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Experimental examination for electrical resistivity measurement using the

alternative current impedance method

Kentaro Hatakeda!®, Weiren Lin2, Tada-nori Goto®, Takehiro Hirose?, Wataru Tanikawa2, Yohei HamadaZ,

and Osamu Tadai!

Laboratory experiment of electrical resistivity measurement using an alternative current (AC) impedance method
is important to interpret the electrical survey and logging data, and to understand the electrical properties of rocks and
sediments. This study investigated the accuracy and applicability of the AC impedance method by measuring resistors
of known resistance (Experiment 1), electrolyte solutions of known resistivity (Experiment 2), and rocks and deep-sea
core samples (Experiment 3). We confirmed that the accuracy of the measurement system was the same as that provided
by manufacture in the Experiment 1. Two-electrode method was used for the Experiment 2, and the results showed that
resistivity and phase angle increased with lowering of frequency and decreasing of the sample resistivity. The resistivity
data was more accurate when the phase angle was close to zero. In the Experiment 3, we examined the way to prevent
overestimation and underestimation of resistivity by drying and wetting of the sample surface, respectively, and wrapping
a sample with parafilm was the most effective. In addition, we measured the samples of various porosity using two- and
four-electrode methods. Four-electrode method had an advantage that is applicable to wide range of frequency (10? to
10° Hz) because of its less influence of electrode polarization at low frequency, but reliable data ware also obtained using
two-electrode method by measuring highly resistive samples or measuring with high frequency. Our data showed both two-

and four-electrode methods were applicable to samples of various porosity (0.3 to 67%).
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1. It ®ic

AR O IR, ZoMBROIREE (B2, f
MR L) 7 b ONCHBR O Fi RO B S % $ii
K552 L5 hoTwnah. ZOWRELTFALEER
B - BRAEREE, W 2IZEET o LA 5
ZTOWEBELHOSPICT AR FERE LT, Mk
B, BORILE, AuEs, SHHE L SRRV TS
HEhTwa, BREA - BIERHROBRE L OE0 -
R OFERN 2 BLRWEE 2 WO 22T 572010213,
il 2 7 5 2 W7 IRMENERS G TH D),
BRaR & RO BtR, RO fafi=R & kIO BR, M
BRI D LRI HAL O LRI G- 2. B % E12Don»
T, TNFITELOWZEDTHNTE 72 (Archie, 1942
Patnode and Wyllie, 1950 ; Boyce, 1968 : Bussian, 1983
T-3E - BEH, 1994 ; a3, 1996 ; BARIZ2, 1996 ;
Roberts and Lin, 1997 ; #3:(27*, 2000, Kahraman and
Alber, 20067% &).

LA v =5y AN X B A - HEREY O =N
HIE T, — M TRED 2 W IFIUEESH s NG. =
fid, FORL O M |2 U 7 BEAR AT BT 2 T L
BONDA Y E—F U AL HIRIIE KD D HETH 5.
HWENSHEETH D, SaPEEEFD OWEICH
% Z &A%\ (Roberts and Lin, 1997 ; Henry et al., 2003 ;
Kahraman and Alber, 2006 ; Expedition 322 Scientists, 2010
&), L, THREHIERIC 1IkHz DUT AR B 9k 55
IZBWT, R e EROMIZA U 2 55k o Akt
BT 5 2 EPEHE N T A (Collet and Katsube,
1973 ; Klein and Santamarina, 1997 7%z &), VUfiiEiL, &
IS BT 25 BOEE L CloIllE I Nz o
T, WITEM & B E L 5 CEEHIUTIT 2 T
5. AOOBEMONFITHIIT 2D 1, 1213 EO
M |2 %G S/ EMEICERZ L, BRI
WU 72 B OB 2 WES 577 (Collet, 1959
AR, 1992 1 BIMRIZA, 19967 &), &9 1D13HHE M
IS EAEm T A S, AR IRATEOIMINICE
TLEM AL IUTT 2 HETH S (T - REH, 1994 ; Borner
and Schon, 1995 ; #3132, 1996 ; BEF:13 2, 2000 ; #k&
(222, 20037 &).

