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SINO - ITALIAN JOINT ABSOLUTE GRAVITY

MEASUREMENTS IN CHINA

August - November 1981

SINO - ITALIAN JOINT ABSOLUTE GRAVITY 1. Introduction

MEASUREMENTS IN CHINA With veference 1o Article 25 of cultural and scien
tific cooperation program for 1980 and 1981 between

China and Ttaly, to-the Hinutes of talks an the subjecy
of joint absclute gravity measurements between Clhina aund
Italy, and to the Memorandum of talks on the implemeni
ation of these Minutes, absolute gravity measurements
have been carried out in China from August & to November
11, 1981 through the joint work of Chinese. and lItalian
technical staffs. The Chinese party selected and equipped
the observation sites, provided facilities for instrument

Xu Shan, Qiu Qixian, Jian Zhiheng  ( Research Institute of Surveying

and Mapping, Beijing )

F. Alasia, G. Cerutti, 5. Desogus, ( Istituto di Metrologia transportation, and accomodation. The ltalian party
provided the apparatus and observation techoiques. Through
"G. Colonnetti”, Torino) the close cooprration of both parties and the active

support of the comcerned respective organizations, meas
urements and computation concerning 19 stations (with
closing measurements in Beijing) were completed one month
earlier than originally se¢heduled.

I. Marson, ( University of Trieste )

Hodern precise absolule gravity measurements are of
great significance in the following fields:

(1) in peodesy, to define the gravity datum, estab
lish gravimetric standard nets and gravity calibration
bases for field gravimeters

(2) in geopbysics, to study non-periodic secular
gravity variations due lo recent crustal movements, or
relative movements of masses within the Earthg

(3) in metrology, to realize the standards of the
measurement units of some physical quantities, such as
force.

The results obtained from the joint absolute gravity
measurements of both parties will greatly contribute to
application and rescarch work in these fields.

The experts that carried out the joint measurcments
are:

.~ Chinese party: Xu Shan, engineer at the Research
Institute of Surveying and Mapping (RISM); Qiu Qixian,
engincer at RISM ; Jian Zhibenp, technician at RISH.
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- ltalian party: G. Corutti, physicist, rescarcher at the
Istituto di Metrologia "C.tolonnetei™ (1MGC), of the Katicnal

Research Council of ktalv, 1. Marson, assistant professor
at the University of Trieste; I. Alasia, higher-grade
technician at TMGC, S. Descgus, higher grade-technician
at INGC.

Mr. Gao Jiywan and Mr. Gao Lianbao of RISH took charge

of logistics.

2. Description of the measurement method and of the apparatus

2.1 Measurement meihod

The method adopted consists in observing the symmetric
free fall of a body in the gravitational field of the
Earth. The main advantages of this method are 2 relative
freedom from residual-air resistance and a higher accuracy
in time measurement. '

When an object is projected vertically upwards, in
the course of its rise and fall it crosses twice an
upper station and a8 lowver station. fet ¢t be the time inter
val between tuo passages at the upper point; T be the time
interval between two passages at the lower point; L the
distance betveen the upper and lover stations. These three
quantities can be measured by the apparatus, and the gravi
ty acceleration, g, is given by

g = 8L/ (12-¢2) . ()

Assuming that the vertical gravity gradient along the
trajectory of the object is constant, the value of g
obtained from eq. (1) corresponds to a point situated at
a distance

Z¥  L/6 (2)

below the apex of the trajectory.

2.2 Apparatus

The apparatus in question is the absclute transportable
gravimeter developed by INGC in cooperation with the
Bureau International des Poids et Hesures (BIPM), Sévres
(France). The apparatus has an uncertainty of the order
of 10 pGal. Thirty absolute stations have been establish
ed in Europe in the past five years by using this appara
tus to improve the International Gravity Standardization
Net (IGSN 71) and study non-periodic secular gravity
variations associated with the Alpine uplift. The same
apparatus had been used for establishing another eleven
stations in the United States in Autumn 1977 and Summer
1980.

2.2 Measurement technique

2,2.1 bDescription of the apparatus

The essential parts of the apparatus are a Michelson inter
ferometer and 2 long-period ( 20 s) seismometer Loth |oca:ed
inside an airtight low-pressure chamber (Fig. 1). A cube
corner {cc?), forming one mirror of the interferometecr and
a firned reference point, is placed on the ivertial mass of
the seismometer. The laser beaw emitted from a He-Ne laser
is used as a light source. A second cube corner (cct) is
projected vertically in a vacuum cylinder and forms the
movable mirror of the interferometer. While cci moves verti
cally, two photodetectors (ph a, pﬁ b) detect the interfer
encefringes and control electronic counters, which recnrd_
€light times and trajectory length. A damping oil system is
used to isolate the low-pressure chamber from ground vibra
tions,

ccl travels in a vacuum of a few tenths of pascal,
inside a glass cylinder approx. 1 = long, vwhich contains a
catapult for cube corner launching. The effective height
reached by the cube corner in its upward motion is 50 cm.

Ne material standard of the unit of length is used in
this apparatus. Measurements are started at a pre-determined
instant, a few milliseconds after the cube cormer is reteased.
This instant corresponds to the bottom station where the
measurement begins. To determined L, T, and t in eq. (1),
three counters are used, i.e., 8 two~-way counter to count
the number of fringes, and two time counters. The two-way
counter is controlled by the signals of two photomultipliers.
All the counters start counting at the exact instant when
the movable cube corner passes through the lower station
(fringe zero). The first time counter records the total
flight time T. The second time counter resets to zero each
time an integer number of fringes is reached in the course
of the upward motion of the body, and stops counting wvhen
the first fringe appears in the downward motion of the cube
corner.

This fringe is detected by the phase reversal of the
interferometer signals (Fig. 2). t is the time interval
recorded by the second time counter. The point at which the
last fringe appears in the upward motion is the top station
of the trajectory. When the body reaches this point, the
total number, N, of fringes recorded by the two-way counter
corresponds to distance L between the top and the bottom
stations. The wavelength of the laser beam being A , then

L = N-AJ2 . 1)
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When the mevable cube corner falls downward, the two-
way counter will count the number of fringes in decreasing
order and reaches zero apain; meanwhile the first time counter
stops counting and T is obtai. ed.

However, the logic system for fringe counting introduces
a difference cqual to half a fringe in decounting operation
(i.e., )2/4): this means that the bottom station reached by
the body in its downward motion is actuvally higher by A/4
than the starting station in the upward motion. As is shown
in Fig. 2, t is the actual time interval between two successive
passages at the top station; T is the time interval, which,
in addition to t, includes the time interval elapsed when the
body pesses through N fringes in the upward motion and the
(N-1) fringes in the downward moticn. Computation indicates
that in practice {N~1/4) instead of N ought to be adopted
in eq. (3). i .
According to eqs. (1) and (3), the following practical com
puting formula is obtained

4) (K-0.25)
- AR (4)

2.3 Analysis of errors and corrections

A brief description is given of the errors intrinsical
ly dependent on the apparatus and of those due to surrounding
conditions.

(a) Time measurement

A rubidium time standard with a stability of approxi
mately 10710 s used. Time interval T is measured by means
of a Hewlett-Packard counter with a resolution of +1 ns.
Therefore, the effect of the error in measuring T on the g
value must be reckoned with. The start aud stop pulses from
the two-way counter are subject to the effect of the delay
time of the circuit used. A systematic error of the order
of 5 ns +0.5 ns is introduced in the determination of g.
The correction for delay time (DTC) of the circuit applied
to g is computed by the formula

DTC= - —fr—g a1 , ’ (5)

where dT is the error in the measurement of T and is of 5 ns
with the apparatus used. The counter for t measurements has
a resolution of + 100 ns. Although the error in measuring

t is somewhat large, its effect on t is megligible, since
t<<T.

(b} Length measurement

The accuracy of length measurements is directly comnec
ted with t'': wavelength of the taser beam and its stabilitv..
The maximum relative error in length measurements amounts
to 521077, corresponding to an error of + 5uGal in g. There
fore, the wavelength of the laser beam is measured before
and after the measurement campaigns. If any appreciable
variation occurred appropriate corrections must be applied
to the coumputed resultes.

Microseisms, by altering the position of the fixed mirror,
affect length measures; consequently, the body is launched
only when microseisms, as revealed by a seismograph, arve at
the lowest level. This effect was reduced by about 20 times
by placing the fixed mirvror {(fixed cube corner on the
inertial mass of the seismometer.

In order to make the movable cube corner free from the
influence of the mechanical vibrations of the catapult at
the beginning of launching, measurewents are started at a
pre-determined instant a few milliseconds after launching.

(c) Verticality of the laser beam

The verticality of the laser beaw is adjusted by means
of a2 mercury pool and an autocollimator. Any inclination of
the laser beam will give rise to an error im length measures.
To make the effect on g less tham 5pGal, the imnclination
should be kept below 1074 rad. No correction for this effect
was applied to the measurement of g, but in the estimation
of the overall uncertainty a value of + 5pGal is introduced
to take care of this error. B

(d) Verticality of the trajectory

In order te have adequate visibility (»80%), the trajecto
ry should not deviate from verticality by more than 107" rad
over the whole distance travelled by the beody.

