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Hot springs around the northernmost part of the Itoigawa Shizuoka Tectonic Line (ISTL) are

investigated. The Otari and the Hakuba villages, Nagano Prefecture are the study area. The area

is divided into two areas by the ISTL, the Hida Gaien belt area (western part) and the Fossa Magna

area (eastern part) : the former is consists of weakly metamorphosed formations containing melange

belt with ultramafic rocks and the latter is of sedimentary rocks of mainly sandy mudstone.

Physical and chemical measurements for the hot spring waters are expected to provide a relation

between geological structure and characteristics of hot spring water, and also to provide informa-

tion about correct trace of the ISTL in the area covered with sediments.

The percentage of (Mg Ca ) in total cation (in eq/l) is found to be a good indicator for

drawing a line between the Hida Gaien belt area and the Fossa Magna area. In the case of the study

area, the percentage for the drawing is : lager values for the Hida Gaien belt area and smaller

ones for the Fossa Magna area. Therefore, hot springs in the boundary zone are classified by the

percentage. Furthermore, an unusual concentration in SO ion in the Fossa Magna area is ob-

served. That is, the concentrations of SO ion in the hot spring waters are smaller than those of

the river waters. The unusual concentration reveals that the origin of SO ion in the hot spring

water is pyrite (FeS ) in the formation. In the Renge hot spring group, very high concentrations of

SO and Mg are observed, which are explained in terms of interaction among SO gas from a

volcano, ultra mafic rocks and underground water. That is, underground water reacting with high

temperature SO becomes strong acid hot water with large amount of SO . The hot water reacts

with ultra mafic rocks around the hot water reservoir, and the hot water has high concentration of

Mg .

: Hot spring geochemistry, Hida Gaien belt, Fossa Magna, Itoigawa Shizuoka Tectonic

Line

Nakano ). We expect that hot spring water

The study area is situated at the northeastern provides individual information to geological evi-

part of Nagano Prefecture (Fig. ). As shown on Fig. dence about the situation of ISTL under the sedi-

, the site is around the northernmost part of Itoi- ments.

gawa Shizuoka Tectonic Line (ISTL), and is divided Iijima and Miyajima ( ) studied characteris-

by ISTL into two areas, the Fossa Magna area and tics of hot spring in the Fossa Magna area in Nagano

the Hida Gaien belt area. ISTL is one of the largest Prefecture and pointed out that the chemical compo-

inland active tectonic lines in the Japan Islands. nents of hot waters were roughly related to the geo-

However, the trace of ISTL is not always seen on the logic settings of the hot springs. Abe ( )

surface. ISTL forms complex structure here ( studied on chemical properties of hot spring waters

Ayaka Homma * and Hiroaki Tsukahara

et al.,

et al.

e.g.,
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Fig. . Index map showing the location of study area.

along the Himekawa river which is flowing along the

ISTL and described the characteristics of each hot Geologically quite di erent two areas, the Fossa

spring water, but did not discuss about the relation Magna area and the Hida Gaien belt area are con-

between the geological structure and chemical com- tacted with each other by ISTL in the study area. As

position of hot spring water. There is almost no shown in Fig. , the Fossa Magna area situates in the

systematic study on hot springs in relation to geo- eastern part, and the Hida Gaien belt is the western

logical structure in the ISTL area. part.

We investigate the hot springs which are welling The Fossa Magna area is covered by Neogene

up in the area of the northernmost part of ISTL. formations, mainly sedimentary rocks of sandy mud-

There are many hot springs in both areas. We have stone. On the contrary, the Hida Gaien belt is an

extended the coverage of our study area wider than ancient accretionary prism complex, and is com-

that of Abe ( ) in order to survey two areas, posed of weakly metamorphosed formation of Devo-

the Fossa Magna area and the Hida Gaien belt area. nian to Permian formations containing melange belt

River water near the hot spring is also analyzed for with ultramafic rocks.

comparison with hot spring water quantity, and the There are some Quaternary volcanoes in the

river water measurements have given us a new view- Hida Gaien belt area : the Shirouma-Oike volcano

point about origin of SO in hot spring water. group which is mainly composed of Mt. Norikura-

Movement of an active fault sometimes e ects dake and Mt. Kazahukidake. These volcanoes have

chemical change in ground water or hot spring water erupted andesitic lavas and pyroclastic flow materi-

: for example, Cl concentration increased in ground als. Further, small scale granitic intrusions are ex-

water before the Hyogo-ken Nanbu Earthquake posed in this area.

