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A study on groundwater system in the Kanto Plain, central Japan.
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Abstract: In the Kanto plain, central Japan, there are three regions in which artesian groundwater is characterized by a high
CI concentration up to a couple of 100mg/1: 1) central Kanto plain (eastern parts of Saitama Prefecture), 2) lower reaches of
Tone River (southern parts of Ibaraki Prefecture and northwestern parts of Chiba Prefecture), and 3) northwestern Kanto plain
(southeastern parts of Gunnma Prefecture and southern parts of Tochigi Prefecture). A geochemical study based on water
chemistry, §"°0, 8D, *H, C, "C, *He and **Cl/Cl, has been in progress to elucidate the groundwater system of the respective
regions with special reference to origins and residence times of both water and CI'. For the fiscal year 2010, as a part of
the preliminary study, eighty water samples from the lower reaches of Tone River and the northwestern Kanto plain were
analyzed to have a clear grasp of the geochemical status quo of groundwater in both regions. As a result, uneven distribution
of water chemistry and isotope analyses was strongly in evidence, indicating water and CI has a wide range of origins
and residence times within the region as well as between the regions. The results from the above-mentioned three Cl-rich
groundwater regions will be put together in the future to help an overall understanding of the long-term groundwater system
development in the whole Kanto plain in the last 500,000 yrs.
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gL, misic 50 2 M RKOHIER L AR D
O &l oK AT Lo T PRz T o Ik,

2. FIRYI F itk

IRV FE S & TEEEALE O FAR) N JEA SIS 35U, T
R KGURHRERZ 17 > 7o KR H 22 ADfiE &, Z0
—WIKBE D Stiff X4 7 75 Lzt 1 KICRd. Kh
N OB I HFHRETH S, Kz, Piper 147
7' I 2 BNSR Uz, IR IHEHE & J5 50 0 A
BT FKO/KENHS MRS Z &b
%. FIAR)IAE RARHIC AT IE 2 N AT Ol ok (
0529 5 YR 30—40m ) @ CliEEZ X 768mg/1
EIFEICE S GB1KD, MkoZTh s THEIL
7z Na-ClRIO/KE R Z 295 (552 K). FIARITO
51530, 531, 532 (B 80~150m) ICHBWVTH
Cl 21X 62~173mg/1 & — it Rk b T
R0 EIRETH O, KEMKE Na-HCO;-Cl T TH 2.
TS FR) MK O M Rk i SO, I A3 ed THE W
EWVOHSREE AT 5. IR, Bt Rk G
J£ 63~290m) ® Cl J#fEIE 5~15mg/l LK. FTz,
KB Ca-Mg-HCO, B TH b, FIR) KD Z
NELT SO, & Mg ICETHEfMNED 5N

FURRHT 70 & 3] BTSN T OFIAR) [ oD v
JEXX, Bk GEBEIED, 1983) Tl /il
TEEZ 40m it & TNTWV 5. FIRIEH O
IR PRSI DWW CISREEELIRIC PE S MDA
TaY il MCXBFEORRERBIZON, ICT
T CHETEER 40m &0 9 ERosgikfEic o< &,
i 529 TIEAZEIT MY 8 & 2 W i3 -LE R Y
JE IS 2 RN O Rk, —J5HiE 530,
531, 532 TIHHRA XD NI MR O Rk
EHFRLLTVWEEDEEZHNS.

WRFAMALLTHS L, Fi#E (M 529 1 -7.4%0)
L1%# (M55 530, 531, 532:-9.9~-9.5%) D
TKONCIE 2.1~2.5%DENED 5N 2 (5 3K).
X7z, FLAOBREOM TKE L TE, il
530, 531, 532 OHiF/KOEEERNALLE 2.2~2.7
WoFEEIE (B 3 ). — I TSRO FITHED
B S N DI TKROBERFNAA LN 2%, Lich
>, FHRJIMEHDBER A FALO TR HIcIE, Bl
15 & O FSIRDMED > 7o FH RIS & N7 Rk
HRTw MRICEFL TS ERET T ENEETH
%.