o X HZ, HIRBUE B 2 FER MR R OfF
FUCBIT BWFFEILEE <ATHNT W 255, ZOHIERE
R E HURHIIE 12 81T 2 BRAE D E R 7 £l 2 Tilkam &
NIRZEEEH £ ) 2. RRFRTIE, A Y E—%
Y A% 7z KRBT E O RS EE B X O OB %= Wias
TAHZEEHE LT, MROIEPERIZ X 2 EEOWE
FERE (92BR1), HCIRPUAEER O TR E I 2 72580

4 Y= AOFEFREES X IR oEZE (F
BR2) 1I2oWTHET 2EBREITo72. S 512, WY
TEWE N a7t 2 &0 ERE 2T, sE%
[ OFZME - BEIREA IR G- 2 2 3B % 5Eli§ % &
&b, HIRPLE MBRE O BMR, TR E R X B
WER RO 1T - 72 (FER3).

2. KTk

2.1 JiHiNE v 2 7 2 DB

RIFFETIE, Agilent#h B LCR x — % — (4263B) % fii
AL THEERET- 7. AEBERIZIZZEEN (+) EBIE,
(=) &IE, (+) Bit, (-) BRISFIET 542000 FHd
D, ZIIWBNCT —7VaEhL, moT =071 v
TR ERRIZRATHET B HHA L %2> T b (Fig. 1).
ARHETE S AT ATlE, EWEE100Hz~ 100kHz D HiFR 12 3
VT ImQ~100MQOKHA Y = A% WETHZ &
MNTED.
A=A (Z) LIEKTRAIEIZBT 5 EBSIEPLT
Y, WEFELEONZ bVEE LTFg 20 L) I2ET
CEDNTEL, F A= T U AR B EBS
i, X (D~G6) 2FEHLTROLIENTES.

Z=R+jX =Z|/60 (1)
R =1Z|cos 8 2
X =|Z|sin6@ 3
1zl = VR2 + X2 )
6 = tan"'(X/R) (5)
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Fig. 1. Resistivity measurement system (Agilent 4263B)
1. WAKBUME Y A 7 24 (Agilent 4263B)
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I, R VYRS YA (FERRGr, BERPUICEEY),
X: VT8 A GBEEGY), j BEBEAL, |2 1 v E—
FOADORES, 0 Bii-BEOMMZETH 5.

WERABOWMEIZBNTIE, LY RAF YA (R) Z3F
DL E AL, LCRA—=F =M HHllESINL A v E—
A (1Z) EfitizE (0) 5 (6) % Hv Tkt
(o) #HET 5.

p=|Z|cosOxS/L (6)
22z, S EBoWHEE, L ORI THS.

2.2 BB O NE Y ZF 2 ORIERGE (925k1)
HE Y AT L OFFEMGEES 5 720, KPUELSEETH
AHROIEPLER (10Q, 51.1Q, 100Q, 200Q, 1kQ, 9kQ,
50kQ, IMQ) x*Hv, ZMEL - BiROBRMEEZ T
(100Hz, 120Hz, 1kHz, 10kHz, 100kHz) 7€ %47 - 72.

2.3 EMPE TR E O 22 WK E ORGIE (92554 2)
2.3.1 FEHOBH

LA v =70 AFEIZ L HHMEREZ &5 ITHREET
H72%, HBISBER OHE L LTHffbs ) 7 4 (KCD)
HEBLOHE LT M) v A (NaCl) BEAHEL. 2
i, WEREHCBWTIIRIIZ LD E 2B/ E 2 5[
FRADSFIZHEAR D L < ATHEAGRIED K TR S5 00 5
Thb., REETIE, INOLOBEHIIOVTS Y E—F
VAR X ONAHEO B (100Hz~100kHz) %
MRS A L &I, WEMA SEH L 72 HIKPT & B FE
L DEFEIZOWTHRE L7z