(e) Rotation of the movable cube cormer

This rotation should be kept less than 0.03 rad/s. The
movable cube corner must be adjusted in such a way as to make
the optical centre coincide with the centre of mass within
0.1 mm.

The verticality of the trajectory and the rotation of
the movable cube corner are monitored with a storage oscil
loscope. When the curves appearing on the oscilloscope are
not sufficiently smooth and symmetrical, or when they change
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too abruptly, the vorrespending n-asurements must be discarded.

(f) Other affectiong factors

The presence of a magnetic field induces electrical cur

rent in the metallic parte of the cube corncy during its motion.

To prevent this effect all wetallic parts are made of amagnetic

material.

The rubber cord of the catapult is likely to have a static
charge, and the movable cube corner 2as well can be charged
electrically, oving to friction with residual air. The rubber
cord is therefore protected by a grounded metallic tube. More
over, if the trajectery is vertical, the tube will be perfect
1y symmetrical with respect te the cube corner, so that the
capacitance between them keeps constant during the movement
of the cube cormer and its effect is negligible.

No correction for bueoyancy caused by residual air is
applied to the wavelength of the laser beam.

.The following corrections should be applied in computa

tron 3
(a) Correction for Earth tides

This correction is made necessary because of the changing

positions of the Sun and the Moon relstive to the Earth, and

because of the consequent change in the Sun and Moon attra
The computation of this correction is made by means of a com

puter program provided by IMGC.

(b) Reduction to reference level

responds to a point situated

The measured value of g cor
The position

at a distance Z below the apex of the trajectory.
of this point is nearly 0.8 m above ground level or the top
surface of the pillar. In order to obtain the gravity value
at this level, a correction for vertical gradient Aggrag must
be applied to the mcan of the measured values of gravity.
This correction is expressed by the formula

28

Aggrad S o,

where g/ is the vertical gradient at that point, and is
determined by a relative high-precision gravimeter; H is the
distance of the point where g is determined from the ground
or from the top surface of the pillar. As can be

3, W is obtained by determination of distance

e trajectory from the ground surface or
o the

surface,
seen from Fig.

K of the apex of th
the pillar surface. Al}l measurements are referred t

ction.

optical centre of the cube corner; the distance between the
top surface of the cube corner and its opticsl centre is

25 mm. Therefore, 2 being equal te L/¢ + 25 umm,

Measurement results

From August 4 to November B, 1981, absolute gravity
measurements were carried out with an absolute gravimeter
made in Italy at 11 stations, the sitvations of which had
been selected carefully (Fig. 4). The final closing measure
ments were made at the Beijing station. The observation B
conditions at the individual stations are given hereafter.

Bei?ing ¢t The observation station is located in the roox
for rod calibration, Beijing Division of Surveying and
Mapping., The gravimeter was placed on a pillar. The rooc
was air-conditioned. At the .time of the first measuremert,

the temperature was at 24°C + | °C. During the close determination

the temperature in the room was kept at 23 °C + 1 °C by
means of an electric heater. The microseismic noise levei
was high.

Qinpdaoc : The observation station is Jocated on the first
floor of the Guanxianshan Astronomical Observatory, Oceango
graphic Institute of the Academy of Sciences of China.

The gravimeter was installed on a pillar. The room was air
conditioned, the temperature being 24 °C *+ 1 °C. The micro
seismic noise level was low; the power supply showed fre
quent variations.

Zhengzhou: The observation station is located in the Roox
of Seismic Observation (in the basement of Houzhai Seismic
Station, 20 km distant from Zhengzhou City), Bureau of
Seism of the Henan Province. The gravimeter was pliced on

a pillar. The average temperature remained at 22 °C + 1 tC.
The microseismic noise level on the ground surface was vegy
low.

Xian : The observation station is located in the gravity

Room of the Observatory for the Geodetic Origin of China

{ 50 km from Xian). The gravimeter was ylaced on a pillar.
The room was not air-conditioned, but the room tempevrature
kept, on the average, at 23 *C + 1 °C. The microseismic

noise level on the ground surface varied with the surroundicg
seismic noise due to industrial factories, and changed {roc

low to high.

Shanghai: The observation station is located in a room of
the Sheshan Working Station, Astronomical Observatory of
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Shanghai of the Academy o. Sciences of (hina. The gravimeter
wvas placed on a pillar. The room was air~conditioned. The
temper:ture in the room kept at 23 °C + i °C.

Apart from a short period of time, thc—microseismic noise

level on the ground surface was low during the measurement
time.

Wuhan : The observation station is located in the room for
Gravimeter Calibration, the Wuhan College of Geodesy,. Photo
grammetry, and Cartography. The gravimeter wae placed 0.9} p
above the ground on a pillar. The room was air-conditioned
and the temperature was 23 °C + °C; the microseismic noise
level on the top surface of the pillar was high.

MBanning: The observation station is located in the Glass
Cleaning Room of the Printing Hiouse of the Bureau of Survey .
ing and Mapping, Guangxi Zhuangzu Autonomous Region. The
gravimeter was placed on a pillar. The room was air- condition
ed, with a temperature of 23 °C + 1 °C. The wicroseismic noise
level on the ground surface was high.

Changsha: The observation station is located in Room n® 5

of the dormitory Building of the second Survey Party, Bureau
of Surveying and Mapping of the Hunan Province. The gravi
meter was placed on a pillar. The room was not air- conditioned,

*and the temperature kept at 20 °C £ 1 °C. The microseismic

noise level on the ground surface vas low.

Guangzhou: The observation station is located in the Office
of the Second Party of Surveying and Mapping of the Guangdong
Province. The gravimeter was placed on a pillar. The room wvas
air-conditioned, the temperature peing 22 °C + 1 °C. The
microseismic noise level on the ground surface wag high.

Fuzhou : The observation station is located in the Office of
the Field Base of the Burecau of Surveying and Mapping of the
Fujian Province. The gravimeter was placed on a pillar. The
foom was air-conditioned, the temperature being 22 °C 1 °C.
The microseismic noise level on the ground surface was hlgh

Kunming : The observation station is located on the ground
surface in the Observation Cave for Kunming Seismic Station,
Bureau of Seism of the Yunnal Province. The temperature in
the cave was lower than that of the other stations and was
constant at 18 °C; humidity was very high, the relative
humidity being about 857. The microseismic noise level on
the ground surface was very low.

About 100 measurements were made at each station, though
at some points they were more numerous. The Earth-tide
correction (T.C.) was added to the computed results of each

- weasurement. The mean gravity value, standard deviation

(mean error for single observation) and standard error
(mean error for the wean values) for each point vere
then cal-ulated, and the gradient reduction and the
correction for circuit time delay were added to the gra
vity mean value. A synopsis of meassurement results is
giver in Table 1. Histograms are supplied in Figs. from
5 to 15 .

The estimation of the overall umcertainty includes the
following terms :

i. Standard error

2. Uucertainty in T (total time) determination corresponding
to 5 uGal

3. Uncertainty in circuit time delay correction corvesponding
to 3 uGal .

4. Uncertainty in laser vavelength determination, corresponding
to 5 uGal :

5. Uncertainty in trajectory verticality determination,

corresponding
to 5 pGal

The overall uncertainty in the value of g is calculated as
the square root of the sum of the squares of the individual
errors.

The uncertainty in the vertical gradient value is negligible,
and therefore is not included.

Back to ltaly at the end of the Chinese campaipn, the laser
wavelength was measured at IMGC as had been done before
leaving Italy, by comparison against a He-Ne iodine-absorption
cell laser. The initial and final values are the following

A (14 july 1981) = 0,632991417; um
X (15 January 1982) = 0,632991420, um
The difference is AA = 22-10710 pm. Consequently, by assuming

a linear drift in time, the corvection to be applied to the
value of the laser wavelength is 0.1189-10"10 pm/gay.

The corresponding correction to g is Ag = 0.0184 uGal/day,
so that the g values given in Table 1 must be corrected as
indicated in Table II.
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TABLE 1. SYNOPSIS OF RESULTS OF MEASUREMENTS

GRAVITY STAND. STAND. TOTAL

SITE DATE NUMB.OF  MEAN VAL. DEVIA. ERROR g REDUCED ERROR

MEAS. (mGal) (mGal) (mGal) {mGal) (mGal)
BEIJING AUG. 4-7 1981 164 980119456 0.049 0.004 980119.646 0.010
QINGDAO AUG.17-19 1981 98 979802.341 0.041 0.004 979802.583 0.010
SHANGHAI AUG.27-30 1981 117 979395.702 0.050 0.005 979395.978 0.010
ZHENGZHOU SEP. 7-10 1981 131 979629.890 0.050 0.005 979630.050 0.010
XI AN SEP.13-14 1981 100 979466.704 0.047 0.005 979466.924 0.010
WUHAN SEP.19-20 1981 99 979348.586 0.056 0.006 979348.800 0.011
NANNING SEP.28-29 1981 123 978750.036 0.050 0.004 978750.237 0.010
CHANGSHA . OCT. 3-5 1981 104 979133.343 0.038 0.004 979133.547 0.010
GUANGZHOU 0CT.12-13 1981 103 978815.511 0.040 0.004 978815.717 0.010
FUZHOU OCT.19-21 1981 121 979000.790 0.063 0.006 979000.985 0.011
KUNMING OCT.31-32 1981 79 978347.826 0.064 0.007 978347.980 0.012
BEIJING NOV. 6-6 1981 46 980119.436 0.037 0.006 980119.646 0.011

TABLE II

Site Drift days Correction to
g(pGal)

Beijing 20 + 0,4
Qingdao 32 + 0,6
Shanghai 42 + 0,8
Zhengzhou : 53 + 1
XiAn 58 + 1
Wuchan 65 + 1,2
Nanning 74 + 1,4
Changsha 79 + 1,5
Guangzhou 88 + 1,6
Fuzhou 95 + 1,7
Kunming 106 + 2

Bei jing 112 + 2,1

A number of measurements were made with a relative La Coste Romberg
gravimeter and two Chinese relative Worden gravimeters.

