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Fig.4a Topography and distribution of springs of volcano Rishiri (Yamamoto, 1995). Each
circleindicatesthelocation of spring. The area of each circleis proportional to discharge
amount from cor responding spring. The maximum of thisvalue is 344 litter/sec. Contour

interval is 100m.
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Fig.4b Shaded relief map and distribution of springs of Volcano Rishiri ( after Yamamoto,
1995). Contour interval is100m.
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Fig. 5a Topography and distribution of springs of volcano Shiribeshi (after Yamamoto, 1995).
Each circleindicatesthelocation of spring. The area of each circleisproportional to
discharge amount from corresponding spring. The maximum of thisvalueis 659 litter/sec.

Contour interval is 100m.
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Fig. 5b Shaded relief map distribution of springs of volcano Shiribeshi (after Yamamoto,
1995). Contour interval is 100m.
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Fig. 6aTopography and distribution of springs of volcano Kampu (after Hirakawa, 1998).
Each circleindicatesthelocation of spring. The area of each circleisproportional to
discharge amount from corresponding spring. The maximum of thisvalueis 316 litter/sec.

Contour interval is20m.
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Fig. 6b Shaded relief map distribution of springs of volcano Kampu (after Hirakawa, 1995).
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Fig.7a Topography and distribution of springs of volcano Fuji. (after Yamamoto, 1995) Each
circleindicatesthe location of spring. The area of each circleis proportional to discharge
amount from corresponding spring. The maximum of thisvalueis 9045 litter/sec. Contour
interval is 200m.
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Fig.8a Topography and distribution of springs of volcano Yatsugatake. Each circle indicates
thelocation of spring. The area of each circleisproportional to discharge amount from

cor responding spring. The maximum of thisvalueis 162 litter/sec.
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mm/day
1
Height of
Type of Total Runoff of
Volcano Volume of Mean Gradient Discharge of  Springwater
Name of (Moriya, Area Mountain Relative Index(g), # of Springs, Discharge,
Volcanoes 1983) (km?) Body, km®  Height, m %0 Springs m/s mm/day
Rishiri Al 178.1 52.02 292.06 38.79 38 1.10 0.53
Shiribeshi Al 1125 32.29 287.00 47.96 19 4.00 3.07
Kampu Al 9.0 0.68 75.27 44.52 35 0.30 2.88
Fuji Al 1164.4 963.39 827.37 42.98 183 68.30 5.07
SYatsugatake Al 3475 160.21 461.03 43.84 83 0.98 0.24
1
Table 2: Some geomor phic propertiesand springwater discharge of volcanoes studied
(A1-type volcanoes)
3.
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Fig. 11 Relationship between area of volcano bodies and springwater runoff ratio. For
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abbreviation, see Fig.10

69



Ha

13

Ha

70



140

=

120

J

_ 100
> J
o
= J S
o K
« 80
(@]
[
>
X
)
T 60
=
(@)
£
&

40 |

20 | D)

R Y
J
0

0 100 200 300 400 500 600 700 800 900
Mean Relative Height of Volcano Body, m

13 10
Fig.13 Relationship between mean relative height of volcano bodies and springwater runoff

ratio. For abbreviation, see Fig.10

71




Al

Al

Al

72

14

14



140

120

100

80

60 r

Springwater Runoff Ratio, %

40

20 | R
y 9

30 35 40 45 50
Gradient Index(g) , %00

14 g Al 10
Fig. 14 Relationship between the gradient index (g) and springwater runoff ratio. For

abbreviation, see Fig. 10

73



D

15

Dy

1.7

(54

Dy

15

15

74

(1969)

Ohta and Kubota(1997)



140
F
120
J
R 100 -
. J K
=
= S
@
« 8
o
c
>
@
S 60
c
=
(@]
£
& O
R
20 J
JdY
0
0 5 10 15 20 25
Degree(Dd) of Dissection, %
15 10

Fig.15 Relationship between the degree (Dy) of dissection and springwater runoff ratio of

volcanoes studied. For abbreviation, see Fig. 10

75



1. Al
Al
Al g
) 47 ( )
16 Al Yamamoto(1995)
A2 (
) g
( 1999) A2
g

A2

76

38

)BL

Bl Al

A2

Al

),C1

(




140

120 FJ Al
A2

S 100 BBl
= ?s ACl1
&U J
= 80 K
2
é’ Hakone
5 60 | ’
<
=
g Tak
= L aa
s ¥ A
7

20 N Kifishina «f‘l—larxna

A0 Sama
.¢ ) Akag Kita- Y atsugatake
0 ’>— i

0 20 40 60 80 100
Gradient Index(g), %o

16 Al1,A2B1C1
Al 10
Fig.16 Relationship between the gradient index (g) and height of springwater runoff ratio of
A1,A2, Bland Cl-type volcanoes. For abbreviation, see Fig.10

A2 g r g r

Al r

Al

77



Al

(1969)

15

(p.75  15)

(1969)

Al

78

15)



15

Al

(

Al

(

1969)

79

l2

1997)