2.3.2 B

AREBCHA L7-KCIET, NaClyA TR OIS & ikt
% Table 1 l[Z/R . BEWOIKIUE, KCHERIZOWT
I HAR T2 (JIS K0130:2008) %, NaCLVAIZ DWW
TidCarmichael (1982) #ZHE L 7z

Imaginary

. G T

1Z|

Real

Fig. 2. Principle of impedance
M2, A YE—5 Y ADEH
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2.3.3 iRV & DR
BREZFOFITCRHMETELVD, HEEOT 2
VIVOWGEGE T IV IR EFERE L, EROEAL & 2258 ]
BV 72ROV 2 R L 7 (Fig.3). IEDKRIL, &
WARN VWL ) FEAOBLPERAREE=— VT —7
THEWZ, ZLTC, TN IMCERBEM, E7ERZ
0, ARl = FEh L 7.

2.3.4 WeAKHi oo W AliaE

SEOIIRPUTIRE I L o TELT 5720, HEMED
LROZIWIPIE COF THFmME L KT L LIETE
v, Z 2T, JISK0102 (2013) o (7)) %
HWTHIEPLOME %2175 7.

pr = px (1 —a/100 x (T - 1)) )

ZZIZ, pr TCIIBITBHIRI, o t°CIZBIT 5 HIK
i, o mERIERE (%/°C) Th 5. MMEERIEREIC
DWNTIE, —RICESAGEERFOREMIEICHEH I NS
i (2%/°C) % H\7z.

Table 1. Theoretical resistivity of each solution

K1 EBUIER L 72 o ik

NaCl Resistivity at 20°C
concentration (Q- m)
35¢g/L 0.209
17.5 g/L 0.390
35¢g/L 1.730

KC1 Resistivity at 25°C
concentration (Q- m)
1 mol/L 0.090
0.1 mol/L 0.778
0.01 mol/L 7.097

30.43 mm

Acrylic tube

!
24.78 mm

Fig. 3. Sample holder for solution
3. WEE O BRSOV 87
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2.4 WWERORH & O 7o Bt s (J253)

24

TR B C RN S 2 U E R O JEIRPTAIE 12 B v

J RO BE

TIE, RERR O - EIRESREOENE 2 5 (T
. REM, 1994). 2T, AR m 0k -
TREIRREASHARPUIC G- 2 5 32 % FHli 3 5 720, (1) 3k
1299 Ta2%, 2) 8971 vawkl, 3) KEiE-

AR AN D, (4) BIRRIE 2 AT DA E, ©

BHRMZBWT, 100HoEEELE LKL 7.

F7z,

(1)~ 4) OFEMETTHELZHIERO RS 7572,

wiz,

DVWTHRET L 72,

2.4.2 30B
REBRTHH L 2RO 4 X, K2, SRz

HEFEDBENIOWTHRET 2720,
PUAREE Calkl 2l E LR RO L 21T - 72,
KL IO BRD S A ~ E—F v ZEOFREC

ke

$7z, MR

Table 21277, BRHIFIAIRISINIT L, 35 g/L NaClE# T

Table 2. Samples used in this study. Deep-sea cores recovered from
Hole CO019E, IODP Exp. 343 (Wedge sediments: 1R-1, 18-34 cm,

IS 7. fHHEIC O W, BAEE (Aji granite,
Belfast gabbro, Rajasthan sandstone, Berea sandstone) I
HZeHC48R L L, MEAESRH] (IODP Exp. 343) |2 CHRIX
ENT-EREHERE M FL (Wedge sediments, Gray mudstone)
&, EEANC X B IN AT REE EE L, KAE
TR EER S,

2.4.3 Yz Ji ik

AREBRTIE, BME LTI0X vy ¥ 2 OHEEE W
7o, THEOWETIE, BRBIUVEERTZ IHOE
e L CRUBL O Wb (IR, AR & RO B
35g/L NaCl i CHRafl L 728K % 1Bk A 72 (Fig. 4A).
PR E T, T4 - (1994) 12 X 2 EHDOHL
I HEE IR L7 (Fig.4B). kL B, B L OE