The results of the measurements carried out at all the stations were
recalculated by the Research Institute of Surveying and Mapping of
China. The computation work was carried out on a NP 2108 computer by
Mr. Zhang Wei Jian.

subsequently, in the period from 1983 to 1984, the vertical gradient
of g was determined again in some stations, using La Costc - Romberg
gravity meter.

New values have been obtained.

The difference between the previous values and new ones is shown in
table III.

TABLE ILI
Name of the Value of g obtained value of g obtained
stations in 1981 in 1984
Wuhan 979 348.800 979 348.796
Nanning 978 750.237 a78 750.243
Fuzhou 979 000.985 979 000.997

Kunming 978 347.980 978 347.977
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STATUS OF THE INTERNATIONAL ABSOLUTE GRAVITY BASESTATION NETWORK

G. Boedecker

The arguments communicated through circular letters, questionnaires, other
written and oral communication and particularly at the SSG meeting 1985 in
Paris were compiled and utilized as a basis for a proposal for an IAGBN station
set comprising 36 stations. For these stations crustal age, seismicity,
availability of tidal parameters, link to space geodetic sites and many other
viewpoints have been considered and it was tried to find a good compromise. It
is hoped that, after discussion and revision, the IGC will approve the
proposal.
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A REVIEW OF THE DETERMINATION OF THE GEOGRAVITATIONAL CONSTANT.
THE NEWTONIAN GRAVITATIONAL CONSTANT AND THE MASS OF THE EARTH '

C. Boucher

Theoretical models for the definition of the mass of newtonian
gravitational constant G, the mass of the Earth M, and the geogravitational
constant g = GM are discussed, in the frame of recent theories of gravitation.
Possible causes of variations are also reviewed.

Finally, the paper gives a short survey of numerical estimations of those
parameters.
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Large Scale Measurements of the Newtonian Grevitational Constant: A Summary
G.J. Tuck, F.D. Stacey, S.C. Holding, end G.I. Moore
Department of Physics, Universily of Queensland,

Brisbane, 4047. Australia.

Abstract
The most reliable kilometre-scele estimate of the Newtonian gravitational
constant G has been obtained from mines in Queensland, Australia. The value

n mskguls_z which is about 1% higher than the

is (6.72 % 0.024) x 10
laboralory value. The uncertainty is due to possible systematic errors in the
densities derived from the well known geological structure.

Preliminary results from an experiment which uses a vacuum balance to
weight the gravitational forces exerted by layers of water on 10 kg masses

suspended in evaculated tubes at different levels in a pumped-storage

hydroelectric lake are discussed.

Introduction

For several years there hus been speculation thal the inverse square law
of gravitation may be defective over & range between that of laboratory
measurements (up to about lm) and satellite and planetary scales ()106m) [1j}.
Laboratory techniques which are modern variants of the Cavendish torsion
balance experiment give a value of the Newtonian Gravitation Constant, G, of
6.6726(5) x JOM“ n3 k({_l 5—2 {2]. Although measuremenis of planetary and
satellite orbits have confirmed the iniverse square law with remarkuble
precession |{3] they do not provide an estimate of G. Only the product of G
end the mass of one of the orbiting bodies is determined. Since astronomical
calculations assure the laboratory value of G to give an estimate of masses it

follows that a 1% discrepancy between G on laboratory and planetary scales

would require a reappraisal of thesce masses.

Until we revied‘ the geophysical technique used by Airy im 1856 of
measuring gravity in mines at Mount Isa in Australia {4,5,6] there were no
reports of geophysical measurements in the range l*lOﬁm which specifically
soughl a velue of G. In facl, of those reports which compared gravimetrically
inferred densities from mine and bore-hole measurements with sample densities
[8] only two [9,10] reported discrepancies and in neither cuse wes an
explanation sought in terms of a high value of G.

The favoured form for a modificetion of Newtomn’s law of gravily {1} is
the addition of one or more Yukawa terms to the conventional gravitatioual

potential due to & point mass m at a distance r:

G m ~r/A
V(r) :—T{l+§ake k] (1)

where @ are the emplitudes of the "shorl range” componenls Lhat are
superimposed on normal graivty and Ah are the effective ranges of Lhe short
range forces. Such forces assume the interchenge of pscudo-purticles with

wavelengths A

i
)
Ay = mc
where By is the mass of the particle, h is 'é%’ h being Plank’s constant and c

is the speed of light.

Although the present theoretical viewpoint is that there is a
multiplicity of short range components most recent analysis including our own,
assumc only one non Newlonian Lerm.

Values of G oblained form meusuremenls in mines ol Mount Iss and &
hydro-electric lake have been used to estimate constraints on values of a and
A, the delails of which are reporled by Stocey ot al. [12], snd will nol be

discussed here.
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Recently evidence of another kind for a non-Newtonian force huas been
presented by Fischbach et.al. {11]. They reanalysised data of the original
experiments of Baron Roland von Eotvos and claim that it shows a statistically
significant dependence of gravity on the chemical composition of the
moterials. Although these results have been severly criticised [13] their
general conclusions, which broadly agree with those from our geophysical data,
remain. However Lhe source of the non-Newtonian force is yet to be positively
identified and new experiments (including one of our own) for determining it

are alrcady occuring.

2. Gravity Profile withi e Eart

The variation of gravity with depth in the Earth, assuming Newtonian
physics and 8 layered structure, was given by Stacey et al. [4,12]. Here we
assume an arbitrary and unknown velue of the constant G and the equations for

calculating it from the gravity profile and layer density are:

g(z) ~ glo) = U(z) -~ 4nG ¥%(2) (2)

where g(z) is the gravity at a depth =z. U(z) is a purely geometric term
representing the fact that at depth z one is nearer to the centre of mass and
also incorporates effects of rotation and ellipticity end X(2) accounts for
the the fact that the mass outside the level of measurcment does not
contribute to the measured gravity, leading to a reduction of gravity with

depth:

2 3
+302z (1 - sinzoo) (3)
xz) =Sh+22: -Gl pa
a R 2 B2 °
~%rpzdz (4)
[

Here R is the radius of the Earth’s surface at the site of measurements, ¢ is
the geocentric latitude, J2 is the inertial ellipticity coefficient, w is the
angular velocity, a and c are equatorial and poler redii and p is the density.

Initially we are concerned to know whether a departure from Newtonian
gravity is cleerly indicated so we use these equations to infer a value of G
from the measured gravity profile. ’

A discrepancy between the inferred vlaue of G and the laboratory value,
Glab' indicate such a departure. A more extensive analysis [12] is then

required to constrain the parameters a and A,

3. Results from Hilton and Mount Isa Mines

A preliminary report {56] on gravity measurements in the mive at Hilton,
about 20 km north of Mount Isa, oullined the geological structure of the area
and reported values for the densities of the major rock units. To a good
approximation the geological structure is two dimensional with layers inclined
at wsbout 76° to horizontal, striking almosi due north-south. However and
gravity measurements along a 600 m deep tunnel connecting two access shafts,
provided small corrections to the model for north-south irregularities that
were not evident in surface gravity survey data. Our method was [irst to
assume a regional average density, E, (2750 kg mwa) and Lhen to correct the
individual gravity data g(z) for the departure of densities of the rock unjts

from Lhis average (using Glab)’ Thus U(z) and X(z) arc straight forward
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analytical expressions. The corrected values of [g(x) ~ g(o)] give a value of
G # Glab by Eq.(2). A small iterative adjusiment was then made using the new
value of G applied in the corrections but the effect on the eslimate of G was
not significant.

Accuracy of the density data is crucial to the whole experiment. Over
2,300 core sample densities were used to esteblish densities of the major rock
unils and two sources of error are recognized. Firast densities of individual

bare-core samples are determined to only the nearest 10 kg m—a.

Although
variability is greater than this, extensive sampling reduced the random error
below 10 kg m—a. In the case of the rock unit with the regional average
density there were four separate cores covering the depth range 100 to 1000 m

3 of 2750

and the average density of each drill core was within 10 kg w
kg .“3- Thus the limit (10 kg uha) becomes the upper bound on the possible
error in G arising from a systematic error in density measuremeni. The second
problem arises from nonrandom sewpling in the rock unit with the
mineralization. MNowever, since the region of mineralization within this unit
was more than 600 m from the measured gravity profile even a variation in
density of 270 kg .-3’ representing an extreme assumplion, gives a very small
variation in the value of G (less than 0.2%).

