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Geochemical characteristics and origin of groundwater draining into a large-scale tunnel,  
northern part of Iwate Prefecture 
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Abstract 
The purpose of this study is to investigate sources and style of migration of spring water discharging from fracture zones in a 

large-scale tunnel occurring at 150 to 200 meters below the surface of the ground.  The water samples collected were spring water 200 
meters below the surface and subsurface water 100 meters below the surface in the tunnel, well water, river water and precipitations.  
The properties of the water samples are discussed on the basis of concentrations of the major chemical components, including Na+, K+, 
Ca2+, Mg2+, Cl-, NO3

-
, SO4

2- and HCO3
- and the oxygen and hydrogen isotopic ratios of those water.   

The oxygen and hydrogen isotopic ratios of the spring water in the tunnel have almost constant values of 18O= -11.0 ‰ and D= 
-70 ‰, respectively, and the isotopic ratios are lower than those of subsurface water, well water, river water and precipitations.  On the 
other hand, the oxygen and hydrogen isotopic ratios of subsurface water show weak seasonal variation.  The residence time of the 
spring water in the tunnel is estimated to be about over 2years.  Based on the results of concentration ratio for major chemical 
components of water in the area, river water and well water having a short residence time and spring water having a long residence time.  
The subsurface water is thought to have been formed by water/rock interaction between water of meteoric origin with Quaternary and 
Tertiary volcanics in a short time, while the spring water is thought to be water formed by reaction of subsurface water with Paleozoic
Mesozoic to Quaternary strata over a long period. 
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Table 1

Na+ =3.6-10.1ppm K+ =0.4-5.2ppm Mg2+ =1.3-5.9ppm
Ca2+ =4.8-21.4ppm Cl- =3.0-8.9ppm SO4

2-= 1.4-8.1ppm  

Fig. 1   Map showing sampling points of river water, well 
water and tunnel spring water in the area studied 50km north 
of Morioka City in Iwate Prefecture.

Fig. 2   Geological cross section (A-A’ in Fig. 1) around  
the Sinkansen bullet train tunnel (Miyakita et. al., 1984). 
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Fig. 3 Standard Piper Plot showing the types of groundwater. 
The types were divided into 3 groups: river and stream water, 
well and tunnel spring water.  

Table 1   List of the mean concentrations of major chemical 
components of each river, well and tunnel spring water.  
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Fig. 4   Diagram showing relation between major 
element concentrations.  (a) Cl- and SO4

2-, (b) Cl- 
and NO3

-, (c) Cl- and HCO3
-, (d) Cl- and Na+ , (e) Cl- 

and K+ (f) Cl- and Ca2+, (g) Cl- and Mg2+. 

Akita University



51岩手県北部の大規模トンネルで観測される湧水の地球化学的特徴とその起源

No. 5 Nos. 19, 20, 21
Ca2+

HCO3
-

SO4
2- HCO3

- Figs. 4a and c, Table 1
NO3

- Cl- SO4
2-

Na+ Cl-

Fig. 4 (d)
Na+/Cl-

Na+ Na+

0.3ppm
Na+ Na+

Na+

Na+ Ca2+ Fig. 4 (c)

150 200m

 

 
 

Fig. 5
D = 8

18O + 17 8

d d 
= D 8 18O

 

18O 6.4 10.2 D 45 86
d 6 23

18O 10.2 11.2
D 55 73

d 14 19 13
20 16 19

18O 9.9 10.7

D 61 71
d No. 18 14 20 No. 19

14 21 No. 20 15 22 No. 21 12
19

18O 10.8 11.2 D
68 75

0.5
8

70km

18O 8.9 9.2 D 54
56

300m 18O 9.9 10.6
D 63 67 1.3

10 9

2000 5
2001 2 2 21

d
16 17

d
d

 
 

Fig. 5   Relationship between the 18O and the D values of 
waters obtained from the area studied. 
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Fig. 6   Seasonal d-value variations of waters obtained from 
the area studied and Akita City precipitations. 

Fig. 7   Variation with time calculated d-value of the 
outflow water using the residence time as a parameter; 
variation of the inflow water is added for comparison. 
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