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THERMAL CONDUCTIVITY OF PLANETARY LITHOSPHERES: NEW ESTIMATES FROM 
MEASUREMENTS ON MANTLE XENOLITH SAMPLES; Paul Morgan, Depattment of Geology, Box 4099, 
Nortbern Ariuma University, Flagstaff, AZ 8601 1-4099, USA, and Suzanne Y. O'Reilly, School of Earth Sciences, 
Macquarie University, North Ryde, NSW 2109, Australia 

INTRODUCTION: During the past three decades or so, great advances have been made in the use of thermal 
d l s  to understand the evolution the terrestrial lithosphere (e.g., [I-41). Similar advances related to the tbermal 
histories of the terrestrial plaaets and their lithospheres have been reviewed and discussed by Solomon et d [in 51. 
In all conductive heat flow problems, the thermal gradient is inversely proportional to thermal conductivity. Thus, 
uncertainties in thermal conductivity directly result in uncertainties in tempmtutes calculated at depth. For terrestrial 
rocks with relatively low thermal conductivity at room temperature ( 2 W m1 K1), the temperature dependence of 
thermal conductivity generally appears to be minor, although it may still be significant for individual heat flow 
determinations [6]. For rocks with room temperature theanal conductivities above 3 W ml K - 1 ,  however, a significant 
decrease in thermal conductivity with increasing tempemme is indicated by several experimental studies as 
temperature rise to 400 to 500 'C, above which temperature conductivities increase as radiative heat transport appears 
to become significant [7,8]. Rocks which are likely to contribute significantly to the bulk thermal conductivity of the 
terrestrial crust typically have thermal conductivities in the range 2.0 to 2.5 W ml K-1 [9,10], for which the temperature 
dependence of thermal conductivity is possibly of importance, but this dependence is almost always ignored in thermaI 
models. Terrestrial lithospberic mantle rocks are geneaally assumed to have thermal conductivities >3 W ml K-1, and 
although published experimental studies indicate strong temperature dependence of thermal coaductivity in the 
temperature range 0 to !WY C, tbese effects are commonly also ignored, or applied inconsistently. For example, for 
a widely quoted set of geothenns, Pollack and Chapman [ l l ]  used a temperature-dependent thermal conductivity 
model to compute geothenns in the continental mantle, but a constant conductivity (diffusivity) cooling model to 
compute oceanic mantle geothenns. Many workers [e.g., 3,7,12] have used a constant thermal conductivity based 
upon an average of a tempemmedependent conductivity model. The greatest uncertainty in this parameter is the 
significant of radiative heat transport at elevated temperatures. 

Although the probable effects of radiative heat transport on mantle temperatures have been discussed [13], 
and a number of studies have demonstrated the significance of radiative beat transport at lithospheric temperatum in 
olivine and other minerals likely to be importance in the upper mantle [e.g., 7,8,14-171, tbese studies have not 
demonstrated the efficiency of diative heat transport in multi-grain rocks. The reduction in the efficiency of radiative 
heat transport in multi-grain rocks as a result of photon scatter@ at grain boundaries is poorly constrained, but is 
commonly assumed to significantly reduce tbe effects of radiative heat transport [e.g., 181. However, in a semi- 
quantitative study, we have demonstrated that radiative heat transport is clearly significant in multi-grain peridotitic 
mantle xenolith samples. 

TECHMQUES AND RESULTS: For prelimbry experiments we decided not to attempt to make thermal 
conductivity determinations under conditions of isotropic confini~~g pressure because of the logistical problems of 
performing such experiments at high temperatures. We m n e d  that if we could demonstrate that radiative heat 
transfer was significant at elevated temperatures under conditions of uniaxial pressure, then significant radiative heat 
transfer would also be expected uodea conditions of isotropic pressure. However, if we were unable to &momtrate 
the significance of radiative beat transfer under conditions of uniaxial pressure, then the additional expense of 
performing experiments under conditions of isotropic pressure may not be justified. We also reasoned that uniaxial 
pressure may be a sufficient condition for thermal conductivity determinations as long as the pressure was applied 
along the same axis as the heat transport. 

For our prelimbary experiments we adopted a modification of the steady-state divided-bar apparatus using 
an electrical resistance heater [19]. In or& to keep this apparatus as simple as possible, tbe same heater was used to 
raise the temperature of the sample to the ambient measurement temperature and to provide the bidirectional heat flow 
through the stack of standards and the sample from which the thermal conductivity was determined The system was 
used as a tbermal cornparitor, using fused silica as a calibration standard [20,21] and ckducing tbe thermal 
conductivities of samples fromtbe relative -ratme drops across tbe calibration standards and the samples and h m  
the relative g&es of the standards a d  sample. 

This system was tested extensively with various experimental moditications and was found to produce semi- 
quantitatively reproducible results under a variety of different confining pressures and stack configurations. As many 
of the experimental nurs above W C  resulted in fractured standards in the stack, we are only confident in the results 
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from these runs as semiquantitative. However, within individual runs before standards were fractured, or between 
runs with similar stack configurations, the results are considered to be significant. A sample of New England 
(Australia) grauite was also measured as a sample for which radiative beat transport was not expected to have a major 
effect on the high temperature thermal conductivity to confirm that trends observed in the mantle xenolith thermal 
conductivities were not an artifact of the expimental technique. Distinctly different temperaoxwkpendent behavior 
of thermal conductivity was demonstrated for the granite sample and four different peridotitic mantle xenolith samples, 
the results for which are summarized in Figure 1. Data are shown in Figure 1 for two different mantle xenolith samples 
(see figure caption for descriptions) with different uniaxial confining p r e s m s  of approximately 50 MPa (0.5 kbar) 
and approximately 150 MPa (1.5 kbar). Similar trends are seen in the thermal conductivities of both samples as a 
function of temperature. By comparison with the single crystal olivine thermal conductivity study of Schatz and 
Simmons (1972), these results clearly demonstrate the significaace of radiative beat transport in actual mantle samples, 
and thus the project has succeeded in its primary goal. Our prelimimy results indicate that radiative heat transport 
is significant in mantle xenolith samples above temperatures of about 400°C. There is therefore a strong need for 
further investigation of the effects of radiative heat transport in planetary lithospheres. 

Elgure 1. Preliminary high-temperature tbermal 
conductivity data for two mantle xenolith saatples 
and a check sample of granite. Solid square and 
circle symbols show data collected at uniaxial 
p re sms  of about 50 MPa (0.5 kbar) and about 150 
MPa (1.5 kbar), respectively, on spinel hemlire 
xenolith samples fiom a Quaternary maar, Lake 
Bulk ',western Victoria, Australia [2224]. Tbe 
predominant mineral in this xenolith is olivine with a 
composition of Fo92. These data were collected 
during both the heating and cooling cycles of two 
heating runs to a mean sample temperam of 
approximately 530%. and no consistent hysteresis in 
the results was ObseavedThe dashed line shows the 
predicted olivine conductivity of Schatz and 
Simmons [7]. Open square symbols show data 
cdlected oa a sample cf !-type granite from the 
Lachlan Fold Belt, New South Wales, Australia [25]. 
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