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Abstract

Water quality in the eastern Kanto region, discharging from 0/deeper wells ranging

from 1** to ,,***m deep, was analyzed to examine relation to surrounding geology. The

results can be summarized as follows.

(+) About a half of the analyzed waters shows alkaline (pH92./) and no acidic water

is found. Total dissolved ion shows a large variety of9+*- range. For most waters, Na:

is predominant cation, while no ubiquitous predominant anion is recognized.

(,) The following relation to the surrounding geology are recognized on the analyzed

waters : a) neutral Na-Cl type in the Kanto plains, which consists of fossil sea water, b)

alkaline low concentration Na-HCO- type in the marginal mountainous area, which may

consist of meteoric waters reacted with silisic igneous rocks, c) alkaline moderate

concentration Na/Ca-SO. type mainly in the Kinugawa graben, which may consist

mainly of meteoric waters reacted with pre-Tertiary sedimentary rocks and/or Tertiary

volcanoclastic rocks.

(-) As long as limited to the waters with near-zero oxygen (;*.*,mg/l), very low
redox potentials (Eh around <,**mV) are observed, which can be explained by Ssolid-H,
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S redox equilibrium.
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Fig. + Map showing localities of 0/ deeper wells. Abbreviations with closed circles are the same as
in table + and ,. Q : Quaternary, Tn : Neogene, Tp : Paleogene, K : Cretaceous, J : Jurrasic, TR :

Triassic, and CP : Carbo-Permian.
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Fig. , Structure of a typical deeper well. P :

discharging pump, SWL : static water level,

DWL : dynamic water level while discharg-

ing, thick solid lines : blind casings, thick

broken lines : screan casings, and dotted

area : cement-packed zone.
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Table + Locality, depth and underground geology of the deeper wells discharging hot spring

� + ������

Locality Name Abbr.
Depth
(m)

Temp.
(�)

Discharge
(l/min)

Geology for screen zone

Lithology Formation/Group Age

Minowa Asahi-mura IB

Yada Daigo-machi IB

Hasekura Gozenyama-mura IB

Toma Hokota-machi IB

Mizuhara Itako-machi IB

Ishi Juo-machi IB

Nekago Kitaibaraki-shi IB

Shinhisada Koga-shi IB

Hinosawa Miwa-mura IB

Ohnaka Satomi-mura IB

Nagatsuka Shimotuma-shi IB

Kamihataki Taiyo-mura IB

Matsumoto Yachiyo-machi IB

Morosawa Yamagata-machi IB

Iriawano Awamo-machi TG

Koisago Bato-machi Tochigi

Fujiwara Fujiwara-machi TG

Kaminobuo Haga-machi TG

Hanawa Ichikai-machi TG

Mactitari Imaichi-shi TG

Sakenoya Kanuma-shi TG

Horinouchi Kurohane-machi TG

Yokomakura Karasuyama-machi TG

Kawamata Kuriyama-mura TG

Kurobe Kuriyama-mura Tochigi

Kitsuregawa Kitsuregawa-machi TG

Kitsuregawa Kitsuregawa-machi TG

Iwako Minaminasu-machi TG

Machida Motegi-machi TG

Shimokagoya Moka-machi TG

Ikoi-no-numa Hinuma #,

Gomenzawa #l

Shikisaikan

Hot Park Hokota #,

Kanpo Itako

Kokuminsyukusya Unomisaki

Tohryanse

Rojinfukushi Center

Sasanoyu

Nukumorinoyu

Biaspark Shiotsuma

Top Sante Taiyo

Kaiyukan Yachiyonoyu

Santanoyu

MaeNikko Tsutsujinoyu

Mitamanoyu

Choei #,

Romannoyu

Kenkohoyo Center

Katakurinoyu

Deainomori Fukushi Center

Gohonoyu

Yamabikonoyu

Kuriyama son-ei

Shikinoyu

Choei #l

Choei #,

Ohganeonsen Grand Hotel

Hotel Green Hill

Moka-Igashira onsen

ASA

DIG

GZY

HKT

ITK

JUO

KIR

KGA

MIW

STM

SMT

TYO

YCY

YMG

AWM

BTO

FJW

HGA

ICK

IMC

KNM

KRH

KRS

KRY+

KRY,

KTG+

KTG,

MNS

MTG

MKA

+-**

12*

+/**

+,/*

+-**

+-**

2**

+-**

1*+

+/**

+/**

+*/*

+/**

+/**

+/**

+,**

+.*/

+/**

+/**

+.**

+/**

+/**

+/**

+-*/

+***

+-0/

+,.,

++/2

+,**

+/-/

-.41

-*4*

,041

-+4-

,-40

.04*

-/4*

-14*

,/4-

-.4*

..40

,14.

