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orders of magnitude in CT. Further, the fayalite
poor olivine may be the better conductor. 

2. In olivines with similar fayalite and im
purity contents the amount of FeB

+ present de
termines the CT up to at least 800°C. 

3. This study cannot claim to have deter-
mined an unambiguous pressure derivative be
cause of experimental difficulties. 

4. There is a large and reversible change in 
CT mechanism in olivine at about 1150°C. The 
activation energy and pre-exponential term for 
this mechanism, as determined by various lab
oratories, vary from 3 to 8 ev and lOS to 1022

, 

respectively. 
5. For all natural olivines studied here, ex

cept the Fa 9.4, no change in mechanism indi
cated by a reversible change of slope was ob
served between 200° and 800°C. The Fa 9.4 
and the Fa 0 have no change in mechanism 
between 500° and 1100°C. 

GEOPHYSICAL ApPLICATIONS 

The present data on the CT of olivine single 
crystals can be used to estimate the temperature 
at depth in the mantle if (1) is solved for T 
(degrees Kelvin) : 

T = Az log e ( ) 
k(Iog u% - log um) 3 

where log CT ... is the CT of the mantle. Both the 
magnetotelluric CT profile of Eckhardt et al. 
[I963J and the geomagnetic profile of McDonald 
[I957J were used in these calculations. 

If the pressure derivatives of A. and log CT. are 
substituted in (3), the temperature at depth 
Tp is 

k[IOg CT%+(d l~~ CTZ)/_log CTrn] 

( 4) 

Figure 6 shows the temperature calculated 
from the present data for 40, 100, 200, and 400 
km from (3) and (4). The calculations for 
Fa 10 olivines with no pressure effect yield 
temperatures that are significantly higher than 
those proposed for the mantle beneath both the 
oceans and the shields [Ringwood, 1966; Clark 
and Ringwood, 1964J at any depth. In fact , 
these temperatures are sufficient to activate the 
high-temperature conductivity mechanism that 
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Fig. 6. Temperature distribution in the mantle. 
Heavy solid line is the oceanic geotherm of Ring
wood [1966], extrapolated beyond the 250-km 
depth on the basis of data from Clark and Ring
wood [1964]. The thin solid lines connect tem
perature points calculated by using the pressure 
derivatives obtained in this study and the Cant
well-McDonald profile of tr depth. Broken lines 
connect temperature points calculated without 
using pressure derivatives. M refers to tempera
ture points based on the McDonald profile of 
conductivity depth, and H. T. refers to the tem
perature calculations based on the high-tempera
ture mechanism observed in Fa 9.4. Composition 
of olivine is indicated above the line, and the 
numbers in parentheses indicate the crystal direc
tion of the tr measurement. 

was observed for the Fa 9.4 and the Fa o. Thus 
Figure 6 also includes calculations based on these 
high-temperature CT mechanisIllS. 

The pressure effect observed for the low
temperature CT mechanism causes the calculated 
temperature to decrease with depth, except in 
the case of the Fa 8.2, and indicates a tempera
ture at 400 km that is somewhat lower than 
has been proposed for the mantle beneath either 
the oceanic or the shield areas. The pressure 
effect observed for the Fa 8.2 yields a tempera
ture distribution that is much larger than ex
pected for the mantle. 

This study shows that the CT is quite variable 
among olivines with compositions close to the 
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assumed composition of olivine in the mantle 
(Fa 10). Thus, even if one neglects the uncer
tainties introduced by grain boundaries, the 
calculation of temperature distributions at 
depth based on magnetic and laboratory CT data 
[see England et al., 1968; Tozer, 1959] is sub
ject to large uncertainties. The uncertainty is 
further increased if the possible effects of pres
sure and the uncertainties in the CT distribution 
in the mantle [Parker , 1971] are taken into 
account. 
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