Although the geological structure at Mount Ise is essentially similar to
that at Hilton, there were a number of recognized complications with both the
structure and the density pattern obtained from 12,000 bore density vualues at
Mount Isa. The analysis procedure for the Mount Isa data was the seme as that
for the Hilton data but these facltors resulted in values of G with larger
fitting errors. The results of the analysis and values of G for Mount Isa and
Hilton dota are reported elsewhere [6) and susmarized here (Tuble 1).

The values in Table 1 are consistently higher than the convenlional

laboratory estimale as arc previously reported mine, and bore-hole resulls

(8).

4. Hydro-electric lake gravity experiment

The hydro-electric pumped-storage lake, Splityard Creeh reservoir, used
for the experiment, has an area of sbout 1 k@z at a surface level about 70 m
ebove a much larger lake impounded by the Wivenhoe Dem on Lhe Brisbane River.
The smaller lake level rises and falls by ss much as 10 m in Lhe course of &
day according to the demand for electricity.

A vacuum balance which compares the weights of 10 kg wasses hanging in
evacuated tubes at different levels in the loke has been used to measurce the
gravitational sitraction of lﬂyqrﬂ of lake water up to 10 m in depth. Balence
deflectiona are measured relative to a reference plane using capacitance
micrometry. The reference plane in turn is mointained horizontal by
capacitance reference to interconnected mercury pools activeling a servoed
support leg. The balance is mounted on a 38 m electricity pylon which is
about 140 m fram the nearest shoreline and although it ias subjected Lo wind
vibration the control 8ysteh permits weighing with a sensitivily better tham 1
part in 108. During more favourable periods s signilicent improvemenl is
expected. The early result from data obtained during a few brief, relatively
favourable, periods give G = (6.668 & 0.040) x 10 '! w'kg 's™? which agrees
with recent laboratory estimates. The wmean effective distance belween
interacting masses in this experiment is 25 m, which mshes it the largest
scale measurement of G using precisely controlled masses and provides tighler
constraints on possible non-Newlonian effecls Lthan laboratory-type
weasurements in a renge previously explored by only geophysical melhods. We
expecl to soon have duta for a revised estimnte of ¢ with an  improved
uncertainty and intend Lo then publish full details. A descriplion of the
balance and detanils of its operabtion in o disturbed environmenl have been

submitted [7].
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5. Discussion

The most serious doubis aboul mine and borehole data arise from an
inadequate knowledge of demsity in the areas of the mines and boreholes where
gravily measuremente have been made and the possibility that laboratory
measured core densities systematically underestimate the ‘in situ’ densities
of rocks. We now claim to have overcome these doubts by extensive sampling in
areas where the geological structures were well known and by the fact that,
except near the surface, the porosities were too low (< 0.5%) for dilation by
the release of overburden pressure to have materially affected the densities.
The remaining doubt arises from the possibility of a regional or extensive
local bias in gravity gradient caused by deep seated mass irregularities that
have not been recognized. Measurements of the gravity gredient above ground
in a 260 m refinery chimney, surface gravity date, end a Bonguer anomaly map
of the region showed no conclusive evidence of a deep seated mass that would
explain the anomalous vertical gradient within the mine. These conclusions

are discussed in detail by Holding and Tuck [5] and Holding et al. [6].

6. Conclusions

With recenl‘attenlion being focussed on the possibility of a previously
unrecognized force in nature there is a need for new geophysical experiments
to examine the range between 50 m to several kilomelres. The need for a
marine experiment in the deep ocean as originally proposed [14}is now urgent.
Our series of mine observations were specifically undertsken to investigale
the range dependence of G and have yielded a positive non-Newtonian result
that has not been refuted. We expecl to soon have improved duta from the

hydroelectric lake experiment to give an estimate of G a scale of about Z20m.
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Table 1.

Volues of G obltained by Eq.(2): a comparison of the Hillon result
with four semi-independent values from Mount Isa. The unit is
10—11 mskg'lsnz. The fitting error is the formal atandard deviation

of a least squares fit of the data. The listed poasible systematic

errors arise from a lack of precision in the density determinatlions.

Mine GQ Fitting Brror Systematic EBrror
Hilton 6.720 + 0.002 & 0.024
Mount Isa 6.691 + 0.007
6.693 £ 0.010 + 0.089
6.729 2 0.009 0.022
6.702 + 0.007

(14}
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Michel Ogier

It is with great sadness that I take the stand today instead of my colleague
Michel Ogier. Mr. Balmino kindly suggested that we devote the time intended
for his paper to recalling the work of Michel Ogier and that this session be

dedicated to his memory.

We, the community of gravity scientists, the BRGM and all those concerned with
geophysical explordtion owe a great deal to Michel Ogier. All who knew him were
impressed by the importénce that he attached to his work of calibrating the French
gravity network with reference to absolute gravity measurements. During his last
few years, although he knew that he was suffering from an implacable disease, he

continued to maintain the very high standard of his work on gravimetry.

Born in 1945, Michel Ogier obtained a Master's degree in applied geology and in
1971 was awarded his thesis on "The thermoluminescence of the alkaline feldspars”

for his "Doctor's degree" in Tectonophysics.

In 1970 he joined the BRGM's Geophysics Department, where he was to spend
his entire career, he began with the control and interpretation of airborne
geonhysics, working for & months in Mozambique, a year in India and in the

Cameroon, Upper Volta and Gabon.

He carried out numerous geophysical assignments abroac, applied to water
exploration in Egypt, Niger and Senegal in particular, and applied to mineral
exploration in Senegal, Upper Volta, New Caledonia, Yemen and Sudan. He
then began work on what was to become his vocation - gravimetry. From 1977,
he took part in the compilation of the southern sheet of the 1:1,000,000 scale
gravity anomalies map of France; in 1978 he established an international
gravity network between France and neighbouring countries ; in 1979 he worked
at the creation of a French gravity database and in 1980 began work on integrating

European gravity data.

At the same time as making determinations of absolute gravity in collaboration
with Dr. Sakuma, Michel Ogier worked on restructuring the French gravity
network, in cooperation with the Bureau international des poids et mesures, a long
and exacting job which he brought to completion despite the onset of the disease

that was finally to bear him away.

Michel Ogier was a member of the French National Committee of Geodesy
and Geophysics and the French representative on the European gravity sub-

commission.
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DETERMINATION STATISTIQUE DU GRADIENT VERTICAL
DE LA PESANTEUR SUR LE PILIER A3
DE SEVRES (HAUTS-DE-SEINE)

par

M. OGIER et R. MILLON

86 DT 028 GPH Octobre 1986

DOCUMENT PUBLIC

Les différences constatées dans les diverses déterminalions
du gardient vertical de la pesanteur sur le pilier A3 de Stvres, nous ont
amené & faire, en 1986, une nouvelle série de mesures (350 environ) au moyen

de trois gravimetres.

Sans qu'on puisse apporter d'explication, il semble bien que
la valeur de 273 pGal/m (Sakuma, 1977) ne soit plus valable actuellement
et que pour 1986, une valeur de 288 pGal/m soit plus adaptée.

Il est proposé de normaliser les procédures de détermination

de ce gradient et d'effectuer d'autres mesures au moment des campagnes de

comparaison des gravimetres absolus 3 Skvres.

Ce rapport contient : 12 pages de texte et 3 figures.
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1. INTRODUCTION

ta connaissance du gradient vertical de la pesanteur est néces-
saire pour la réduction au sol des mesures faites par les gravimetres abso-
lus (4 1-1,2 m de hauteur).

Des 1981, une différence sensible a été constatée entre les
mesures de Sakuma de 1977 (273 uGal/m) et celles faites par 1'A.1.G..

C'est pourquoi le B.R.G.M. a été amené & effectuer en 1986 une
nouvelle série de mesures, suffisamment nombreuses (350) pour qu'un traite-

ment statistique soit applicable.
Nous rappellerons d'abord les différentes campagnes de mesures

du gradient vertical effectuées jusqu'en 1985 svant de présenter nos propres

résultats.

2. LES DIFFERENTES CAMPAGNES DE MESURE DU GRADIENT VERTICAL SUR SEVRES A3

2.1. Campagne d'octobre 1981 (A.1.G.) (tableau 1)

Des déterminations de gradient vertical ont été effectuées en
1981 par M. Becker et E. Groten (1.P.G. Darmstadt)** au cours de 1a série
de liaisons entre les quatres sites A3, A4, A5 et A6 de Sévres avec six

gravimttres Lacoste et Romberg (trois modeles D et trois modeles G).

Les résultats, sur le site A3, sont donnés dans le tableau 1

ci-aprés.

## M. Becker - £. Groten
Relative gravimeter measuremenls at the 1981 absolute gravily campaign

in Paris-Sevres. Bulletin 8.G.1. n® 52 - Juin 1983.

-7 -

TABLEAU 1

Valeur du gradient vertical moyen en 1981 sur le pilier A3 (dcnnées A.1.G.)

