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WKL v &R L LI, 1970 £~ D & IAE
RICFAEDS (Plummer et al., 1976; Anthony et al., 1989 7
EEH), RETIIHBEEYE E AL LZETMEICK
LB AL C 55 (Bakker, 2000 72 &) o /K
J& DEEGFI )7 1 % MG 5 72012k L v A5y
AARILOIEIR AT K TH 505, HIK KB D E KM
BREMRIEL TV L0 TH D (Schneider and
Kruse, 2003), #KL v A b AHBIZERE RS 5, &
D L) BRIk L v AR E IERECIEIR S 2 720 1B
LEHL FE L CHUF ARP OIRRBEREEZHET %
VBN S 505, BENEE CHALORE IZREMIZ 2
LI ENEL, WHBEESECRONZBILOT— 5 %
T 00— TH Do M TR DI R
HEEIIE, BAEA Y (Birgit and Luis, 1996 7 &), &
A (Mark, 1988; Ruppel et. al., 2000; Schneider and
Kruse, 2003 72 &) SV SN B D5, kKL ¥ X% bR
& L72Wge BB OBHBI % o BREHEATEE
L L TEBEBREERIIKIE WS 00, HHKE %K
DIPUEICRE 2 E N H VERLHEB LT W
&, LfEHTd 72 ) OB A3 W O R =TS
AWt bPe0HBEEZONL, —HRPEIZE
VT BRI A R o Bl AT (A - N, 1990),
KR DN & DKL ¥ XILIRDZEAL % 574 L 725
BRrymrge (GRS, 2000), FESEAIC & 2 @672 Sl
s (PHLS,2007) 74 EAVEEMIZATON T2 D0,
FTE O B, FRICHETEREE O LK Td 5 sk
FIKET AN B W CEEHFEEE AW TRKL Y A0
AR A S 22 LRI R S e v, 207204
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HOZMPHRIRZ RS2SR E L THRKL v ZOBRAIR
WAFET S L LIS, BHREEEOTERAIKE T KE
ADFHAVEIC O WTEAi 24T > 770

RIFFED—ERIL, BHKEARLE 70 7 M2 H
ERIRBEAL AT MK BEZE 1 M T ¢ B O R & m EERT S
MroREE] (34020), K OFHUFEE (21580303) Mg %
ZAFCTHEM L 720 F 2B 72 > TULBIF
AR EMOKELR L O B A TS
WEFER T EEGFHBIT, LREMARSEL SO
DT AT 720 BRSO R ZET o

I REEHXOBE

1 F - E

AT 5% B BT IPHIL L LA IS L, Jhid
KRIEBIRF T OFFVE 360km, &5 & AHEOIFITHH
WA7iE LCB Y (Figl), #IEFEILK 20km®, A 1,300
Noh, T +ﬁm@ﬁﬂ&ﬁ#ﬁ#é$wT$H%@
BTH Do LEBIZIZIE S 30m Btk O 23545 L T
BY, EfbhnE Afw (MP#EIR, 1984),
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Figl FAZSHALE R
Location map of study area

Table 1 % HBMEREY (Kiks, 1974 ([JHILE)
Stratigraphic sequence in Tarama Island
(retouched with Ooga et. al. 1974)

FEoR H = JE =
= W THEHERE
g | WEEERY A
BIU V—Fry s Lom
% (AL HERE W B > THEHERE W
0 PN mab
B
#e | B | BRERGIKE 50~
B | (ZRMEBARIKE) 60m
% & B8 |
= |5 b % LA 2
Ao i =
fia

BX D S HIKER 5K A EDE (BIE
~20m), ] z;&ik'%/:!&t%%_()?f‘:?héﬁnkar
=i (EIE 50 ~ 60m), AT EME DK A% B RE
(FEBPETEIC ) 295 L Tw b (Fig2).

% B O BEITMEIITR ST, MERAIK
XL B REE AEAICES (Table 1), HEkAIKE X
B E - BE RIS, RIKERGIKE, o an
JKEE 7 EOFMIX B S, WREEVEES m O
XN PR EA O 720 L L T 528, 2T
WHRE 2L, REFBE~FEEO L OD% v, (IR,
1984) .

