amphibole (66
vol.%), plagioclase (19 vol.%), biotite (6 vol.%) and
accessory titanite, epidote, apatite, chlorite, calcite and
sericite. These altered amphibolites are intimately asso-
ciated with the chalcopyrite-magnetite mineralization of
especially high-grade ore zones (Fig. 3). The granites
also occur as dikes or lenses, which contain enclaves
of amphibolite and biotite gneiss. The granites are said
rich in plagioclase (McLean, 2001); therefore, these
Proterozoic mafic and granitic rocks turn out to belong
to a juvenile-type of magmatism, although the Protero-
zoic age has to be reconfirmed by precise age dating.

Younger granitoids, called Dien Bien Phu Complex,
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Fig. 1 Tectonic setting of the northernmost Vietnam and location of the Sin Quyen deposit. Modified from Ishihara et al. (2009).
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which occur in small stock-size bodies in NW-SE di-
rection (Fig. 2), have been assigned to Permian in age.
McLean (2001) reported a petrographic character of
plagiogranite containing much plagioclase (63 vol.%),
besides quartz (26 vol.%) and biotite (6 vol.%). There-
fore, all the intrusive rocks of the Sin Quyen mine area
are said products of a juvenile-type of magmatism.
Leucogranite we observed in the open pit, however, is
a normal leucogranite containing abundant K-feldspar
and the bulk contents of 4.09 % K, 2.32 % Na and 0.71
% Ca (Table 1). Age of the granitic rocks may be vari-
able, and more age determination is needed on these
intrusive rocks.

Toward west of the Sin Quyen mine, Bui et al. (2004)
described two large intrusive bodies of the Po Sen calc-
alkaline granitoids and Muong Hum alkaline granitoids,
and Cambro-Ordovician ages are given for them (Fig.
2). However, the latest Precambrian age of 751 Ma
(U-Pb, SHRIMP) was given to the Po Sen pluton, and
Paleogene K-Ar ages of 30-36 Ma were given to mica
minerals from the Muong Hum alkaline pluton (Hayashi
et al., 2009). Therefore, systematic re-examination of
their intrusion ages is necessary for the granitoids of
the whole region.

Quyen

Ban Vuoc, Cu

Dien Bien Phu
+ | plagiogranite
Muong Hum
alkaline granite
Po Sen calc

Phanerozoic
sediments

Sin Quyen
Formation

L P
M F(l)lpngmtioon

Fig. 2 Geological map of the Sin Quyen mine area. Modified
from McLean (2001) and Bui et al. (2004). Star
indicates copper deposits and occurrence.

3. Field and microscopic studies

Representative ores and granitic dike were observed
at 64 mL of the East pit of the Sin Quyen mine, and
a part of the collected samples are shown in Plate I.
The granite appears to be dike in form and seems of
pre-mineralization stage, but is not generally mineral-
ized (Plate 1A). The main ore minerals of magnetite
and chalcopyrite tend to occur with green silicates
composed of pyroxene-amphibole and allanite-epidote
group minerals, besides original felsic host gneisses
(Plate IB, C, D). The magnetite and sulfides are locally
very abundant (Plate IE, F).

3.1 Leucogranite

This leucogranite is fine to medium grained (Plate
IA), but shows a heterogeneous recrystalline texture
under the microscope (Plate I1A). This rock seems to
be once crushed by regional shearing, then recrystal-
lized. The leucogranite is weakly porphyritic having the
phenocrysts of K-feldspar up to 5 mm and albite up to 1.5
mm in diameter, filled with fine aggregates of quartz,
albite, K-feldspar and biotite. The phenocrystic K-feld-
spar shows generally microcline texture, clean-looking

Sin Quyen Formation
% Low-grade ore @ Amphibolite
Granites % Granitic gneiss

Fig. 3 Northeast-southwest profile of the Sin Quyen ore
deposit (after McLean, 2001).

- High-grade ore
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with no clay minerals, but contains inclusions of albite
and quartz. Albite in the groundmass is not clean, con-
taining minute sericite and clay minerals. Quartz shows
a myrmekitic intergrowth with albite in some places.

Among minor minerals, garnet is subhedral to euhe-
dral and surrounded by albite, biotite and quartz. The
garnet contains grains of deformed biotite and quartz
within the crystals. Therefore, the garnet is considered
formed during the recrystallization stage after regional
shearing. Few grains of allanite, 0.1 to 0.2 mm in
length, occur as reddish brown columnar crystals. The
other accessory minerals are apatite, monazite, rutile (?),
iron sulfides, calcite and magnetite. Magnetite is very
small amount occurring as a massive form or needle-
shaped crystals along cracks, which could be formed in
the later hydrothermal stage.

3.2 Banded ores

The ores are often banded by felsic zone composed
of detrital and recrystallized quartz and feldspars, and
dark greenish zone containing pyroxene, amphibole,
biotite and allanite-epidote (e. g., Plate IIB). The color
becomes blackish, when magnetite is abundant. Epidote
without ore minerals shows clean yellowish green color
(Plate IC). One of such rocks of No. 3034 is composed
of alternation of epidote (50 vol.%) and quartz (30
vol.%), together with amphibole (10 vol.%), allanite (5
vol.%), titanite (5 vol.%), apatite (2 vol. %) and calcite
(1 vol.%) under the microscope. Epidote is yellowish
green and granular in shape having grain size of 0.05
to 0.1 mm. Titanite is wedge-shaped and less than 0.15
mm in size. Quartz is anhedral and less than 0.5 mm in
size, showing wavy extinction weakly. Apatite tends to
occur in quartz-rich part of the rock.

The sample No. 3036 is massive pyroxene rock,
composed mainly of clinopyroxene, which is partly
replaced by bluish green amphibole. The clinopyrox-
ene is less than 5 mm in size and has distinct cleav-
ages in three directions. The color is partly yellowish
green along the cleavages. The optic angle is large as
2V(+)=70’, indicating possibility of aegirine-augite.
Amphibole has needle to columnar shape of subhedral
crystals with the color of bluish green (Z’) and yellow
(X”), which is supposed to be hastingsite. Secondary
carbonate is fairly abundant, while quartz is minor min-
eral.

3.3 Massive ores

The massive ores are generally dark colored and
high-grade compared with the banded ores, and occur
in green banded rocks, composed of hastingsite (up to
50 vol.%), biotite (30 vol.%), allanite (10 vol.%), epi-
dote (5 vol.%), magnetite (5 vol.%) and chalcopyrite
(3 vol.%). Biotite occurs in fine grained platy crystals
and has Z-color of greenish brown. Allanite is often

twinned and zoned with distinct pleochroism (Plate
IIB). The pleochroism is reddish brown to greenish yel-
low in the core but pale yellow at the rim. Biotite next
to the allanite has a weak radioactive halo.

Magnetite is 0.5 to 2.0 mm in size and subhedral to
anhedral and occurs associated with allanite (Plates 11B,
E). Magnetite contains inclusions of biotite and allanite,
so that it is crystallized later than these silicates. No
later hematitization is observed over margin and cleav-
age of the magnetite crystals. Chalcopyrite is 0.2 to 1.0
mm in size and anhedral, filling among the earlier crys-
tallized minerals of allanite, magnetite and pyrrhotite
(Plate I1E, F).

4. Chemical characteristics

Eleven selected ores, two concentrates (Nos. 56, 57),
eighteen tailings (Nos. 83-100) and one leucogranite
(No. 3035) were analyzed by ICP-MS after a complete
digestion with HF, HCIO,, HNO, and HCI, except for
F, which was analyzed by SIE (Specific lon Electrode)
method. Sulfur was analyzed by infrared method. All
the analyses were performed at the Activation Labo-
ratories, Ancaster, Canada. The results are shown in
Table 1. Both the ores and tailings are quite different
from those of base metal deposits occurring in the sedi-
mentary terrain of North Vietnam reported by Ishihara
et al. (2010a, b), which are poor in copper, but rich in
zinc and lead.

4.1 General remarks

The studied ores contain 11.6 to 39.4 wt.% Fe. Refer-
ring their magnetic susceptibility values measured by
a portable device, the Fe contents higher than 15 wt.%
Fe appear to have both oxide and silicate iron, which
are typically shown by the high-grade Cu and REE ores
in Table 1. The highest value of 39.4 wt.% Fe was ob-
tained from magnetite-allanite (1.7 wt.% REE) ore (No.
20, Table 1). The Cu contents generally vary from 0.1
to 4.2 wt.%, and Pb-Zn contents are very low, less than
a few hundreds ppm. Total REE+Y contents range from
0.2 to 6 wt.% (Table 1), and the LREE/HREE+Y ratios
vary from 16 to 121, except for the epidote-dominant
rock (No. 3036) of 0.8. The leucogranite is not high in
the REE content and has 6.4 LREE/HREE+Y ratio.

