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As we know. no area of earth physics has been influ-
enced by the ideas of O. Yu. Shmidt as much as the one 
called geot.hermics, i. e. , the study of the Earth's tem
perature and thermal history. 

Before the advent of Shmidt'B hypothesis, everything 
waR uRually reduced to the considenltion of some var
iants of cooling of an initially whitc- hot Earth, and there 
were some attemptR to develop a mathematical fJystem, 
usually resulting in vcry slowly convergent series that 
made for a rather ineffective research tool. Shmidt's 
new ideas altered the situation radically. The rescarch 
itself assumed a vastly more comprchensive and pro
found character. Shmidt's students carried out many 
studies along these lines, and today geothermics looks 
completely different from what it did prior to the advent 
of Shmidt's hypothesis. 

It is a well-known fact that because of the lack of 
original data and uncertainty about much of the Earth's 
history, an evaluation of the Earth's thermal history 
yields very indefinite r0sults. In Shmidt's time, this 
uncertainty appeared less pronounced than is Imown at 
the present time, Neverthelefls, even then the question 
was raifJed whether a different statement of the problem 
on the Earth's thermal behavior might be possible; 
namely, whether it might be possible, instead of con
sidering the Earth's history directly. to try to evaluate 
the present temperature of the Earth and its present 
distribution with depth by using a comprehensive ap
proach to the solution of the problem. whose possibili
ties were repeatedly emphasized by Shmidt. In discuss
ing the thermal history of the Earth, this would permit 
one to keep only those variants that agree with its pres
ent temperature, Such an approach could considerably 
reduce both thc indeterminacy and the range of solution 
variants being obtained at the present time. 

Unfortunately, therc were practically no means avail
able for such an approach at that time. However, the 
great progress in geophYSics and in high-pressure and 
high-temperature physics made in the last ten years has 
cODsiderably altered the situation, and it has now become 
possible to make an attempt to evaluate the present 
tempcrature of the Earth's interior, or, if not the tem
perature itself, then at least the possible limits of the 
distribution of tempcratures inside thc Earth. 

The electrical conductivity at varions depths inside 
thc Earth would have to be considercd as the prime and 
apparently the most natural source of infol'lpation on the 
temperature of thc Earth's interior, since the clectrical 
conduetivity is strongly temperature depcndent. How
ever, the strength of this method is also its weakness. 
This is bccause, just as the temperature strongly affects 
the electrical conductivity. the latter is influenced by 
those parameters which are included in the exponent 
together with the temperature (and these parameters are 
usually known very inadequately). 

Several attempts in this direction have been under
taken. Possibly, the best known attcmpt was made by 
D. Tozer [1], who gave a tcmperature variation inside 
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the Earth that was in accord with the electrical conduc
tivity data available at that timo. However, this tem
perature distribution curve naturally gives rise to many 
legitimat.c questions and doubts in view of the low 
accuracy of the parameters involved. Moreover, even 
the mechanism itself of eleetrical conductivity at a given 
depth is frequently unknown, 80 that many difficulties 
arise along this path. Another attempt at such an ap
proach, made by V. N. Zharkov, made the difficulties in
volved even more apparent [2]. 

Another idea was naturally conceived: to use the same 
comprehensive approach proposed by Shmidt, while oon
sidering all the present-day possibilities, namely, to 
-use all the available data tn try to evaluate eertain char
acteristics of the thermal field inside the Earth. These 
characteristics may be the temperature themselves or 
the temperature gradients. It turns out that it is very 
frequently more convenicnt to obtain the temperature grad
ients or at least their possible limits at various depths. 

lf we Imow the temperature gradient as a flll1ction of 
depth, further simple integration will yield the tempera
ture. Everything will depend on the accuracy and detail 
with which we know the temperature gradients. The tem
perature gradients at the surface are determined from 
the heat flow. To date, heat flows have been studied very 
extensively on the continents and in the oeeans. The 
thermal eonductivity coefficients are known to a some
what lesser degree, but in any case, one ean obtain the 
temperature gradients near the Earth's surface that are 
characteristic of dry land and of the ocean. The tempera
ture gradients obtained for the oceans are maximum ones 
(about 25' C/km- 1), and, as expected, for dry land (for 
the platform). minimum ones (about lS·C;km- 1). They 
may be eonsidered the upper and lower limits of the tem
perature gradient at the Earth's surfaee. Special regions 
(such as regions of volcanism, hydrotherms) a re not con
sidered, as they are not characteristic of the Earth as a 
whole. 

Farther down, the data are much more difficult to ob
tain. However, in the last few years we have been able 
in some cases to determine the temperature gradient at 
depths of the order of 15-20 km under the floor of the 
Earth's crust. 

What has happened is that observations developed in 
the last few years, using bottom seismographs on the 
ocean bottom and deep sea troughs. where noise and inter
ference are much lower than on the continents, have made 
it possible to determine the variation in the decrease of 
seismic wave amplitudes as a function of the distance 
from their source [3]. If one speaks of an ordinary wave 
sliding along the interface. its amplitude decreases ac
cording to a fairly simple law, shown by a solid curve 
in Fig. 1. 

