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Groundwater system in the central Kanto plain
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Abstract: In the central Kanto plain, the largest Quaternary groundwater basin in Japan, artesian
groundwater samples from 187 boreholes were analyzed to characterize groundwater geochemistry
and geologic constraints of subsurface structures such as faults and folds on the regional groundwater
system. The spatial variation in chloride ion (Cl') concentration shows that groundwater with an
elevated CI concentration of up to 216 mg/1 occurs in a long, narrow strip between 180 and 430 m below
the ground surface. This some 9 km wide, 35 km long strip with the Cl'-rich groundwater, spreading
from the northwest to the southeast, is bounded by the Ayasegawa fault on its SW side and corresponds
to a downfolded synclinal structure of the Kazusa Group formed in association with the Ayasegawa
fault movement. Groundwater in the structure is also characterized by very low 8D and 8O values
and increased '“C ages of 25,000 BP years or more. Both the chemical and isotopic evidences suggest
this strip divides the central Kanto plain into three distinct hydrologic sub-areas. The Ayasegwa fault
and the synclinal structure are thought to have long acted as barriers to the southward and northeastward
movements of groundwater predominant in the central Kanto plain. As a result, artesian groundwater
in this strip has been put under a quasi-isolated hydrologic environment for a long period of time with
respect to the surrounding groundwater flows, resulting in the occurrence of groundwater with chemical
and isotopic anomalies.
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Fig.1 Location of boreholes sampled and pH value of artesian groundwater in the central Kanto plain. Pink star indicates the
site of the Shobu boring GS-SB-1 (Yamaguchi et al., 2009). Red line is the Ayasegawa fault from Sugiyama et al. (1997).
Black broken line is the surface trace of the Kuki fault proposed by Shimizu and Horiguchi (1981). The cental Kanto
plain is conventionally divided into three hydrologic sub-areas: the area between the Ayasegawa and Kuki faults; the
eastern Kazo lowland, eastern Nakagawa lowland, and Sashima upland; and the Omiya and Musashino uplands.
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Fig.2 Electrical conductivity (EC) of artesian groundwater in the central Kanto plain. Red line is the location of the
Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig. 3 Artesian groundwater chemistry in the central Kanto plain shown as points on a Piper diagram. Points for the area
between the Ayasegawa and Kuki faults are shown in red; for the eastern Kazo lowland, eastern Nakagawa lowland, and
Sashima upland in green; and for the Omiya and Musashino uplands in blue.
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Fig.4 Sodium ion (Na®) concentration of artesian groundwater in the central Kanto plain. Red line is the location of the
Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig.5 Pottasium ion (K*) concentration of artesian groundwater in the central Kanto plain. Red line is the location of the

Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Calcium ion (Ca®) concentration of artesian groundwater in the central Kanto plain. Red line is the location of the
Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Magnesium ion (Mg") concentration of artesian groundwater in the central Kanto plain. Red line is the location of
the Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig.8 Chloride ion (CI') concentration of artesian groundwater in the central Kanto plain. Red and black broken lines are the
Ayasegawa fault from Sugiyama et al. (1997) and the surface trace of the Kuki fault proposed by Shimizu and Horiguchi
(1981), respectively. Pink star indicates the location of the Shobu boring GS-SB-1 (Yamaguchi et al., 2009). Green line
is the seismic reflection survey line by Yamaguchi et al. (2008).
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Fig.9 Hydrogen carbonate ion (HCO;) concentration of artesian groundwater in the central Kanto plain. Red line is the
location of the Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault
proposed by Shimizu and Horiguchi (1981).

245



BT R AR DI R K AT L

\§
D)

— I B —
...<*\\AS~A‘A\\
T

—_ ﬂmm<i>ﬁf
36°10' A
Al
Vs MO
= X~Mﬁﬁ£§°
N = “

T

=
36°00' %§ % “\‘v ‘
. ) RS

35°50'

HKEF At

35°40' 5 —

T
139°30'

T
139°45'

101K BABOEEF PRI 51T D BEIEH T K ORREE A A2 (SO,) IR D 43 Ai. W) | W78 DAL I 3AZ1L1E 2> (1997)
IZE 2. WK - IO (1981) 2MERE L7 A ETE.