Among minor elements, U contents are as high as18-
82 ppm and Th contents are low relative to the U con-
tents. Thus, the U/Th ratios are much higher than 0.25
of common granitoids (e.g., Ishihara et al., 1969). Tin
and tungsten contents of the ores are relatively high in
the chalcopyrite-magnetite ores, as 19-124 ppm Sn and
<0.1-30.5 ppm W. Mo is sporadically high up to 55
ppm Mo. Indium contents are very low (<1.6 ppm In),
unlike lead-zinc deposits of North Vietnam (Ishihara et
al., 2010a, b).
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4.2 Binary diagrams

Binary diagrams of the major ore components are
shown in Fig. 4. Cu and Fe ratio varies from 0.01 to
0.25 in the ores, but very low in the tailing (Fig. 4A).
The Cu contents of the tailings decrease to the 290
-170 ppm level (Table 1), implying that chalcopyrite
was well separated out by the flotation into the copper
concentrates. The other chalcophile elements, such as
arsenic, zinc, cadmium, cobalt, indium, bismuth, silver,
antimony and molybdenum (Table 1), are also moved
together with the copper sulfides. Therefore, sulfur con-
tents of the tailings are only around 0.57-0.79 % S (Table
1).

REE+Y contents are briefly correlated with Fe con-
tent in the ores, with the (REE+Y)/ratio from 0.01 to 0.2
(Fig. 4B), implying that both the components were de-
rived from the same ore solution. A large difference of
these two diagrams is seen on the tailings. The tailing
samples decrease in Fe contents to around 10-13 wt.%
Fe, implying the magnetite and chalcopyrite have been
separated out (Fig. 4A). Yet, those of REE+Y contents,
which are various amounts in the ores but being at
7,000-8,000 ppm level in the tailings (Fig. 4B), indicat-
ing that almost all of the REE-holding allanites have
been moved to the tailings.

Good positive correlations have been observed be-
tween LREE and HREE with their ratio 200 or less (Fig.
4C). Positive correlation between HREE and Y is also
good with their ratio around 1-2 (Fig. 4D), reflecting
their geochemical affinities. A positive correlation is
less distinct between Th vs. Y diagram (Fig. 4E). The

5

Th/Y ratio varies between 0.2 and 1 (Fig. 4E). Uranium
is enriched in the Sin Quyen ores and has U/Th ratio
over 1 (Fig. 4F), which is much higher than the gran-
itoid value of 0.25 (Ishihara et al., 1969). This high U/
Th ratio implies that thorium was not but uranium was
enriched in the ore deposits by the Cu-Fe mineraliza-
tions.

4.3 REE patterns

REE patterns of the chalcopyrite-magnetite ores with
different REE contents of 5.5, 3.5, 1.7, 0.9 and 0.003
wt.% REE+Y are shown in Fig. 5. These patterns are
similar each other, implying that the patterns reflect
contents and compositions of the contained allanites.
The whole patterns are similar to that of the leucogran-
ite (No. 3035), which has a weak Eu anomaly. In de-
tails, the highest REE + Y grade ore of N0.3031, shows
a sudden increase of Lu, which is somewhat similar
to the REE pattern of the epidote rock (No. 3036, not
shown here).

Low REE+Y grade ores tend to have increased a-
mounts of HREE (e.g., No. 19), which may be due to
presence of epidote. REE contents of this mineral are
very low, but within the lowest range, its REE con-
tents increase toward the heaviest REE side. Epidote is
known generally to have HREE-rich character and in
the case of one occurring in the Vierkisest granodiorite,
slight positive Eu-anomalies are observed (Giere and
Sorensen, 2004).
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5. Chemical composition of allanite

Selected allanites were analyzed by a JEOL JXA-
8900 electron microprobe equipped with five wave-
length-dispersive spectroscopes (WDS), at AIST. Al-
lanites and their epidote rims are analyzed on the two
samples of Nos. 3034 and 3039, and the results are
shown in Table 2. Epidote similar to the rim epidote
occurs to fill allanite crystals as aggregates; thus these
were formed later than the allanite crystallization by
increasing of oxygen fugacity of the ore solution.

Compared with the allanites in granitoid from Na-
kano, a type locality of the magnetite-series granitoids
in the eastern Shimane Pref. (Hoshino et al., 2007), the
studied allanite of No. 3039 is higher in the contents
of SiO,, Al,O, and CaO, but lower in those of TiO,,
MnO, MgO and >REE. Thus, the studied allanites are
depleted in “mafic” components. Among the REE, the
allanites are slightly enriched in LREE of La,0, and
Ce,0,, but depleted in the other REE of Pr,0,, Nd,O,,
Sm,0, and Gd,0,.

The epidote rim is very thin, less than 0.01 mm in
width (Plate 11B, C). As compared with the host al-
lanite, the rim epidotes are richer in SiO,, Al,O,, CaO,
MnO, and depleted in FeO, TiO,, MgO and ~REE,O,.
This compositional change must have occurred just be-
fore the magnetite and chalcopyrite mineralizations for
the mode of occurrence by change of the hydrothermal
fluid composition.

Allanite with the idealized formula (Ca**, REE*"), (AI**,
Fe*, Fe"),Si;0,,(OH), is related to epidote by the cou-
pled substitution of REE* + Fe*" & Ca™ + Fe*. There-

Table 2 Average chemical compositions of allanites and
associated epidotes occurring in chalcopyrite-
magnetite ores (Nos. 3034, 3039).
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Fig. 6 The Sin Quyen allanite plotted against Sm vs. Nd
diagram of the allanites from two types of granitoids in
Japan (after Hoshino et al., 2007).

No0.3039 No.3034

Allanite(n=21)  Allanite(n=30) Epidote(n=4)
Sio2 34.99 35.22 39.03
TiO2 0.56 0.54 0.22
Al203 17.40 18.83 23.63
Fe203 476 5.20 11.28
FeO 10.81 8.71 1.24
MnO 0.12 0.08 0.22
MgO 0.66 0.22 0.02
Ca0 13.48 15.37 23.49
La203 5.80 5.42 0.16
Ce203 9.16 8.70 0.38
Pr203 0.77 0.58 0.02
Nd203 1.46 1.47 0.13
Sm203 0.16 0.15 0.03
> REE 17.35 16.32 0.72
Total 100.13 100.49 99.85

Analyst: M. Hoshino.

*Fe2+/Fe3+ of the present allanite and epidote samples was
calculated based on 8 cations and 12.5 atoms of oxygen.

fore, the rim epidote decreases from 16.32 % to 0.72
% in the total REE contents and from 8.71 to 1.24 %
in the FeO contents. On the other hand, the rim epidote
increases from 15.37 % to 23.49 % in the CaO contents
and 5.20 % to 11.28 % in the Fe,O, content. Alumina
content of the epidote increases from 18. 83 % to 23.63
% to compensate decreasing of Fe,O, content.

Hoshino et al. (2007) studied allanites occurring in
the main granitic bodies and related pegmatites in Ja-
pan, and found two groups of the allanite rich in man-
ganese (more than 0.14 atoms per formula unit, apfu)
or poor (less than 0.14 apfu) in manganese, which gen-
erally correspond to the ilmenite-series or magnetite-
series granitic magmatism (Fig. 6). The magnetite-
series allanites are also different in having higher TiO,
and MgO contents, and LREE-dominant REE patterns.
The granite classification is essentially made by differ-
ence of oxygen fugacity of the granitic magmas (Ishi-
hara, 1977). The studied allanites have the magnetite-
series characteristics, indicating that the mineralizations
occurred with metasomatic fluids derived from an
oxidized source magma. This character continued to the
later hydrothermal stage and precipitated magnetite in
the ore deposits.

6. Some genetic consideration

From the alignment of many chalcopyrite-magnetite
deposits along northwesterly metamorphic zones (Fig.
2), it is obvious that the mineralization is controlled by
shearing related to the Red River Fault, which is the
southeastern part of the Ailao Shan-Red River tectonic
element (Tapponnier et al., 1990). The oldest host rocks
are Proterozoic in age, but the youngest rocks may be
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mid-Tertiary in age, because monazite and xenotime
of some leucogranites were reported to have U-Pb age
of 22 and 24 Ma and that of zircon of 30 and 34 Ma
(Tapponnier et al., 1990). The ore minerals observed in
this study show no stress effect on the texture and seem
to be crystallized after the regional shearing. Thus, the
mineralization is considered to have occurred during a
mid-Tertiary time.

REE-mineralizations are seen commonly with carbon-
atite and/or alkaline A-type granitoids. As mentioned
previously, the Muong Hum intrusion is composed of
alkaline granites of Paleogene age. If branch of similar
granite intrudes along the Red River Fault, it could be
one candidate of the source rock for the Sin Quyen de-
posit. We need further detailed study for petrology and
age dating for the leucogranite dikes occurring in the
Sin Quyen deposit area.

7. Conclusions

(1) The magnetite and chalcopyrite ores of the Sin
Quyen deposits occur with metasomatite consisting
of pyroxene, hastingsite, allanite, epidote, biotite,
titanite and latest-stage carbonates.

