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Introduction.

Any inclastic deformation of the carth cruast is accompanied with
the generation of heat, which must be taken into a¢count in any problem
concerned with the thermal conditions of those parts of the crust
subjected to sensible deformations. For example, it may be inquired
whether the heat of some hot springs may not be supplied, at least partly,
from such a source. Another example may be cited whieh is related
with the hypothesis of continental drift; namely, the heat generated by
the supposed slow displacement of the continental crust relative
to the substratum may or may not affect the facility of such a motion.

Heat of Hot Spring.

The origins of the heat of hot springs have been repeatedly
enumerated and discussed by generations of geologists. Besides the
voleanic sources, the radioactive and chemical origins have becn
frequently dwelt upon. In the meanwhile, the possibility of a mechanical
origin of heat seemns to have be unduly neglected, though the present
author was yet unable to make an exhaustive survey of the literatures.

In Saghalien, Honsyt, Formosa, Corea and also in China® we
may point out numerous examples of a system of hot springs which are
arranged along some conspicuous fault line, but could not be associated
with any apparent voleanic activity of the region in question. In such
cases, it is usual to attribute the heat of springs to the juvenile origin of
the water. Even if such be the case, it will make an important difference
whether the fault zone through which the juvenile water emerges is
additionally heated by the mechanical cause or not.

1) Some of the papers consulted by the author are referred to at the end of this note.
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For a rough estimation, we will assume that the deformation is
limited to a region bounded by two paraliel planes at a distance h from
each other. One of the boundary plane, and the mass beyond it, moves
parallel to the plane with a uniform velocity v relative to the other
. boundary plane. The region between the two planes is sheared uni-
formly on account of this relative motion of the boundary planes,
behaving meanwhile as’if it consisted of a viscous fluid with its coefficient
of internal friction 7. Let the motion continue for an interval of time z.
Then the total work done, which is mainly converted to heat, is

Q=7 <7—v>2r erg/em.} =y (I—”>2z-/'4~18 x 107 cal./cm.?
)

L
Assuming 7 = 10% for instance, with Wegener, we have

Q= <T”>2z- x 2:4 x 10° cal./cm.?

(2

Suppose a fault takes place of which the total displacement s=10 m.
is completed in =1 minute. If the deformation is uniformly distributed
within a zone of thickness A=100 m. and if it went on with the uniform
velocity v=s/r, we obtain Q@=40cal. The temperature rise is 0=Q/s,
where o is the specific heat. If we assume o=1/4, we have

6 = 160°C.

which cannot be neglected in any case. If we assume 7=10" instead,
then #=16"C., which may still be of importance in the problem of hot
springs at least. :

The temporary excess of temperature in the zone of deformation
will fail down due to the conduction into the external regions on both
sides of the disturbed zone. For the present estimation, we will neglect
the effect of the earth’s surface, an effect which will decrease with the
increasing depth, and consider the simplest one-dimensional case. Let
the initial distribution of the temperature v be given by

v = f(2) for ¢t = 0.
From the usual equation
dv _ I dv

dt d?’
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we have

1 (o= ac’)2

- — N~ T
'v_21/7rktj f@he da’.

Assume
f@) =Tye?,

as this may roughly represent the state immediately after the process of
deformation as discussed above. Then, the subsequent course of matter
goes on according to

— % - 41:;124-1
VS Vg1 ¢

If we put p=1/F, b will represent the effective breadth of the disturbed
region and may roughly correspond to the thickness k above quoted.
Take, for instance. b=100m., i.e. p=10-% and k=10"* which is an
approximate value for granite. Then the time, #, at which the tempera- -
ture excess v at x=0, falls down to 1/4/2 will be given by

t) = % = 0:25 x 10" sec. == 79 years,

‘P

which is of an order of 100 years. If b be increased to 1000 m. ¢, will be
accordingly increased to

t, = 7900 years.

On the other hand, the heat must be estimated which is carried
away by the spring water from the subterranean source to the earth’s
surface. Let 7 be the volume output of the spring in em?® per sec., then
the heat carried away is ¢78’ cal./sec. where 6’ is the temperature rise
due to the heat source and c¢ is the specific heat of the water, = 1. The
water, either juvenile or meteorological, will have acquired the temper-
ature proper to the undisturbed region before entering the zone of
disturbance and then be heated up to the excessive temperature of the
hot zone on leaving that zone.