-04/

.,4-

-.4*

.34*

-04/

.*4*

-141

.04*

-.4*

,,4*

,+4/

/+4*

.243

/.4*

.24*

0-4*

,142

/040

,*/,*

0.*

+.*

1/

,0*

.**/.**

0*

-**

-,*

1/

+.*

0-

12

+0*

,**

+2*

..*

++*

,**

1/

.*

+/0

+3*

.0

-.*

-,*

-**

,**

,.

.+.

sst., slst., cgl.

tfc. sst.

sst., sh.

Gr.

sst., mst.

sst./Gr.

sst., mst./Gr.

sst., mst.

sst., sh.

Gd., mica-schist

Gr.

Gr.

sst., mst.

tf./sh.

Gd.

sst., sh./Gr.

And., Rhy.

tf.

tf.

tf. brec.

sst., sh.

sst., sh./Gr.

sst.

no descrip.

Gr.

mst., sst., tf.

tfc. mst., tf. brec.

sst., tf., tf. brec.

sh.

sst., mst., tf.

Taga G.

Kitataki F.

Yamizo. G.

Ryoke Gr.

Taga G.

Shiramizu G./Abukuma Gr.

Shiramizu G./Abukuma Gr.

Kadzusa G.

Yamizo G.

Abukuma Metamor.

Ryoke Gr.

Ryoke Gr.

Kadzusa G.

Kitataki F./Yamizo G.

Sohri Gr.

Yamizo G./Yamizo Gr.

Shioya G.

Arakawa G.

Arakawa G.

Utsunomiya G.

Yamizo G.

Yamizo G./Yamizo Gr.

Yamizo G.

Gr.

Arakawa G.

Arakawa G.

Nakagawa G.

Yamizo G.

Arakawa G.

Miocene

Miocene

Jura.

Creta.

Miocene

Paleocene/Creta.

Paleocene-Creta.

Pleistocene

Jura.

Jura.

Creta.

Creta.

Pleistocene

Miocene/Jura.

Creta.

Jura./Creta.

Miocene

Miocene

Miocene

Miocene

Jura.

Jura./Creta.

Jura.

Creta.

Miocene

Miocene

Miocene

Jura.

Miocene

Oshima Nasu-machi TG

Ashino Nasu-machi TG

Yorii Nasu-machi TG

Kiyotaki Nikko-shi TG

Ogawa Ogawa-machi TG

Nakadawara Ohtawara-shi TG

Tamanyu Shioya-machi TG

Kamikashiwazaki Takanezawa-machi TG

Matsushima Ujiie-machi TG

Niisatomachi Utsunomiya-shi TG

Kawasakisorimachi Yaita-shi TG

Kawasakisorimachi Yaita-shi TG

Yuzdukami Yuzdukami-mura TG

Nasu Dobutsu Ohkoku

Green Wood Ashino

Nasu Green Course

Yashionoyu

Mahoroba Rotennoyu

Ryujoen Taiyonoyu

Yamayurinoyu

Genki-up mura

Otomenoyu

Romantikku Onsenkan

Shironoyu #+

Shironoyu #,

Yasuraginoyu

NAS+

NAS,

NAS-

NIK

OGW

OTR

SOY

TKZ

UJE

UMT

YIT+

YIT,

YTK

+-**

/**

+/**

+*0-

+/**

+*/*

+-**

+/**

+/**

+,,*

+.*.

+/**

+-+*

//4.

.04*

,/4*

-34*

/04,

/*43

/.4*

1*4,

.+40

.-4*

1-4*

124*

//4*

/*

,+0

,/

/2*

,++

,+1

,1*

,**/.**

-22

++*

+**

+3*

++*

mst., sst., tf.

Gr.

sst.

welded tf.

sst., sh.

tfc. sst.

Rhy., tf.

mst., tf.

mst.

And., tf. brec.

tf., tfc., sst.

no descrip.

tf./sst.

Shioya G.

Yamizo Gr.

Yamizo G.

Irohazaka Welded Tu#

Yamizo G.

Arakawa G.

Shioya G.

Arakawa G.

Arakawa G.

Utsunomiya G.

Shioya G.

Nakagawe G./Yamizo G.

Miocene

Creta.