(2) Both allanite and ore minerals show no stress effect;
the mineralizations appear to be much later than the
deformation of the host rocks, possibly related to
magnetite-series granitic magmatism of alkaline af-
finity during a Paleogene time.

(3) The chalcopyrite-magnetite ores have LREE-en-
riched character, because allanite is the main REE
mineral. Allanite is euhedral and epidotized at the
rim, and is an early crystallized mineral replaced by
magnetite and chalcopyrite.

(4) The studied allanites are depleted in “mafic” com-
ponents, and could be compared with allanites in
the magnetite-series granite.

(5) The allanites have chemical composition of Mn-
poor type of Hoshino et al. (2007), indicating that
the mineral crystallized from metasomatic fluids
liberated from an oxidized magmatic activity.

(6) Both chalcopyrite and magnetite are well separated
by the mineral dressing, and all the allanites moved
to tailings. Therefore, the tailing pond turns out to
be an excellent LREE reservoir in future.

Acknowledgements: We thank the Sin Quyen mine
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and valuable comments given to the original manu-
script by Takayuki SAWAKI is greatly acknowledged.
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Plate | Studied granite and ores and their thin sections from the Sin Quyen ore deposits.
A: Outlook of the leucogranite, No. 3035.
B: Thin section of banded allanite-rich ore, No. 3039.
C: Epidote-rich ore of No. 3034.
D: Thin section of No. 3034.
E: Chalcopyrite-magnetite-rich ore of No. 3031.
F: Thin section of No. 3031.
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Plate Il Thin and polished sections of rock and ores from the Sin Quyen ore deposits.

A: Recrystallized leucogranite, possibly after shearing. No. 3035. Crossed nicols.

B: Allanite (Ala) with different orientations occurring together with magnetite (Mt) biotite (Bi), amphibole (Amp), quartz
(Qz) and albite (Ab). No. 3039. One nicol.

C: Epidote (Ep) occurring together with titanite (Ti), amphibole (Amp) and a little allanite (Ala). No. 3034 (one nicol).

D: Crossed nicols.

E: Pyrrhotite (Po), chalcopyrite (Cp) and magnetite (Mt) occurring with albite (Ab). Crossed nicols. No. 3031. Crossed
nicols.

F: Polished surface under one nicol.

Abbreviation: Ab, albite; Ala, allanite; Amp, amphibole; Bi, biotite; Cp, chalcopyrite; Ep, epidote; Mt, magnetite; Qz,
quartz; Po, pyrrhotite; Ti, titanite.
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Hiroshi Kanaya and Shigeo Okuma (2011) Physical properties of Cretaceous to Paleogene granitic rocks
in Japan: Part 4. A case of the inner zone of Southwest Japan. Bull. Geol. Surv. Japan, vol. 62(5/6), p.
000-000, 9 figs, 1 table.

Abstract: About 1500 granitic rocks exposed in the inner zone of Southwest Japan were collected and
measured on their physical properties such as density, porosity, magnetic susceptibility and Natural
Remanent Magnetization (NRM). The results were classified in seven areas (Hokuriku, Chubu, east Kinki,
west Kinki, east Chugoku, central Chugoku and north Kyushu) and their geologic time (late Cretaceous:
K., K,, Paleogene: PG,, PG,, Neogene: N;, N;) and compared with the same geologic time between each
area.

1. Density

The mean density of K,_, (older Ryoke) of the Chubu area, east Kinki area, and K, of the north Kyushu
ranges 2.72~2.74 (g/cm3=10’kg/m®) and that of the PG, of the Hokuriku area, PG, of the central Chugoku
area shows 2.62.

2. Porosity

The mean porosity shows 0.45% in the east Kinki area K, (younger Ryoke) and 1.27%, PG, of the
central Chugoku area with the mode of 0.22 to 0.79%. Rock density is inversely proportional to its
porosity.

3. Magnetic susceptibility

Magnetic susceptibilities of K,, (older Ryoke) and K, (younger Ryoke) in the Chubu area and K,_, and
K, in the east Kinki area show lower value of 10™. Magnetic susceptibilities of the K, in the Hokuriku
area, west Kinki area and central Chugoku area show from 10 to 10°. In addition, those of K, of the east
Chugoku area and north Kyushu area (west part) contain small amount of 107 order. Most of Paleogene
PG,, PG, samples show relatively strong magnetic susceptibilities of 10 and 10 but some show weak
susceptibility of 10,

4. Density and magnetic susceptibility

Considering the basisity of rocks, measured results are classified by Kanaya and Okuma (2010) into four
groups, paramagnetic, low magnetic, medium magnetic and high magnetic. Accepting this classification,
granitic rocks K,_, and K, of the Chubu and east Kinki areas are defined as paramagnetic to low magnetic
zone, K, of the Hokuriku area, west Kinki area and central Chugoku area contain paramagnetic to medium
magnetic samples and K, of east Chugoku area contains paramagnetic to medium samples and small
amount of high magnetic samples.

5. Natural Remanent Magnetization (NRM)

No relationship between the density and NRM is observed but there is a correlation between the
magnetic susceptibility and NRM. Konigsberger ratio (Qn) of about 90 percent rock samples shows less
than 0.4.

These results are summarized in Table 1 (physical properties of Cretaceous to Paleogene granitic rocks
in the inner zone of Southwest Japan).

Keywords: density, porosity, magnetic properties, granitic rocks, the inner zone of Southwest Japan.
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Fig. 1

Sampling sites in the inner zone of Southwest Japan.

a: Hokuriku area, b: Chubu area, c: east Kinki area, d: west Kinki area, e: east Chugoku area, f: central Chugoku area, g:

north Kyushu area.
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Table 1 Physical properties of Cretaceous to Paleogene granitic rocks in the inner zone of Southwest Japan.
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Fig.5

Histogram of magnetic susceptibility distribution of each area. See also Fig.3.
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Fig.6  Relationship between density and magnetic susceptibility.
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Fig.7 Relationship between density and NRM. See also Fig.6.
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Article

K-Ar ages of adularia at the Koryu epithermal Au-Ag deposit,
Hokkaido in Japan

Toru Shimizu* *

Toru Shimizu(2011) K-Ar ages of adularia at the Koryu epithermal Au-Ag deposit, Hokkaido in Japan.
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Abstract: Four new K-Ar ages of adularia at the Koryu Au-Ag epithermal vein deposit along with the
mineralization stages were determined. One age is 1.4 Ma for the first mineralization stage and the other
three ages are 1.19-1.10 Ma for the most economically important Au-Ag mineralization stage. Combined
with published data of K-Ar ages, mineral description, and fluid inclusion study, the results suggest that
the hydrothermal activities waxed and waned, forming ore veins with ten mineralization stages for 0.55

million years in the Koryu deposit.

Keywords: K-Ar age, epithermal Au-Ag deposit, Koryu, mineralization stages, adularia, duration of min-

eralization

1. Introduction

The K-Ar and “Ar/*Ar ages of adularia (KAISi,Op)
are useful to constrain the duration of mineralization
and the timing of gold and silver precipitation in the
epithermal Au-Ag vein deposits because adularia re-
peatedly occurs during vein formation and is commonly
associated with gold and silver minerals (e.g., Sekine et
al., 2002; Leavitt et al., 2004; Sanematsu et al., 2006;
Hames et al., 2009). Several K-Ar age studies have
been conducted on adularia and sericite at the Koryu
Au-Ag epithermal deposit (Sugaki and Isobe, 1985;
Shimizu and Matsueda, 1993; Fujikawa et al., 1995).
They showed that the ages varied between 1.2 and 0.85
Ma among different veins. This paper reports four new
K-Ar ages of adularia: one from the first mineralizing
band and three from the most prominent gold- and sil-
ver-mineralizing band. Combined with the previous age
data and mineralogical data (i.e., mineral paragenesis
and zoning, Shimizu et al., 1998), this paper clarifies
the timing of the most important Au-Ag precipitation
and duration of vein mineralization at the Koryu de-
posit.

2. Ore deposit and mineralogy

The Koryu Au-Ag deposit occurs within alternat-
ing mudstone and siltstone of Miocene (Hasegawa et
al., 1987) and consists of eight major ore veins (Fig.
1). The veins strike approximately east-west and dip
steeply. The deposit was discovered in 1899 and re-
cently produced about 3000 tons of ore per year with

a grade of 40 g Au/t (Shimizu et al., 1998). The mine
was exploited over a lateral extent of up to 1 km and to
depths of 180 m until the mine was closed in 2006.
Mineralogy at major ore veins Nos. 1, 2 and 3 was
intensively investigated by Sugaki et al. (1984), Shi-
mizu and Matsueda (1993), Ono and Sato (1994) and
Shimizu et al. (1998). These studies showed that the
ore minerals occurred in black-colored gold and silver-
rich bands (“ginguro”), as massive black ore with clay
minerals, as disseminations in quartz, and as euhedral
crystals in quartz vugs. The common ore minerals are
pyrite, chalcopyrite, sphalerite, galena, electrum, acan-
thite-aguilarite, polybasite-pearceite and pyrargyrite-
proustite. Gangue minerals mainly consist of quartz
with lesser amounts of adularia, manganocalcite, jo-
hannsenite, smectite, sericite, interstratified chlorite-
smectite, vermiculite-biotite, and a kaolin mineral.