Instrument* WZZ (pGal/m) o Nombre de
mesures

L.R. D 14 1.A.G. 286,8 2,0 9

D 21 1.A.G. 285,0%* 0,2%= b

D 38 I1.P.G. 282,1 2,2 6

G 131 D.M.A. 288,2 0,8 11

G 253 D.M.A. 281,3 2,0 7

G 258 1.P.G. 2717,9 0,9 6

Moyenne 283,6%% 1,6%%
TOTAL 44

pondération par le nombre de mesures ; avec pondération,

la moyenne serait 284,2 pGal/m pour le gradient.

b) 11 apparait étonnant d'avoir des écarts-types aussi petits
(de 1'ordre du yGal/m) avec aussi peu de mesures pour des
gravimétres modele G ol la précision de lecture est de
10 pGal/m : si 1'on remonte les calculs pour le G 258, par
exemple, ot le ”zz moyen est 277,9 pGal/m, on trouve que
le Ag devait étre 331,5 yGal, ce qui, pour six mesures cor-
respond aux lectures suivantes : 52a .33 '

1a .34
et donc 3 un écart-type de 3,7 uCal pour Ag et 3,1 1Gal/m

pour W__ (au lieu de 0,9).

2.2. Campagne 1984 (B.R.G.M.) (tableau 2)

Une petile série de mesures a été faite en 1984 avec Lrois gravimé-
tres Lacoste et Romberg du B.R.G.M. (un modéle D et deux modeles G) toujours

sur le site A3 de Sévres.

Les résultats sont donnés sur le tableau 2 ci-apres.

x

A.G.
.P.G. : Institut fiir Physikalische Geodisie, Darmstadt. R.F.A..

LA.G. @ lnstitut fir Ancewandie Geodisie, Frankfurt. R.F.A..
.M.A. : Defence Mapping Agency, Cheyenne, U.S5.A..

1
1
D
»% Valeurs respectives de 284,6 ; 0,8 (pour D 21) 283,5 ; 0,6 (pour moyenne)

cilées dans J. Boulanger et al. : "Determinations of absolute gravity
by GABL gravimeter in Sévres. Bull. d'lnf. B.G.1. n® 52 - Juin 1983.
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FABLEAU 2

Valeurs du gradient vertical moyen en 1984
sur le pilier A3 (données B.R.G.M.)

Appareils : D 24, G 588, ¢ 742

Résultats : n = 6
Ag = 349,8 pGal
= 4,7 pGal
= 1,193 m
W = 293,2 uGal/m

2z

Remarques : Ces six

_________ mesures correspondent & deux déterminations par appareil,

soit un seul aller-retour entre trépied et sol :
est & proscrire car il n' Y 8 qu'une seule mesure par apparell S
la station haute.

Cependant, comme nous n'avons pas d'aukres mesures pour 1984,

nous donnons ces résutlats pour ce qu'ils valent
commentaire.

, Sans autre

2.3. Campagne de décembre 1985 (A.1.G.) (tableau 3)

Des déterminations de gradient vertical ont été effectudes en
décembre 1985 avec dix gravimdtres Lacoste et Remberg (3 D et 7 G), & 1'oc-

cesion d'une campagne de liaisans entre les six stations de Sevres. Les

résultats ont été publiés par M. Becker® : nous les reproduisons dans. le
tableau 3.

Remarques : a) Cette campagne est le reflet de beaucoup plus de mesures

(nombre total 125), meis elles ont été réalisées avec dix
appareils, soit une moyenne de 12,5 mesures par appareil.
Cela nous semble encore peu, surtout qu'il y a des séries
de six mesures seulement pour certains appareils.

b) Comme pour la campagne de 1981, la précision affichée nous

apparaft étonnante, surtout pour les modeles G : cependant ,
l’artjgle de M. Becker décrit davantage les procédures de

calcul d’erreur : il apparait que cette précision résulte

: cette procédure

* M. Becker : Relative gravimeler measurements at the 1985 absolute

gravily
campaign in Stvres. Bull. B.G.I. n° 57 - Déc. 1985.

L2 > B - N - S - T = I o}

-4 -

TABLEAU 3

Valeurs du gradient vertical moyen en 1985
sur le pilier A3 3 Sévres (données A.1.G.)

W Nombre de o Jity)
fnstiveent * (uGaijm) mesures {(uGal/m) (m)
8F I.E.T.U. 296,0 + 0,5 15 2,8 1
296,46 + 1,2 13
298 F 1.E.T.U. 290,0 ¢ 0,7 11 2,4 1
291,3 + 1,0 11
709 1.E.T.U. 296,8 t 1,6 13 2,3 1
297,0 £ 0,7 11
563 I.A.G. 292,1 + 0,9 8 2,6 1
21 1.A.G. 291,5 ¢ 0,5 & 1,2 0,999
54 Sugde 295,7 ¥ 1,3 6 2,8 0,819
290 Suede 303,9 ¢ 0,5 8 2,6 0,820
305 Japon 300,4 2 1,3 6 3,2 1
258 1.P.G. 299,4 + 3,3 B 3,9 1
38 F 1.P.G. 302,3 £ 1,0 9 2,8 1
Moyenne 295,3 1,2 125 (total)

1.E.T.U. : Institut fir Erdmessung Technische Universitit. Hanovre. R.F.A..

T.A.G. : Institut fiir Angewandte Geodidsie. francfort. R.F.A..

Suide : Land Survey of Sweden. Givle.

Japon : International Lalitude Observatory. Mizusawa.

1.P.G. : Institut fir Physikalische Geoddsie, lechnische Hochshule,

Darmstadt. R.[.A..
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d'un calcul de minoration de norme de matrice. Par contre,
les écarts-types dcnnés dans un autre tableau par M. Becker
sont plus élevés et sont établis par composition d'une préci-
sion théorique et d'une erreﬁr systématique et non pas comme
le résultat d'un calcul statistique sur les mesures faites

3 Sevres : c'est donc ce dernier écart-type que nous retien-
drons pour une meilleure comparaison avec nos propres résul-
tats.

c) Nous ne savans. pas exaclement comment 8 été calculée la valeur
moyenne : 295,3 uGal/m, ce n'‘est ni la moyenne des séries
(296,4), ni celle des gravimetres (296,9), ni celle pondérée
par le nombre de mesures (296,2) ; il semble que ce soit
par une procédure d'ajustemeht combinée avec une pondération

dépendant de la précision propre de chaque gravimétre.

2.4. Campagne B.R.G.M. de décembre 1985 (tableau 4)

Un rapide contréle a été réalisé en décembre 1985 toujours sur

le pilier A3 de Stvres avec deux gravimétres Lacoste et Romberg, mcdetle G.

La procédure de traitement statistique des données est exposée dans le pa-

ragraphe 2.5.1. et les résultats sont donnés dans le tableau 4 ci-dessous :

TABLEAU 4

Valeurs du gradient vertical moyen en décembre 1985
sur le pilier A3 de Stvres (données B.R.G.M.)

Instrument sz [} Nombre de h=1,193m
(uGal/m) (nGal/m) mesures
L.R. G 588 286,17 9,7 16
G 742 308 2 6
T0TAL 22

Moyenne pondérée par le

nombre de valeurs 292,5

Remarques : a) les mesures faites avec le gravimétre G 588 peuveni se décom-
poser en deux séries consécutives :
série n® 1, n = 5, sz = 301 pGal/m, ¢ = 1,8 pGal/m

série n® 2, n =11, ”zz = 200,8uGal/m, 0 = 4,7 pGal/m
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Nous n'avons pas pu établir la cause de cet écarl significa-
tif : il ne peut guere s'agir que d'un saut brusque et inex-

pliqué du coefficient du gravimélre.

b) Comme dans les précédentes campagnes, le nombre de mesures
effecutées avec chaque gravimttre est encore insuffisant.
Cependant, la concordance entre les résultats de 1985 (A.1.G.
et B.R.G.M.) est convenable (295,3 contre 292,5) et reste

dans la fourchette de précision des déterminations.

2.5. Campagnes B.R.G.M. de janvier, avril et mai 1986

Aprés cette succession de campagnes ol beaucoup de gravimétres
ont été utilisés pour faire chacun un faible nombre de mesures, nous avons
piéféré opérer avec moins de gravimetres (3) et faire davantage de mesures
(360 au total), de fagon 3 avoir des séries de mesures plus justiciables

d'un traitement statistique.

2.5.1. Procédure opératoire

~ Mesures :

Les gravimétres Lacoste et Romberg utilisés étaient le D 24
et les G 588 et 742 ; les mesures étaient faites par séries d'une quinzaine

pour chaque gravimiétre, toujours par le méme opérateur : F. DUPONT.

A la station basse, le gravimdire était posé & méme le sol,
sur le repgre du pilier. A la station haute, le gravimétre était posé sur

le trépied de hauteur 1,193 m, 3 la verticale de la station basse.

L'intervalle de temps entre chaque mesure d'une méme série était

de 4 3 5 minutes.

-~ Traitement des mesures :

. On calcule la différence brute Ac entre chaque couple de lec-

tures (haute et basse), exprimée en unité de compteur (U.C.).