Fig.10 Sulfate ion (SO,”) concentration of artesian groundwater in the central Kanto plain. Red line is the location of the
Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig.11 Plot of oxygen (8'°0) and hydrogen (8D) isotopes of artesian groundwater in the central Kanto plain. Local meteoric
water line is expressed by 0D = 8 X 8'®0 + 12. Points for the area between the Ayasegawa and Kuki faults are shown
in red; for the eastern Kazo lowland, eastern Nakagawa lowland, and Sashima upland in green; and for the Omiya and
Musashino uplands in blue.
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Fig.12 Hydrogen isotope (0D) of artesian groundwater in the central Kanto plain. Red line is the location of the Ayasegawa
fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by Shimizu and
Horiguchi (1981). Pink star indicates the location of the Shobu boring GS-SB-1 (Yamaguchi et al., 2009).

248



FEJFAEHL - FRATHE « 20) 1B - iSRG ED] - 85K 750 « Stephen B. Gingerich - @il ¥ « BURFEFE « KFNHE T « FIRTAE - M HEEs -
B - A - SR — - BIRERE - R - AR - KA

Il | |
—

N
B @\ s

-
36°10'
[=)
b1l

..
7 ABMEES

=
o

-
Ne
D

S
\

3600 e

35°50'

01C (%o0)
B 8~ 4
O-12~ -8
0 -16 ~ -12
@ 20 ~ -16
W 24~ -20

35°40'

T T
139°30' 139°45' 140°00'

13 BE OB S dS 1 D HRIE M T K O IR FBLE RN (8°C) 4y, ) 1 W8 A i 1242 L1 A
(1997) Tk 2. WINEA - Y80 (1981) 2SARGE L7z A M.

Fig.13 Stable carbon isotope (8"°C) of artesian groundwater in the central Kanto plain. Red line is the location of the
Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig.14 Radiometric '“C dating of artesian groundwater in the central Kanto plain. "*C age is in BP years. No correction for
the addition of dead carbon. Pink area represents groundwater with '“C age over 25,000 yrs. Red line is the location of
the Ayasegawa fault from Sugiyama et al. (1997). Black broken line is the surface trace of the Kuki fault proposed by
Shimizu and Horiguchi (1981).
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Fig.15 Distribution of chloride ion (CI') concentration of artesian groundwater in the NE-SW cross section across the central
Kanto plain (green line in Fig. 8 by Yamaguchi et al., 2008). CI concentration of groundwater was projected to the
colored seismic depth section (Yamaguchi et al., 2008) at a depth of the bottom of each well. Boundary between the
Shimousa and Kazusa Groups is from Kimura et al. (2010).
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Fig.16 Vertical distribution of oxygen (8"0) and hydrogen (8D) isotopes and chloride ion (CI) concentration in pore
waters centrifugally extracted from undisturbed sediment cores at the boring site GS-SB-1 (Figs. 8 and 12). Iodine was
added to the drilling fluid as a tracer material. By comparing iodine ion concentration of the extracted pore waters with
that of the drilling fluid, analyses were corrected for the drilling fluid content of the extracted pore waters.
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Fig.17 Plot of hydrogen isotope (OD) and chloride ion (CI) concentration of artesian groundwater in the central Kanto
plain. Points for the area between the Ayasegawa and Kuki faults are shown in red; for the eastern Kazo lowland,
eastern Nakagawa lowland, and Sashima upland in green; and for the Omiya and Musashino uplands in blue.
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Fig.18 Tentative and schematic representation of groundwater system in the central Kanto plain based on the results of this
study, Ikeda (1984b), and AIST unpublished data. GA indicates '‘C groundwater age in BP years. Details about
the Ayasegawa fault and the synclinal structure effects on the regional hydrogeochemistry of deep (about 1,000 m)
groundwater remain unclear.
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