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IDENTIFICATION OF RECHARGE SOURCES OF GROUNDWATER
IN THE JOGANJIGAWA FAN, TOYAMA, USING
ISOTOPIC AND CHEMICAL DATA

By Yoshihiko Misutanit and Kazuhiro SAKURAI

Synopsis

The Jouganjigawa Fan, an area of rice farming of 50k, lies to the southeast of
Toyama city and was formed in the Late Quarternary by terrestrial gravel deposi-
tion by the Joganji River. To identify sources of water in shallow aquifers (maxi-
mum depth 100m) beneath the fan, studies of hydrogen and oxygen isotopes in the
ground and surface waters of the fan have been made. Major rivers flowing onto
the fan are from higher-altitude catchments (maximum altitude 3000 m) and have
lower 6D and &®0 values than rainfall on the fan. The isotopic measurements indi-
cate that the aquifers are mainly recharged by infiltration of the irrigation water,
which is derived from the Joganiji River, and local precipitations from the surface.
In narrow areas along the Jinzu and its tributary the Kumano Rivers, the aquifers
are locally recharged from the Jinzu and Kumano Rivers, respectively. Chemical
data support this identification of sources of water in the aquifers.
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Fig. 1. Map of the Joganjigawa Fan, Toyama.
Broken line: confined aquifer.
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Fig. 2. Map showing sampling sites.
O: groundwater, @: groundwater re-
charged by precipitation alone, X : river
water, and A : precipitation.
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Fig. 4. Plot of 6D versus 6 0 for ground and river waters from the Joganjigawa Fan.
Jo: Joganji river water during Apr. 1980 — Mar,, 1983 and Jun. —Dec, 1986, Ji:
Jinzu river water during Apr., 1980 - Mar, 1983 and Jun. -Dec, 1986, K:
Kumano river water during Jun. — Dec, 1986, S: Shiraiwa river water during
Jun. - Dec., 1986, P: precipitation, Gp: groundwater recharged by precipitation
alone, +: mean, and ( ): mean altitude of catchment area. The arrow
shows the isotopic variation trend of groundwater: A=transpiration (loss of
summer precipitation without isotopic fractionation) and B=evaporation with
non-equilibrium isotopic fractionation.

ARLTVW3E, TOLIBFEHLHORL, HWRLOMOBL DBFRICEIT 20 ERBELL R -THD,
JEBEHE ICBRED D TH 32, —BITHIT/KD 6D 8L U6 %013, #DHiHOKKD 6D LTV 60D
FEEEIIELVWEEDNTVADT, Fig. 3 FXOBBOESEAR L7,

iz, Fig. 4@k EHITKIEIT 5 6D & 6 PODMRERT, ANIKD 6D BL U6 0I3, MK
KRONBLSUAREBEHFEHERL TORVAIEENS 5, O &3, BKRBSHTEETENI~
RT3 BRTHYEASH, BHEHMITEHEINATVWEIEERLTVWS, £/, &ANIIGEQEN
RIE2D BV 0OEFE-TVEY, Zhol3FGRSOAMIEILTBY, Lhrbd, ZoOE(LER
HMOFHEEIKELTVWS, TOI&E, IhsOFIDFHRAOBEKD D & U6 POMEEMR
AZITOBCLERTY, BIRHEIOBAL I EPABRE L TOAHITAKELUEKD D LU
S ROIIBEK DM (198145 A~19854E4 A) &—FHL TWIEY, COR—Fi, EHOBKDHE
D OEAWBEREBICL > TRON BT &, &L THIEKBOKELZEICA - ki, HITIcEET3
HiIC, BILWERERIDZILICL2b0DEELI LN, BHOBEAR, BKIERELZELTEADILS
1eHRIMEDAFNIIIZEA LRI SV, #-T, TOBFE, HITCRSL K ITFK OFELE
RBEFICRMoBARIcTN s &icis s (Fig. 4, KHA), LHL, KEICBIF2ERDO LS RS
B, BRRICBIZERTHL-D, A4 0AFRI~NO D BL U R0 BHEL4E L 2 (Fig. 4, KA
B)™® , Fig. 4iTR&E N, BKIZTEDABRE T 2HIT/KE L UBEKDME & BKDFGE & DE
»5, BEFERMELUZ0BI0BKIMT~NRET 28T, REc k) BfioBkEk LIS
I, BRICL 2D BIUPOOBHEENLROZITVWELEMENS, Lid, ThooBKEROHT
K K PBEREERRL - BB X UEHIREICEARICEDOR TV 255, HEREFIIHKM I RRmEKEIC
BhbhTa0T, RRKMOBKEFROHTKREZERICLSDELUR0OBHELLIRE(ZITY

_._4._



KA « B EERNB L (LT — 2i1c & AELEEESN BK i F Ko » A BRORESE 321

BolEetEA S B,

FEikt o TkiZ, Fig. 40T, B
KrEZGEPABRE T ZH KB L OBKE
FNIKEESERICH > THHLTVS, T
DI, ThSOMTIKARRKEROH T
IKEBREZN & 123 ma)l, HEER)I DK ED
BAEKTHBEIEERLTVS, ZLT, C
DRAEHEN S, BTN BT BREKiE
RO TAERNKDBERERELGEIE
DBTE3:

6e:5Ppr+5err ......... (2)
rtZL, F,+F=1, g pBLUrid, %
hzh, FRIKHITK, BRKEROM T/KE
K UMIIkEED L, Fi3FERMHTkpo
ENFhORDOEETH B, 58, BT
KRG DFEIIKERSD A5 & ORI 5> & DiRE
KTHBHh1E, AEHEIUR & &R OAE
BZRB L CHIT/KRD 6D £ 4213 6 O HE
BINHERAND 6D BL U 6 *0E DK Fig. 5. Map showing 6D values of groundwater
oYM A ENTE S, Fig. 5ICHIT in the Joganjigawa Fan.