2 WTFAFAIRR

1979 ~ 2000 4£ D % BB 12 B 1 5 F 3 B K = 1F
2,036mm/ £ Th b £ B ETIIEEEKEREE (EK
FRE 10" misec) ASHEARIELLTIZH 0, KA AR E
WKL AT ENT WS T EDBH SN T WS, [
& 10m FI O B2, AIKETERSEEEED 5
N, BoOKEBEELTHHBSNTEZ (PR, 1984),
BB L 1 RO 72 FIERA K S OF KRR EIL B DO EELT
B0 AIKEERAIKS, EREE RIS D H E )
5 ATEER T 8.8 X 10°misec, M ¥ TAIKE, 1)K
Ak, BB ERIK S OEED O 5 LER Tl
2.5 x 10*m/sec, HFLHIEAIKE S 5 KA BTl 8.0
X 10°misec DEAHRE SN TS (EH S, 1988),

BTG RKIZIRAK L v X &K & LS KGE IR
LT, 2007 SEEEDL BB ICBIT 2 ZKED
FERER AR 1S 189,502m%y (FAK AL 1,237 A) TH -
7= (PhHRIE, 2009)

Fig.2 FiATHb i B - Wrmid (DRI, 1984 12NgE)
Geological map and geological section of study area



A B - R - FHART W - AR - SRR IR S BHB 2 BT Kk L 2 ATRIR 3

2005 A2 BT B FF T AR (LR TIAE D 48 % 12 72 %
953ha Th V), FEEMAEECTIXRAAA57%,
FEN3M%EEDDL, BOTIBEIER~— Y EFIENR
B AKEDREALTIET, RARDHMmIFIZFE, FIiEo0
BeER TR T Ve BRI & 720 a FIH LT
BOKFEE LTEIALETHDL Z s, NEFIHHEE
BHEBRTIRRKL v X% BERKEE T 2846, 112,
Fealiny e SR & 72 2 BB Re R OILIB A Ed L, %
KV v XOMBEFEEMLT D720, KBERKL v X
BH SE BN R N A % 2007 4R & 1) £ LA CEHE L C
w2 (H1E - £H, 2009).
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o2t BEOFRAY) 2475720 F 72 Eit@Bililo
filz, BWNOBEFIT 12 ST W T A AED HET
W KD BERNTERE % EEE Im IZHE Lz fieTa
S OFHIL - BEfFHTTIZB W THTF KA &2 % L 720
AN D70 UMWY OB L R/ANRE T 5720, 23
PRI CTHE B W BHAFL 2 S MEIZ RN E 21T 5 72,
Fig.3 (24 b T (7 & X %, Table 2 |[ZEIAIFLE & OB
FEHFFHILE R T,

2 BHEEERICLZHBOEEEETE

KK L ¥ AGAIROFAEIZOWTIE, 72 Hn 70
1) I DZEF] (Schneider and Kruse, 2003) L 1), %52
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BRI X o THEM A CIR RS FREE 25l 2 ©
XD EDTRENT VDD, WERAIKE~OEHRHL
K7imo, FTES (1997) EHILY A 1I2BW TV —
TV — FHEBHERIC L o THKE RO SRR KD
HFHEEZPAS DI T DS, ARIZETIZ NS OWIZETH
WHENTWA V=T - b— T HEEREEEE (h+ 4
Geonics Ltd. ! EM34-3) %V, M TKOERGEE %
HIE L7219 OS2 B\ THUE 0B 5 A3 5E L 72
EM34-3 l3%E T AV L ZE T A VORI % 10m, 20m,
AM DI WY LEZ L ENTE, MBEIRKELRBI1EE
WAEWREEIGEL b, TRMEFFEICIEREIA L
ERETA NV EMEN & AKTFICE CEESY A R—IVE—
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Fig.3 PR A7 E X
Location of observation holes and wells

Table 2 BillfLb L OBEAFHTREIT
Specifics of the observation holes and wells.