(Tsunogai and Wakita, ), which began half a year Hot springs are sporadically distributed in the

before the earthquake. As mentioned above, the two areas. We wish to get keys in the characteristics

ISTL constitutes one of the largest active faults. The of the hot springs that may be used to infer the

basic description about the hot spring water chemis- di erence between the two areas. We expect that the

try in this study area is expected to be useful for physical and chemical measurements for hot spring

detecting precursory anomaly. waters reveal the relation between geological struc-

ture and characteristics of hot spring water. Then

we emphasize on getting information from border

et al.

. Geological settings of the study area
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Fig. . Locations of hot springs and geological map (geological map from Harayama ). The east

side of ISTL is the Fossa magna area of sandy mudstone, the west side the Hida Gaien belt of ancient

accretionary prism complex with ultramafic rocks. Dashed line of the ISTL is schematically drawn along

the geologic boundary. Three symbols, white triangles, black triangles, and white circles, indicate the hot

spring locations, the Hida Gaien belt area, the Fossa Magna area, and the border area between the two

areas, respectively.

area. We define a zonal area with . km distance in Fig. . We also measure the river water streaming

from ISTL shown in the geological map of Harayama nearby the hot spring to compare the data with those

( , Fig. ) as the border area hereinafter. obtained from hot springs.

Water temperature, electrical conductivity (EC),

and pH are measured at the sampling points. Water

Most of hot springs in the study area is investi- samples are collected in plastic bottles for chemical

gated. The measurement points, points are shown analysis in a laboratory. An ion chromatograph

et al.,

et al.,

. Sampling and method for chemical analysis
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(Jasco CO- and PU- ) is used for major ion tral diamond diagram in Fig. , shows that the region

components : Na , K , Ca , Mg , Cl , and SO . larger than of (Ca Mg ) in total cation, or

The quantity of HCO is estimated from ion balance smaller than of (Na K ) in total cation is oc-

calculation, that is, total cation minus two anions cupied mostly by the Hida Gaien belt hot spring data

(SO Cl ) in a unit of equivalent/litter, because shown by white triangles. It is expected from the

the above mentioned ion components measured with key diagram that the percentage of (Ca Mg ) in

the ion chromatograph include whole major compo- total cation is applicable to judgment whether the

nents in the water except HCO . hot spring water is influenced by the Fossa Magna

We use the water sample obtained in late formation or by the Hida Gaien belt formation.

autumn to early winter, from October to December, For better understanding above phenomenon,

because we want to obtain the data for stream water we represent the ratio of (Ca Mg ) and (Na K )

without mixing with melted snow. But we cannot in total cation in percentage on Fig. . Gray bars in

get a sample at the Renge hot spring group in winter the figure shows percentage of (Ca Mg ) in total

season because of closing. Therefore, we obtain the cation, and white bars are for the percentage of (Na

specimen in the summer only from the Renge group. K ) in total cation. It is clear that almost all of the

data obtained from the hot springs in the area of the

Fossa Magna have percentages smaller than of

(Ca Mg ) in total cation.

When the is the boundary value between

All of the measured data are put into tabular the two areas, the hot springs in the boundary zone

form in Table for hot springs and in Table for can be classified into two groups, the Fossa

river waters. Magna group and the Hida Gaien belt group, accord-

It is well known that the equilibrium concentra- ing to the percentage, and we may conclude that

tion of the individual aqueous carbonate species, Katakuri and Kurumaichigo belong to the Hida

H CO , HCO and CO , can be expressed as a func- Gaien belt group, and Wakakuri and Kurumanigo

tion of pH. The H CO is predominant in the water belong to Fossa Magna group. The hot springs

less than pH . Therefore, such high concentration of Shima and Kudarise lie between the two groups.