. On reporte les différences sur un diagramne er fonction du

temps (Ac, t) {(voir fig. la).
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be

3n0

u.c, . p
. . /\/ Ce diagramme a l'aspect d'une dent de scie donl 1’enveloppe
// A // représente l'amplitude de 1'effel cumulé de phénomdnes comme le dérive du
B2o 7 \// gravimétre, las veristion luni-solaire, 1'effet de la varistion de pression

atmosphérique. Nous corrigeons donc ces effels en prenant les moyennes
15 janvier 1986 ; de différences consécutives, ce qui amdne b la courbe gresse de la figure
300 A TS ' 'l 1.8 : celte dernitre opération doif étre considérée comme une rcorrection

(L 1Y
/ et non comme un lissage.
340 )y

‘\
\//\\ '///”//// . ta présentation sous forme de diagramme (Ac, t) permet de juger

\J// visuellement de la qualité des résultals : on voil ainsi que les résultals
du matin du 17 janvier }986 sont excellents, alors que ceux de la veille

8320

au soir sont beaucoup plus dispersés. On voit mieux aussi quelles sont les
16 janvier 1986

mesures abesrrentes & éliminer.
300 v v
ARY. L 1N

340 " . On calcule ensuite, série par série, les moyennes et écarts-

types, que 1'on convertit alors en gradient vertical.

2.5.2. Déterminations avec le Lacoste et Romberg D 24

~>3230

17 janvier 1986 En janvier et mai 1986, nous avons réalisé avec cel appareil
anvierxy

300 i . . —

123 mesures réparties en huil séries équilibrées {mis b part la premidre).

4h v Les rédsultats sont présentés sur le tebleau 5 et sur la figure 1.

TABLEAU 5
//r~ B A S

Déterminations du gradient vertical moyen en janvier et mai 1986
avec le L.R. D 24 sur le pilier A3 de Stvres {(donndes B.R.G.M.)

Nombre de _
Date mesures Ag o L o h=1,193m

22
: y.c. U.C. pGal/m uGal/m 1 U.C. D 24 =
7 mal 1986 1,03347 pEal
| s 14/) a.m. 5 325,7 2 282,2 1,8

15/1 mat. 15 326,6 6,8 282,9 5,9 {1 valeur éliminée)
SEVRES Pilier A3 " a.m. ) 17 328,3 6,2 284,4 5,4

s, 139

Ae a .
3404 v-¢ Détermination du gradient vertical. 16/1 mat. 16 326,5 3,3 282,9 4,6

Diagramme des différences de lecture a.m. 16 328,6 6 284,7 5,2 {1 valeur éliminge)
en fonction du temps. 17/1 mat. 17 327,1 2,6 283,4 2,2

a.m. 17 326,5 4,4 282,8 3,8
7/5 mat. 20 : 332,717 3,4 288,2 2,9

320 Gravimétrie

LR D24 Fig. 1
14 janvier 1986 107AL 123

Moyenne  328,1 95,5 284,3 4,7

0 +
464, ih




gl

On remarquere 1'excellente précision oblenue avec la série du
matin du 17/1/86 (écart-type de 2 pGal/m) : la moyenne de cetle Bérie est
toutefois trés proche (& moins de ) pGal/m prés) de la moyenne générale.

Sur les 123 mesures, deux seulement ont été jugées sberrantes
et n'ont pas été prises en compte dans les calculs statistiques.

2.5.3. Déterminations avec le Lacoste et flomberg G 588

En jonvier, avril et mai 1986 nous avons effectué huit séries
totalisant 126 mesures avec le G 588. Les résultate sont présentés sur le
tableau 6 ci-dessous.

TABLEAU 6

Détermination du gradient vertical moyen en jenvier et mai 1986
avec le L.R. G 586 sur le pilier A3 de Stvres (données B.R.G.H.)

Date Nombre de Ac a sz [+] h=1,193m
mesures } U.c. G588 =
u.c. U.c. pGal/e uGal/m 10,1509 Cal
14/} a.m. 8 33,1 0,9 281,9 7,9
15/1 mat. 15 34,1 0,4 289,9 3,6
a.m. 16 33,7 0,6 286,9 5
16/1 mst. 15 34,2 0,5 291,3 ]
a.m. 16 34,3 0,4 292,2 3,3
17/1 mat. 16 33,6 0,5 286,13 4,6
a.m. 15 34,5 0,46 293,8 3,6
/5 mat. 25 33,9 0,6 288,1 4,9
TOTAL 126 Hoyenne 289 6,2

2.5.4. Déterminations svec le Lacoste et Romberg G 742

En janvier 1986, nous avons effectué sept séries totalisant
101 mesures avec le G 742. Les résultats sont présentés sur le tableau 7

ci-aprés.
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1ABLEAU 7

Détermination du gradient vertical moyen er janvier 1986
avec le L.R. 6 742 sur le pilier A3 de Stvres (données B.R.G.M.)

Date

14/1 a.m.
15/1 mat.
a.m.
16/1 mat.
a.m.
17/} mat.

8.0,

TOTAL

Nombre de Ac
mesures

u.c.
7 33,6
15 34,4
16 33,7
15 33,9
16 34,4
16 34,6
16 34,5
101

o ]

o

h=1,193m

2z
u.c. uGal/m p€al/m 1 U.C. G 742 =
10,2072 p6al

0,35 287,8

0,5 294,6 4

8,6 288,5

0,75  290,3 6,4
0,86  294,) 1,3
0,86  294,1 1,3
0,9 295,2 7,7

Hoyenne 293,

3 7,6

2.5.5. Comparaison des derniers résullats (données B.R.G.H.)

TABLEAY 8

Dates Moyenne par

. Décembre 1985 | Janvier 1986 | Avril-Mai 1986 14 P

ppareils appareil
D 24 203,5 + 4,6 | 288,2 * 2,9 86,3 t 6,7

(103) (20) (123)
G 588 286,7 + 9,7 289,3 * 5,7 288,1 ¢ 4,9 288,9 ¢ 6,2

(16) (101) (25) (142)
G 742 308 ¢ 2 292,5 t 6,3 293,3 ¢ 7,6

(6) (101) {102)
Hoz::Z: par 292,5 (22) 288,4 (305) 288,1 (45) 288,6 (372}

Moyenne et écarts-types donnés en pGal/m

( ) nombre de mesures.

Pour chaque appareil, le nowbre de mesures est compris dans une

fourchette de 100 3 150 : on remarque cependant que les moyennes piésentent

des différences qui sont du méme ordre que les écarts-lypes. 1} ne semble

pes que le ccefficient des gravimeires doive étre mis en cause.
.
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2.6. Comparaison de toules Jes délerminolions de gradient verlical

dons le lemps pour le pilier A3 de Stures

JABLEAY 9

W, (pCal/m) Ecart-  Nombre de Nombre de

type gravimiétres MmEsUres

Oct. 1977 Sakuma 273 3

1961 A.1.G. 283,6 £ 1,6 [ 44

1984 B8.0.6.4. 293,2 3 6

1985 A.L.G. 295,3 ¢ 1,2 2,7 10 125
Déc. 1985 B.B.GC.M. 292,5 8,3 2 22
Jan. 1986 B.R.G.M. 288,4 5,2 3 305
Avril-
Mai 1986 B8.R.G.H. 288,1 4,1 2 45

Nous avons représenté, sur la figure 2, les différentes séries
de mesures en fonction du temps depuis 1981, les écarts-types sont Figurés
sous forme de barrettes.

His & part une petite série de six valeurs pour le G 742 de
décembre 1985, toutes les autres eéries spporaissent normalement groupdes,

eu égard sux dcarts-types représentds.

Si 1'on excepte la valeur enormalement basse Lrouvée par Sakume
en 1977 (273 pGal/m), i} est difficile de vouloir trowver une variation
significative du gradient vertical sur le pilier A3 de Stvres dans la der-
nigre décennie.

3. LES DETERMINAVIONS DU GRADIENT VERTICAL SUR LE PILIER D°ORLEANS

I} est intéressant de comparer les mesures de gradient vertical
faites en 1981 et 1986 sur le pilier du B.R.G.M. & Orléans. En 1986, trois

séries de mesures ont été failes avec chaque appareil.
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Détermination du gradient vertical.

Diagramme des différences de lecture
en fonction du temps.

Gravimétrie
LR D24 E‘ig. 3

" Ve
29 avril 1986
"y Bt st Y
300
5 mal 1986
ah O;L
s
Ns
Ui
ORLEANS Pilier B.R.G.M.
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TABLEAU 10
Détermination du gradient vertical & Orléans

. Nombre de
Date Appareil mesures sz o
(uGal/m)  (pGal/m)
1981 D 24 37 272 1,7
1986 D 24 58 269,4 4,2
G 588 57 2713,3 3,6

Les séries de mesures pour le D 24 sont représentées, sur la fi-
gure 3, de la mdme manidre que pour Stwres : 8c en fonction du temps : on
voit que ls série du 5 mai 1986 est trés régulidre (1'écart-type correspon-
dant n'est que de 3,2 pGal/m). ’

On ne note pas de différence significative entre les valeurs de
1981 et celles de 1986.

CONCLUSION ET RECOMMANDATIONS

La valeur du gradient vertical sur le pilier A3 de Stvres a été
déterminde & plusieurs époques depuis 1981, avec des gravimetres Lacoste
et Romberg variés et par plusieurs organismes, plus de 500 mesures ont été
faites.