Jura.

Creta.

Jura.

Miocene

Miocene

Miocene

Miocene

Miocene

Miocene

Miocene/Jura.
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Kamako Higashi-mura FS

Ebana Naganuma-machi FS

Nameritsu Nakajima-mura FS

Chabatake Sukagawa-shi FS

Hachimanmachi Yabuki-machi FS

Higashidate Yamatsuri-machi FS

Nitama Asahi-shi CB

lnubohsaki Choshi-shi CB

Futtsu Futtsu-shi CB

Tonodai Hasunuma-machi CB

Kashiwa Kashiwa-shi CB

Sumina Katsuura-shi CB

Ubara Katsuura-shi CB

Toyota Kimitsu-shi CB

Kitahamamachi Kisarazdu-shi CB

Ohtake Narita-shi CB

Hanai Noda-shi CB

Hama Onjuku-machi CB

Furudokoro Shirako-machi CB

Koji Shirako-machi CB

Yakata Yokoshiba-machi CB

Karasuhamishinden Yokoshiba-machi CB

Kitsuneuchionsen

Yamayuriso

Fureainosato

Sukagawa Shimin-onsen

Yabukimachi Kenko Center

Yuparu Yamatsuri

Kanpo Asahi

Inubosaki Keisei Hotel

Keikyu Futtsu Kanko Hotel

Kanto Tennen Gas Kaihatsu�Y++

Kashiwa Tennen Onsen

Katsuura Hotel Mikadzuki

Kanpo Katsuura

Kameyama Onsen Hotel

Spa Mikadzuki Ryugujo

Yamatonoyu

Tobu Spa Resort

Kuaraifu Onjuku

Ise Kagaku Kogyo�NR,

Kanto Tennen Gas Kaihatsu�H+*0

Kanto Tennen Gas Kaihatsu�Y,,

Kanto Tennen Gas Kaihatsu�Y1/

HGS

NGN

NKJ

SKG

YBK

YMT

ASH

CHS

FTS

HNM

KSW

KTR+

KTR,

KMT

KRZ

NRT

NDA

OJK

SRK+

SRK,

YKS,

YKS+

31,

+,**

2**

2*+

2**

+-**

+/**

+-**

+***

+,-+

+,**

+***

+.**

,***

2**

+***

+-**

2**

+-*.

+-.*

+,-+

+.,+

-/4*

.043

-24+

./4*

/,41

-14*

-+4/

,24*

,/4*

,04+

.,4*

,/4+

,/40

,34.

,/43

,*4*

.04*

,04/

,34/

-+4,

,24.

,.41

/+,

,2*

,2,

.**

/**

1*

-.0

-**

+,3

1**

+*

+20

0**

+,*

/**

+.-

.20

Metamor., Gr.

tfc. cgl., welded tf.

Gr.

sst./Gr.

tf./Gr.

Gr., Db.

sst., mst.

sst., sh.

mst.

sst., mst.

slst./Gr.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

sst., mst.

Abukuma Metamor. & Gr.

Odagawa F.

Abukuma Gr.

Odagawa F./Abukuma Gr.

Odagawa F./Abukuma Gr.

Abukuma Gr.

Miura G.

Atagoyama G.

Kadzusa G.

Kadzusa G.

Miura G./Ryoke Gr.

Miura G.

Miura G.

Miura G.

Kadzusa G.

Miura G.

Miura G.

Kadzusa G.

Kadzusa G.

Kadzusa G.

Kadzusa G.

Kadzusa G.

Creta.

Miocene

Creta.

Miocene./Creta.

Miocene/Creta.

Creta.

Miocene

Jura.

Pleistocene

Pleistocene

Miocene/Creta.

Miocene

Miocene

Miocene

Pleistocene

Miocene

Miocene

Pleistocene

Pleistocene

Pleistocene

Pleistocene

Pleistocene

Data from individual institutions. Abbreviations are sst. : sandstone,slst. : siltstone, mst. : mudstone,

sh.shale, cgl : conglomarate, tf. : tu#, tf.br. : tu# breccia, wl.tf. : welded tu#,tfc. : tu#aceous, And. :

Andesite, Db. : Diabase, Gd. : Granodiorite, Gd. : Granite, Rhy : Rhyolite, G. : Group, F. : Formation.

IB : Ibaraki prefecture, TG : Tochigi prefecture, FS : Fukushima prefecture, CB : Chiba prefecture.

