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ELECTRICAL MEASUREMENTS - SAMPLES 4228, 4450, 4625, 4733 

Electrical measurements were performed on four core samples of 

volcanic rock. The summary of the measurements are presented in Table 1. 

Listings of the data and plots of the amplitude and phase as a function 

of frequency are in the Appendix. The frequency range of the measurements 

-? 2 
is 10 to 10 Hz. Two different solutions of NaCl were used to saturate 

the samples under vacuum; these were .01 and .1 molar. After soaking 

in these solutions for several days the resistivity of the bath solution 

was, measured. The .01 M solution "equilibrated" at 5 f2m and the .1 M 

at 1 nm. At the lower salinity there was an obvious contamination of the 

.01 M salt solution by residual "salts" in the samples and this is fairly 

typical. Extrapolation of the 1 nm and 5 fim data to a solution resistivity 

of 10 fim gives the results in the last column of Table 1. 

Porosity was determined from the difference in wet and dry weights 

and the volume of the sample. Sample 4228 had a ^ery low porosity and 

this was checked several times. This sample also has a measured resistivity 

that is independent of the solution resistivity, indicating that surface 

conduction is the dominant process in this sample. The other samples 

show a more normal change in resistivity with solution resistivity which 

indicates a more typical trade off between bulk pore water conduction and 

surface conduction. 



TABLE 1 

SUMMARY OF MEASUREMENTS 

Sample 

(u^fi KB) 

4228 

4450 

4625 

4733 

. D.Ccm) 

4.7 

4.7 

4.7 

4.7:--

L (cm) 

12.3 

11.9 

6.9 

12.3 

Porosity (%) 

.5 (?) 

10.6 

14.8 

16.3 

P^ (^m) 

• ' . . i n •-• 

p • = 5fiim 

236 (?) 

15.0 

28.4 

18.5 

pp {nm) 

in 
p = If̂ m 

to 

245 

11.5 

16.1 

12.8 

P^ (f̂ m) 

extrapolated 
to p = lOŝ m 

CO 

240 

17 

36 

22 

Porosity determined from wet and dry weight measurements 

p = measured resistivity of saturating solution 



APPENDIX 1 

DATA LISTINGS 



fi-ILE: •;UURI„4228« ' S'̂ MPLE:. 4228 ' pate: FEB09S7 - ; ̂  . . ' ' , "; ; ' 

Tenp..: .2,4,.4" °G' Seqmetric Factor: , .0i41 Solution restivi.ty: .5 .'18 ohm-m' 

Freq.uency ,.,, 
• ' ( H s ) ".>- ' 
9 . 766E-03 • • 
l . 9 5 3 t > 0 2 
3 :906E-02 
9.76BE--02 
1 ;953E-01 
3.986E--0'1 ; . 
9 .76Be-01 
1.953E+00 
3 ;906E+00- • 
•9.76GE+0@ • 
! .953E+01-

,3..906E+0'1- • 
9.7B6E-f-0'l . •• 

R e s i s t i v i t y 
' . v,OnM-n ) 

2.358E4^02: 
• ^2.3S7£+02 • . 
. ;2 .360E+02 ,... 

2.35SE+02 fi 
2.3S2E+82.. 

. 2 .348E+02 • • 
2.344E^--02 • 

. 2'..33:9E+0,2-' 
•,' 2 ,327E+02 •• ' . 

.2.,297E+02..- . ', 
• 2 .273E+02 
, 2 . 25SE+-02 , • 

2. '238E+02. ' : ' 

• • Phase Di;f f 
. . • ; . ( r a d ) ' . „ 

• . - 2 .558E-03 
\ ~ ! . 7 5 9 E - 0 3 ' 

-2.398E-03. : . 
~2 .056E-03 

.~3 .202E~03 
:^ -3- .662E-03 • 
• --6..2l5E:-03 

• : - 1 . 0 0 4 E - 0 2 , 
' - l ' . 4 5 7 E - 0 2 
. • - •2.043E-02 

••. ~r .858E~02-. . 
" 1 . 7 8 9 E - 0 2 

> 2 . 0 I 0 £ - « 5 2 



FILE: UURI_4450M -SAMPLE: 4450- Date: FEB1087 • 

Temp.: 22.7 °C Geometric'Factor: •.0t46 Solution restivit; 5.18 ohm-h 

Freq.uency 
( H z ) ' ' 

9.7BBE-03 
1.9S3E-02 
3.906E-02-
9.766E-02 
1.9B3E-01 
3.9@BE-0t • 
9.76eE-0! 
1;953E+00 
3.g06E+00 
9.7BBE+00 
1.953E+01 
3.90SE+01 
9.766E+01 

Re.siat'ivity 
. <ohm-ro) 

;. 1.525E+0t ' • 
1-.Si4E+0l . • • 
.! .507E+0r,-. ;, 
1 .497E+01 .' • • 
.).493E+01 
1.490E+@1 . 