17



17

140

F
120
J

X
S 100
) J
= S
04
s 80
(@)
c
>
@
T 60
©
=
(@]
£
5 40
n

20 JY

R
J
0 |
0.5 1 15 2 25
Distance(l ;) between summit and source of 2nd-
order vallyes, km
2 I 10

Fig. 17 Relationship between the distance (I,) between summit and sour ce of 2"-or der

valleys and springwater runoff ratio. For abbreviation, see Fig. 10

80




[1]

[2]

2)

[3]

81
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(1994)

(1998)



[4]
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L1

Photo 1 Example of L 1-type spring (Douhar a-taki spring on the base of Volcano Choukai,

Yamagata Pref.). Water springsfrom the foot of terminal slope of a large lava flow.
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L2

Photo 2 Example of L 2-type spring (Unnamed springs on the base of Volcano Ontake,
Nagano Pref.). Water springs from the boundary between Ohtaki Formation (river deposits)

and Denjo Lava Flow.



Photo 3 Example of F-type spring (Higashi-deguchi spring on the base of

VolcanoYatsugatake, Nagano Pref.). Notethat the spring locates on aflat surface.
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Photo 4 Example of F-type spring (Wakutama spring on the base of Volcano Akagi, Gunma
Pref.). Thisspring locates at a head of a small valley dissecting a fan surface.
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7 8:
Fig. 18 Geologic map (smplified from Machida, 1965 and Tsuya, 1968) and type of each
spring around Volcano Fuji  1: Recent lave flow, 2: Gotemba mud flow, 3: New lave flow, 4:
Fan deposit, 5: Kofuji 2" eruptives (Mishima lava etc.), 6: Kofuji 1¥ eruptives (mud flow), 7:

Komitake volcano, 8: Tertiary
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Fig. 19 Geologic map (simplified from Saito, 1956) and type of each spring around Volcano
Shiribeshi  1: Main volcanic eruptives, 2: Parasitic volcanic eruptives, 3: Soriciyama,

Mohanrin lava, 4: Fan deposit, 5: Terrace deposit, 6: Makkari Rusutsu layer
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Fig. 20 Geologic map (simplified from Ishizuka, 1999) and type of each spring around

volcano Rishiri 1 Fan deposit, 2: L ate stage volcanic, 3:Middle stage volcanic, 4: Early

stage volcanic, 5: Basement rocks
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Fig. 21 Geologic map (smplified from Kawachi, 1977) and type of each spring around S.
Yatsugatake 1: Younger volcanic rocks, 2: Older volcanic rocks, 3: Piedmont gravel, 4:
Nirasaki pyroclastic flow and mud flow, 5: Koma group, 6: Neogine plutonic rocks, 7:

Allivium
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Fuji Shiribeshi Rishiri Yatsugatake
Total Number of Spring* 184 16 36 70
Number of Each Type of
Springs:
L1 103 (  56% ) 9 ( 55% ) 4 ( 11%) 16 ( 23%)
L2 65 ( 3B ) 2 ( 13 ) 2 ( 6 ) 9 ( 13 )
F 4 ( 2 ) 3 ( 19 ) 29 ( 80 ) 3B ( 5 )
B 12 ( 7 ) 2 ( 13 ) 1 ( 3 ) 0( 14 )
Total Amount of
Springwater Discharge
(I/s) 68318 3666 1113 982
Discharge from Each
Spring Type:
L1 58785 ( 86.0% ) 1860 ( 50.7% ) 45 (1 4.0%) 61 ( 6.1%)
L2 9037 ( 133 ) 398 ( 109 ) 2 ( 20 ) 64 ( 65 )
F 26 ( 00 ) 598 ( 163 ) 1031 ( 926 ) 834 ( 8.0 )
B 470 (07 ) 810 ( 221 ) 15 ( 14 ) 24 (24 )
Average Discharge of Each
Types of Springs(l/s)
L1 570.7 206.7 11.3 3.8
L2 139.0 199.0 11.0 7.1
F 6.5 199.3 35.6 238
B 39.2 405.0 15.0 2.4

*: Only springs whose type was identified

Table 2 Total amount of springwater discharge from each type of spring
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Summary

Landform development and change in the runoff process

of groundwater runoff of stratovolcanoes

Runoff characteristics of baseflow of rivers are considered to directly reflect the
hydrological properties of drainage basin. They are not strongly influenced by climatic
conditions such as annua rainfall, annual number of rainy days and mean temperature for
Japaneserivers.

Asthe index of baseflow characteristics, recession constant and specific baseflow discharge
(defined as the 355" largest daily mean discharge in one year per unit drainage area) have been
usually used for investigating the relationships between the baseflow characteristics of rivers
and the hydrogeological conditions within their watersheds. Through the analysis of these
indices, hydrologists have obtained the result that watersheds which are underlain by
Quaternary volcanic rocks show the extraordinary baseflow characteristic: i.e., such watersheds
have very low value of recession constant and quite large specific baseflow discharge. (Figs.
1,2). Hydrology of volcano bodies is thus very important especidly for the understanding of
river runoff characteristicsin volcanic area, including Japan.

