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- Conditions in the interior of the Earth are deter- from the measured values of g, using the formula

i Soc. Am. 81,
’ fnined by two parameters P and T Pressure P is known oT
do = KO ( ) > (1)

0

dz

where K|, is the heat conductivity at the surface. For
that purpose the most suitable values of ¢ are those ob-
tained from 5°x 5° averages (voN HERZEN and LEg,
1969). These averages are free from irregular fluctua-~
tions and give a mean terrestrial heat flow not strongly
dependent on the distribution of individual measure-
ments as compared with the simple mean of all meas-
ured values,
Both for oceans and continents

- Res. 74, 1413, . . .
tructure in (e, ith sufficient accuracy as it follows from comparison

asin, Geophys, f various Earth models. Unfortunately the temper-
ston, D.C) 92, “wre T in the interior of the Earth is determined with
pagation in the ‘onsiderably lower certainty. However, the Earth can
Princeton, N.J, x considered as a heat engine and the action of this
Geophys. Res. ngine depends strongly on its temperature conditions.

\ knowledge of T, 0T/0z and 07/dt is of extreme im-
;ortance for the development of geophysical theories
i;oncerning the problem of the evolution of our planet.
% Calculations of the Earth’s temperature based on the
Res. 73, 4637. "hermal history of the planet can give only very un-

dary structure,

g:‘ys Res. 73 Lertain results depending on conditions of formation go = 1.3x10 % calem %5~}
,ind CVOIUt(]Ol’l of the Earth (MacDonALD, 1959; Lust- To obtain X, data for typical rocks were employed
Juova, 1969). (CLARK, 1966). The adopted values were:

Res. 74, 5923' Determination of the electrical conductivity in the
1. = |'nterior of the Earth can give us valuable information
ire 216, 1276: [:oncerning the temperature at various depths. Unfor-  for continental crust, and
e of 2 down. 'wnately, electrical conductivity of rocks is not only _3 1t opm1 b

’ Ko =52%x10 " calem™'s™ " °C _ e

Bull. Seismol. * $hsitive to temperature but strongly depends on im- e
purities and other uncertain properties of the material for oceanic crust. Hence (07/6z), was found to be ¥

Ko =T71x10"*calcm™*s"1°C™!

. 74, 2648, ander consideration. 18 °C/km for continents and 25 °C/km for oceans. i

2, 4259, Seismological and volcanological data have been
usedd in geothermics for a long time. But only the recent 2. The thermal gradient at the depth of magma sources

"¢ 218, 1041, i achievements in high-pressure experiments permit us Primordial sources of magmas in continental regions k

| 10 use these sources of information with some reliance.  of the Earth are located, according to seismic investiga-
159 Apparently, knowing 87/0z at various depths one tions, at a depth of 100-150 km (BLroT, 1964; FEDOTOV,
I - {can calculate T in the interior of the Earth as well as 1968, FEpotov and SLAVINA, 1968). For oceanic regions
- absorption | the heat flow ¢ at respective points, the thermal con- the corresponding depth is 60-80 km (Powers, 1955;
Japan. In: fductivity K being known. EATON, 1962), that is, the depth of the low-velocity 4
rich, 1967 Jayer (ANDERSON, 1967; PRress, 1968). Also, the nature
L The thermal gradient at the surface of the Earth ¢\ low-velocity layer is not quite certain, but there |
The mean value of (07/0z), for continental and are strong evidences in favour of partial melting as the |
oceanic parts of the Earth’s surface can be obtained principal cause of its origin (BirCH, 1969; MAGNITSKY : §
:
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and ZHARKOV, 1969; TAKEUCHI ef al., 1968). Results of
high-pressure experiments in the presence of H,O
support this point of view (LAMBERT and WYLLIE,
1969; ScLar, 1969).

To estimate the temperature at which melting begins
at a given depth, it is necessary to know the pressure
and the composition of rocks. For the uppermost
parts of the mantle the accepted composition is that of
garnet peridotites (garnet-lherzolite) (O’HARA, 1968)
maybe with an admixture of eclogites (SOBOLEv, 1968).

Keeping in mind the high content of H,O vapour in
extruding lavas, one must use results of melting experi-
ments in the presence of H,0O. Experiments with dry
rocks would give exaggerated temperatures. Recently
obtained data on melting in the presence of H,O for
lherzolite inclusions in basalts give the following results
(KusHIRO ¢t al., 1968): The temperature of the solidus
at a depth of 100 km (if Py, = Py,0) must be near
1000 °C; for fusion of 109 of the material the tem-
perature ought to be 100 °C higher. Hence for a depth
of 100 km one must adopt a temperature

Ti00 = 1100 °C,
and if Pl..[zo < Ptoml’
Ti00 = 1200 °C.
Consequently,
cT
(—:“) = 11.5 °Cfkm.
¢z /.

Keeping in mind that (67/9z), = 18 °C/km, for a depth
of 100 km we get

oT
<»—> = 5°C/km.
0z /100

The same procedure gives for the oceanic parts of the
Earth:

0T
(g——) = § °C/km.
0z /0 .