• 1.483E+0! • • 
i;478E+01. 

• 1.474E+0] 
• .] .468E+0r 
1.4B3E+01 
1.458E+0i 
1.454E+01 • 

Phaae Diff. 
(rad) • 

.-1 .3nE-03 , 
-2.3nE-03' 
-1 .770E~03 
-2.4G3E-03 

••••-2.8G3E-03 -
-3.428E-03 
-4. 1-74E-03-
-4.S41E-83-
-5,048£~03 ". 
-5.704E-03 -
-S.273E-03 
• -4.602E-03 • 
-4.762E--03 • 



FILE: UURI 4625M'-SAMPLE: 4G25 Date: FEB 1287 

Temo. V3.B-.°C Geometric Factor: .025! Solution' rest ivity: 5.!8 ohm-

Fr 

9, 
), 
3, 
9. 

r, 3. 
9, 
1 . 
3, 
9, 
1 . 
3, 
9, 

~eq.uency 
(H2> 
.7BBE-'83 . 
.g53E-02 • 
.90BE-02. • 
:76B£-:02' ; 
.953E~0.t . 
,906E~-0L • 
.766E-0-1 fi 
,953E+00 „, 
, 90SE+00• 
.76BE+00. 
.9B3E+8J '.• 
,S0BE+01 • 
,766E+01 '•, 

Resist ivity 
• (ohm-m ) . 

•'• 2.821 E+0! '• 
• 2.810E+0! 

• ; 2.:800E+01 
. 2;790E+0t 
2.782E+01 

.-, 2..774E+0) 
• 2-.764E+01 
2.755E+01 
2.747E+0t 
,2.735E+0]. 

. 2.726E+01 , 
2,7I8E+01 
•2.7!0E+01 . 

Phase. Diff, 
(red) 

-4;357E-03 .' 
-4.139E-03 . 
-3.g5.9E-03 • 
-5.350E-03 ' 
•~5.833E-03 
. ~5.8B0E-03 
-6.t40E-03 
-B.485E-03 
-6.724E-03 
-6.778E-03 ' 
-B.3G8E-03 
-6. 107E-̂ 03 

• -5;305E-03'. 



FILE:' UURI_4733H SAMPLE:. 4733: 'Date-• FEB89.87' • • ' • . / : , ; 

Temp,! 24.4 °C- Beo.rjetr'ic Fac to r : .01 4i ' : So.i'u't ion . test ivi ' ty. : ; .5"'. 1 8- ohm-'m 

Freq.uency / . '•' 
(Hz') 

9 :766E- -03 ' . 
i ..95.3E-02 . • 

:3 .906E-02- . . : . 
9.:7BG.E-02' . ' 
1 / 9 5 3 E : - 0 I • 

3. .906e--0 i . 
•9.766E.-0I •••'. 
1 .953E+08 '.• 
3.906E.+00C-
-8.76BE+00 .: 
•:i,:.953E+-'0r.., 
3.906E.+0I---.-
•3 .7B6E^0i ' • •; 

.. . . 'Ras is ' t iv i . - ty : • 
.(ohm-m)';-. ,. • 

••' ^..^©BE+Sl^-i:,-^ 
..•• r.&12E.+8.!. " V 
[ ' . t .8r3E+.0 i 
• . K 8 0 7 E t 0 1 ' . . ... 

j . 821 E+0'1 - • • 
. , •„'l-.S20E+0t . . ' 

•'1 .8V6E+0,1.. ..•..-' 
• . ! . 81'2E+01; •..:.•'., 
,..'i-;-8(5?E+0-l. ; •' 
7 7 \ .7§8E+0t ; : ' . . . ^ 

• ' i ,792E+8U;; .• 
• • i . , 7 g 6 E - f 0 r ' ; / " 

^ : l ' .77gE+01"V: ••' 

•i •' Phase . . D i f f 
^ •. . ' ( r a d ) \ 

\ ~2 ; -930E-03 ' 
; ' . - 3 . 7 9 1 E-03,-
• . -3 ,611 E-03 

-4'. ,96gE~03 
• " • -S .3S4E-03 
•. - 6 . 2 3 g E - 0 3 

. • -7 .203E-03 
. - 8 . 0 0 7 E - 0 3 
.". -9 .026E. -03 
. . -9 .725E-03 ' . 
.' - •9 .836E-03 

~9.573E-:03 
• - 9 . S 2 0 E - 0 3 . 