3. Mineral paragenesis, zoning and distribution
of adularia

The mineral paragenesis, zoning and distribution of
adularia in Nos. 2 and 3 veins were investigated in
detail by Shimizu et al. (1998) and summarized as fol-
lows. Figure 2 shows a mineral paragenesis compiled
from mineralogical data at Locs. A, B and D in Figure
1. The mineralization is divided into two epochs: the
carlier and later based on the cross-cutting relationships
between the veins. The earlier and later epochs are di-
vided into three stages (E-1~I11) and seven stages (L-
I-VI1I), respectively. Each stage is further divided into
several substages according to the mineral assemblage

'AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
* Corresponding author: T. Shimizu, Central 7, 1-1-1 Higashi, Tsukuba, Tbaraki, 305-8567, Japan. E-mail: t.shimizu @ aist.go.jp
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and growth textures of minerals.

The mineral assemblage for the earlier mineraliza-
tion stages is quartz, adularia, and manganocalcite with
small amounts of ore minerals whereas that for the later
mineralization stages is quartz, adularia, interstratified
chlorite/smectite and large amounts of ore minerals.
The earlier mineralization occurs only at No. 2 vein
whereas the later occurs both at Nos. 2 and 3 veins:
stages L-I to VII at No. 3 vein and stages L-IlI, VI and
VIl at No. 2 vein. The Au-Ag ore forming episodes are
stages E-II and L-I, III, IV, and V. The stage L-III band
is the largest and richest zone of Au-Ag mineralization;
abundant gold and silver minerals (e.g., electrum) pre-
cipitated in the stage III band at bonanzas 1 and 2 (Fig. 1)
where the vein is thickest (~2 m). The stage L-IIT band
is seen in many outcrops between Nos. 2 and 3 veins.

Adularia is identified in a number of stages and sub-
stages: E-I, E-ll-a, b, L-I-a, b, ¢, L-1I, L-IlI-c, ¢, g, i, L-
VI-a, and L-VII (Fig. 2). The mineral generally occurs

No. 3 vein

No. 7 vein

No. 1 vein

No. 6 vein

as rhombic crystals in these stages except for columnar
crystals in substage L-III-i. On an ore deposit scale,
large amounts of gold and silver minerals are present
in stage L-III band that contained abundant adularia.
However, on a handspecimen to microscopic scale,
gold and silver minerals coexist with clay minerals and
quartz in the bands that alternately occur with adularia-
quartz bands.

4. Sample descriptions

Four samples for K-Ar dating were collected from
veins in different locations. One of the stage E-I (Fig.
3a) was from an outer band of the No. 2 vein that was
approximately 5 mm in thickness adjacent to host rocks
at Loc. A. The band was clearly older than the inner
bands in the outcrop, hand specimen, and thin section.
Ore minerals were not seen in the hand specimen but
small amounts of pyrite, sphalerite and galena coexist
with adularia and manganocalcite in thin sections (Shi-

No. 8 vein

0 100 200m
——

Mine level Elevation
(meters) No. 3 vein No. 2 vein (meters)
150 No. 1 vein 600
120 \ L 570
90 i Ei 540
60 ;/ < EL 510
30 5 I 480
0 . IE 450

Bonanza 1 Bonanza 2 \
Loc. E \Loc. | Loc.C Loc A 0____100m
Loc. D Loc.F Loc.J =oc.A
Loc. G Loc. H Loc. B

Fig. 1 Exploration adits of Koryu mine (above) and generalized longitudinal projection onto a vertical plane of the Nos. 1, 2 and 3
veins (below). Modified after Shimizu et al. (1998). The characteristics (strike, dip, length, width) of each vein are as follows;
No. 1 vein: N80-90°W, 65-85°S, 550 m, 0.3-1.5 m, No. 2 vein: N75-80°E, 70-80°N, 400 m, 0.1-0.4 m and No. 3 vein: N80°E-
N80°W, 70-88°N, 450 m, 0.2-2.0 m. Locations (Loc.) A to F correspond to those for mineralogical, fluid inclusion and stable
isotopic studies by Shimizu et al. (1998). Samples for K-Ar age determination in the present study were obtained from
underlined locations A, H, I and J that correspond to those in Table 1. Dotted lines enclose the high Au-Ag grade zone. Oval
shaded areas in No. 3 vein are bonanzas that were mineralogically studied in detail by Shimizu et al. (1998).
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mizu et al., 1998). Two of the stage L-1II (Figs. 3b and c) with hydrochloric acid (0.5N). All the samples were
were collected from inner portions of the No. 3 vein at washed by distilled water and were dried in the oven
Locs. H and I. One (Fig. 3d) was a float at Loc. J, No. at 110 °C. We prepared a few grams of each sample
2 vein. In the latter three samples, an adularia band (~1 for K-Ar age determination. The measurements were
cm in maximum thickness) commonly alternated with a carried out by Geological & Nuclear Sciences Ltd. and
ginguro band. Mitsubishi Materials Co., Ltd. for stage E-I and L-III

5. Procedure for K-Ar dating samples, respectively.

Adularia was separated from the samples by hand- 6. Results
picking after slight crushing and carefully checked for Combined with previous data, the results of four
contamination by binocular microscope examination. K-Ar ages are listed in Table 1. The age of the stage
In order to concentrate adularia and remove coexisting E-1 (1.4+£0.1 Ma) is the oldest and the three ages of the
manganocalcite, the sample of the stage E-I was treated stage L-I11 (1.10£0.12, 1.19+0.07 and 1.19+0.08 Ma)
Stages Earlier Later
E-1 | E-Il |E-1I L-1 L-11 L-111 L-1V L-v L-VI L-VII
-Bandw.subl‘ages - —— ——— : :
'”/na,(’dl‘h( abicla;blaib c . d abicide/fighiija b c dlatbl a @ b | ¢
. - 'm
Minerals 5 |7 |25 59 30 100 i) 32 79 21
Quarz —F
o |Adularia IR I T U SO N B
S C] Lo SRR A R : :
2| Manganocalcite H A BN N .
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Chalcopyrite = = — = = —— R|
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5 | Acanthite ] = bt e e f || o
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mineral P Lo S A A I : :
Tetrahedrite SN R BEEENEEE EREE B

Fig. 2 Mineral paragenesis of the Koryu Au-Ag deposit after Shimizu et al. (1998). Mineralogical data for the stages E-I, 1l and
111 were from Loc. A in Figure 1. The data for the stages L-1 to VII were from Locs. B and D in Figure 1. For the detailed
difference of mineralogy among these locations, see Shimizu et al. (1998). The width of vertical column for stages reflects the
relative ratio of maximum band width for stages in the veins. The width of column for the stages with the band width less than
50mm is equally displayed (stages E-I, II and III, L-II, V and VII). The dotted boundary in the column denotes the substage
boundary. The stage (or substage) for K-Ar age dating: *1 = 1.24+0.7 Ma, *2 = 1.19+0.09 Ma, *3 = 0.85+0.13 Ma (Shimizu
and Matsueda, 1993), **1 = 1.4+0.1 Ma(This study), **2 = 1.10+0.12, 1.19+0.07 and 1.19+0.08 Ma that were obtained from
unidentified substages in stage III (This study). { Interstratified minerals.
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among different locations are concordant within error
of analysis.

7. Discussion

Newly determined four ages and previously reported
three ages along with the sequence of mineralization
stage are between 1.4 and 0.85 Ma (Fig. 4). This range
contains other ages from unidentified stages: 1.0+0.3
Ma for adularia at 60 mL+20 mL sublevel, No. 1 vein
(Sugaki and Isobe, 1985) and 1.09+0.20 Ma from seric-
ite at No. 8 vein (Fujikawa et al., 1995). The data (Fig.
4) indicate that earlier mineralization started around 1.4
Ma, forming stage E-I to III bands of No. 2 vein. This
was followed by later mineralization (1.2-0.85 Ma),
forming stage L-I to VII bands at No. 3 veins and stage
L-III, VI and VII bands at No. 2 veins. The main gold
and silver mineralization (L-111) occurred from 1.19 to
1.10 Ma.