}~�> +���" JX�qr��XV������I����� �!��v���`!�������"
qr�����<� !�� ������� ����qr�+,-" }~�� sst. : ��� slst. : �S���
mst. : ��� sh. : ��� cgl : ��� tf. : � �� tf.br. : � ¡��� wl.tf. : a¢� �� tfc. : � K�
And. : £¤�� Db. : ¥��� Gd. : ¦�§��� Gr. : ¦��� Rhy : ¨©�� G. : ª«� F. : ª� IB : ¬
®� TG : ¯°®� FS : ±²®� CB : ³´®"

mµF¶µ��·¸�]^�XV!\¹ºJK�FK�!mnº» /.¼ =,**.? 7



Table , Results of field measurement for well waters

� , �������	

Abbr.
Date of

measurement
Tw
�

Ta
� pH

EC
mS/cm

EC,/
mS/cm

ORP
mV

Eh
mV

DO
mg/l

Sampling position/condition

ASA

DIG

GZY

HKT

ITK

JUO

KIR

KGA

MIW

STM

SMT

TYO

YCY

YMG

AWN

BTO

FJW

HGA

ICK

IMC

KNM

KRS

KTG+

KTG,

KRY+

KRY,

KRH

MNS

MTG

MKA

,***. ,. ,.

,***. +,. +.

,***. +. -+

,***. ,. ,.

,***. 2. ,3

,***. ,. ,-

,***. ,. ,-

,***. +*. +*

,***. 0. +-

,***. ,. +

,***. ,. ,,

,***. ,. ,.

,***. ,. ,,

,***. 0. +-

,**+. -. ,,

,***. ,. ,

,***. 3. +

,***. ,. ,-

,***. 0. +-

,***. 2. -+

,***. +*. +-

,***. ,. -

,***. ,. -

,***. ,. -

,***. +*. +,

,***. +*. +,

,***. ,. ,

,***. 2. -*

,***. ,. -

,***. ,. ,,

+34-

,341

,041

,141

,,4,

.24*

-/4+

,240

,,4,

-,42

.+4*

,-4/

,+43

-140

-/4,

.041

-/40

-24*

-04,

./42

-+4.

,040

/,4+

/*4/

/+4+

.,4-

,+43

0-4.

,14/

-343

,43

-4,

-40

24.

-,4,

14*

/4/

+342

.43

14*

34,

24.

+342

++4*

/42

,04-

/4/

,+4*

,040

+14*

34*

+*40

++4+

+04*

,-4,

14/

-*4*

/4/

34.

24,/

24.+

24**

14,,

1400

243.

24/,

14./

24..

+*4,.

24.*

1402

14/.

24.+

+*4+3

243/

34.-

140.

24*1

34/3

242,

2433

142,

142/

14..

3412

+*4+,

14-1

24,0

14/0

.421

+41+

242*

.*4.*

,,4/*

.43/

-42*

+,4.,

*4,/

*4..

/41*

+.4+1

,4.3

+430

*4,1

*421

*40/

/432

,4,+

*4/1

-41*

*4/,

,+421

,043*

.4.2

*4,2

*4,1

.,4+*

.42*

-+4.*

/4.2

+4/-

24.1

-24**

,-423

,4./

,430

++4..

*4,1

*4-0

-403

+.40.

,400

+4.+

*4,+

*4./

*4.3

.4,1

+401

*4-+

-4+2

*4/*

242-

++42+

+43+

*4+1

*4,3

04/-

.4/.

,+4++

�,+*

�-,+

�,.*

+21

�,3/

�-,+

�+,-

+,/

�+/+

�-*.

�+02

�,/-

�+-*

�-,3

�.2*

1

�--1

�,.1

�-*-

�-3+

�-.*

�-++

�-2*

�-*2

�-*2

�.+.

�.

�,2/

�,/*

�,+,

*

�++3

�-0

-3+

�21

�+--

1/

-,2

/1

�+*.

,0

�.0

12

�+--

�,-,

+30

�+-3

�/+

�+*0

�,*+

�+-3

�+*1

�+3/

�+,+

�+,,

�,,+

,*.

�+*2

�.0

�+2

,42/

*4*3

*4+.

14,2

*4**

*4*-

-41*

-42*

,4/2

+40/

+4*1

*4**

*4*/

*4*+

,4+0

*4*+

*4*.

*4*,

*4**

*4**

*4*1

*4*.