The circlcs in this figure indicate the obfJcrved varia
tion of amplitudes as a function of the distance to the 
source. It is evident that in the bcginning. the obscrva
tional data fall satisfactorilv on the calculated curve. 
However, starting at a certain distance, they veer sharply 
away from this curve. Tlus effect ill explaincd by the 
fact that in addition to the wave B liding along the interface 
of the two media. there will also bc w[!Ves penctrating 
into tho lower medium. Tho amplitudes of theflc waves 
chango in aceonlance with tho law represented by dashed 
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Fig. 1. Decrease in amplitude of seismic waves 
vs. distance. 

curves in Fig. 1. The position of these curves depends 
on the magnitude of the velocity gradient of seismic 
waves in relation to depth (dv/dH). Thus, knowing the 
pos ilion of the observed points in relation to the theo
retical curves, and using the data of Fig. I, one can 
find the velocity graclients dv/dI!, and hence, by using a 
known procedure, also the temperature gradients dT/dH. 
The gradients in the upper mantle at 15-20 km depths 
uncler the floor of the Earth's crust were calculated in 
this manner. Obviously, the existing information does 
not permit one to obtain the gradient values uniquely; 
only the values of their upper and lower limits could be 
estimated. 

The following estimate of gradients pertains to 100-
200 km depths, corresponding to a layer of low seismic 
wave velocities, or the asthenosphere. 

While the low-velocity layer is associated with a par
tial fusion of the mantle substance, the temperature 
gradient coincides with the solid curve gradient of the 
corresponding rocks and minerals, which have been 
studied in laboratory eXperiments. If the low-velocity 
layer is associated with a direct effect of the tempera
ture gradient, the latter is estimated from the extreme 
conclition of the velocity curve of the seismic wave. It 
is thus possible also to estimate the limits of the tem
perature gradient values at 100-200 km depth. 

It may now be considered established that the sharp 
increase in seismic wave velocities at a depth of about 
400 km is due to the transition of olivine from the rhom
bic to the spinel modification. This transition has been 
adequately studied, both experimentally ane! theoreti
cally. In Fig. 2, curves AA and BB are the boundaries 
of the transition band of olivine from the rhombic to the 
spinel modification, containing 10% iron and 90% magne
sium. Points a and b denote the pressures for the be
ginning and end of the layer of sharp increase in seis
mic wave velocities, its width being taken as 50 km, and 
points a and c, if the width is taken as 80 km. Then, as 
is evident from Fig. 2, from the points of intersection 
by the transition band (AABB) of the pressure interval 
corresponding to the layer of steep increase of seismic 
wave velocities (a, b, cJ one can determine the limits 
fOT the temperature gradient d1jdH. Obviously, the 
width of the transition band (AABB) itself depends on the 
composition of olivine, and this introduces a certain 
additional indeterminacy. 

Finally, the use of the law of corresponding states 
makes it possible to evaluate the temperature gradient at 
a depth of the order of 1000 km or so. However, the use 
of the law of corresponding states requires a qualification. 
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Fig. 2. Band of transition of 
olivine from the rhombic to the 

spinel modification. 
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Fig. 3. Character of change 
of the temperature gradient 

with depth. 

It is satisfactorily obeyed for oxides and not as well 
for more complicated compounds. It is true that re
cent extensive studies by A l'tshuler' s group [4] dealing 
with the behavior of substances of a series of rocks and 
minerals at very high pressures showed that this law is 
completely. verified in this case. This makes it possible 
to make the corresponding estimate. 

As a result, the pattern shown in Fig. 3 was obtained, 
where curves for the limits of the temperature gradient 
are given. What is most surprising is that such diverse 
methods gave points that are connected by extremely 
smooth curves without any noticeably breaks. 

If one 'now tries to perform the integration, the cor
responding temperatures are obtained which will give, 
for example, the following limits: at a depth of 150 km, 
1200-1800"C; at a depth of 1200 km, from 3000 to 4900·C. 
The scatter is very great, but this is natural, since it 
is only a first attempt, using very scant and not very re
liable data. However, it is of some interefJt to note that 
the temperature curve obtained by D. Tozer from the elec
trical conductivity lies within the following limits: at a 
depth of 150 km, 1300°C, and at 1200 km, 3300·C, i. e. , 
always slightly above the lower limit. 

Of course, the Significance of these results must not 
be overemphasized. There are obviously many other 
such sites requiring an additional examination. However, 
O. Yu. Shmidt's basic idea of trying to find the tempera
tnre distribution at a given present moment and to use 
this distribution as the criterion for selecting various 
theories of the Earth's thcrmal history deserves thc con
tinuation of such studies. Success may justify the effort 
and energy expended on this research. 
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