Host rock (mudstone)

anganocalCite +
annsenite

>~ Ginguro

Adularia
3 i

Stage L-111

P >~ Ginguro
&

- Stage L-1I

-

Combined with the fluid inclusion study for different
mineralization stages (Shimizu et al., 1998), the K-Ar
ages along with the mineralization stages suggest that
episodic hydrothermal activities waxed and waned,
forming ten mineralization stages (E-1~11l and L-1~VII)
for 0.55 million years, during which time the tempera-
ture of the hydrothermal fluids was as high as 283 °C
in stage E-III, but mainly around 250 °C in most stages
except for stage L-VII (as low as 206 °C). Because the
formation of adularia in the last stage L-VII was fol-
lowed by that of quartz within the same stage (Fig. 2),
the obtained age of stage L-VII adularia did not repre-
sent the ending of the mineralizing events. However,
judging from the restricted distribution of the stage VII
band in the center of the vein at two bonanzas in No. 3
vein (Fig. 3 in Shimizu et al., 1998) and lowest forma-
tion temperature (206 °C) among the ten mineralization
stages above, it is suggested that hydrothermal activi-

) \ ‘I; = —Adularia

"

5mm
I

Stage L-I11

Clay

Ginguro

Adularia

clay
Quartz

b

Fig. 3 Modes of occurrence of adularia for K-Ar dating in hand specimen scale at the Koryu Au-Ag deposit. A white arrow in each
picture indicates the growth direction of minerals. Locs. A, H, | and J correspond to those in Figure 1. a. Sample No. Sm-
940126-3 (a polished slab) from Loc. A. Adularia occurs as fine-grained crystals (<0.5 mm) within a narrow band (stage E-I)
containing many fragments of mudstone. b. Sample No. Sm-900711-10 from Loc. H. Adularia with subhedral rhombic shapes
occurs after ginguro and clay. The K-Ar dating was conducted for adularia on top. c. Sample No. Sm-910729-3 from Loc. I.
Adularia with subhedral rhombic shape intermittently occurs with ginguro and clay. d. Sample No. Sm-9501207-1 (a polished
slab) from Loc. J. Adularia band consisting of euhedral-subhedral rhombic shapes is followed by a gingruo band.
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ties responsible for major mineralizations at the Koryu et al., 2010) and 0.53 million years at the Cibaliung de-
deposit ceased by 0.85 Ma. posit, Indonesia (Harijoko et al., 2004).
The similar durations of mineralization from two oth-
er epithermal Au-Ag deposits were reported: 0.64 mil-
lion years at the Hishikari deposit (Sekine et al., 2002;
Sanematsu et al., 2005; Sanematsu et al., 2006; Tohma

Table. 1 K-Ar ages of adularia from Koryu Au-Ag deposit.

Stage  Locations Sample No. Material K wt% Rad“Ar  Rad«Ar Age(Ma)  References
(XRD (scc/gm x % (Uncertainty:
analyzed) 105) 1lo)
E-I No.2 vein, Sm-940126-3 Adularia, 5.98 0.030 22 1.4+0.1 b
Loc. A quartz 5.98 0.032 33
L-l-a No.3 vein, Sm-900709-6 Quartz>> 0.3 0.0013 6.1 1.2+0.7 a
Loc. D adularia 0.3 0.0014 4.7
L-Il1-c  No.3 vein, Sm-900712-19-6 Adularia 12.3 0.058 34.4 1.19+0.09 a
Loc. G 12.3 0.056 30.4
L-111 No.3 vein, Sm-900711-10 Adularia 10.7 0.047 16.5 1.10+0.12 b
Loc. H 10.7 0.044 16.0
L-11 No.3 vein, Sm-910729-3 Adularia 12.5 0.057 30.6 1.19+0.07 b
Loc. | 12.6 0.061 24.4
L-11 No.2 vein, Sm-9501207-1 1 Adularia 9.64 0.045 27.6 1.19+0.08 b
Loc.J 9.61 0.044 23.4
L-VII No.3 vein, Sm-900404-A-1 Adularia, 1.07£0.03 0.004 49.4 0.85+0.13* a
Loc. D quartz 1.07+£0.03 0.003 48.2

Locations correspond to those in Figure 1. References: a. Shimizu and Matsueda (1993), b. This study. 1: float. *: An average
value of 0.91+0.19Ma and 0.81+0.17Ma was obtained by duplicate measurements (Shimizu and Matsueda, 1993). Constants
used for the age calculation are; Ap = 4.962 x 10-10/yr, ke = 0.581 x 10-10/yr and 40K/K = 1.167 x 10-2 (atom. %).

K-Ar age (Ma)
2 1.8 1.6 1.4 1.2 1 0.8 0.6 0.4

| L B | | |
E-I (b)
N ——>%— -
(Loc. A, No. 2 vein)
L-l-a I @ o2 -
(Loc. D, No. 3 vein)
(]
(@]
s L-lll-c @
S N > 7
2 (Loc. G, No. 3 vein)
S L ®
© — |+| —
.= (Loc. H, No.3 vein)
(98]
S LI (®)
= N > -
s (Loc. I, No. 3 vein)
L-111 Ol
- I —
(Loc. J, No. 2 vein)
L-VII (a); :
- I —
(Loc. D, No. 3 vein)

Fig. 4 The K-Ar ages of the Koryu Au-Ag deposit. The error bars extend one standard deviation. Shaded area denotes the timing of
the main Au-Ag mineralization stage (L-III). References: (a) Shimizu and Matsueda (1993), (b) This study.
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8. Conclusions

1. The K-Ar ages of adularia along with the mineral
paragenesis showed that the earlier mineralization initi-
ated at 1.4 Ma, forming stage E-I to IIl bands mainly
composed of quartz, adularia, manganocalcite and
small amounts of ore minerals. The mineralization was
followed by a later mineralization, forming stages L-I
to VII bands with quartz, adularia, interstratified clay
minerals and large amounts of ore minerals between 1.2
and 0.85 Ma. The stage III band, the most economi-
cally important gold and silver mineralization zone, oc-
curred in an interval of 1.19-1.10 Ma.

2. The duration of major mineralizing events at Ko-
ryu hydrothermal system is estimated to be 0.55 million
years.
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1946 FEBEROEEXFFEoFEDO L TEE
MHEREEA " - IRIHEE

Yasuhiro Umeda and Satoshi Itaba (2011) Vertical Crustal Movements along the Pacific Coast of Shikoku
before the 1946 Nankai Earthquake. Bull. Geol. Surv. Japan, vol. 62(5/6), p. 243-257, 10 figs, 9 tables.

Abstract: The vertical crustal movement before the 1946 Nankai earthquake was obtained by the leveling
of the Geographical Survey Institute(GSI). In Shikoku district, however, the leveling was carried out 7
years before the earthquake. The Hydrographic Bureau(HB) surveyed the co-seismic vertical changes and
measured the difference between the measurement of last and just after the earthquake, on the bench mark
of GSI or HB. The leveling data of GSI were obtained the Japanese vertical datum origin as a standard,
on the contrary, the measurements of HB were obtained based on the mean sea level at each point. The
error of latter values has +/-0.10m against that of GSI. The data of co-seismic vertical change have an
error of +/-0.15m, because the vales were obtained by viewing of the HB staffs. In the case that the
measurement value and co-seismic change are greater than above errors, it is effective to use them with
the leveling data. We combined the data of GSI and HB, and obtained the vertical variation curves at 13
points in Shikoku, between 1898 and 1969. The co-seismic upheaval region has subsided in a long term
before the earthquake. The co-seismic subsidence region has up heaved gradually about 15 years before
the earthquake. It seems that the upheaval speed was accelerated just before the earthquake. The variation
curves of vertical crustal movement in a long term will become a base when we assume a prediction curve

for the next Nankai earthquake.

Keywords: Nankai earthquake, vertical crustal movement, Shikoku, earthquake prediction

2 F

1946 F- 1 i M2 i $% o Hbgdk o 128 B 13 b PR 3 A
(BAEDE T EFE) OAREERNREIZ K > TR 5T
3. LAaLAads, WEICET 2 KEERRIZAEDORT%
THEMIZITbR TN 20, M ERT & %D R
BEIARHTH >72. ZhizxfL, KigE EEOWH R
RITUFEEHER) (ZHER 2 S0 RO E T2 E)E & i
BEIROZENEDSI2DOMEERD TS, HIHITUEEL
ENTRYE & N7z KRR O FEARKHERE R IR ) O[F] L b
BEDKUES 2RI L ClllE &7z 0, HigEhg & iR
eoEMEME L TR 6T 5, BEIIEBBL
ETHHIZE > TR N HERETH 5. o LT
ZEETH 5 FABMITIRAT 30cm DFENDH D & Sh
T3, HHEPZhs LSS Cidadkiie®
Z, KSR OME 72 el & A G & & PR AT IC X %
AUETIE DR Al & FiA X 72 ZOME, WUEO 13
SIS B O TAREORNIH% 2 FEFE Lo L A g2 4
2 — LTI Z & k7.