FILE: .4228_UU.RIm SAMPLE:' 4228 • Date: FEB1687 •' 

Temp.: 21.S-°C Geometric Factor: '.,0!4-! Solution restiyity: 1.20-ohm-m 

c 

FreQ:uency 
' (Hz) 
9.7SSE-03 
1.953E-02 
3.906E-02 
9.7B6E-02 
\ ,9S3E-01 
3,906E-0t 
9.7.66E-01 
1.953E+00 

•3.g0BE+00 
9.7S6E+00 
1.953E+01 
3.90GE+0I-
9.76BE+01 

Re.5is-t ivity 
(ohm-ri) 

2,448E+02 
.2.451E+02 
.2.450E+02 
2,44'6E+02' 
2.444E+02 . 
2.44.2E+02 • 
2.438E+02 
2.432E+02 
.2.421E+02; 
2.388E+02 • 
2.3B3E+02 • 
2.344E+02 
2.325E+02V 

Pha.se Diff, 
(rad) • 

-2.423E-03 
-7.562E-04 
'-r.7g2E-03 . 
-2.1-90E-03' 
~3.089E-03 
-'3.9B0E-03 
-5.995E-03 
'-9.642E~03 
•~y,473E--02 
-2. 131£"02 
-1,975E-02. 
~1.820E-02 
-2.099E-02 • 

http://Pha.se


FILE:' 4450 ;UURim. .SAMPLE;,.'4-450 .-Date: ;E.EB1B87. 

remo, : 1 w.' '•6eometn.i'c F.actor: )|'4G. 'vSolut ion rest ivity ,20 ohm-m 

Frequency • 
.. ( H z ) ' •-"•. 

9',76SE--03 
1'.953E-02-
3.;g0.6E-02-' 
9:766E-02'; 

•1 .953E--0)-' 
.3:-B0GE~-0r' 
,j9.76BE~01 
"1 .953E+00' 
3.906E+00 . 
9..7e6E+00 

.i-.953E+:01 . 
'3.906E-i-0L 
9-;7S6E+0'1 

-'Resist i.yi'^t.y 
, Cphm-m). 

. 1 , 1 46Ei01 •;'.̂  
1'.'139E+0i' ••' 
•1 J34E+0i • 
.1 .130E+01, ' ' 
• I.I.ZSErgi -
1 .•i25E+01 ;'•• 

. 1 .12'2E+81,-:': 
1 .'r19E+0i'' '. 
1 .: i 1 BE+SI . 

•,1,.,112E+0l' .' 
1 .i09E+@.i •;• 

, 1 .10GET01 ., 
•1 ,r'03E+01'. , 

. Phase D i f f 
• . ' ' • • • ^ r a d ) •-

-3.004E-03 ' 
-2 J-S25E-03 
-2:-9BlE~03i 
-3,09SE-r03,'j 
--3.-,243&-03 • 
.'-3..497E-03' : 
-3v868E-03 
-4 . .273E: -03 , - . 

-4.683E^-03 
~5.'.181E-@3 
-5;095E-03 
-4.'97tE-0'3-

;.-4-.8r2E-03' 

4 ' ;- . 



FILE: 4G25 UURIm' SAHPLE: :462B ' Da'te: FE8.[68.7-

' Temo. IV.D-°C'•. Seomet.r.i-'c; Fac.tpr; ..0251 Solut ion ' r e s t iv ' i tv : 1.. 20 ••ohm-m'. 

Freq.uency 
• ( H s )• "• 

9,.76GE-03. 
r.953E.-02. 
3.90GE-02 
.9.7SGE-02 
t . g53E-01 ' 
3.90GE-01. 
9.7B6E.-.0.1. 
1 . 9S3E'+00 
3. S06E+00'.; 
9..7SGE+00' 
1.953E+01 
3.906E+01 
•g.76GE.+01. 