Hh 57 531 O FIK D BURPE R FRICHD < HC AR

fill CR#EAD 1359 10,000 4 (29pMC) TH - 7z.
272U, 09TU & MU FU LEFHCHRIIENZ T &
M5, HHEORKIC K - THEE S NTH LOHETKD
BALTWVWAZLIZHSHITHS. 2O LMD, i
LWHETR/K EIRAS Za10HS 531 @ “ B " O Rk
FERIE 10,000 £ XD T 5ICH L, REOKKRB O
RS R KRB FIC B 2 BKICREDH 5 & D
cHEE NS, —77, RGO 533, 539,
544 TlXZ N Z N H 4,000 4 (60pMC), 7,000 4
(42pMC), 1,000 4 (89pMC) &, BIffic X birL
IRIZHNC B B2 R H LV CEREME SN
TW5. BEHTFOXIRET Z2EE T2 L, D&
575 C OFRERIZMEFANALLOZ N LA E VA
2.

Rk Cl DRSOV T, *°Cl/Cl IR <
Mt sk 7z, Higk 529 O T Ol Rk (CRNE
768mg/D 13 IEH ITK W °Cl/CLEE (8X107%) %R
L B4, &) REDEEK (Gmg/l FEEDEKWN
Cl IS & FHRpEIROIER IS &V °Cl/ClL 2 H T %)
& b) BUKS BV IFHEHRICED AT N TRIE E0
Mk & DRGFMBIIC 70y hENTV5. O
JEFR D FAKIC LN, HAR FALO MRERER O T
K (Hifi 531, 532) 1 6.8X10" &5 FHXIC
BN EC/CLEEZAT S, B 531 iy 532
IZDOWVTIE, RBABEBICET %5 CLEIONR D & L
T, HiEHIC & D T ENTHSZN75 D ORFEARGE
U7zirk Okt FsEic mh - T *°Cl/ClL LAY % 4
EhnLizik. $bb, X0 HWRHROMEK) %
EBEABRENDZME LRV, FIR)I & ZDFAIc
B BHTFKHPO ClOEJFICDOWVTIE, 9% EBIC
Z < OHIFT CCY/CLELZRET B T LICK DAL
KL% 80DLEZONS.

FARNIFRIECE, BROBFT®E 7 iiicis VT
L EE T 1,000mg/1 1ICET % CLIBEZE T 2 T
IKDIFAEMERIE N TS (Eil, 1971). HKFEEIE
AP 2N D O EFREIC K TIAY, SROFEM
RWIFRIC K o TH S A & 75 - kRS H & iR Ko
Hi K OHIER L2 2 RSO RCIR, A IRF O AHE I
DT E SICHMEMAT 2 ED 5 TETH .

3. BUMETSF LB
PEAIGT A S REMRFT IS DT T ORISR ET B &/
Hih 5 EMTHISH) T TOMARBEFEHRICBNT, AFF
58 AD KN B (%E 30~450m) » 5 H Rk
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il FIRI R ool R KGRI T & /KB D Stiff XA 7 575 L.

Fig.1 Location of sampled boreholes and Stiff diagram illustrating groundwater chemistry in the lower reaches of Tone
River. Figures in parentheses are borehole depths in meter.
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Fig.2  Piper diagram illustrating groundwater chemistry in the lower reaches of Tone River. Numbers beside the points
correspond to those in Fig.1.
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Fig.3 Oxygen isotopic ratio (3'°0) in %o as a function of Cl concentration (mg/1) for groundwater samples in the lower reaches
of Tone River and the northwestern Kanto Plain. Numbers beside the points correspond to those in Figs.1 and 5.
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Fig.4  Plot of **Cl/Cl vs. reciprocal Cl concentrations for groundwaters in the lower reaches of Tone River. Equilibrium values
of **CI/Cl for seawater trapped in aquifers are obtained on the basis of sediment core samples provided by Yamaguchi et
al. (2009) from upper and middle parts of the Kazusa Formation in Shobu Town, Saitama Prefecture.
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Fig.5 Location of sampled boreholes and Stiff diagram illustrating groundwater chemistry in the northwestern
Kanto Plain. Figures in parentheses are borehole depths in meter.
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Fig.6  Piper diagram illustrating groundwater chemistry in the northwestern Kanto Plain. Numbers beside the
points correspond to those in Fig.5.
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KO ZIT> Tz, #EMA D0 & KE D Stiff X+
70T L5 KNS, Fiz Piper X4 7 75 LEH 6
KNC/Rd. 9 CIci (1984) KT (1988) Ik
STHRENTWAED, SRIOMETEKHT, &
SEIAT, BHAINT, BEFRTHICISWVT 100mg/l ZiB A % &
W CLEEZ 49 % Na-Cl RO FIKDAFIEN RS &
Niz. R 150m K OV & T AIKE CLIEREH RK
IMEET ZFARHE Nt & Hx 0, BEBIRE R
T IE m CLIBE O R/KIZEGREE 200m LIS 71
HTENFHNTHS. BixHlc, ClLIBEEDOREHE
EEMRTTOMIE 486 (FEFE 310m) IZ351) % 540mg/
1 CH-Tz. —7, HiRIETE 220mg/l £ & Cl
72469 % Na-Cl O Rk BT O A 517
(ZEFZ 208m) ICBWTBH LN, §°CHfikHd
&, CLIREEAYE W KH D S BT {32 T -8.5~0.3
%0 & LEIRINMED & <, X REMMhETd -7.3~2.0
%o & W EZ R LT,

