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E lec t r i ca l conduct iv i ty from 200 to 1000°C fo r 264 rocks 

and minerals from data in Parkhomenko and Bondarenko, 1972 

by Gary R. Olhoeft 

This report summarizes and plots the data from a book ( in 

Russian) that is not general ly ava i lab le . The data are fo r 264 rock 

and mineral measurements of e l e c t r i c a l conduct iv i ty from 200 to 

1000°C as tabulated in the appendices 1 through 14 o f : 

napxoMeHKO,3.H. , EOHflapeHKO,A.T.', 1972 , SjieKxpopno-

BOflHOCTb ropHux IIopoH pHH BHCOKHX flaBjieHHHX H TsMnepaxypax, 

MocKBa: H3flaTejibCTBO HayKa 

Parkhomenko, E . I . and Bondarenko, A .T . , 1972, Electroconduct iv i ty 

of rocks at high pressures and temperatures, Moscow: Nauka Press, 279p. 

The tables from the above appendices were entered in to the U.S.G.S. 

Petrophysics Laboratory computer. Plots ( a l l on the same scale) 

were produced of conduct iv i ty versus reciprocal temperature f o r each 

measurement. S t a t i s t i c a l summaries were compiled fo r the ac t i va t ion 

energy as histograms over 100°C temperature i n te r va l s . Summary p lots 

were produced fo r conduct iv i ty versus reciprocal temperature fo r 

measurements of common rock or mineral types. 

There is no ind ica t ion in the o r ig ina l Russian tex t as to the 

measurement procedure fo r each sample. The fo l lowing are assumed: 

a l l measurements were performed in the same manner, samples were dry 

in a i r , and the measurements were at or below 1 kHz in a two-terminal 

sample holder. Measurements under other condit ions are also tabulated 

elsewhere in the book, but are not amenable to ready comparison wi th 

the data from the appendices. 

Therefore, the measurements herein from the appendices tables 

are useful f o r comparative purposes w i th in the context of th is dataset. 

However, the r e l i a b i l i t y of the' measurements i s unknown and therefore 

extreme care must be taken when comparing these data with other measurements, 
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Figures 1 through 9 • 

Figures 1 through 8 illustrate the histograms compiled from 

all tabulated data of the activation energies from the temperature 

dependence of the electrical conductivity over 100°C intervals 

assuming 
-E/kT 

a = a^ e 
0 

where k is Boltzmann's constant, T is temperature in Kelvin, E is 

activation energy in eV, a is the electrical conductivity at T, and 

a is the electrical conductivity at infinite temperature. Anomalous 

values of activation energy (greater than 0 eV or less than -3 eV) 

were excluded. 

Figures 1 through 8 are all on the same horizontal scale (-3 to 

+1 eV) with the main plot showing the histogram. The. main histogram 

has a vertical scale in percent samples in a given bin versus the 

total number of samples. Underneath the peak (mode) is given the 

histogram activation energy and percentage. Across the top of the 

histogram is given the temperature interval, the division ("div.") 

in eV of the bins in the histogram for counting purposes, the total 

number of samples ("no."), the skewness of the distribution, the median, 

mode, mean, and standard deviation (for definitions of these terms, 

see any statistics text or Meyer, 1975). The histogram is plotted 

with bar graphs for each bin count and also a smooth curve that is 

the running average over nearest neighbor bins. 

The inset plot in the upper right corner of the histogram is the 

cumulative percentage of samples (vertical) that fall between the mode 

plus X and the mode minus x where x is the horizontal scale. Several, 

points on the resultant curve are also labelled in these terms; thus 

in Figure 1, 71 percent of all activation energies in the 200 to 300°C 

interval lie between -0.58+0.26 and -0.58-0.26 eV. 

Figure 9 summarizes the histogram results in a plot of the mean 

and modal activation energies versus temperature. The solid line is 

the mean with the box outlining the temperature interval and plus or 

minus one standard deviation. The dashed Tine is the mode. 
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Figures 10 through 26 

Figures 10 through 26 combine onto summary plots the 

electr ical conductivity versus reciprocal temperature for rocks 

and minerals of a common type. In each f igure, the vertical scale 

IS log,« electr ical conductivity (mho/m) while the horizontal 

scale is 1000/T where T is in Kelvin. Across the top of the 

figure is an alternate temperature scale in degrees Celsius. 