11 semble bien que la valeur déterminée en 1977 par Sakuma
(273 pGal/m) ne soit plus adaptée & la situation actuelle : en 1986, le
gradient doit efre proche de 288 pGal/m.

Il serait intéressant de continucr & faire périodiquement de telles
mesures pour surveiller 1'évelution de ce gradient el notarmenl au moment
des campagnes de détermination de gravité absolue. 11 serait Loutefois ju-
dicieux de normaliser les procédures de traitement des mesures afin que
les résultats des différentes équipes puissent élre comparés avec piofit.
11 faudrail aussi effectuer des séries de mesures assez longues, une centaine

de mesures serait une quantité convenable.
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Nous recommandons d'opérer plut6t avec des grauimél}es Lacoste
et Romberg, modzle D, qui ont une précision de lecture de 1 pGal/m. L'uti-
lisation du modtle G est possible, mais la précision de lecture n'est que
de 10 pGal et le traitement statistique qui suit les mesures est probable-

ment faussé.
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ABSTRACT:

Gravity measurements have been carrled out in 1985 and 1986 at BIPH
Savres on and between stations Al, A3, A4, A5, A6 and A7 with three
LaCoste-Romberg gravity meters, equipped with electrostatic feedback
system SRU.  Additionally, the fine structure of the gravity field has
been investigated at station A3.

1. Introduction

In 1981 and 1985, a comparison of different absolute gravity meters has
been carried out at Bureau International de Poids et HMesures (BIPH),
Sévres (BOULANGER et al. 1983, BOULANGER et al. 1986). The
observations were performed on stations Al...A6 in 1981 and Al...A7 in
1985, located in the same laboratory building (Fig. 1.1). During both
campaigns, relative gravity observations have been carried out by a
number of different institutions in order to center the absolute
gravity observations to station Al (BECKER and GROTEN 1983, BECKER
1985). WUhereas six LaCoste-Romberg gravity meters have been used in
1981, fourteen LaCoste-Romberg instruments were employed in 1985. With
three of these instruments, measurements were repeated on five stations
in course of measurements with the JILAG-3 absolute gravimeter of
Institut fir Erdmessung (IFE) at BIPH in 1986. The overall ohservation
conditions for relative gravity measurements at BIPH are considerably
good (maximum distance between statlons 50 m, maximum gravity
difference 660 microgal, stable environmental conditions), and the
obtalned precision 1is in the order of 1 microgal. But comparing the
1981 and 1985 results (Table 1.1 and 1.2), the gravity gradients differ
by up to 12 microgal/meter and the gravity differences between the
stations by up to 9 microgal.

Fig. 1.1: Gravity Stations at BIPM Main Laboratory Bullding

Station Gradient 1981 Gradient 1985 Discrepancy
[microgal/m} [microgal/m] {microgal/m]
Al not observed 311.8 % 0.6
A3 283.6 1.6 295.3 % 1.2 + 11.7
AL 253.5 % 1.3 255.3 + 1.0 + 1.8
A3 250.8 + 1.1 252.4 % 0.7 + 1.6
A6 251.8 £ 1.2 258.9 £ 0.9 + 7.1
A7 not observed 259.0 % 0.5

Table 1.1: Comparison of Gravity Gradients from 1981 and 1985 Campaigns
1981 results are taken from BECKER and GROTEN 1983, Table 2
1985 results ar. taken from BECKER 1985, Table 3.7



81

Stations Difference 1981 Difference 1985 Discrepancy

{microgal} faicrogal} {microgal}
A3-AL -79.6 1.5 -70.5 £ 0.5 + 9.1
Ab4-Al 577.8 1.4 583.8 £ 0.5 + 6.0
AS5-A1 579.6 *+ 1.2 578.5 %1 0.4 - 1.1
A6-Al 606.8 * 1.4 609.4 * 0.5 + 2.6
A7-AL not observed 659.8 * 0.5

Table 1.2: Comparison of Gravity Differences from 1981 and 1985 Campaigns

1981 results are taken from BECKER and GROTEN 1983, Table 4
1985 results axe taken from BECKER 1985, Table 4.1

Some morxe values for the gravity difference between stations Al and A3
and for the vertical gravity gradient on AJ are listed in Table 1.3 and
1.4, as they have been found in the literature. Discrepancies between
the different results are even larger than those computed £from the
measurements in 1981 and 1985.

Epoche Value Source
' [microgall
1976 -90.1 £ ? CANNIZZO et al. 1978
1977 -90.6 + 0.6 BECKER and GROTEN 1983 (Marson)
1978 -91.0 7 BECKER and GROTEN 1983 (Poitevin)
1981 -79.6 * 1.5 BECKER and GROTEN 1983 (excentric on A3)
1985 -70.7 + 0.4 BECKER 1985

Table 1.3: Gravity difference between stations Al and A3

Epoche Value Source
[microgal/m}
1977 273 3 CANNIZZO et al. 1978
1980 273 +? OGIER 1986 (Sakuma)
1981 283.6 + 1.6 BECKER and GROTEN 1983 (excentric)
1984 274.8 * 1.9 OGIER 1986
1985 295.3 + 1.2 BECKER 1985
1985 296.9 * 4.6 OGIER 1986

Table 1.4: Vertical gravity gradient at station A}

There might exist four reasons for the discrepancies:
1.) The results are affected by severe errors in the evaluations.

In order to check this item, we have completely re-evaluated the 1985
observations using a quite different method (adjustment of gravity
differences instead of gravity readings). For the results of single
instruments, we found discrepancies in the order of 3 microgal, but the
average results agree better than one microgal.

2.) The results suffer from excentric wmeasurements. In 1981 the
observations have been carried out only at Al on the station
center, whereas the other stations have been observed excentric
with horizontal distances of up to 0.8 m to the station centers
(BECKER and GROTEN 1983). This problem is discussed in chapter 3.

3.) The results suffer from systematic errors of the instruments, even
though observations from a large number of different Instruments
have been used. More about that in chapter 4.

4.:) The gravity field changed due to the construction of a new
laboratory building between 1981 and 1985 about 10 m apart from
station Al. See chapter 5.

2. Observations by IFE in 1985 and 1986

The gravity observations of 1IFE at BIPM have been carried out with
gravity meters LaCoste-Romberg model D No.8, model G No.298 and model G
No.709. The instruments are equipped with electronic feedback systems
type SRW (SCHNULL et al. 1984, RODER et al. 1985) and were calibrated
in the gravity meter calibration system Hannover immediately before and
after the observation campaigns. Consequently, the IFE gravity
observations are not affected by perlodic screw errors of the
instruments, and the calibration accuracy is estimated to be better
than 0.1 %, which means less than 1 microgal error for both the
gradients and the gravity differences at BIPH.

In 1985, gravity observations have been carried out by IFE on and
between stations Al, A3, A4, A5, A6, and A7 in the framework of the SSG
3.85 relative campalgn at BIPM (BECKER 1985). The observations were
partly restricted because of the observation scheme fixed by §SG 3.85
and the fact, that 14 instruments were running cver 6 stations; the
reading of SRW feedback instruments needs less time than the reading of
conventional instruments, and therefore we could obtain much more
observations than planned in the observation scheme. In 1986, there
were no restrictions to the observation scheme, but unfortunately we
could not access station Al.

For the determination of gravity gradients, observation sets were
performed, consisting of 10 gravity differences each. The gravity
meters were read on the station center and on a tripod, which was
installed exactly 1 m above the station. In some cases, sets were
repeated. For the determination of gravity differences between the
stations, micro gravity networks have been observed (Fig. 2.1 and 2.2).
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Fig.2.1: Micro Net 1985 Fig. 2.2: Micro Net 1986

3. vat

The gravity field in bulldings 1s characterized by anormal horizontal
and vertical gravity pgradients, due to the complicated wmass
distribution, The large discrepancies between several determinations
for the gravity difference between stations Al and A3 and the vertical
gravity gradient on A3 (Table 1.3 and 1.4) gave rise to perform some
numerical studies on the fine structure of the gravity field at station
A3, The geometric situation around A3 is shown schematically in Fig.
3.1. Station A3 is located close to ons end of concrete pillar ‘A’
(size 310 m* 1.35 m * 2.90 @), on vwhich a sugpended table
(1.22 m * 2.13 m * 0.34 m) made from granite is placed. Near pillar
'A' pillars 'B’ and 'C’ with similar dimensions are located.

Fig. 3.1: Geometric Situation at Station A3

Taking the geometric dimensions of the pilllars and a material density
of 2.5 pg/co**3 for concrete resp. 2.8 g/em**3 for granlte, we have
computed the gravity effect of these masses on A3 and Aldex, The result
is +4.2 microgal (A3 minus A3ex). For the gravity gradients on A3 and
Adex, the difference Is 10.0 microgal/meter (the absolute value of the
gradient is smaller on A3ex).