1. KHROEREER

R b 7 71281 E KRB O RS BE I N5 &0,
PEEFAR G AIZET CII MM, FEHE T D 720D
BER A LoD b 5. TR 18 FE» 5 21 FE %
TITHED S TUENZ A0 T 14 BN 2 3%E U ()R,
2009), Au—2Yv7 (W< DIFD) ERADIHE
DERE BT D2D2H 5. HiH TR EE T TRE
L2 DOrDAT =) » TIZDONWTE, ThEFho
2w THONMEREIR, 21 v T &k EDOHEE E 1T -
7= (AtJiift, 2009; Itaba et al., 2010). Zh 512 ki,
20— 2 v FTIFHEX 25km ~ 40km fHED 7L — 15
BT, BRMIZBBEL VB Z L, BEIEES LAY D
B2k, HBUIRATE Mw=6 FETHEZ L END
Mo TND,

2 =21 vy FiE b T TIONOEKRMEIZLTT5 &
MEXNTED CNREMh, 2009; Ko, 2009 ; M,
2010), EAEEOBMAHIEE PRNC D& H 5 8 O & HIFF
ENTn5, LA LEBROEMETMELS L, 20—
Z )y TOPKMERIZHE - TR S 5 B0 T ARZE
BEDL HVREL BIUTERIERAEICE S0, &

LG - BT & — (AIST, Geological Survey of Japan, Active fault and Earthquake Research Center)
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L=t &T-5TED, EXNH S LIS IUTBINE
Wh, FrbAS&MEM-CREEBRENT (AR
T,2003), &) K ICHIEEFREIZE S £ TOEDOEH)
Hifg A HE L T 3. ﬁ@waaonfé,%@ﬂﬁb
MRk PHIY I 2L — b &7 20101, WREHOT
R E WO RE L ONRMEIZL 5.

A2 T, RO B AN 72 T RIS R R o B
DOWFEET I E LT, HilElo 1946 -5 Hh 2w 0 Hh7dk
O F T2 % MEO KPR RIS THRER R D

1R FLIXNOEMEE £ (1), 2),3) 135 1 X -(1),-(2),-
@ IzxIB LTS, & (©2) @EP@ (a),(c) X1
- DERLICHIGL TS, & (3) 3E- (1)
E-(2) A SIETH L7 1898 4 % it &
32 M AEME

Table.l1 Numerical tables of Fig.1l. Table 1-(1),-(2),-(
corresponds to that in figure 1-(1),-(2),-(3),respec-
tively. (a) and (c) in table(2) corresponds to that
in figure 1-(2). Table(3) was obtained by combined
with the results in table(l) and (2) as a zero with

the value of 1898.

Table 1—(1)

nEF |meEm| PEEP

Leveling| Leveling |Difference
year |result (m) | value (m)

1898 5.5546 0

1931 5.5715 0.0169

1939 5.652 0.0974

1953 49874 -0.5672

1965 5.184| -0.3706
Table 1—(2)

: AEED | AELET
AEE | T2 |#oiEm

Measure |Diff. of
—ment |measure—
year |ment (m)

1928 0 0.015
1946 | (c) 053 0.545
1947 | (a) -0.67 -0.665

Shifted
value (m)

Table 1—(3)

£ |HEEEmM
Year Combined

value(m)

1898 0
1928 0.015
1931 0.0169
1939 0.0974
1946 0.545
1947 —0.665
1953 -0.5672
1965 -0.3706

F62% H5/6 5

LI 2 E, ZTOZEMIMMIZRD D L 2ikAhb.
1946 4114 g 3t 52 1 £ 00 DU [E] sk U= 35 0F 2 Mg > b A&
g, P (BRAEO E R BEE) O KUENI& I
Ko TROSENT VDA, M AT O AKUEH &1 1898 4
Je U 1930 SERDIZ L L&D D ED, HbHT 3D
ATH%. WEEHRS 1953 4% T 7 FHOMEBRIT %
V). Miyabe(1955) (3 3EZ T 3 810D Il H AR & F Tt
BRI E COLBHhFR A ML 725 2, MBS 5 AKHER
BORMEDZEZ ], ZE2BIIZH S MS§ 24 EDLRIC
& o TIUEAIR O jl & HEREO L TEE O3 v 4 —
7 TEHS ZEITRIIL 7z, LA L, Miyabe(1955) 2
131930 1A & AR T & TOIMFTES R ST
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Fig.1 A figure showing the method as an example of
Susaki. (1)Levering result by the Geographical
Survey Institute (@) , (2)Measurement value(a)
and survey value(b) by the Hydrographic Bureau
(@) , (3) Vertical variation curve combined with
the results in (1)and (2)
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B 35 F % KER I O Hb 2 AT O 52 13 1928 4R, HEHIE
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0 67cm DUETH S (£ 1-2). 18 HEM DO E
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0.53m) 1E, 1K 1-(2) ISRT KD ICHERIZ B 5 18 4
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Fig.2 Map showing Susaki area. Squares with numerals and double square indicate the points of bench

mark of the Geographical Survey Institute and the Hydrographic Bureau, respectively. Map

quoted from the colure image map of the Japan map center.
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T DRk - RERLEBOKELR LT 1A 10 H2 568
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HEED B EAE T 13 DS B 7 2T HB L 7228,
%3 6 AR L A O 1% 1 OXSIZ N, Ly
U [HAKEEH 1871-1971] D 169 X—= Y DFRIIZLLT
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Table.2 Survey value, measurement value and year of last measurement at each survey point.

B OE B (m) e BEORE S
) Rk
ToKEEES
Measurement value(m) Last measurement year
- . = SAER Bench mark
No.| S%#4 | Survey point saokaegg N EEL T T | o red | KEBE® |BAKES
b
Survey value Rock above Hydrogiaphic
(m) Hydrographic | water/Rock | Geographical bureau Hydrographic | Hydrography
bench mark | which covers | bench mark bulletin in Japan
and uncovers
[ EE3 Muya -0.11 O —0.04 302
2 IMNAE Komatsujima 210 -0.2 /-0.3 1927(s2)
3 | #&# Tachibanaura —0.24 -0.1 1943(s18)]  1927(s2)
4 | H#{E  [Hiwasa -0.2{ O -0.12 5100 1927(s2)
5 | &I Asakawa —0.6{ F —0.9 /0.6 —0.36 5113 1927(s2)
6 Bl Kannoura -0.9i F -0.44| -0.3/-0.4 -0.38 5121 1943(s18)
7 | ##=/;E |Sakinohama 03i F 0.53 5131
8 | #% Shiina 09! F 0.77 5136
9 ES=n Murotosaki 1.2i H 0.96 5140 1928(s3)
10 | &2 Tsuro 1.2i F 0.78 * 5142
11| =@ Yasuda 00 —0.27 5157
12 | F4& Tei -0.7{ F
13 | &% Kochi -1 0 —0.65 5003 1928(s3)
—0.68 5004
—0.69 5005
14 | AP |Uradowan -1 F -0.72| -0.6/-0.7 1928(s3)[  1928(s3)
15 | #1iF1%  [Shin usa -09i F
16 | ZEI% Susaki -1.2{ H -0.67 -0.6 4673 1928(s3)
17 | A%L Kure -1 H -0.5/-0.5 * 4668 1928(s3)
18 | /= Omuro -0.9{ H
19 | &% Saga -0.3{ H -0.2 4644
20 | EJiIE Kamikawaguchi -0.9i H 0 * 4641 1928(s3)
21 | TH Shimoda 0.6{ H
22 | F/M;T |Shimonokae 0.6 H
23 | UsFl (lburi 0.6] H
24 | EK Shimizu 0.6! H 0.1] 0.2/0.3/04 1912(T1)
25 | miEAE Komame -0.6{ H -0.2 1928(s3)
26 | BE Sukumo -0.9i H -0.31 4619 1944(s19)| 1936(s11)
27 | FME  |Uwajima -0.6i H 0.06(*) 4589]  1928(s3)ik
28 | =H Yoshida 0i H -0.2 1928(s3)ek
29 | /\#&E  [Yahatahama 0! H -0.23 0 1928(s3)k

- AEEOEDIIT, FILAESR, HIKERE, OBXZDOMAIRIEEFICISAETETRT.
- KEFRFES DL *x OKEFEDOME [FKBRERDOMBICERSNATOEGEN O, BFLIFAESNFKESE  FHEICRLEVKERE

AL

- AEEOTIIKE, SEBMES. HLBEHBETFETY.
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Fig.3

A AR T HIX. OFIO S CIEEEME L MIEW A2 7 7 TORT. 77 7 O Ofio ifkid
BMOFFE (+/-0.15m) 2R, A5/ WELAHIMERE & 0 RAEMOIE S B REWT &ICEH.

A map showing the survey points. Two kinds bar at open circle(O ) show the survey and measurement
value, respectively. Thin dotted lines indicate the error level (+/-0.15m) of survey value. It is

noticed that the survey values are greater than the measurement values, except that of Sakinohama.

85 3% HnlOWEF23 1 U 7= 30 e OSHlE et & (a),(b),(c) 1, 1 -2) DEN
5EIHL.

Table.3 Survey and measurement points that the last year of measurement are able to
estimated. (a), (b), (¢) in the table corresponds to that in figure 1-(2).