Figure 10 Albite 

Figure 11 Amphibole 

Figure 12 Andesite 

Figure 13 Basalt 

Figure 14 Diabase 

Figure 15 Diorite 

Figure 16 Dolerite 

Figure 17 Dunite 

Figure 18 Gabbro 

Figure 19 Gneiss 

Figure 20 Granite ^ 

Figure 21 Nepheline 

Figure 22 Olivine 

Figure 23 Peridotite 

Figure 24 Plagioclase 

Figure 25 Pyroxene 

Figure 26 Serpentine 



Figures 10 and 11 •14-

±+t-| J, ' I ' 
r-
o 
n 

r> 
o 

D. 
C 
n 

x: 

3 
O 
N 
3 

0 

- 2 

4 

- - G 

- -a 

- - 1 0 

I- - 12 
R l b l t i 

C3 
S) 
S 

O 
IS 

O 
o a 

ro 
El 
C3 

(4) 
Q. 

1000/'T 1 .5 2 . 5 3 . 5 

o 
n 
n 
o 
Q . 
C 
o 

3 
3-
O 
\ 
3 

1 1 
1 ^ 
L CJ* 

r c 
r ^ ° r ^ 

- - - ^ 

r "^ 
[-
r " ^ • 

I -10 

03 

^ 

^ N 

- - 1 2 
Bmphlbol 

1 1 1 

Vn 

* J t ^ 

^ 

e 

1 1 

i 

^ S :s|^-
>\^k 

I 

1 1 
r l 1 
CD 
t9 

~ ~ ~ " ^ ~ ^ 

-̂  

^ = ^ 

^ 

1 

1 

O. 
a 

IB 

n . 

1000/T 1.5 2 . 5 3 . 5 



Figures 12 and 13 •15-

r 
o 
a 
o 
o 
o • 
a. 
c 
n 
r* 

1+ 

2 
3" 
o 
\ 
3 

- 1IJ,I J, 1 
Q a a 
O £3 C3 

- -2 ^ *5 l / ' ^ ^s . 

- - 4 ^ ^ ' ' ^ ^ - s t ^ ^ 

- - B 

- - B 

- - 1 0 

- - 1 2 
A n d e s i t e 

-i-
a 

1 • 

-H 1 - H -

^ 

^ - -

1 

— i—1 
OL 
n 

in 

n 

1000/1 1 .5 2 . 5 3 . 5 

++t+^ 
r-
o o 
n 
o 
3 
O. 
C 
n 
<+ 

3 

O 
\ 
3 

- -G 

- - 1 0 

- - 1 2 
B a s a l t 

1 0 0 0 / T 

o. 
ct 

IQ 

O 

1 . 5 2 . 5 3 . 5 



Figures 14 and 15 •16-

i l j , l J, 1 1 I • t 
O. 
It 

ua o 
D 
n 
a 
3 
o . 
c 
o 
<+ 

1+ 

x: 
^̂  
3 
3-
O 
\ 
3 • 

s 
C3 
O 

O 
Q 

IS 
C3 

Q 
Q 

- - 2 

- - 4 

-G 

- 8 

V M^ ^ 

- 1 0 

h - 1 2 
D l a b a s e 

ri) 

1000/T 1.5 2 . 5 3 . 5 

o 
Ci 
o 
o 
3 
O. 
C 
n 
«+ 

1+ 

3 
3-
O 
\ 
3 

L IS cs 
f Q CD 

- a «= 

-"' fe%4 
r'^ 
I -G 

- -8 

k -10 

h -12 
[ D i o r I t e 

CD 

. ; . 

fe 
" ^ 

--4
0

0 

^^^Sfe- *v 

^ >J 

1 

cs 

„ ^ ^ 

^ 

^ 
^ ^ 

1 

o . 
(t 

O 

• 

1000/T 1.5 2 . 5 3 . 5 



Figures 16 and 17 -17-

r 
o 

o 
o 
3 
a 
c n 
r * 

< 

< 

3 
3 - • 

o 
\ 
3 
^.. 