F=%
He
AR

B & B EMOM 21335 g/L NaClVAT CHIM L 72 84K
X ARGRA . ETOREIET, WEE BmRoOEMmE R <

T A7203kgDE HEA 2

177 mbsf, and Gray mudstone: 5R-1, 102-117 cm, 697 mbsf) were @ -
included (Lin et al., 2014)
F2. EERIZMM L7234 TODP Exp. 343 Hole CO019E THRIL S 7z ’— —_—
Wedge sediments (1R-1, 18-34 cm, 177 mbsf) 3 & U'Gray mudstone (5R-1, [ ] Rubber plate T
102-117 cm, 697 mbsf) % ﬁ\{f‘ (Lin etal., 2014) Potential Current
) %_ Filter paper E electrode  electrode
Sample Diameter Length Grain density Porosity Electrode § e !
(mm)  (mm)  (gfem’) (%)
Belfast gabbro 26.11 2942 2.95 03 — Rubber plate
Aji granite 24.92 30.23 2.66 0.9
Rajasthan sandstone 26.02 29.78 2.65 11.9
Berea sandstone 24.63 2031 268 203 Fig. 4. Sample assemblies for (A) two-electrode and (B) four-
Gray mudstone 3941 3898 2.63 452 electrode methods
Wedge sediments 3959 38.46 2.60 613 R4, (A) "B L0 (B) MEOBE L ERORE ;S
Table 3. Result of the resistor measurement (n=1)
F£3. SO A v -5y AMERR (n=1)
10Q 51.1Q 100 Q 200 Q
Impedance Phase Impedance Phase Impedance Phase Impedance Phase
Frequency
(D) ©) () ) ®) @) Q) )
100 kHz 10.005 0.14 51.02 -0.70 99.81 -1.51 199.1 -3.15
10 kHz 9.996 0.01 51.06 -0.09 99.98 -0.17 199.9 -0.35
1kHz 9.996 0.00 51.07 —-0.01 99.99 -0.02 199.9 —-0.04
120 Hz 9.997 0.00 51.07 0.01 100.0 0.00 200.0 0.00
100 Hz 9.997 0.00 51.07 0.00 100.0 -0.01 200.1 —-0.02
1kQ 9kQ 50 kQ 1000 kQ
Impedance Phase Impedance Phase Impedance Phase Impedance Phase
Frequency
(kQ) ©) kQ) ) (kQ) @) (kQ) )
100kHz 0.949 —-15.44 3.232 —66.21 3.503 -83.24 3.524 —-87.03
10 kHz 0.995 -1.74 8.454 —-15.04 25.98 —-53.01 32.24 -82.15
1 kHz 0.997 -0.19 8.867 -1.66 45.70 —-8.63 2373 -51.19
120 Hz 0.999 0.00 9.007 0.00 50.20 0.00 998.0 —-0.04
100 Hz 1.000 -0.07 9.109 —-0.69 53.39 —4.01 750.4 -102.77

JAMSTEC Rep. Res.

Dev., Volume 20, March 2015, 41-50 45



A v €= v AP & D BTN E O MG 928

Examination for electrical resistivity measurement using the AC impedance method

3. Wik

3.1 HHid 2 O Y 27 L ORERGE (F2Bk1)
FARPUZR IO W CHlE L7255 GRlsEm g 1iml), J&
WH120HZ 12 BT, FEE L DFRZIZ 10 Q~50kQ T
0.1% A, IMQT02%CH -7 (Table3). KT AT L
DIRMEREN0.1%TH 5 Z L5, SRHE L7t o
HE (10Q~1MQ) 12BWT, TOGHEIESNTW
5 L ERRERRTE .