Adopting the hypothesis that the formation of a low-
velocity layer is caused by the influence of high-
temperature gradients, it was found by THoMSON (1967)
that (67/0z),;, at corresponding depths is 4.8 °C/km
under the continents and 9.5 °C/km under the oceans.
This is in fair agreement with our estimations.
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3. The thermal gradient at the top of the transitioy
layer }
The results of high-pressure experiments leave no-

doubt that the transition layer C is caused mainly by

some kind of phase transformation in rocks. In ac.
cordance with the latest seismological informatiops

(Jonson, 1967; D. L. ANDERSON, 1967; Press, 1968),

layer C is divided into sublayers. The first sublayers

with high velocity and density gradient due to phase |
transitions was discovered at a depth of about 400 km,
its thickness being in the range of 50-80 km. ‘

The principal component of the upper mantle i
olivine. Phase transformations in solid solutions of

(Mg, Fe),Si0, have been comprehensively investigated.

Hence it is possible to calculate the transition in the

P-T-plane using routine procedures (MAGNITSKY, 1969).
The transition from the olivine to the spinel phase is

complicated due to the splitting of the transition at the

point (Mg, g, Feg 1), SiO, into two branches. Never- |
theless, approximate calculations can be done neglec-

ting the difference between the spinel (p = 3.534 g/fcm?) 4

I

~and distorted spinel (p = 3.48 gfcm?®) phases (RING- !

wooD, 1968; Funsawa, 1968). Boundaries of the
transition band were obtained as follows:

T, = —1289+16.75P,
T, = =7871+15.75P,

where T'is in °C and P in kb.

Adopting from seismological data the pressure at the
upper and lower boundaries of the transition zone
(123 and 151 kb) one obtains the corresponding value
of the temperature gradient ¢7/0z. For various models, ;
gradients were obtained in the range 1-2 *C/km. As an
average value was adopted

0T\
(——) = 1.3 °C/km.
400

6z

In these calculations data were employed from Fusn-
SAWA (1968), Rixgwoop (1968), Rixgwoop and
Major (1969), and Kawat et al. (1969).

4. The thermal gradient in the uppermost part of the

lower mantie .

The lower mantle can be regarded as a sufficiently
homogeneous layer, such that it is possible to get
2pjOP and 0¢[0z, where ¢ = Kfp = vp — +vl.
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Employing the “law of corresponding states” (O. L.
ANBERSON, 1966) values were calculated of d¢/dP and
Jo/oT at a depth of 1200 km, and finally the value of

leave no > 72z (MAGNITSKY, 1968). The results obtained were:

e transition P

oT )

(——) = 1.8-1.2 °Cjkm.

formations 92 /1200

RESS, 1968), \fean value: 1.5 °C/km,

st sublayer It is necessary to emphasize that all thermal gradi-
¢ to phase .pis obtained exceed the adiabatic gradients at corres-
ut 400 km, | ponding depths: that is undoubtedly evidence against
. _ Tthe hypothesis of thermal convection in the mantle.
v mantle is The temperatures in the mantle according to the ob-
;DIutions of |nined gradients are as in table 1,

avestigated.”,

ition in the TABLE |

ISKY, 1969), Depth (km) T (°C)

jnel phase is 100 1100

tion at the 400 2100

hes. Never- 1200 3200

bne neglec- ) o o
3.54 g/em’) It seems to be very important that within the limits

ses (RING- of accuracy the thermal gradients at 400 and 1200 km
ies of the $ have the same value of 1.5 °C/km. Supposing this
value to be valid throughout the whole lower mantle,

one obtains the temperature at the boundary of the

Earth’s core to be 5500 °C, that is, near the melting

point. It must be emphasized that the thermal gradient

_in the mantle is to the order of magnitude the same as

I

[ the i
sure at the | that of the melting curve.

!

ition zone

ding value MNecessary to have values of the thermal conductivity K
us models, - A corresponding points. At a depth of about 100 km,
km. As an | Wit the assumption of a mainly olivine composition

itis found that

K = 0.009 calem™'s~t°C™!
3(FU15AWA et al., 1968). For conditions existing at
rom Fuji- ; depths of 400 and 1200 km there are no experimental

00D and E data. Calculations give
K =005calem ts toC™?
art of the ‘ (Lusivova, 1968). Hence for the values of the heat flux

¢ v¢ obtain those listed in table 2.
The difference

ufficiently ‘
e to. get Go—G100 = 0.8x 107 calecm ™% 57!
05 seems to be quite reasonable, keeping in mind that 10

|
i

To estimate the heat flux at various dephts it is-

TABLE 2

Depth (km) g (10~ %calcm™ 25~ %)

0 1.3
100 0.5
400 0.7

1200 0.7

km of granite generate an increment of the heat flow
of 0.6x107% cal em™2 s™!, and 10 km of basalt of
0.2x107¢ cal cm™? s™1, The difference
qloo’—'q400 = '—0.2 X 10—’6 Ca.l Cm—2 s-—-l
is peculiar. Taking into consideration that 300 km of
chondritic material or of peridotites give 0.1-0.2x 10~ ¢
cal cm™2 s™!, we must explain the loss in heat flux of
0.4x107% cal cm™2 s™!. Assuming that this loss is
due to heating and to the phase transformation spinel—
olivine, and adopting a value of heat of transformation
of 45 cal/g, one obtaines for the rate of displacement of
the phase boundary
¢z
= = 0.1 Cm/[)' .
The corresponding increase of volume is 109%,. Hence
it is reasonable to expect an increase of the Earth’s
radius of

R 001 cm/
— AZ UL cim
a1 ¥

or 1 km per 107 y.

Thus the investigation of thermal gradients in the
Earth’s interior suggests the expansion of the circum-
ference of the Earth’s surface to be of the order of
60 km per 10® y. That seems to be sufficient to explain
the creation of the World Rift system. These conclu-
sions are of a quite preliminary character due to the
low accuracy of the data used.
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