Assuming, for example, V=10* or 10 litre/sec. and #=80°C., the
heat loss is 8 x10° cal./sec. For 1000 years, this will amount to a total
loss of 2.52 x 11 cal.
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The excess heat content of a rock with the specific heat of 1/4, heated
80° above the normal temperature, for a cube with its side of L km.,, is
217 x 10° cal. Thence, if L be a little more than 2, the amountof the
Leat content will suffice to answer for the above calculated amount of the
heat loss for 1000 years. ,

If the zone of deformation, as the heat source, has a thickness of
=100 m., while its areal extent is 10 x 10 km?®, its volame=10 km®. is
just of the same order of magnitude as above assumed. Thus,in short,
a single spring of the assumed output will be able to exhaust the heat
source of the above described extent and temperature during the lapse of
time of an order of 1000 years. This is obiously a kind of lower limit of
the time, as the rate of the heat loss decreases with the falling temperature.

An alternating way of estimating the heat produced by faulting is to
regard the phenomenon as a simple slide along an ideal plane of contact
with a definite coefflcient of friction. If F be the force of friction per
unit area, we may assume for the present purpose that F is of the same
order of magnitude as the maximum breaking stress of rock materials.
Put F=sx1000kg/cm. If the total slip is ! mn., the work done per unit
area in thermal unit will amount to slx2-4x10°cal/cm. Taking
=10 m., for example, this is 2-4sx10% If this heat be distributed
aniformly within a prism of 100 m. height, with the unit area as its base,
the heat content per unit volume will be 2.4 s cal., which will be equal to
40, i.e. the value estimated in the previous paragraph, if s be taken as
17. Ordinary compression tests in laboratory give s for usual hard rocks
the values between 1 and 3. It is conceivable however, that the effective
F in the present problem is much larger than the ‘“strength,” as the
process of faulting is by no means that of a simple slipping, but
involves the fracture of the adjoining zones.

The above estimations will show at least that the mechanical source
of heat cannot be always put out of account in some problems concerning
hot springs. It cannot be exactly said that any spring of importance
might have derived its supply of heat through ages, solely out of the
“ mechanical fuel” as above discussed. It seems, however, quite
probable that some springs might have undergone modifications in their
thermal conditions by some processes as above considered.

There are many records of the cases in which the temperatures of
springs were changed, temporarily or permanently, after destructive
earthquakes. Rise as well as fall of the temperature are reported. It is,
indeed, well known that the temperature of a hot spring is greatly
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influenced by the change in its output, so that any change in the system
of subterranean water circulation caused by the seismic crustal distur-
bances may affect the temperature of hot springs to a coniderable
amount and thus completely eclipse the effect of the mechnical
heat as above considered, even if the latter may be sensible. It seems,
therefore, at first sight hopeless to discriminate the latter from the
former. The situation will be, however, not so bad, if we could be
furnished with an ample supply of data comprising the results of
systematic observations regarding the temperature, output as well as the
chemical constituents of water, for all the springs situated in the region
where a conspicuous tectonic disturbance has been experienced. For
the present, however, it will be scarcely worth while to develop here
the feasibie methods of analysis. What is urgently needed is an well-
organised systematic observation, instead of a mass of fragmentary and -
temporary gleaning.

In passing it may also be suggested that the mechanical heat of the
kind here considered could have played some role in the genetical
process of petroleum. ‘

Heat due to Continental Drift.

Consider a sima layer with the depth %, and suppose that its top-
layer is moved with a uniform velocity v relative to the bottom layer
which is ussumed as fixed. The work dome per unit time per unit
volume is 7 (v/hY, where 7 is the coefficient of viscosity, as before. If
h=Hx 100 km. and v= " m/year and 7=10%, the heat produced is

Q= (%)2 x 0-24 x 10~ cal./em”’. sec.

On the other hand, the rate of heat production due to the radio-
activity of plutoniec rocks is, according to Holms,

@ = 6-4x 107" cal/ecm® sec.

Since H and V above defined are probably of the order of unity, the
mechanical heat @ is safely negligible in comparison with the radioactive
heat @. This holds even if V=100 and H=1.

In the case when a very thin layer is sheared with a sensible
velocity, it may occur that the temperature is abnormally raised and
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result in a considerable reduction of viscosity, in which case the drifting
motion may be accelerated. As for an illustration take V=10 and H=
10% i.e. only 1 m. Then, (V/Hy=10°and @=2-4x 10~ which decidedly
exceeds (. As it is known that the plastic deformation of some material
is frequently localized in a quite narrow zone of disturbance, for example
“slip-plane ”, such an extreme case as above assumed may not be
entirely excluded beyond the margin of possibility.

On the other hand, the mutual displacements of minor geotectonic
units, i.e. “blocks”, may involve the thermal process as above supposed.
Slow gliding of two blocks along a common boundary zone may some-
times result in an accumulation of the mechanical heat and consequently
to the acceleration of the motion, leading thus to a catastrophal acute
disturbance. This idea, though crude enough, seems to harmonize with

- many observed facts concerning the relation between the chronic crustal
motion and the occurrence of severe earthquakes.
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