Some watersheds underlain by volcanic rocks, however, do not show such specia
characteristic. Their runoff characteristics of baseflow runoff are very similar to those of
watersheds under other geological conditions. Furthermore, both specific baseflow discharge
and recession constant of watersheds under volcanic area have significance amount of its range.

It is, therefore, very important to investigate the relationships between such difference in runoff



characteristics of baseflow and hydrological conditions of each watershed.

Each volcano has its unique hydrogeological and geomorphologic condition. Change in
runoff characteristics of baseflow of volcanoes have been considered to reflect such unique
conditions. Hydrologists have stated that the one of the most serious problem to understand the
hydrological characteristics of volcanic area is the extraordinary spatial complexity of
geological and topological condition of volcano bodies. All volcanoes in Japan, however, are
simply classified into only 3 categories from the viewpoint of the histories of volcanic activities
(Moriya, 1983). Moreover, some analyses of relationship between the period of erosion and the
volume of eroded material from stratovolcanoes showed that many stratovolcanoes have
experienced the quite similar erasion process (Suzuki, 1969; Mizutani, 1974). This fact means
apparent complexness of hydrogeological conditions of volcano bodies could be explained by
means of the concept of stage of the landform devel opment sequence of volcano body.

The purpose of this study, therefore, is to investigate the relationship between the
geomorphological conditions and runoff characteristics of baseflow runoff for Japanese
volcanoes. The study fields are 5 stratovol canoes in Japan (Fig.3).

The author calculated the annual precipitation and evapotranspiration from the numerical
climate grid maps distributed by Japan Meteorological Agency. Then annua water input amount
to each volcano body was obtained by subtracting evapotranspiration from precipitation.

On the other hand, groundwater discharge from each volcano body was calculated as the
sum of discharge from all springs of whole volcano body. This value was very close to annual
water input value for some volcanoes, while this value was much smaller than water input
amount for other ones (Fig. 10). For the volcanoes that are the member of former group, sum of
groundwater discharge is strongly influenced by climatic conditions, which means that this

value is not appropriate to use as the hydrogeol ogical index of volcano body itself.



Then the author calculated another value (r), which is the ratio of groundwater discharge to
water input amount. From the definition, this value is affected relatively strongly by
hydrogeological conditions of watershed rather than the climatic conditions. The values of r for
volcanoes studied were various, and have strong relationships between the baseflow
characteristics of neighboring rivers.

Neither the volume, area, mean relative height nor the index of gradient of volcano bodies
showed any particular relationship between the values of r (Figs. 11, 12, 13 and 14). Instead, the
factor that had strong correation to the value of r was the degree (Dg) of dissection of
volcanoes: the value of r will decreases as Dy increases (Fig.15). Considered form the value of
Dy, the studied vol canoes have different erosional stage to each other. The volcanoes studied are
classified into 2 groups: early stage volcanoes (Fuji, Shiribeshi and Kampu), whose valur of r is
nearly 100%, and late stage, ones (Rishiri, Yatsugatake), which have r values of much less than
20%. The value of r decreases as this stage steps ahead.

The author classified the springs on the volcano bodies into 4 types and analyzed the
distribution of each types of springs. L1 type springs are located at the terminal slope of lava
flow or pyroclastic flow (photo 1). L2 type springs run off from the side wall of lave flows
(photo 2). F type springs are located on the surface of piedmont fan (photo 3 and 4). B type
springs are located on the basement rock of each volcano.

For all springs on 4 of 5 studied volcanoes, the author determined their type from the
topographic map and geologica map (Figs.,19,20,21 and 22). The relationships between the
component structure of these types of springs and the erosional stage of each volcano were quite
clear: in the early stage (Volcano Fuji and Volcano Shiribeshi) L1 type was dominant and the
discharge from spring are balanced to the water input, while in the late stage (Volcano Rishiri

and Volcano Yatsugatake) almost all water discharges from F type springs.



In early stage volcanoes, lava flows mainly cover the volcano body. These lava flows reach
to the mountain foot and the L1 type springs are found at the terminal of such lava flows. For
example, Kakidakawa spring system, which is the Japanese largest groundwater spring, is on the
terminal of Mishima lava flow. An underground river was found in this lava flow by previous
study. From this result, it can be said that L1 springs in early stage volcanoes are mainly
maintained by the relatively shallow groundwater flow system in specific lava flow. Almost al
precipitated water moves along this flow system and discharges at the terminal of lava flow,
which isalso the terminal point of thistype of flow systems.

On the late stage volcanoes, however, no lava flow reaches to the foot. In volcano
Yatsugatake, the main groundwater flow system is very deep and the ages of spring water of
main spring zone are about 20-50yrs (Kazahaya and Yasuhara, 1994). This deep groundwater
flow path seems to have nothing to do with the existing lava flow. And quite small ratio of water
from atmosphere moves down along this type of flow path.

The hydrogeological conditions of Japanese stratovol canoes are quite different to each other
volcano bodies. These differences, however, can be explained by the erosional stage that each

volcano is situated on, rather than mere complexness of volcanic geology and/or topography.
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