*4+*

*4**

*4**

,42-

*4/2

*4-,

artesian flow with air

next to wellhead

wellhead valve

researve tank drain

next to wellhead

artesian flow wellhead

researve tank drain

researve tank siphon

researve tank siphon

wellhead valve

researve tank drain

wellhead siphon

researve tank drain

wellhead siphon

wellhead valve

bathtub faucet

wellhead valve

sand trap drain

,**m downstream

wellhead valve

wellhead valve. scale-inhibiter

wellhead valve

gas separater siphon

next to wellhead

-*m downstream

-*m downstream

,0**m downstream

wellhead valve

researve tank drain

wellhead valve. scale-inhibiter

NAS+

NAS,

NAS-

NIK

OGW

OTR

SOY

TKZ

UJE

UTM

YIT+

YIT,

YTK

HGS

,***. +*. +-

,***. +*. ++

,***. +*. ++

,***. 3. +

,***. ,. -

,***. +*. ++

,**+. -. ,-

,***. 2. -*

,**+. +. ,0

,***. 3. +

,***. 2. -*

,***. 2. -*

,***. ,. ,

,***. 0. +.

/04-

,/4/

,24/

-24/

/24+

.242

/+4.

0.40

-340

.-41

.+4-

1+4/

/-4/

,343

+*43

,+4,

,.4/

,14.

++4,

,/4*

+14*

,141

-41

,24/

-*43

-*43

141

,*4.

24*1

24.,

343-

3410

24-1

34*.

24.-

141/

34-0

34,1

14./

1433

142*

34,+

+40+

*403

*4-.

*4..

040*

-40-

/4+.

,-4+*

*4/.

+4+.

+4**

+*4,,

*422

*4.*

*4/*

*402

*4-+

*4-+

+413

+41-

,4+/

,432

*4-0

*401

*40.

*4--

*4-0

�--*

�,30

�,23

�-22

�-,+

�-/0

�-,0

�-*3

�.+1

�,1-

�,1*

�-*,

�+3,

�-..

�+.2

�3+

�20

�+3,

�+.*

�+02

�+.*

�+--

�,,,

�2+

�11

�+-+

�2

�+.,

*4*3

*4*3

*4**

*4*+

*4*,

*4*0

*4**

*4-3

*4*2

+4*-

*4*+

wellhead valve

wellhead valve

wellhead valve

wellhead valve

wellhead valve

+,m downstream

next to wellhead

wellhead valve. scale-inhibiter

wellhead valve

wellhead valve

+**m downstream

,/**m downstream

next to wellhead

+/*m downstream, sand-trap drain
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� ��opH

����� pH���	 
� 0�� ���� pH� 1�2���������� ,*�2*����
�������� !"���#$�� pH 2�+*�� ,*�0*�������%&���'(!
"�)*�+�,� -�. pH +*/)�0123����� .*�/+���.*�4�5 pH 1�2

������ 0*�/)���� 
MNS, TKZ, YIT+, YIT,� � 64#789:�; 
�<�=>�
+33,� �.� �? pH +*/)���� 
AWN, KRH, STM� � 64#@ABC�DE-4?�
��F�5
� ���GHIJ�
�����GHIJ��KLMN 
� 0�� ��O'PQ��� GHIJ��R.� #�.�
����ST�4U 5 QUVW� GHIJ�� -*mS�cmXY��Z[�� 
HKT,, ASH,

CHS, HNM, KRZ, SRK+, SRK,, YKS+, YKS,� ��  64#���� -/�/+�����F,�
\]^_`ab^�cdefgh.ijQ�5 klmnopq�rst�u1vK.w�4�5
� pH�GHIJ�
pH�GHIJ����	 
� 0�� �� pH� 1�3./�x�� pH 3.//)��yz�{U�5 pH

NGN

NKJ

SKG

YBK

YMT

ASH

CHS

FTS

HNM

KSW

KTR+

KTR,

KMT

KRZ

NRT

NDA

OJK

SRK+

SRK,

YKS+

YKS,

,**+. 0. +/

,***. 0. +.

,***. 0. +.

,**+. +. +,

,***. 0. +.

,***. ++. 1

,**+. ,. 0

,***. +,. +,

,**+. ,. 1

,***. +*. +*

,***. ++. 3

,***. ++. 2

,***. ++. +*

,**+. ,. 3

,***. ++. 1

,***. +*. +*

,***. ++. 2

,***. ++. 2

,***. ++. 2

,**+. ,. 1

,**+. ,. 1

.-41

-24.

-242

.14.

,04*

,24*

,,4,

,.43

,04+

.*42

+341

,*4.