BIERD BIENE(a) |FAZ1E(D) IR AT BIE® |HEETO

AEMA | Hfm | Bfm KEEES | HEE | g E
Measure and Measurement | Survey c=a-b Geographical Last year of | Year untill

. value(a) value(b) survey BM A
survey point unitm unitm Number measurement | main shock
Hiwasa -0.12 -0.2 0.08 * 5101 1927 19
Asakawa -0.36 -0.6 0.24 * 5112 1927 19
Kannoura -0.38 -0.9 0.52 5121 [1927] [19]
Sakinohama 0.53 0.3 0.23 5131 [1927] [19]
Shiina 0.77 0.9 -0.13 5136 [1927] [19]
Murotosaki 0.96 1.2 -0.24 5140 1928 18
Tsuro 0.78 1.2 -0.42 5142 [1928] [18]
Kochi -0.65 -1 0.35 5003 1928 18
Uradowan -0.72 -1 0.28 5002 1928 18
Susaki -0.6 -1.2 0.6 4673 1928 18
Kure -0.5 -1 0.5 4668 [1928] [18]
Saga -0.2 -0.3 0.1 4644 [1928] [18]
Shimizu 0.1 0.6 -0.5 — 1912 34
Komame -0.2 -0.6 0.4 — 1928 18
Sukumo -0.31 -0.9 0.59 * 4620 1936 10
* BRE-Z)I-BEOKBEAUNEDKEZEEBIERF-IIBUEINTH, VEDHED
KEZETOREEZERA

BIEOAEEDN] JNOERIFHEELEE
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N5, 1928 4 (I3 4F) 1%, BFH» o 7/ EHiL -
TWB A, 17 ERIZBAEOMIFZXIC & BBHII O
KiZg WY725 2z, ULa LREEICIZFEY 5 &%,
F 72 KBRS KL S 2 & P OIFIX IR0 1928
ﬁ@ﬂ%&&ofnqgﬁwe,%ﬁ%&ﬁﬁ@@ﬁu
i B, L, TS 1928 FofllE L e xh 3.

%2%Fm@®@ﬁ¢l*%¥ﬁjhﬁﬁéhfhé
Eﬁ(ﬁ 1943) & 166 (1944) 13, [ HAKR L 1871-1971]
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»HUO, Vee s wOMES L IRAK 1927 R HEE L7, 1HE
IZDWTIEIEA 11 45 (1936 4F) DR HlE O HkT iz
[DUE e A BHEAE] &5 50T, HIEMmIZ 1936 4 &
DFEEMEE I NS, Y EOBRA I HTE O HE F A
3EICFLD. ZOSBH v aftiFz bR X5 cHEE
LR TH B.

3.4 BERUCHIBAEROKERE

WEEE, WEM () , #ALEME (b) O3 22834801,
BIM - IR LK ER 28 TES, L Ll
fEIZBNTIRA02 m (+/-0.1m), FEMIZH T 0.3m
(+/-0.15m) FEL INTHDIDT, HEAZNRLT
DOHFIIAEX A 51X 5 Z L2 L7z 7240
PRERAL T O KUEFE U VE K, HH &> T o7z
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Y, T2 S AR,
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2K HEHIE O FRARIAEEIC U T 2km LA B TV,
_mﬁgwﬁﬁfbhi MEAMA BEVTEVE-D
h5. B BHTIEEET 5 3 DOKEZTOMIEM
BRELENTVEA (FB2K), HEED A S KERETHS
N HEREIZ 0.03m, 0.01m LAME S TR,

B T L2 BM5142 & 7 O JEEI O K513 1931
FOWEDBAED 1932 F SIS T 5. KUER
BED - HEX, TOEOUERFEEL LT, %
NPz A 2212k 3. 2hE coZanth

i & B2 ITIZ R O il % ] & 2 D S THEE L
R om0, HEOXIIICTFERICHIE SN2 &
5 AR, 2 LT O REE A LLE O i 2 1 4
LT REAhEERECaVwWEELONS. 22T
1898 4F -1931 D% E % 1 4E4Hfi L 1932 4Efii & L,
Z N LIRE D2 Bl & B2z,

3.5 _LETZEHR

Wi E TIR RN D DOE&MEE2T-LT, F1X
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5. B YT VICEWNMEE IRTO L TEHORSRS
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FIEN, TOMEIZONTIZ 4 — 4 Hiole Tk 5.
KEITH 5 N7z 13 HiFD 1898 420 5 1946 F-0D jh5Z
EHTE TORM ETE#R A X EIZR L2058 5K
1) THhb. FEHNRELERBLIZEALNS 1939
o O RN E TOXEREAE R L ZONES5K -(2) T
b5, EESAEARERS L, FBAMANE L & RO
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WAk 1898 FaRHE LR HEORED L MA®E. 1% -Q) Icxbd 5.
Table.4 The vertical value at each point in each year, which is assumed as a zero with the a value of 1898. The

table corresponds to the table 1-(3)

Sukumo Saga Kure Susaki |Uradowan| Kochi Tsuro |Murotosak| Shiina [Sakinohama|Kannoura| Asakawa | Hiwasa
year BM.4620 | BM4644 | BM.4668 | BM.4673 | BM5002 [BM.5003| BM.5142 | iBM.5140 (BM.5136| BM.5131 [BM.5121| BM5112 | BM5101
1898 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 -0.219 -0.1635| -0.084| -0.0758 -0.224
1928 -0.0094| 0.0108 0.0154| -0.0148] -0.0185] -0.2715] -0.2813
1931 —-0.0103| 0.0119] 0.0169[ -0.0163| -0.0203] —0.2986| —0.3094| -0.2492 —0.1861] —0.0955| -0.0863] -0.2547
1932 0.0161 * -0.3076
1936 0.0447
1939 0.0944 0.064| 0.1069 0.0974 0.0594| 0.0551| -0.2431 -0.2447| -0.1856 -0.1236| -0.0354| -0.0315| -0.1995
1946 0.592( 0.0906/ 0.5108 0.615 0.2652 0332 -0.6915[ -0.5213| -0.349 0.0664 0.436 0.164 -0.144
1947 -0.265| -0.209( -0.489 -0.585| -0.7348| -0.668 0.5085 0.6787 0.551 0.3665| -0.464| -0.4358 -0.344
1953 -0.1801| -0.1878 -0.6403| -0.5672| -0.6349| -0.6411 0.4374 0.4802| 0.3103 0.0185| -0.4806| -0.4489
1965 0.0229 0.0244 -0.3706
1969 —0.0962| —0.0935 —0.6258 0.3362 0.3771] 1.1377 0.0135| -0.2747
* 2 ED1932F DEIFHMETE
0.8 . 04
06 £ 0 Hiwasa(BM.5101)
E Shiina(BM.5136) . 5"
- 04 > s 0 ‘\ -
2 3 ]
< 02 = -0.2 <
5 g 3
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Fig.4 Vertical variation curves at 13 points on Pacific coast in Shikoku.
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5557 1898 4F-— 1946 4F- & 1939 4F-— 1946 {F DK Hpi o> | F & HfiE
Table.5 The values of vertical changes during (1)1898-1946 and (2)1939-1946 at each point.

Sukumo | Saga Kure Susaki |Uradowan| Kochi Tsuro [Murotosak| Shiina |Sakinohama|Kannoura| Asakawa | Hiwasa
BM.4620 | BM4644 |BM.4668| BM.4673 | BM5002 | BM.5003 |BM.5142| iBM.5140 [BM.5136| BM.5131 |BM.5121 | BM5112 | BM5101
Difference
Value of 1898- 0.592 0.09 0511 0.615 0.265 0.332( -0.692 -0.521| -0.349 0.066 0.436 0.164( -0.144
1946
Difference
Value of 1939— 0.498 0.027 0.404 0.518 0.206 0.277| -0.448 -0.277| -0.163 0.19 0.471 0.196 0.056
1946

(1) Vertical Change (1898 y —1946 y)

|

Murotosaki
-0.52

N  (2) Vertical Change (1939 y —1946y)

+0.20 +0.06

Sakinohama
Shiina
-0.16

Murotosaki
-0.28

%5 (1)1898 4F-— 1946 4 & (2)1939 4F-— 1946 fF-0> I FAEfif & 73 HhfX].
Fig.5 A map showing the values of vertical changes during (1)1898-1946 and (2)1939-1946.
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Fig.6 Map showing Kochi and Uradowan area. Squares with numerals and double square indicate the points of bench

mark of the Geographical survey and the Hydrographic Bureau, respectively. A reverse triangle shows the survey

point estimated from the description in the hydrographic bulletin(1948). Map quoted from the colure image map of

the Japan map center.
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Table.6 Vertical variation value at Aki(BM.5163) which

referred to the Japanese vertical datum origin.

Combined

vear value (m)

1898 0
1928 —-0.063
1931 -0.0693
1939 0.0004
1946 -0.333
1947 -0.333
1953 -0.257
1969 -0.2178

TR kE (BM5163) #IEHEL L M4, EFk, 5
O LT EME
Table.7 Vertical variation value at Shiina, Murotosaki and

Tsuro which assumed Aki(BM.5163) as a standard.