Wi | iR | RIZ | HE W%

18T1 11.71m | 57.0m 5cm
18T2 13.75m | 29.7m 5cm
| 19T4 12.79m | 30.0m 5cm
Wo|o19T7 11.91m | 63.0m 5cm
fL | 1978 11.05m | 50.0m 5cm
19T10 9.68m | 30.0m 5cm
2073 10.97m | 30.0m 5cm

F—=IVANL—F,
et B

102 | 12.05m | 130m| 1.2m
103 10.25m | 10.8m| 80cm| 2> 7 VU — hHF
104 | 1016m | 11.1m| 11m
105 | 1042m | 137m| 25cm[
106 | 12.30m | 17.9m| 25.5cm | HEFHF
107 | 12.25m | 135m| 1.0m
301 | 15.17m | 156m| 1.0m B
302 9.30m | 100m| 15m|~¥ 7YV~ MEA
303 | 12.06m | 12.3m| 1.0m
306 13.70m | 21.1m | 15cm | 4= v ot
403 8.45m | 15.6m 15cm
405 9.90m | 99m| 1om|T¥ 7V MHH

o H o E

Table3 EM34-3 23513 % I A VIEIFE & A (MoNeill, 1980)
Exploration depths for EM34-3 at various intercoil spacings

%AE PEAEE (m)
I A VTR JE W% KT A RE—) HEESA K-
(Hz) E—F E—F
10m 6,400 7.5 15
20m 1,600 15 30
40m 400 30 60

BV, THEHT A K= IVE— FIZHEREWER I b K
BEAFEL, KEFAR—E— FIHBHECES 2
WREE & D, Table 312 EM34-3 IZ2BIT HillEE— K -
I AV T 2 % E M L, McNeill (1980)
& D ERRE Y RS

Schneider and Kruse (2003) (21352 E— FIiZ2oWT
EREHDS e 2o 72D T, AWIZETIE T3S (1997) O
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TR DB AR LR L IR 7 A R & Feis L 72
WEIZH 725 T L T RO BRITERE % 5%

Fig.4  FEMGRATN IR
Scenery of electromagnetic survey

Electric conductivity mS/m

Electric conductivity mS/m
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Distribution of electric conductivity of groundwater
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2R -em £ TOES B 200mS/m LUF % #EF
L, ZNLAECREES I TICOoN TR A IfELS EA- L,
T -13m Tl 3,750mS/m [ Z3E L 720 1 ZIFBE 0 HLLERIS
L9 % 19T4 TiE 200mS/m LLTF O &EPH A H T /K I 72 &
TE-Tm ETE, 18TL L D RREL o7z, TR
Tld 18T kR, EEESETICONTEHEA IES LA L,
T -16m TlE 4,220mS/Im I Z3E L7z S 2 B EH
FERPS, BORIITTIIHEAL v REZ—EDEX %
o THELTWAS LS 2 b

BOHLLA S 2km 1F &L 19T10 Tld 200mS/m L
TOMEZRL7ZZOEH T AKAfTED 15727 THY),
5 -1.3m DR CEAEE OMEARE & 12 EA L7,
BOHLA S 2.5km 1 EHEIL7Z 19T8 Tl BADEE DS
200mS/m LA OFEIEAME < 70 ), B -1.9m LLETER
REEOMESEE L LI LR Lze 26 OB R
5, BOFLDS 2km RBEEN S &SRR L v XIEIEF IS
WL hBEER DS

B HLIMZ W EEF 1 306 CTlXEA REE LT
K7 HFLE F TIRWEZ o TV iz BOHLAS
2.5km |3 EHEIL T B BEAFHE T 302 TIEAKEA® 15cm
Lo 72hs, BRIGEEEL 220mS/m #ETH - 72,
COEHITKFEE L TEDLILTW BT IS IEENRE % &
LT HFANICHEKRTZBASEROIEEE > T D,

2 WBROR,IFEER

REGRAEC X 5 Mk o H = %2 (& 2008 4 11 H
26 ~ 28 H 2213 TArb N 720 EM34-3 131 [0 o il 52
T10 77— 2 NG L 2O LT3 %25, 4 EO
MAETIZ LA S 720 10 B OWE % 1T - 72, Fig.6 12
19T4 2B 2 MER R TR T T A IVHEE 10m, 20m,
40m DO FIfi 8.3, 14.4, 46.6 (2xf T A IEHEFAEITEN
211022, 0.06, 021 TdH V) PEARHRITLE L Tz,
1S D720 OBEERMIZI A VORE), 57— 7O
o, Yo EFiEsEsy E 20 ~ 30 SHEETH o 72,
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Fig.6 eEWRAIERA (19T4)
Result of electromagnetic terrain conductivity measurement (19T4)