,,43

,/43

+34-

.04-

,04/

-+4,

-*4/

,24.

,.41

,/4*

,+4*

,+42

241

,+4*

+34*

343

/43

/42

,-4/

+/41

+/40

+/4,

/41

,04*

-04+

,+4*

+342

/40

042

34,-

34+1

2410

241.

34-/

14/1

14/-

14-*

14-/

14.2

24--

24.3

241,

24+*

140+

14+1

24/-

14/,

140+

14,3

14-/

+4,/

*4.2

*42+

+4-0

*4.+

..4-*

--4.*

,34+*

/*4-*

.*4**

+41.

14.3

,4/0

--4**

++4-1

/-4/*

-400

/.4/*

/.4/*

/-4-*

.34/*

*41.

*4-.

*4/0

*403

*4.*

.+4-2

-/4.0

,34+0

.34*2

,04+*

+43.

24,/

,402

-,4-/

+,42*

,24.-

-4/.

.14*1

.143+

.34-+

.342-

|-,3

|-/,

|,21

|.**

|3*

|,1,

|,12

|,3,

|,21

|,2+

|,*-

|-**

|-02

|,*2

|-3

|,0+

|.+

|,+,

|,*3

|,23

|,12

|+-1

|+//

|3,

|,++

++/

|03

|1*

|20

|2,

|21

0

|3+

|+/0

|-

+1+

|1+

+02

|++

|2

|20

|1,

*4,+

*4*.

*4,-

*4**

*4+0

*4**

*4**

*4**

*4**

*4**

*4,.

*4**

*4**

*4*0

*4,0

*4**

+4-+

*4*+

*4**

*4**

*4**

-* downstream

wellhead valve

-*m downstream

/**m downstream

wellhead valve, scale-inhibiter

wellhead valve, gas discharging

,/m downstream, gas discharging

W/G separator siphon

W/G separator siphon

-*m downstream. gas discharging

next to wellhead, gas discharging

wellhead valve, gas discharging

2*m downstream. bathtub forcet

researve tank siphon, gas discharging

bathtub faucet

next to wellhead, gas decharging

researve tank drain

W/G separator siphon

W/G separater siphon

W/G separator siphon

W/G separator siphon

TW : water temperature at flow-sell measurement, Ta : air temperature at measurement, EC :

electrical conductivity, EC,/}ECx(+~*.*,,x(,/-Tw)),ORP : redox potential measured by Ag-AgCl

reference electrode, Eh}ORP~,,.-*.1.xTW, DO : dissolved oxygen. The other abbreviations are the

same as in Fig. +.

���� +.��5 �� 
Tw� ��Lv�1�G������-4?#��F,� �����,#���
+�s �t��� 5 EC,/�� � : EC,/}ECx 
+~*.*,,x 
,/|Tw�� .�,� ��-4?GHIJ�

EC�  ,/���.���?�5 Eh�� � : Eh}ORP~,,.|*.1.xTw.�,� %�G�.�Z��G�
� ?�;�����Gi�v�v���� 
ORP� � ¡¢G�£¢.���?�5 DO�¤¥� 
[�5

�¦:§¦h.¨©�ª«����R¬�®�:®���	¯ /.° 
,**.� 9



Table - Analytical results

� - ������

abbr.
HCO-

�

mg/l
CO-

��

mg/l
F�

mg/l
Cl�

mg/l
Br�

mg/l
SO.

��

mg/l
Na�

mg/l
K�

mg/l
Ca��

mg/l
Mg��

mg/l
t-Fe
mg/l

Fe��

mg/l
HS�

mg/l

ASA

DIG

GZY

HKT

ITK

JUO

KIR

KGA

MIW

STM

SMT

TYO

YCY

YMG

AWN

BTO

FJW

HGA

ICK

IMC

KNM

KRS

KTG+

KTG,

KRY+

KRY,

KRH

MNS

MTG

MKA

01+4*

-24.

+134*

,-42

++1+4*

041

,343

+,34*

+/34*

*4*

-.42

+,2*4*

++*4*

.+-4*

*4*

2.42

+141

.//4*

.1/4*

,-4,

+*1,4*

-*34*

,1*4*

,,*4*

-104*

*4*

1,4*

-+41

--34*

+24*

*4*

-40

*4*

*4*

*4*

+*4,

+4,

*4*

*4*

/+40

*4*

*4*

*4*

,,4*

,/4+

-*4*

,4.