HCO in the hot waters of Shima and Buno which The major cations of Na , K , Ca , and Mg are

have pH . and . (see No. and in Table ) generally originated from mother rocks of the hot

seems to be unusual. However, the ratio HCO to spring. Silicic or acidic rocks such as sandstone and

H CO is not zero in hot water of pH . at but granitic rocks contain little amount of Ca and

about / ( Stumm and Morgan, ). Therefore, Mg , and contains large amount of Na and K . On

when a lot of carbonate is dissolved in the hot spring the contrary, mafic or basic rocks are reversed. The

water, not a little HCO is also present in the water Fossa Magna area is mainly covered by sedimentary

with H CO . In fact, alkalinity was determined in the rocks of sandy mudstone, and the Hida Gaien belt is

laboratory by titration with hydrochloric acid, and it composed of weakly metamorphosed complex with

was confirmed that almost the same amount of ultramafic rocks. Therefore, it is consistent that Ca

HCO as estimated values shown in the table existed and Mg contents are relatively small in the hot

in both Shima and Buno hot waters. spring waters in the Fossa Magna area.

The each ion concentration in hot spring water

is plotted on the Piper diagram (Fig. ) for classific- Figure shows SO concentrations of hot

ation of the hot spring water on the basis of chemical spring and river waters in three areas, the Hida Gaien

composition. Three symbols in Fig. , white trian- belt area, the Fossa Magna area, and the border zone

gles, black triangles, and white circles, indicate the between the two areas. White bars and black bars

hot spring location, the Hida Gaien belt area, the indicate hot spring data and river data, respectively.

Fossa Magna area, and the border zone between the River data are obtained from water streaming

two areas, respectively. nearby the hot spring. When multiple data have

The key diagram in the Piper diagram, the cen- been obtained from one hot spring, averaged data is

i.e.,

e.g.,

. Results and Discussion

( ) Chemical composition and geological struc-

ture

( ) Origin of SO
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Hot Spring Water and Geology Around Northernmost Ito-Shizu Line

Fig. . Measured data represented in the Piper diagram. Dashed line A is drawn at of

(Ca Mg )/total cation in eq/l.

Fig. . The ratios of (Ca Mg ) and (Na K ) to total cation in eq/l. Dashed line A is drawn at of

(Ca Mg )/total cation.

used for Fig. . river water because hot spring water dissolve ions

The bar graph of the Fossa Magna area is obvi- from rocks much more than river water. In fact, in

ously di erent from those of two other areas. That the Fossa Magna area, concentrations of ions except

is, the SO concentrations in hot springs are smaller SO in hot water (see Table ) are higher than those

than those in rivers. Generally, ion concentrations in in river water (see Table ).

hot spring waters are higher than those in the nearby On the contrary, in the Hida Gaien belt area and
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Fig. . The SO concentration of the hot springs and river waters.

the border area, the concentrations of all ions includ- stone by weathering with water is disappearance of

ing SO in hot springs are larger than those in pyrite and chlorite at the oxidation front.

rivers. This is normal state. Consequently, it is concluded that the source

Why does the reverse of what we expect appear material of SO in the river on the Fossa Magna

in SO concentration in the Fossa Magna area? area is not fumarolic gas or gypsum but pyrite.