MERFENALLE CLIBEORGR GE3X) b, Hi
RAT4 L 507 28R\, BB EF IR E R s B
T CLIBE DM OB RFAM AL NE RS
EHREDNHS N TH 5. 5H 3K & CEmE, FARI
T2 Bk AU C [RIHIEK OO BE HANNIC AT 9 B BE BB A o
T H5MN% (Yasuhara et al,, 1997). T DR
P ER D _LARETE IR S B o R IKIC DWW T
J, D FPEEKIRDBEER D 4~5 CIRWIHIC i
FEN (BRFNARLEDEE ), CLIREEA S < MR
MM EWMEHPE DGR T &, 2) BERRINREEE <,
1K C1 I C i RE IR [T DN O IR B PE D B i 0 D 2 BO7
RBECI-oTERENIEDLHEENTVD (&
JHiEA, 2010). 41O BIHCFEFALPE A I B
Th, ClIEED RS & OHIET 486 OHITRKD MC 4
RAEAY 19,000 4 (9pMC) EFAKTH D, Hil Tl
#1487 (ClIEEE ; 488mg/D), Hhx{ 478 ([A] 177mg/
D, Hig480 ([l 112mg/D) & ClifE DR T & 3
12 1C LR B 16,000 4E (13pMC) A5 10,000 4F
(28pMC) HIENERFICH {755, EHIC, ClIRE
7 33mg/1 O i 494 T & C AR IE 9 4,000 4F
(63pMC) & EHI/NEWEEIRT. TDOT Eh b,
BB el & [FIRRIC, PESRCTFEFILPR S D it
KIZDWTE, ClIRE, BERFNALLE 5T
REID 725 PR U7z 1) & 2) DK S 7 2 bk D
REICK KA - LT o ADNHEE LTS S
DEHEETNS. &, BIHECFE LG O~
KIZZ D CLIRE D BIHCEEF LB oD 2 500 F & mi

ETHZICEINDET, MCHEEIE BT EF
#Bd 25,000~30,000 £ (ZJFiEH, 2010) & HAN
THhED/PNEV. BRI TIZZOMBIE TS 5.
SCI/Cl HIc DL Cl ORIEOMIAL &8, HAEFELL
OB E Lz, Fiz, Higi474 (BRI ; B
& 400m) & Hiigd 507 GRARIRET 5 2 100m) Dt
Tk, K CLEEEE (3775 T 16mg/l ; #%# T 4mg/D
ICED D5 I HERFINARLLIE -10% LA &b T
W 2R e (BB 3 XD, miE CRAR)ID 5 D
FRIEIK, & 718 LA O mAs e Lt 72 il i
LM MKIC K BWEDIHENNEZ BNDD, T
NS DN TUIIKCHI L A 75 22 YOGS % D
HEEEAS.

4. BbYIc

FURR R ithisg & BESROPEEP AL PE s isic 350 5 742
AL OFE R, mitthi & & Z Ot F/KOHIER LA E AR
DACTIEE DDA - il SRR S iz, &z,
RIS PE g E 8, TN D =M Tl Cl s
HRKROIKFREN TN ZENE G S AL ETR
o> fz. M OK SO ARIREE, R AR FR
[EREOHERERBEIC DWW T OIEMZ IR L7ED 5, RAE
JEDIE & BFKE &R IVF T AV b =T FiEIC D
&, Wi E SITEBIECFE I BT B i Rk R
T LORIIC ) T2k S B2 TETH 5.
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