Resi'st iyltv-
••• ( o l ^ i m - m ) " . 

1-,578E+0.I ' ' 
,i .574E^-0r.. 
,.K570E+01 ' . 
! ,5G4E+.01.'. 
1".560E+0T-
i.55BE+01 • 
•L/550E:(-01:.:-
1:.546E+@n 
l:,541Ef01 •• 

'1 .534E+04: 
1...529Et@!': 

'1 .524E+01 • 
1.5'l9'E+0t-

• Fhgse/Di'f^f, 
-. . • v r a d ).- ' 

•-4;532£-0^ ' 
- 4 . 213E-03',-
-•4'.B43E~-0'3>. 

•-4.-76,TE-03' 
-4V999E~03"^' 
-S.'3B-4E-03 

.-5.623E-03..: 
-B..202E-03';'' 
-6.248E-^03'. 
-6.7g2E'-03^ 
-6 .522E-03 
'-6:..i84E-03 „ 
-G.-4S6E-03 



FILE.:',47.33„UUP.Im SAMPLE: 4733 Date: FEB1B87 • . . ' " • ' 

Temq.: 22,0 °C Geometric Factor;" •'•,014! Solution restivitv: 1.20 ohm-m 

Fr 

9̂  
1 , 
3 
9, 
1' 
3, 
9 
1 , 
3 
9 
'1 
3, 
9 

-eq.uency 
<Hz) • ' 

.766E-03 

. 953E-02 

.906E-02 
,,766E-02, • 
.953E~01' 
.906E-01 
.7BSE-01 
.953E+00 
. 906E+00 
.766E+00 
.953E+01 
.906E+0r 
.766E+-01 

' Resistivity 

(ohm-m )' 
.263E+0r 
.265Ef01-
.261E+01 
.257E+01 • 
.253E+01 -
.250E+01 
.245E+01 . 
,241E+01 
.236E+0r 
.229E+01 
.224E+01 ' 
.2f8E+01 
.210E+01 

Phase Diff 
. 'V (rad) 
-4.449E~@3 
;-3.97SE-03' 
-4,193E-03 • 
-4.6ME-03 
-4.'996E-03 
•-5.775E-03 
-S.S50E-03 

' -7.2-45E-03 
" .-8.422E-03 

-g.409E-03-
-9.637E~03 
-1,0r9E-02 
-r.0SBE-02 



APPENDIX 2 

PLOTS OF AMPLITUDE AND PHASE 

AT Rw = 5 ohm-meter 



FILE : UURI_4228M SQURRE ERROR: .7 ohm-m 
R- 236.5 ohm-m M- .21 T - .0BB1 s C- .36 

600 r 

o 
0 

3 
I 

3 

100 

-

" 

-

- , - I . I . M i l l 1 I • • 1 I I I • 1 I I I 

H Measured 

C a l c u l a t e d 

J 1 1 1 1111 1 1—1 1 1 11 l l 

-.1 r 

TJ 
or 
» 
o 
o 

"J 
» 
a 

I I I i t M I M I I 11 a> H I 'H I I I n ' i 1 1 — l i 1 1—I I I m l 

.001 ,01 . 1 1 

Frequency (Hz) 

10 100 



40 r 

70 
9 
0 

O 
ar 
3 

FILE : UURI_4450M SQURRE ERROR: 
R- 15.0 ohm-m M- .04 T - .0200 s 

. 1 ohm—m 
C- .32 

W Measured 

Calcu la ted 

-** 4* ** H M N N N N N N N )f 

10 I I I I I I I I I I I I I I I I l l I I I I I I I l l 1 1—I I I I I l l 

- . 0 1 p 

TJ 
3-
PI 
0 

1 

a 

ef- " I I I I 111 l l I I I I 111 l l I I I I 111 l l 1—I—I I 111 l l 

.001 ,01 1 1 

Frequency (Hz) 

10 100 



FILE: UURI_4625M SQURRE ERROR: 
R- 28.4 ohm-m M- .06 T- .0430 s 

60 r 

. 1 ohm-m 
C-^ .24 

^ M@asured 

Calculated 

o 
0 

o 
2r 
3 
I 
3 
10 

-»• »*- H H H H N N N M N Jf-

I I I I I I I I I I I I I I I I I I I I—I I I I I I I 1 1—I I I I I I I 1—-I—I I I I I I I 

- .01 r 

TJ 
3-
» 
0 
O 

a 

* * 

g l I I ' I I I I l l I I I I I I I I I I I I I I I I I I I I I I I I I l l 1 1—I I I I I l l 

,001 .01 .1 1 

Frequency (Hz) 