3.2 TEME TR E O 22 RS E ORGIE (92554 2)

3.2.1 £ ¥ =&V ¥ K UM% R BEBURAT
KCIEH B & O'NaClAH D & REHZ D W T, Bk %
TALETA P E—F U AB X ONMAAHEZIE L G

ERFUE IR . ZORE, & TOBEBIZBWTEEED

Bwige s =5 A, izEe bick&Ed s, %

Table 4. Frequency dependence of impedance and phase angle for
KCl and NaCl solutions (n=1)

4. KCIB L UNaClERD A ¥ E— 5 v A B X UM O JE M HUKAT:
% (n=1)

KCl 1 mol/L 0.1 mol/L 0.01 mol/L
Impedance Phase Impedance Phase Impedance Phase
Frequency o o o
Q) @) Q) ©) () ©)
100 kHz 6.509 -12.0 51.81  -2.03 453.4 0.22
10 kHz 12.12  -46.1 5625 -11.6 4592  -1.83
1kHz 61.31 —68.3 101.8  —432 4935 -9.79

100 Hz 364.1 =704 4525  —-64.2 7952 -369

NaCl 35¢g/L 17.5 g/L 35¢g/L

Impedance Phase Impedance Phase Impedance Phase

Frequency o R o

Q) ) Q) ©) @ ©)
100 kHz 1279  -9.22 2409 -4.69 105.0 -1.40
10 kHz 20.38  -38.7 2999  -239 1113 -8.37
1 kHz 86.78 639 8822 -56.3 1652 328
100 Hz 4913  -685 469.3  -67.0 5752 =585

8
y=-0464x+0.174 X

_ R2=03817
S .
ENE
= .
E
=
8 X
5 .
E X
241 o
2
F SR
52 X X
g . X
s X
g X
a g

X

2 0 2 4 6 8 -0 -12 -4

Phase angle (°)

Fig. 5. Difference between the measured (100 kHz) and theoretical
resistivity compared with phase angle

B45. WlsEME (100kHz) 75 KD 7 IO BER A © OFRE (%) LI
D L
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T OMEN IR % <, HIRPLO/N S WIEHIE SR
DK E L % B MEAD LS 7: (Tabled).

TR W O 5 R BRI, AR & Bk e o
PR CHEAE S 2 BRI T 5 b 0T, EHEL 721
I ERICEE L, BRI IZERE L CEE R T 5
CETRMTOMBAKE (%% (Emmert et al., 2011).
oI, WEOIEB/NSWITE, F 7R
WIZEBEFIC 5 2 EARENTEY (Schwan, 1966 :
Collet and Katsube, 1973 ; Kalvgy et al., 2011 ; Emmert
etal, 20117 &), SRIOKR LA TH 5.

3.2.2 P A 53R b 7= ek bi & PG & o Jeis:
HEIORHERDS 505 L)1, MHEIVNSWIZE
GRBOFEDPNSNEEZ OND. OO0, IS
£ % B URHIE (X — VAR ZE DS RN & 7 B B THT D
1% (Henry et al., 2003 ; Kahraman and Alber, 2006 72
). REBTIE, fHOKE S & HIPLOBRIZOWT
SHICHET T 5720, KCIAET, NaClVAR O KR EHI D
WO, HIEEA SR 72 IR & BERE (Table 1) & %
R L7z, MBI RO W TR ED RN E 22 5
Wk (& T100kHz) TATVy, M52 EEUE 1 mol/L KC1A®
20, ZNLAHI3~6MITH L. TR, WEMP» S
Ko7 IRPL & BRI & OFREE L, HIkPLSE (=17
FZEAVNE W) JIEIZ 1 mol/L KC125%96%, 35 g/L NaCl %%
2.2~4.5%, 17.5 g/L NaCl%*1.5~2.5%, 0.1 mol/L KCI7*
0.4~1.8%, 3.5 g/L NaCl%%0.5~1.5%, 0.01 mol/L KCI%*
02~12%& % 1), MARZEAVN S WElEHT SEERED S O
ML /INS L B IS (Fig.s,6). 20, IE
MR AR T — & 2155 720121, TEBRY (AT
INEVEEBCHERTT) S ENEETH L. AHIEY
AT LTI, MHZES1%DHNO & EIHEED 1% 2\ )
fERE o7z