There are mainly three source materials for SO ion On the other hand, the origin of SO in the hot

underground : ( ) fumarolic gas of SO , ( ) rock form- springs of the Renge area in the Hida Gaien belt area

ing mineral of gypsum (CaSO H O), and ( ) rock is attributable to SO gas because there is an active

forming mineral of pyrite (FeS ) ( Seki ). volcano, Hakuba-Oike, near the hot springs. In addi-

In the case of the Fossa Magna area in the study area, tion, if gypsum is the source of SO , the hot water

the source material should be above ( ) and/or ( ) should contain much more Ca .

since this area is not active volcano area. Gypsum is

easily dissolved into Ca and SO in water. How-

ever, pyrite needs oxygen to form SO ion in water As shown in Table and Fig. , Mg concentra-

as follows : tion and the ratio of Mg to total cation are ex-

tremely large in the Renge group hot spring waters.
FeS O H O Fe OH SO H

Usually, metal cation in groundwater comes from

River water has enough O derived from air, but formations around the reservoir. Therefore, Mg

hot spring water from a depth has no oxygen. When ion must come from the surrounding rocks. It is

some amounts of pyrite exists in the formation, SO known that the ultramafic rocks such as serpentinite

is generated in the river water by the reaction be- contains a large amount of Mg, and is cropped out

tween pyrite and oxygen, but is not generated in the around the Renge hot spring group as shown in

oxygen free hot spring water. This is accounted for geological map of Fig. . Ultra mafic rocks are dis-

the di erence of the SO concentration. tributed over the Hida Gaien belt zone (Matsuhisa,

In fact, Koma ( ) described that pyrite is ). As a natural consequence, it is possible that

commonly included in marine sedimentary rocks. the Renge hot springs have high concentration of

The Fossa Magna area is filled with marine Neogene Mg .

sedimentary rocks, and pyrite is included in the for- The highest concentration of Mg is observed at

mation. Further, Chigira ( ) mentioned that the Renge Kogane in the Renge group as shown in Table

biggest change in the mineral composition of mud- . This phenomenon gives suggestion that the hot

e.g., et al.,

et al.

( ) High concentration of Mg and ultra mafic

rocks
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water at Renge Kogane reacts with rocks long time.

On the other hand, the concentration of SO of the We wish to thank Mr. Kenta Emori (received

Renge Kogane is the smallest in the Kogane group. master’s degree at Shinshu University in Mar. )

This means that the hot water has not mixed vigor- for helping chemical measurements. Thesis for mas-

ously with SO gas. Further, there are two distinc- ter’s degree of Shinshu University by T. Hayashi

tive features on the Renge Kogane, high concentra- ( ) gives us important information about di erent

tion of HCO and nearly neutral pH (pH . ). It concentration in chemical component between the

can be interpreted that volcanic gas of CO instead of rivers on either side of the ISTL. We are grateful to

SO gas has mixed with water, which makes the Dr. Shunich Nakai (ERI, Univ. Tokyo) for his review

unique hot water of the Renge Kogane. with thoughtful comments and suggestions. Fur-

ther, we thank many owners and managers of hot

springs for kind service.

Hot springs around the northernmost part of the

Itoigawa Shizuoka Tectonic Line (ISTL) are investi-

gated. The study area is divided into two areas by

the ISTL, the Hida Gaien belt areas (western part)

and the Fossa Magna area (eastern part). Following

results are found.

( ) The percentage of (Mg Ca ) in total cation

(in eq/l) is found to be a good indicator for drawing

the trace of the ISTL. In the case of the study area,

the percentage for drawing is : lager value area

is the Hida Gaien belt area and smaller value the

Fossa Magna area.

( ) From the above conclusion, each hot spring

situated in the boundary zone can be classified into

two groups : the Hida Gaien belt group and the Fossa

Magna group.

( ) An unusual phenomenon in the Fossa Magna

area, the concentrations of SO ion in the hot spring

waters are smaller than those of the river waters,

reveals that the origin of SO ion in the hot spring

water is pyrite (FeS ) in the formation.

( ) The systematic variation in pH, SO and

Mg in the Renge hot spring group is explained in

terms of interaction among SO and CO gases from a

volcano, ultra mafic rocks and underground water.

Underground water reacting with high temperature

SO becomes strongly acidic hot water with large

amount of SO , and another ground water reacting

with CO becomes almost neutral hot water with

large amount of HCO . The both hot waters react

with ultra mafic rocks around the hot water reser-

voir and the concentration of Mg increases.
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