10 100 



40 r 

9 
0 

o 
3r 
3 
I 

3 

10 

F I L E : UURI_4733M SQUARE ERROR: 
R- 1 8 . 5 ohm-m M- . 0 8 T - . 0 0 4 2 s 

. 1 ohm—ro 
C - . 2 9 

M Measured 

C a l c u l a t e d 

- ^ it i« N ^ K a N N N M M M 

J I I I I I l l J ' I I • H i J ' i I i 111 I I—I I I I l U 1 1—I I I I I I I 

- . 0 1 r 

TJ 
3" 
0 

Q . 

-

-

_ l 1 .1 1 m l 

n ^ ^ k 

m l 

. . H T 

I 1 1 1 1 

. ^ ^ 

1 l l 

- - ^ 

_ l — 1 1 1 1 1 l l — _ I _ . 

• * • * 

1 1 

001 .01 .1 1 10 100 

Frequency (Hz) 



APPENDIX 3 

PLOTS OF AMPLITUDE AND PHASE 

AT R';== 1 ohm-meter 
0) 



F I L E : 4228_UURIm SQURRE ERROR: . 6 ohm-m 
R- 2 4 5 . 3 ohm-m M- . 1 2 T - . 0 0 0 9 s C - . 4 4 

600 r 

J i o 
0 

o 
3" 
3 
1 

3 

a Measured 

C a l c u l a t e d 

-H X a ¥i N N H M )« N N M M 

-I 1—I I I I I l l 1 1—I I I I I I I I I I I I I I I I I I I I I I I H J I I I m l 

-.1 r 

TJ 
3" 
0 

•J 

Q. 

-I 1 l_ 

001 .01 1 1 

Frequency (Hz) 

10 100 



F I L E : 4 4 5 0 J L J U R I m S Q U R R E E R R O R : . 0 3 o h m - m 

R - 1 1 . 4 7 o h m - m M - . 0 8 T - . 0 0 0 6 s C - . 1 6 

4 0 

70 
o 
0 

o 
3" 
3 
1 

3 

I d 

^ 

1 _ j _ • 1 1 1 I I I .'L 1 1 1 1 n n n _i-J 1 1 1 111^ *l 

M Measured 

C a l c u l a t e d 

1 'I 1 1 n r t ^ -i-Ji iL. Tl i n 

- .01 r 

-D 
3" 
V 
0 
o 

"7 

a. 

0l I 1—I I I 11 l l I I I I I m l u I I I I m l I I I I I m l 1 1—i i i 11 i i 

.001 .01 .1 1 1,0 100 

F r e q u e n c y ( H z ) 



- .01 r 

F I L E : 4625JLJURIm SQURRE ERROR: . 0 2 ohm-m 
R- 1 6 . 1 0 ohm-m M- . 1 1 T - . 0 0 1 4 s C - . 1 4 

4 0 r ii Measured 

C a l c u l a t e d 

o 
3 
I 

3 

10 

M H H M H- N M —N N X N N H 

J I I I m l I I I I I m l I I I I I I I I I 1 1—I I I m l 1 1 i i i m l 

3" 
0 

0 
Q. 

0 I I I I I m l 1 I I I I I I I I I I I I I m l 1 1—I I I m l 1 1—i i i m l 

.001 .01 . 1 1 

Frequency (Hz) 

10 100 



-.1 r 

-0 
3* 
V 
0 
o 

0 
a. 

F I L E : 4733JJURIm SQURRE ERROR: . 0 2 ohm-m 
R- 12 .78 ohm-m M- . 1 0 T - . 0 0 1 4 s C - . 2 3 

40 a Measured 

70 o 

Calcu la ted 

o 
3-
3 
I 

3 

10 
- ^ X H H H - H H N N N H - H H 

4 l_ l_ J—I I I m l 1 1—I 1 I I I I I ' • t I I I I I I I I I m l 

tf I I I I m i l 1 I M I I m l 
M » » » 

J I I I I I I I I 1 I I I I I I l l 

,001 .01 .1 1 

F r e q u e n c y ( H z ) 

10 100 