Table 4 |2 Z P EH STIZ B % T A v &R O E#
BAEBR (A2 SEEOFHMHE) & hy M7= H
RTK-GPS {12 £ » TRD 2T H OIS 2 7R 3o

WAEO BT EERIIETORELSICBWTI AV
k@ 40m Tk b K& <, T A VK 20m, 10m DJIEIC
INEL o7z,

vV £ &

1 BREFEERRCBRERREDORR

A RIOW5E TILH T K OB RAZEEEGREDIMIE IS L -
THEARE PRAME T X 7SI BUAL 7 T TH -
720 AL O I 60 ~ 4,500mS/m D HFIFAIZH b,
FRBE T T TURMEK & IR OIR A IAT 5 ~ 10m 7 4%
T b ERARARIIEKE YKOEBEEEROIT Y M T AT
POERERZHEET LHDOT, 22 TIEHKERKkDH
M 2,000mS/m % — D DOIFE L L, KHEIEMEIZB
THEFEA 5 2,000mS/m T TOFEE (LT 2,000mS/m 4
FELRLT) L EREEAEMSRY L 72,

B IERAT A R O MEHT L, Interpex Limited #1: # 1X1D
(v3.42) # vy, MIHIEFVIZL EH  10mS/m, 10m,
2 EH :1,000mS/m, 10m, 3JEH : 4,000mS/m & 3 JBi#
&L LGl 2 47 5 72,

Fig7 ICWifETIC L o TROBNELRBEE 2B D
ERERE L MR KEBIIAL Tl sE & U7z 2,000mS/m
FExRT

WHEDOMIZIEEmWIEOME (R*=0.956) .51 %,

Table 4 FERFEAAG R (AT EESR) & A IS
Terrain conductivities and elevation of measurement points

FEFLIA Hh 5 I A VbR PRATE &
5 10m 20m 40m (m)
18T1 13.18 17.33 49.61 11.69
18T2 4.45 13.90 50.38 13.56
19T10 15.74 31.14 74.44 9.59
1974 8.38 14.31 46.60 12.73
19T7 7.76 18.65 58.69 11.55
1978 10.76 31.30 80.37 11.06
2073 8.90 17.33 54.65 11.03
102 29.89 26.60 52.17 11.86
103 20.66 29.87 65.98 10.04

104 18.15 29.28 71.82 9.70
105 13.53 23.88 64.29 10.56
106 9.77 16.69 4222 12.20
107 11.66 17.13 51.88 12.13
301 11.49 17.08 4557 14.28
302 12.82 35.94 92.42 9.14
303 13.53 22.28 61.11 11.80
306 5.14 10.13 41.69 13.44
403 11.08 4050 86.51 8.40
405 9.10 25.55 76.10 9.74

HAT - mS/m



6
25
[ ]
l..
E 20
X i .
b o0
£ y=x
‘g 2
S R"=0.9557
g o
; 15 ’,/
10
10 15 20 25

xR Z LD TRO DN TR E (m)

Fig.7 FEMIRIRE R OMBNTIZ X o TRO 7R L
2,000mS/m ZREE DX I
Comparison of 2,000mS/m depths and conductivity boundary depth

COZ L EARTEEIC L AR RT L COREE
HFTAHIERRLTWAD, FHHE (2009) X, MILZE
% % xf 12 TDEM  (IRg SR HE AR TR) 10X o C
BRERA K DANBRN T & Gl o TR 2 B 6 26
LTV, KFEETRELEL 2BIIHT, 4EET
VT O & A 7275, R KA A 2 4 2 S A
BIHESN o700

T, BEAREIZL > THES N MO R EE
RIEE LTI ERIT, WEEESH—07 14—V K
WCTIIH P RAL S SRR FUREE THh 5o 4l T RAL
BIHITIZ L 5 TRELENLZWVOT, TNEhoas
VI L > TR SR R EERE Tk
AL THISE 72 2,000mS/m HEE & LR L 72, W
DR % Fig.8 12777

WENO A VEBICBW T MEIZE DM %R
o MBREIZIAVHBIEL 22128 KELRD,
I A VIEFEAY 20m, 40m DA R® = 0.92 & IEF IZE A -
7oo ZAUIHT LT a A VIHFEAY 10m A 1L R = 0.36
ERVAEELMBIEED SNV, TOHEBIZT AN
MW 10m OKFEE — FCIIEREENERT EC, FE
14.5 ~ 23.6m LUEDIRAKIE 2 M § 5 2 L Sk w7z
DThHDLEEZEZHLND,