*4*

*4*

+-4,

*4*

-4*

*4*

*4*

*4*

-*4/

.*42

*4*

*4*

*4*

*4*

/41

*4.

*4*

*4-

14*

14,

*4.

*4+

243

/4*

*4*

*4-

.40

-4*

+41

+4.

142

/41

-4-

*4.

/42

-4/

*41

+42

+.-*4*

+/,4*

-/.4*

+/0**4*

2,1+4*

++.4*

+-,4*

.,+*4*

-4,

,/42

+,3*4*

.-/*4*

2*,4*

+.,4*

+242

+.4*

,04.

+-2*4*

,/-4*

0142

-3.4*

,4+

..0*4*

/22*4*

..04*

04-

+40

2.1,4*

--14*

300*4*

.,4+

*4*

*4+

+4.

,4,

,-24*

.014*

..-*4*

0/*4*

,040

+-3*4*

+,/*4*

1-41

24.

/41

1-41

.**4*

*4+

+2/4*

34.

+,04*

+114*

343

3-40

,+40

/*4-

14-

1*4*

+,34*

-134*

+34+

24,

+*/04*

+31*4*

*4*

++-*4*

,2.4*

+1.*4*

1/+*4*

/3**4*

0314*

/124*

,,**4*

/*41

1+4+

1*24*

-+.*4*

.2/4*

--*4*

.04/

+*-4*

-14*

2..4*

-214*

1.42

22-4*

+++4*

,3**4*

-1.*4*

0+.4*

.+4.

0*4-

-2/*4*

3..4*

-..*4*

-14,

*42

+04-

.*4.

+/04*

14-

+*4+

0,4,

+4/

*4/

040

0.40

+/43

/4*

+4*

+4/

+4-

+*42

.4.

+4/

+*4/

,41

..41

.*4*

++4,

*4/

*4-

,34.

+.4*

,34+

+/4,

,34-

-/+4*

+--*4*

3*40

2/42

+-14*

.234*

24-

+4.

+0*4*

/-4-

-241

04/

-4*

+-4,

1341

+.04*

+*4-

143

24/

04+

+-14*

,304*

/-4-

,4.

+4*

-*0*4*

+,*4*

,00+4*

,+4/

*4/

2,4+

-,24*

+2/42

*40

+4/

,14*

.4*

*4*

*40

+-04*

.4,

+4/

*4*

*41

*4,

*40

*43

*4+

-4+

-4*

-43

/4.

/4,

*4*

*4*

++41

+341

142

*42

*4*

+41

*4*

-4+

*4*

*4*

*4*

*4+

*4+

*4+

*4*

*4*

*41

*4*

*4+

*4+

*4+

+4,

*4/

*4/

*4*

*4-

*4+

*4+

*4/

141

-4-

+4,

*4,

*41

+4/

*41

*4,

*4/

04+

*4/

.4*

*4,

*4,

,4/

*42

*4+

�*4+

*4+

NAS+

NAS,

NAS-

NIK

OGW

OTR

SOY

TKZ

UJE

UTM

YIT+

YIT,

YTK

HGS

/+,4*

-224,

0,41

/*4-

/-4+

/.4*

,*4*

004/

+*,4/

+.40

+*04*

+0*4*

+./4*

+//4*

*4*

+*4.

/*43

+34,

*4*

+14.

*4*

*4*

,34.

040

*4*

*4*

*4*

-142

+41

-40

*4/

+24.

/40

,42

.40

/4/

+43

24.

+40

14.

.4+

,4,

34+

,4-

-41

,/43

,3,4*

0024*

-*24*

.*3*4*

.+41

/34*

+.04*

3.04*

1,34*

+,40

*4+

+4.

+,4.

*4+

*40

.4,

..4/

042

24+

++42

+-.*4*

1*41

+-+24*

++4.

+4+

-.,4*

0.40

++114*

+00*4*

*4,

+124*

+024*

1-4/

2+4/

1/.4*

/+04*

/-24*

,21*4*

3-43

+114*

+1*4*

+++*4*

+*2*4*

3+4+

-4,

,4-

*42
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t.Fe, Fe�� and HS� were detemined by semi-quantitative analysis in the field.
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Fig. - Histgrams for major chemical parameters. (+) Tw : water temperature, (,) pH, (-) EC :
electric conductivity, (.) DO : dissolved oxygen, (/) Eh : redox potential.

� - ��������������������� �+� Tw : ��� �,� pH� �-� EC : �1µ¶
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Fig. / Tri-linear diagrams. Abbreviations are the same as in table + and ,.
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Fig. 0 Di-component daigrams showing particular tendencies.