1 1 
TI 

- a 
a 

- " : 

- A 
- —p TX 

^ 
1 

- - 4 

- - G 

• ^ • 

- - 8 

- - 1 0 

- - 1 2 
Do I e r 

1 i ' 
a 
a 

t 

bw»-
\ % 

l l 
'^LS 
Ifeg: ^ S t ; 

I t e 

1 
(^ ' 
a 
(9 

- ^ 
jX 

• ^ ^ 
» ^ ^ w ^ 
^ ^ M|^^ 

^ ^ ^ 

1 1 i ' 
a 
CO 

^^*Ss^ 

^ ^ ^ ^ • j ^ S j ^ ^ ^ * 

1 1 
. rL ' 

CD 
a 

Sfe^ 
^^^a 
^ < ^ ^ ^ 3 i 

^^Nf 

I 

1 
i 
CL 

<t 

•• o 

1 . . 

1000/T 1.5 2.5 3.5 

ilj.! J. I i H ir 
a 
n 
la 

r-
o 
en 

n 
o 
3 
O. 
c 
o 

3 
3-
Q 
\ 
3 

- 0 

- -2 

-4 

- -G 

- -8 

- -10 

- -12 
Dunite 

cs 
C3 
IS 

o 
cs 

a 
cs S) 

1000/T 1.5 2.5 3.5 



00 

I 

-a 
c 

CX5 

in 

cu 

in 

N 

SI 

in 
* 

tn 

in 

cu 

in 

..: ( -
(9 

eg 

LOG C o n d u c t i v i t y CMho/m; LOG C o n d u c t i v i t y IMho /mJ 

C31 



Figures 20 and 21 -19-

o 
CD 
O 
O 
3 
Q. 
C 

n 

- 0 

- - 2 

3 
3-
O 
\ 
3 

-H-.L I j , i i - H -
CD CD 
I S CD 
CO 

CD 
CD 

- 4 ,^?;?t^r.-*vS^i^ 

CD 
CD 

- - B 

- - B 

- 1 0 

- - 1 2 
Gran 1 t e 

ro 
CD 
CD 

• t 
c 
ct 

r j 

1 0 0 0 / T I . 5 2 . 5 3 . 5 

n i l i^ 1 1 ir 
CD 

ir 
a 
I t 

(Q 
o 
en 
o 
o 
3 
o. 
c 
o 

3 
3-
O 
\ 
3 

- 0 

I S CD CS 
C3 CD S) 
CS 

- - 4 

- - G 

- - 6 

- 1 0 

- 1 2 
Nephe11ne 

CD 
IS 

1 0 0 0 / T 1 . 5 2 . 5 3 . 5 



Figures 22 and 23 -20-

r-
o 
n 
n o 
3 
O. 

'C 
o 
«+ 

. «+ 

3--
o 
\ 
3 

- - 1 0 

f- - 1 2 
011 v i n e 

t 
o. 

o 

1 0 0 0 / T 1 . 5 2 . 5 3 . 5 

1IJ.I J. I 1 I -t 
. Q. 

n 
to 

r 
o 
en 
n 
o 
3 
Q . 
C 
n 

«+ 

3 
• 3 - . 

O 
\ 
3 

0 

- 2 

IS 
(S 
IS 

o 
cs 

IS 
IS 

CD 
IS 

- - B 

- - 8 

- 1 0 

h -12 
Per I d o t 1 t e 

ru 
IS 

1000/T 1 . 5 2 . 5 3 . 5 



Figures 24 and 25 •21. 

H J . ! J, I t •̂ t 
O. 
It 

U3 

r 
o 
n 
n o 
3 
a 
c 
o 

3 
3-
O 
\ 
3 

- 0 

CD I S CD 
CO CS CS 
CO 

IS 
CD 

IS 
CD 

- - 1 0 

- - 1 2 
P l a g i o c 1 a s e 

1000/T 1 .5 2 . 5 3 . 5 

1000/T 



Figure 26 -22-

o 

n o 
3 
a. 
c 
o 
1+ 

3 
X 
o 
N 
3 

m i J. I 1—i—i 
- 0 

- 2 

4 

- -G 

- e 

- - 1 0 

CD Q CD 
CD CS CS 
IS 

CD 
CD 

X^ 

- - 12 
Se rpen t 1ne 

100a/T 

ir 
o. 
It 

ua 

n 

1 .5 2 . 5 3.5: 



•23-

Reference 

Meyer, S.L., 1975, Data Analysis for Scientists and Engineers: 

Wiley: New York, 513 p. 

Appendix 

The following pages contain individual plots of the separate rock 

and mineral measurements. The plots are in alphabetical order with 

a list of the rocks and minerals on the next page. The figure numbers 

appear in each plot in the lower left corner. 
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