10
y=0.996x +0.008 0
R2=1.000 -
] A
g 1.0 @,’
2
£ A
.2 a
z A
3 .
5 0.1 @]
: -
=
O KClI solution
A NaCl solution
0.01+ T

0.01 0.1 1 10
Theoretical resistivity (Q-m)

Fig. 6. Relation between the measured (100 kHz) and theoretical
resistivity

Bl6. JEf 6k 7z IkPT (100 kHz) & FEfE & OBt
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3.3 HUEROR 2 O 73R4 v B — & v Z D vkt

(925%3)
3.3.1 BUBHK I Dz - WPIRAE O 5 EaFlh

b (Berea sandstone, Rajasthan sandstone) 3 & UMfE
% (Aji granite) 122V, 100 B OEEZE L U
BEEOT— ¥ P oKOEER (%) 2ROz WEIR3
%ML, ZOFIfE% Table SA IZ/RT. FEEIS, &5
P CHIE L 72 LR PL O Jis#E S % Table SB IR, {52
X, BRBHIOW T ZED RN & 7 B JHE R (5
100kHz, fEf% @ 1kHz) TIro7z. WIkPUEIE, &ahs
1EONERER, BEEIZMEFICEIRRIES D72
9, 3ENEDPIIEE 72, $72, IR ET b %
WM TOIRBUIE L, HARE L %\ - illE G
% & 1057 F B RO RZ R

ZORER, BEICOW TR L 2 T b 2R o 723
EEREE, WTHOEMFTHKROERERIZILDHNTSH -
72, —J, AEREIZOVWTIRT v Te&ni L&D
EIEEID L, FIRGIERE LTET v 705 DA
Thotz. LaL, WEokEGEEZ s &, waR
BECTIEEMFIZ L AKROEREIZECD R P o721 22
bo§, Tv TEEV L XOIEIIAFEE /NS R
b ELIIEMETIE, Ty TRV E XKD
IRT T AL, BHRREHEOSHREE CHAT 5.
T - AEH (1994) 1%, BRI OBIE ST
5 LW Al L CRIE RS AT, 05E L7z ikt
MEBRL) BB R LREELHEHRL VS, 7y 7%
R LSS, 7y 7 LR OMICHIET 2 B+ %%
RIS ERASTEANTAER, IEFAVIS CHRAED Sk
bOEEZLND, —F, T TANAL Ty T LM
WZREHSEBWTHIET 5785, RPN S % @A
Rohihorz, 2, 7857 74 Vadsalll e T4
wEL, BREEIE L2BRORE LTI Wk
BTHLIENTRING.
REBROMGER? S, WEOWEES X ORAEROLE
Bl LT, 8T 74 VA EREHICENT
WESTLOVHEMTHLEFZ 5. DBEOERTIE, £
THEHIST 74 VA ZHBWTHE LR 2R T 5.

3.3.2 hwik & DUFRIE O Mok

TR & AL T Lz IR & UM A E O
BB DWW THRE LR % Fig. 71273 (E
H#EZ1E). FBREOEW (> 10%) #eiEl (Berea
sandstone, Rajasthan sandstone) 3 & UV[E#E3HERE Y Uk}
(Gray mudstone, Wedge sediments) Tld, “HEOWE,
JEB AR T & HARBL, ACAREE & D ISR E < % B 1HIA)
ARONI Ziud, FEBR2 TKCUAT, NaClia % il
EL7-E & LRI, BREFEOMIEL 2 5Bo%
B, RBEBEPRCEIEEEFICRLIEERLTVS,
—75, WutREOgaE, IR, AEE S bR
ZRI2EZOMEDOZALII/NES L, EORFBERIZBNTY
BRI OB N S W LD, 2720, K
100kHz |2 35\ Cld ik & MU TLEIEE AR & % o
Fzo ZHUSH L, BBEREOIFEEITNEV (< 1%) LS
RPEL A FTIE, TR & DR TR BRI
Rond, B 100Hz~ 10kHz |2 B\ CHIEPT, Al
DEALIZ/NE <, 100kHz TRAHZEAR S < HIRHTAVN S
{ e AEE%ZRT. 100kHZIZB W TRHAZEIKELS 25
FRIGBEE BT S 2Tl nas, 2SO EEET
TR, DO E B IAAEEDV NS WO, RIZE S
U3 1R U TEE D JIRPLAS IR & <, 0o
WERIEAEZ TRV EEZLNS.