� 0 �	�������� ,���	�����

p�l��T�n��IJ;KL����ij�lj��pq�v /.� $,**.& 15



���������	
���������
�������
���������� ����
����
������  ����!�  "	#��!�  $

��! �%��� ��&'�()*�+�
�,-���.�/�0��������
���1��.�2���3�45�� 674
�� 89�:��1� ���2������
 ;���!� 3��*���/�0���
��  ���!� <=  >�'��?! �@�
.�� AA4�  >�'��?! �������
$
��-�BC�D� E�'2�� ��F
0�� ��0��%�� ,��0�-+�
���GHI����1J. KL 1M�

pH ��NOPQR�1S�.�TUVW
�� XY��@�1Z[���  ���!�
 ;���!�  >�'��?! - \]^_T
`� pH��NOPQR�TUVW��a,�
b��c���de.�fg`�����
KL +*M� .�hi�  ���! �jk.�lm
3���� pH 1�2 en�\�NOPQR
�` ,**�+,,** me�l eop�NH���
�dC�� ����� "	#��� �q�$
�
�� �R2��%  ;���! �jk.�l
m3���� pH 2 6ar^stn�\�
NOPQR�` +** me�l 67+�NH�
���dC��  >�'��?!lm3��
�� pH 1./�3./ enor^stn�\�NO

PQR�` 0** me�l 67eo+�NH����dC�� Auv1� Xw4YxDyz{OT
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Fig. 1 Isothem at the depth of +,*** m below the

surface and water temperatures at discharging

points. High temperature anomaly around the

Kinugawa graben is clearly recognized.
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Fig. 2 Plots showing (+) relationships between key-daigram and electric conductivity, and (,)
key-diagram and pH. Positive relationship between high pH and Na�K/HCO- type, and high

electric conductivity and Na�K/SO.�Cl type are clearly recognized.

� 2 �������	
���� �+� � pH �,� ��������� � pH�������	

��� �������������	
����������

Fig. 3 Diagram showing dominant anion type of each water on the two-dimensional space of pH

and total dissolved ion. Each dominant anion type is located in the particular area of the space.

� 3 pH������ !"#$
% &'(������������ ��� !"#�� � !"
�$%&'() /*�*+ !",-./� ��� !",0#�pH�12 !"3%4
567+89��������
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�� GJ`	�)ab �cd�e"� +3/3� "Tfgh@ij5�kl �SRK+,,, YKS+,,, HNM�
�� ���� pH 1m�4!"#$%&'()*+ +,*** me�l���N$%/0�12�345
�6 KL� M4! pH�N$%/0O �nI�#���_o�� p/�qYc[rYZ["T=�
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pH�.$%/0O �
��xy M4! pH�N$%/0O �YZ[\]��4F�� z{�|S�
12�}qJ~�`	0�5�6
������� nI�&�� H�E0� @ABCDCEF�HI������� �,�7JST
��6 M����O �p/YZ[7��p/�Yc[��aJ5������l� M4! Na-Cl

�O �� M��<HO : M���H��O ���I?/����aJ5�kl� M��� !.�
� Na-HCO-�O �� M��<HO : M���H��O �Yc[?<���:wYc[\]���
aJ5�kl� M��� !4��Na�Ca-SO.�O �nI�56

Fig. +* Diagram showing topographical type of each well water on the two-dimensional space of

pH and total dissolved ion. Kgb : Kinugawa graben, Ymt : Yamizo mountain, Amt : Abukuma

mountain, Nmt : Nikko-Ashio mountain, Kpl : Kanto plain, Bhl : Boso highland. Well waters in

mountainous area are located in the area of high pH and low total dissolved ion, while those in

plain is located in the area of neutral pH. Well waters in the Kinugawa graben are scattered

between the above two areas.
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�N pH.$%/0�� ������4! pH�� ���H���©�T�4F�12�� ©�
ª�345�6
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Fig. ++ Diagram showing screen zone geology of each well on the two-dimensional space of pH

and total dissolved ion. Quat.s. : Quaternary sedimentary rocks, Tert.s. : Tertiary sedimentary

rocks, Tert.v. : Tertiary volcanic rocks, Meso.s. : Pre-Tertiary sedimentary rocks, Meso.v. :

Pre-Tertiary volcanic rocks, Gr.© : mainly granitic rocks with smaller amount of the other rock

types,Gr. : granitic rocks.
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