JKD 6D DHIEHINHERT,  OHIRD 5,

HENEEORVHNR CEici@ BRI & X UEEII v oiific i, 2hsh, il K UrEH
Jlde S DRFKDEEBNIED SN 3, 1o, BHF)IORFKOEER, BIRMOERSE/IZLRDO TR
KEBH B ENTE S, L/l EREO 6D v Fmunitiigis, EfiERtiTcH o, Eiilld ook
Kick > THhABRISNTLAHIKTS 3, B OKPHOHIETIE, 6D LU 6 POIILBH—HE/2E %
RLTEY, BAREANIDK (BEESIER BLBESNTVWEIIEERELTHWS, TOTEhD,
C OHURTIZEEEFOKOKES AR E L OKBEZEH L THIE» SBBL TV B EHTEEN S,

PULoZERH LT, BEECERDCET 7 -9 oRFEMAZ I EHTE S,

Fig. 6 o &Kk BT 21+ VEBEE §¥0L DBRERT, EiLhomEKhOEEFSL
w3, BRBLUOABGEEL TOAEAZRIE, ASBARLCEHRIK & - CEA#ED SEENh 51
Hichiskd 32, Lhl, —RRCEBEN FIIEAL D REBABEELCICEFT 30T, BEL,OHN
ol EoBKS, BRI WEFTOBKICHEXTHSLIBEWEYIA 4+ VIBEE2RT, Z0kD,
Fig. 6 125\, B ERBKO 6D BLU 01T 2EEMREGEUHELE, BKkBL UKD
B 4 VBECEDB I ENTE S, —4, BKEFROMTKICIE, BRBICK BB/ 4+ DR
WmhEDOohE, £LT, BIRHIOHT/KIz->WTIE, Fig. 4 THO 07 ESBIHR & B OBFRSR S
n3, ZOBA, sD-50KE% (Fig. 4) K~ TEEHSEEL 2013, BHAZOMTKic ARIEE
W& Ao MAITRONTVE LD TH %, Fig. TICHIT/KOE(LYBEOHBENA/HERT,
oM S, BfdLRO T RO/ + v BESHENE VW &, T L THEIRMoMTKoEL
MA A VIRBES—HTHEILEBDIILENTED, 12, W)l o>DRFKOFEEERT L KR
FER I, oD BL U S0 S8 o HIRLIAICIBIRE S50,

Fig. 8 iIcMI F/KOTBEA & v IBE OHEBHINH 2717, BIFEHOMKIE, &%, ¥ ppm T ORE
A4 v EEATOVE kB KRR, —BicBKPORHEES 4 v OREIE, (LaBEoMBIckHh K
K[ e N _BIEREORILIck - THEL L bDTH B, —F4, EFREFINEEOFEIIIKIZ 10 ppm

— 5 —



322 FABKRAFTER 31 5B-2 M63. 4 (1988)

R OHBIIE VT 4 VIBEAR LTV 3, ThREFAINOFRICETHE (FRIF)D &L UL
MBiIR (R@)ll, HEER)ID 8L DR/ & VHHARSEET 310 TH %, BIkHOMTKIE, ok
BENIKEBKDBEYTHZDT, FOWEA 4 VBRI, AIKOBL 0 SIEVIIT TH 24, EEE
KRANKEREE 32 EOEVEERLTVWS, 0, BiktIoKETHELIATYL 35H%E
13 & DR T 2HHBE M A v ORINY 2RI L TV 5 EEEHC, KD O OBBEKBHTKEH»

10 - .

-13 -12 -n 18 -10 -9 -8
S 0.%.
Fig. 6. Plot of 6®0 versus chloride content for
Joganjigawa Fan water samples. The
symbols are the same as given in Fig. 4.
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Fig. 7. Map showing chloride contents Fig. 8. Map showing sulfate contents (ppm) of

(ppm) of groundwater in the Jo- groundwater in the Joganjigawa Fan.
ganjigawa Fan.
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Fig. 10. Division of shallow aguifers of

Fig. 9. Map showing bicarbonate the Joganjigawa Fan in terms
contents (ppm) of ground of isotopic and chemical com-

water in the Joganjigawa positions of groundwater and

Fan. the topography of the fan.

Table 1. Recharge sources of groundwaters in the Joganjigawa Fan.

Aquifer®* Sources of water** and their contribution

Infiltration from the Joganji River (>>60%) and
ppt. (<40%)

Irrigation from the Joganji River (40-50%) and
ppt. (60—50%)

Infiltration from the Kumano River (<70%) and
ppt. (>30%)

Infiltration from the Jinzu River (40—70%) and
ppt. (60—30%)

Intermixing of waters from B,C and D
Precipitation (100%)

Irrigation from the Joganji River (40—-60%) and
ppt. (60—40%)

H Kamiichigawa Fan groundwater

A

B

Q =59=m U

*. the same as given in Fig. 10.
*#. ppt. =precipitation.
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