&S 1Em)
vear Combined value(m)
Shiina [Murotosaki| Tsuro
BM.5136 | BM.5140 | BM.5142

1898 0 0 0
1928 -0.164 -0.218 -0.208
1931 -0.18 -0.2401 -0.229
1939 -0.186 -0.2451 -0.244
1946 -0.294 -0.458 -0.448
1947 0.606 0.742 0.752
1953 0.567 0.7372 0.694
1969 — 0.5949 0.554

4.3 BKEDEE)

K J D I TE A AR PRI R0 IR U2 B U B UK A S e
LT 5. HUEFEA AT O BRI AR O K 512 HAK
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AR R AER B % & FF T3 2 & & o T B
DOEREIZHES T THNTW S, ZOMIEIZAKRED
e & B am A Fue & Lz 2 i 6 .
T A RIS TR B 720 D T RIZEE O
W LT TEZD, HUEEAZEZ T3 L0 piTid
T— 2Ok E, KELEND 5.

P AT S R A & RoE A FLUE L U TR IE
AOZEH#HE L T2 Licky, BEEOHIED S5
SN7=[FENIC LA AZEHOBRE L, KEBRFICEK
2K & FEHE L U 22 B ME M A 515 5 e
WD 7 & DI TE B, HPEFE T & A4 ot
H B VBT A, B, MR, B
VK OHHO S ird 5. WEPHEEEEE 78 &
[9-3. [ - MUEHL ;O M A E) | O 4 X ([E Pk,

AKi(BM.5163)
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57 HA KR 4 SHE & U 22 %25 (BM.5163) @ LT
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Fig.7 Vertical variation curve at Aki(BM.5163) which

referred to the Japanese vertical datum origin.
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Fig.8 Vertical variation curve at Shiina, Murotosaki and

Tsuro which assumed Aki(BM.5163) as a standard.
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Table.8 A comparison of the vertical variation value obtained by this study and

Geographical Survey Institute. Each value was obtained just after the 1946
Nankai earthquake, as a standard at Aki(BM.5163).

St. / BM.No.

Tsuro Murotosaki Shiina Sakinohama| Kannoura

5142 5141 5140 5136 5137 5131 5121
This study (m) 0.75 0.74 0.61 0.42 -0.4
Geographical survey (m) 0.62 0.74 0.61 0.29 -0.21

2007 4F) 7 Bt AL S 72 HEZEL % 0D 5 2 it DAl & AHF
TTDENEKMEERS L IITFESRITNL 2. AL
HEA I AKHEERE S F T B A, 4- 1INk
FHEE 2 ACHEREIZ 351 2 BURME DN IZA I CO# I f
WCEIEENEE LS.

BREHEMAIIFECHEAERTED, 20287 % 0
5 L WAL DOREIZ T T EWIEr D 2, KigFO
TR A IS IER IR A SN K D ITR A 5. Ly
LaMNs, MELERE 7 EZVEFRE 0.13 m 77 A
ZROBEH R K E <, HHIZNIZ 0.19m 72 O ARFFEDTT
[EEAAKZ WV, ZO X ICEESIZ W TlE DZED,
gt % 2z i 3vkEO VT hr—HEicFhTnanZ &3,
FThoORR P EHE(LOREEZL LT, HlDDFD
IR DU B Tld 2 <, WBE T & O TR 2 i
HZELICEET 28 DL Bbhs.

PSR C ORISR A, DEAEAR AR
TORWIMTOWHEIMIEDL 6\WH 720759 7.
1890 42 & WIMT AL ER A 5 T 2 DU E D <
T, HA (FERLR S ARRT) SR (R iR H )
Nhd, ZITEHEAN B4R LRCHBIZOWT,
S DB AL ek A g AR A v 4 — (2010) Dk —
LR=VUPHATYE—FL, HBIOX, HEIXRIIRNL.
KGR AR 7= FALLE & PEMER, Wi h g mEhE O
.0 1947 S A FUEL LTV B DT, [FEDWEAKIL & fth
DFEOZNL &I 20N DH 5. WD 1946 FF-0
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i Catan L COSMEIO R TE b o725
W, Z R CE2 X, 2B 4 X)) 128 W T 1946 fFD T a
MEFART, 0.078m 72 LIV 7 b EH 0 E B DH
5.
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?0.078m 2AA% Z &, MlBIZ I 2 AKE DO (0.078m
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I3 % 220 ORERE Fi> Thsny, 805K TIE
R DK IE il/?;cb\ L&z

WM (@) IZDWTBFEBOZ EAFZ 57, 1947
EOWF KIS LT 1927 4, 1928 4, 1936 - & DKk
fizEidZh<h, 0.035m, 0.008m,0.015m TH 3. Zh

5DARNMFEL, WG 3-2 i TR 72Kk IS O HIE R
Z£0.1m ~ 0.2m (2 < SRTHA/NE L, MIEDLE LA
weilbhs.

4.4 LETFZEOME
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Table.9 Sea level at Hososhima.

year sea(lrLe)vel
1898 2.448
1927 2.38
1928 2423
1931 2.405
1932 2.425
1936 24
1939 2.405
1946 2.493
1947 2.415
1953 2.496
1965 2.378
1969 2.409

F—REMABZ ERHFRIz. 7277 KEEO TR
WEHOZHEZHBICL->THLZEDOTHD, RK
T 0.3m(+/-0.15m) DFENH 5. F 7= HPEFAT T O
TR IR 0 A KHE S 2 JEUE L L2l Th B DKL,
A& IR DM 152 5 B ki T AR A KL LT
W5, BREERHISHA BT EIE, BEOHUEN %
B ORUEIAbE R LIk 5. WKROZEHIZR
LTS (Bl Himr) oBmRcsz s = v o
U724, FABMORE (+/-0.15m) ¥ X ONIEM O
(+/-0.1m) %% 3D TIIAE» 57

2B O BHRIXNE DY E R O 13 Hi TR &
Nz, ZERK ks R 5 L, BFIRA % & R
OB HIR TIZHERNIIRE L Th D, W HERO TR
BCIRHERTI IR E K5 TWE. By T4 VI
WNEE  EOEBNIIRE S, HERIZEFIRHED
SHIA LU < B2 A, MELITIZE L AL hE
BRI O ZBNZ BT 5. 55 -2 ERX 0 4 it

Secular variation of sea level at Hososhima.
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Fig.10 Vertical variation curve from 1928 to 1946 at

Susaki. The vertical movement did not change

linearly, but it might be accelerated just before the

1946 Nankai earthquake as shown by dotted line.
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Table.8 A comparison of the vertical variation value obtained by this study and

Geographical Survey Institute. Each value was obtained just after the 1946
Nankai earthquake, as a standard at Aki(BM.5163).

St. / BM.No.

Tsuro Murotosaki Shiina Sakinohama| Kannoura

5142 5141 5140 5136 5137 5131 5121
This study (m) 0.75 0.74 0.61 0.42 -0.4
Geographical survey (m) 0.62 0.74 0.61 0.29 -0.21

2007 4F) 7 Bt AL S 72 HEZEL % 0D 5 2 it DAl & AHF
TTDENEKMEERS L IITFESRITNL 2. AL
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Table.9 Sea level at Hososhima.

year sea(lrLe)vel
1898 2.448
1927 2.38
1928 2423
1931 2.405
1932 2.425
1936 24
1939 2.405
1946 2.493
1947 2.415
1953 2.496
1965 2.378
1969 2.409

F—REMABZ ERHFRIz. 7277 KEEO TR
WEHOZHEZHBICL->THLZEDOTHD, RK
T 0.3m(+/-0.15m) DFENH 5. F 7= HPEFAT T O
TR IR 0 A KHE S 2 JEUE L L2l Th B DKL,
A& IR DM 152 5 B ki T AR A KL LT
W5, BREERHISHA BT EIE, BEOHUEN %
B ORUEIAbE R LIk 5. WKROZEHIZR
LTS (Bl Himr) oBmRcsz s = v o
U724, FABMORE (+/-0.15m) ¥ X ONIEM O
(+/-0.1m) %% 3D TIIAE» 57

2B O BHRIXNE DY E R O 13 Hi TR &
Nz, ZERK ks R 5 L, BFIRA % & R
OB HIR TIZHERNIIRE L Th D, W HERO TR
BCIRHERTI IR E K5 TWE. By T4 VI
WNEE  EOEBNIIRE S, HERIZEFIRHED
SHIA LU < B2 A, MELITIZE L AL hE
BRI O ZBNZ BT 5. 55 -2 ERX 0 4 it

Secular variation of sea level at Hososhima.
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Fig.10 Vertical variation curve from 1928 to 1946 at

Susaki. The vertical movement did not change

linearly, but it might be accelerated just before the

1946 Nankai earthquake as shown by dotted line.
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