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Abstract.  The possible change in the Earth’s gravitational field is estimated that may have occurred within the last 500 Ma or in the geological time known as Phanerozoi. As possible sources of such events are considered: the change of the Earth’s mass because of meteorites, the change in the Earth’s shape caused by the retardation in its axial rotation, the evolution of the Earth-Moon system and the possible expansion of the Earth. The most significant process is the expansion (or contraction) of the Earth and, the meteorites fallen on the Earth. Both events can produce a change into the Earth’s gravitational field g with a magnitude from 50 mgals to several gals. The second event can produce a variation in g from (gals to several hundred (gals.
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Theory

It is well known that the Earth’s gravitational field is not a constant within time (Tsuboi, 1982). Various factors affect it, for example the Earth’s axial rotation, expansion or contraction, meteorites etc. The scope of the present paper is to estimate the rate of the variation in the Earth’s gravitational field generated by some events that possibly occurred in Phanerozoi or within the last 500 Ma.
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Fig.  1

The mass of the Earth is not a constant. The Earth emitted electro-magnetic field and some gases from the upper part of its atmosphere. Some radiation and particles come from the Sun. The Sun wind brings to us some particles. It is hard to estimate the actual mass of these processes that lead to a change of the Earth’s mass. Probably more valuable is the growth of the Earth’s mass due to meteors, meteorites and the “star dust”. They bomb the Earth all the time. In Fig.1 the average number N of particles with mass m that fall on the Earth (Kaula, 1968) is shown. It can be approximated by the following expression:
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where C is a constant. The total masses of the outer space objects M fallen on the 1 km2 of the Earth per year  are as follows:
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where approximately C=250.

The total masses of the objects M1 fallen on the Earth for 1 year  are as follows:
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where S is the Earth’s surface S=5,1.108 km2  It follows that for the last 500 Ma the masses of the objects M0.5BY that fell on the Earth are about: 


[image: image5.wmf] 

g

 

8,3.10

=

M

19

0.5BY

.

The Earth’s mass ME  nowadays is ME =5,98.1027g. With some approximation the acceleration of the Earth’s gravitational field g can be represented as follows:
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where RE is the Earth’s radius. The deviation (g of g caused by the increase of the Earth’s mass with magnitude of M0.5BY  is as follows:



[image: image7.wmf]E

BY

M

M

g

g

5

.

0

=

d

.
5)

[image: image8.wmf]0

100

200

300

400

500

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

10

100

Moon drifts away

white points  

d

 g >0

black points  

d

 g <0

d

R=1 km

d

R=10 km

d

R=50 km

change of the Earth's radius

   retardation of

     the Earth's

   axial rotation

meteorites

nowadays

d

g   [ gal ]

time counted from 500 mln years ago  [Ma]

Fig.2


Fig.  2

         Taking into account that g(1000 gal it follows that the increase of g due to the meteorites that fall on the Earth for the last 500 Ma cannot exceed 0,16 mgal. In the geological deposits there is no evidence about meteorites activity that substantially exceed the above considered meteorites flow. In Fig.2 the above said result is presented.

Another process that is under strong discussion is that within the last 500 Ma an expansion in the Earth’s shape took place. Goraii (1984) pointed out the possibility that the Earth enlarged its radius tо about 540 km. Nothing was definitely said about the mass distribution within the Earth’s interior. Then it is possible only to estimate the rate of the g change. Assuming that the Earth’s mass does not change, from Eq.4 follows:
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where (g(t) is the magnitude of g in the time t, g(0) is the magnitude of g now,  RE(0) is the Earth’s radius now, and  RE(t) -in the time t. The Goraii’s hypothesis concerning the Earth’s radius enlarging to an amount of 500 km is unacceptable. No evidences are offered. Nevertheless in Fig.2 the possible variation of g caused by R enlarging from 1 to 50 km are presented. It follows that such an enlarging of the Earth’s radius can produce variations in g of an amount from 0.1 to 10 gals for the time interval under consideration.

The Moon caused gravitational tides. The maximal variation (gm of g caused by the Moon is as follows:
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where m is the mass of the Moon, r(0) is the distance between the Moon and the Earth now, and r(t) the distance between the Moon and the Earth in the time t. At present the Moon is drifting away with a velocity of 3 cm per year (Stacey, 1969). Assuming a linear process (also under discussion) it follows that before 500 Ma the Moon was at 15000 km closer to the Earth. The change ((gm in (gm for the last 500 Ma is as follows (Fig.2):
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It follows that gravitational tides caused by the Moon did not substantially change within the considered time interval.

During the history of the Earth, the period T of the Earth's spin rotation (ESR) was increased with time t (Williams, 1989). For the last 500 Ma the increasing of T can be approximated with a linear function of the time t as follows:
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where To is the present ESR period (To=86164 s/day), (=23,8 s/Ma, and the time t (in Ma) is counted  back from nowadays. It was shown (Tenchov, 1999), that the Earth’s radius changed with  time and with the geographical altitude. The maximal change is at the Equator. The acceleration ac of the gravitational field at the Equator due to the Earth’s axial rotation is as follows:
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where REQ is the Earth’s radius at the Equator. The variation (gEQ at the Equator caused by the above said effect is as follows:
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The variation (gEQ at the Equator is presented in Fig.2. This effect is of the magnitude of 1200 mgal for the last 500 Ma.

Conclusions

Using a theoretical model of the Earth it was established that the possible change in the Earth’s gravitational field may have occurred within the last 500 Ma. The falls of meteorites for the discussed period of time can increase quasilinearly the acceleration g with up to about 0,1-0,2 mgal. The expansion (or contraction) of the Earth, because of its thermal history can produce a decrease or correspondingly - increase of g that can reach up to several gals. It is hard to believe that the Earth changed its radius by more than several kilometers for the discussed period. Such an assumption leads to a change in g that does not exceed several gals. The retardation of the Earth’s axial rotation can produce a change of its shape. The maximal change in g (at the Equator) could not exceed 1 gal. 

The distance between the Earth and the Moon increased during the last 500 Ma. That resulted in a decrease of tidal waves maximal magnitude with about 1-20 (gals. 

It follows that during the last 500 Ma the gravitational field of the Earth did not substantially changed. The obtained estimation of the variations in the Earth’s gravitational field during the Phanerozoi time can be used in geodynamic models for evolution of the Earth’s crust.

Topical Editor thanks Zh.Zhelev and A.Venedikov for their help in evaluating this paper.
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Eволюция на гравитационното поле на Земята през последните 500 млн години

Г. Тенчов

Резюме.  Въз основа на теоретични модели  се оценяват възможните изменения в гравитационното поле на Земята, които вероятно са станали през последните 500 млн год. т.е. във Фанерозоя. Като възможни източници на такива събития се разглеждат: изменение в масата на Земята, предизвикано от падането на метеорити; изменение във формата на Земята, предизвикано от забавяне в околоосното и въртене; еволюция в системата Земя-Луна и вероятния процес на разширение или контракция на Земята. Процесите, които вероятно са оказвали най-силно влияние върху гравитационното поле на Земята, са експанзията или контракцията на планетата, както и падането на метеорити. Те са изменили  гравитационното поле на Земята в интервала от  50 mgal до около няколко гала. Останалите две събития може да са довели до промяна в гравитационното поле на Земята от няколко (gal до около 1 mgal. Следва, че гравитационното поле на Земята не се е изменяло съществено през последните 500 млн год. Получените резултати може да се използват при съставянето на геодинамични модели свързани с еволюцията на земната кора. 
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