UG SR O IIRPTHIE Ic B W, TER ALz
EDOHBOFZEII OV TIEBEONIE T ORI N TS
Y, Collet and Katsube (1973), Kahman and Alber (2006)
(&, IKHzLLF OREB RIS OZEIREL %5 2
EERRLTWS, Zhux L, Wk E A L725Ge1
(&, 10 ~10°Hz D W BIRI B TlE & A 5o
BNV E W) IFFERIL H A (Borner and Schon, 1995).
SRIOEBRTYH, MERROKRE VIO W TIEERIZ,
VU D T AR D FBED NS L, WA R ECT Ol
ENTREZZ L VI RERES NIz —T, BBEE»IEE
VNS WEHETH NI TE T H RO EP AT X,
FEEOSVT = PR 2R L.

Table 5. Comparison of (A) water loss and (B) resistivity in the different sample surface conditions

£S5, BEMHICBITS (A) 105HOKDOHEERB L0 (B) HiKHio b

(A) Water loss (%) (B) Resistivity (€ - m)
Closed Closed None None
Wrap  Parafilm : None Wrap  Parafilm . i X
container container (0 min) (10 min)
Berea Sandstone 0.38 0.45 0.51 2.93 2.934 3.013 3.036 2.994 3.363
Rajasthan sandstone 0.46 0.59 0.79 3.00 7.040 7.620 7.788 7.769 8.556
Aji granite 0.66 3.14 6.55 17.65 109.1 218.7 228.7 190.2 689.1
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Fig. 7. Comparison of frequency dependence of resistivity and phase angle between two electrode and four electrode methods
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SO MBEER & HARFLOBIRIZ OV TIE, #BRIZHS
{OWZETHEmR S THB Y (Archie, 1942 ; Boyce, 1968 ;
Bussian, 1983 ; Worthington, 1993 ; Kahman and Alber,
20067 &), AEPSEMEFH TRMNSATVwLEE, L
HLD 5 VIR O IR & BBRK o ikito kTR
N5 B LI AR %L (Formation Factor) 2SHIFREE & @
HBEE LD LSRR o TnD. S RIOFEERER
Mo, WA Y E—=F Y AP L B HIRBUNED, TRIA
WHREROFEHIBHTE 2 L EZ 5N 5.

4. %L

AW TIX, i A > ¥— % ¥ 22 X 5 kUl E
DFEIE B & OB SRR E 12 1) B R EE ORI %
WETT 2720 DEBR 1T /2.

¥, HROEHEL AV CEBONERE 2L
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FEOIANEE L FSEOMENE SN, RIZ, Ik
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DB O WTRE L2 E 25, FEEDYMR
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PRSI EREPRKEL b L) BEOER &M
WThb, Tz, HEMDSRD 7KL & BEFHE % L
BL, RAHZEDVN S W CHREICEWERZ R T I A
ahotz. 2F 0, Kinw ez IRBEEIC B W T,
FARZEDSTEBRY /NS VERMTRET S 2 L EE
PREFZA.
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RS ERE R G- 2 B B E] L7z, EOFE,
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Fi Crzon ikl LT, BEHIST 7 4 v A %80Tl
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IO EAVN S TRV EEEE P CORMELS T X
B ENGmoTz. ZREONE, FBERORWEE, &
BWITHBREOBEVEE T L BN (100kHz) TH
UV & R UAERIC 2 5. F/2, S HEIE L7238
2BV, WWIRPLE MRS WHENME S 22 b
5, A v ¥— & AP L B IIRPUE, TR
HIBEER (0.3~67.3%) OFRFHIBHTE L LEZ LN,

Co

RWFFEDFEREIZH 72, HHENITE B S RRE = 5 2 7 f
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