Fig8 lZBWTikbmWAHMZ R L7zDIZa A VIR
4m DWEMTH 5o HONIEPEIH L Y, HiksE
FREEA RN O BT 12 T2 oWC, a4 VR
40m O HEI5E(H % 2,000mS/m R 2R L 72 i % Table 5
(7 S

Table 5 \CIEZNZNDOIHFTOEEDRL TV 5,
B L7 2,000mS/m R & ENENOITREZ KT
LY, WTFROHFTIZHBWTHHE L 72 2,000mS/m %
JEDTHREL Y, FHANC X - THER S - gigz b
BHTH -7,

B AR JEMHcm. 45 210 % (2009)

X a4 JLRERE10m O J4JLREFE20m @ O )LFEIFE40m

26

y = 43.322¢ 70017
R? = 0.9228

24 x o °
22 o

20

X

y:2,000mS/miEE(m)

X y = 31.536e 0%

14 r )
R = 0.9201

y = 25.979¢ 00301
12 - R?=0.3631

]0 1 1 1 1
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x: RMFTEEHEMS/m

Fig.8 TERMHEAIC X 2 ik A E8mEs L
2,000mS/m ZREE DX I
Comparison of 2,000mS/m depths and terrain conductivities

Table 5 FEAFH7 12 &1 351F % HE e IR pede SRR e
Estimated freshwater-saltwater interface depths at 12 wells

L 2000mS/miz & A
(m) (m)
18T1 22.08
18T2 22.41
19T10 14.63
19T4 23.71
19T7 19.47
1978 15.49
20T3 19.20
102 21.20 12.9
103 17.55 10.8
104 16.20 11.0
105 17.96 135
106 24.30 17.8
107 21.28 13.7
301 23.20 15.6
302 12.21 10.0
303 18.76 12.3
306 24.47 21.0
403 13.24 9.0
405 15.27 9.9

RFHIITER D b O

2 BAOEXRERRESH

Table 5 |Z7R 3R IR SR O FERME B & OHEEE X
DTz, BN ORI 2,000mS/m SR X &
Fig.9 IZ7R T,

BAUREE 2,000mS/m DFEE I O W YAT T T -10m
EVELSRY, BEEIZ &L DA, FoHLIEeR
JLiZff > T %, Ruppel etal. (2000) £7 A1) H Dk
YT a—VBIZBWTRKL Y ADG AL, 1)
EORMIIZD KL » AL SITHE L T b I L ER
BLCTWwbh, REBIZBWTYH, Bl 30m £
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Fig.9 EXAZENE 2,000mS/m [
Distribution of freshwater thickness (EC<2,000mS/m)

EO/NEDEEL TCWAI EDS, Boduflic B v
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Vi #&

RIFFeCIRPHIEL B S R & U<, BFLK
ODBEAEFH T2 BT % H T /RO BB R i B B 72 K O
=T = THEEBERRC X B WO E R E 21T
vy, HRIREEUREE & ko R T EER L O R E RO
720

T 7k H O B RSB E A 60 ~ 4,500mS/m D HIFH 12 &
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Distribution of the Freshwater-Saltwater Interface Depths
in Tarama Island, Japan

ISHIDA Satoshi, TSUCHIHARA Takeo, YOSHIMOTO Shuhei,
MINAKAWA Hiroki, MASUMOTO Takao and IMAIZUMI Masayuki

Summary

Electric conductivity of groundwater was measured every 1 m depth in wells on Tarama Island, Japan to clarify
the thickness of the fresh water lens. In addition, electric underground conductivity was measured by electromagnetic
surveys, and the results were compared with the freshwater-saltwater interface depths. As a result, it was clarified that
the maximum thickness of the fresh water lens (electric conductivity less than 2,000 mS/m) on Tarama Island was 10 m
or more. There was a high negative correlation between the electric conductivity and the freshwater-saltwater interface
depth. This result shows that the electromagnetic survey is an effective tool to measure the thickness of a freshwater lens.
Subsequently, electromagnetic surveys were carried out at 19 points on the island, and the shape of the freshwater lens
of this island was clarified.

Keywords : Groundwater, Freshwater lens, Freshwater-saltwater interface, Electromagnetic survey