The estimation of gravity attraction effects from numerical computation
may be uncertain, because the model is Incomplete and the material
densitles are not known exactly. To werify the computations, the
gravity differences between A3, Alex and the two statlons 1 m above
them have been measured with an accuracy better than 2 microgal (see
Appendix A and Fig. 3.2). The difference between the vertical
gradients agrees perfectly with the numerical computation, and the
difference between A3 and Alex agrees within 3 microgal. - The gravity
gradients measured in 1981 and 1985 are also in excellent apgreement
(Table 3.1).

[oZt 66 O im elevation

284.3 2968
Adex A3 Fig. 3.2: Observed Gravity Differences
7 Orrrr77 10 5o rrr Oy in microgal at Pillar °A’

In order to investigate the fine atructure of the gravitcy field around
A3, we have established a small network on plllar ’A' consisting of 9
stations, one of them being A3ex. Gravity values were determined for
these stations with respect to the center A3 with an accuracy better
than 2 microgal. The waximum gravity difference is -14.5 microgal
(Fig. 3.3). The non-linearity of the gravity field in vertical
direction on station A3 has been investigated by observing at 0.0 m,
0.6 m, 0.6 m, 0.8m, 1.0m and 1.2 m elevation. The non-linearity
between 0.0 m and 1.2 m is 3 microgal at maximum (Fig. 3.4).

777V
/] colcaeTe
PILLAR
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Fig. 3.3: Gravity Values in
microgal at Pillar

‘A’ with Respect

to Station A3
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Fig. 3.4: Non-linearity of the Gravity in Vertical Direction on A3;
(-294.8 microgal/m Subtracted from the Observations)

The gravity gradient on station A6ex was also reobserved in 1986, the
result agrees within 3 microgal to the value obtained in 1981 (Table
1.

Station 1981 IFE 1986 Discrepancy
{microgal/m) [microgal/m}) {microgal/m]

Alex 283.6 £ 1.6 284.3 £ 1.5 +0.7 %22
Abex 251.8 £ 1.2 254.8 £ 1.9 +3.0%2.2

Table 3.1: Comparison of Gravity Gradients

4. Influence of Systematic Errors of the Instrumentg

When comparing the results of the 1981 and 1985 campaligns in more
detatl, one can find discrepancies between single instruments of at
maximum 10 resp. 15 microgal/m for the gravity gradients and up to 11
resp. 13 microgal for the gravity differences (BECKER and GROTEN 1983,
BECKER 1985). Possible sources for these discrepancies are imperfect
calibration (periodic errors produced by the screw and gears) and
magnetic fleld effects. For the 1981 campaign, three of six
instruments have not been corrected for periodic errors, and for the
1985 campaign, no corrections for periodic errors were applied to five
of fourteen instruments. Although the observed gravity differences are
small, the influence of the periodic errors can reach 5 microgal. Even
for well calibrated instruments, there might exist residual errors not
compensated by the used evaluation models in the order of two microgal
(e.g. RODER et al. 1985). For gravity meters equipped with
electrostatic feedback systems, there exist no periodic errors and the
remaining calibration errors are normally less than 1 -micregal for
gravity differences less than 1 mgal. Comparing the results of the
three SRW feedback instruments used in the 1985 campaign, we find

maximum discrepanices of 8 microgal/m for the éravlcy gradients and 4
microgal for the gravity differences (both occuring at statlon A3). The
results of a reobservation of gravity gradients and differences with

these three instruments in 1986 are given in Appendix A and B. For a
comparison with the 1985 results see Table 4.1 and 4.2, The
discrepancies between our average values obtained in 1985 and 1986 are
with one exception less than 2 mlcrogal. The average results of both

campaligns agree well with those given in BECKER 1985, which are
computed from the measurements of 10 gravity meters (Table 1.1 and
1.2).

Station IFE 1985 IFE 1986 Discrepancy
{microgal/m] [microgal/m] [microgal/m]

Al 312.3 £ 0.7 not observed
A3 294.8 £ 1.3 296.8 £ 1.2 0.0 1.8
AL 254.6 £ 0.9 254.9 1.4 +0.3 1.7
AS 253.2 £ 1.2 249.0 £ 1.3 -4.2%+1.8
A6 258.2 £ 0.7 258.7 + 1.9 +0.5%2.0
A7 258.2 £ 0.6 256.4 + 0.9 -1.8%1.1

Table 4.1: Comparison of Gravity Gradients Observed with D-8F, G-298F,

and G-709F

Stations IFE 1985 IFE 1986 Discrepancy
{microgall] {microgal] [microgal]
A3-Al -68.6 + 0.7 -68.2 + 0.6 +0.4£1.0
A4-Al 583.1 + 0.8 583.4 + 0.6 +0.3%1.0

A5-AL 578.3 £ 0.7 578.3%
A6-AlL 610.3 + 0.8 610.3 + 0.6 0.0 x 1.0
A7-A1 659.0 £ 0.8 660.7 + 0.6 +1.7%1.0

Table 4.2: Comparison of Micro Gravity Networks Observed with D-8F,
G-298F, and G-709F

*: constraint to 578.3 microgal because Al could not be
observed in 1986
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For the discrepancies between our instruments, we suppose the anormal

magnetic field to be the major error source. In our laboratory in
Hannover, we have observed the effects givemn in Fig. 4.1, when
rotating the instruments on an amagnetic table. There can clearly be

seen varlations in the readings with amplitudes between 3 and 5
microgal. Therefore, we have measured the magnetic field on station A3
at BIPM with a RFL Industries model 101 magnetometer. The accuracy is

estimated to be about 2 microtesla. The vertical component of the
magnetic field was found to be 29 microtesla at station A3 and 38
microtesla 1@m above; for the horizontal component we got 14

microtesla at station A3 and the same value 1 m above. For the gravity
meter G-298F, the magnetic influence is lknown to be 0.19
microgal/microtesla for the vertical component and 0.1
microgal/microtesla for the horizontal components. These results
confirm, that the magnetic field at BIPM varies considerably over short
distances and that magnetic effects have to be taken into account for
high precision gravity observatlions in buildings.
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Fig. 4.1: Variation of the Gravimeter Readings in Different Azimuths
at Station Hannover 101

Between 1981 and 1985, a new labovatory building has been constructed
at BIPH (SAKUMA 1986). Considering a model of this bullding, as
extracted from the contruction plans, and a rough estimation of the
material densitles, the gravity changes due to the bullding have been
computed for the gravity stations and are given in Table 5.1. The
construction of the building cannot at all affect the gravity gradients
on the stations and the gravity values on stations A3, A5, A6 and A7.
But the gravity wvalue on station Al should have been decreased
significantly by about 18 wmicrogal. Converting the 1985 gravicy
difference A3 - Al with the 1986 gravity difference Adex - A3 (gees
Table 5.2), the expected gravity change at station Al cannot be found.

Al Al Ab A5 A6 AT

-18 0 -1 0 0 0

Table 5.1: Computed Gravity Changes in microgal Due to the
Construction of a New Laboratory Building at BIPH

1981 1985 + 1986 Discrepancy
{microgal] [microgal] {microgal]
Adex - Al -79.6 £ 1.5 -77.5 £ 1.0 2.1+ 1.8

Table 5.2: Comparison of Gravity Difference A3ex - Al

6. Conlusions
The investigations in 1985 and 1986 at BIPM have shown that

- by averaging the results of 6 or more conventional LCR pgravity
meters, an accuray of 1 ... 2 microgal can be achieved for small
gravity differences under good environmental conditions; the same
accuracy can be achieved by wmeans of two or three SRW feedback
instruments in less time,

- no significant variation of the gravity differences occured at BIPM
between 1985 and 1986,

- excentric gravity observations in buildings can cause errors up to
10 microgal, and must be avoided, ’

- magnetic flelds in bulldings vary strongly and can cause errors up
to several microgal in observations with LaCoste-Romberg gravity
meters.



APPENDIX A: Observed Gravity Gradients at BIPM

Acknowledgements n - number of cbserved gravity differences
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standard deviation of the average of n observations in
microgal/meter

Station Instr. Date n Br s s
Al D-8F 05.07.85 10 312.5 1.2 0.4
Al G-298F 04.07.85 12 3131.5 3.9 1.1
Al G-709F 05.07.85 10 311.0 2.0 0.6
Al average 1985: 32 312.3 0.7
A3 D-8F 26.06.85 13 295.9 1.7 0.5
A3 D-8F 05.07.85 11 296.7 2.8 0.8
A3 G-298F 04.07.85 10 2%90.0 1.8 0.6
A3 G-298F 05.07.85 10 291.3 2.5 0.7
A3 G-709F 01.07.85 11 297.7 2.2 0.6
A3 G-709F 05.07.85 16 296.9 2.0 0.6

average 1985: 65 294.8 1.3
A3 D-B8F 07.06.86 10 293.5 3.5 1.1
A3 G-298F 09.06.86 10 293.7 4.2 1.3
A3 G-709F 07.06.86 10 297.2 3.1 0.9
A3 average 1986: 30 294.8 1.2
Ab D-8F 05.07.85 11 257.3 3.1 0.9
Ab D-8F 05.07.85 10 254.3 4.5 1.3
AL G-298F  04.07.85 10 254.9 3.1 0.9
Ab G-709F 05.07.85 12 251.7 4.1 1.1
ab G-709F 05.07.85 10 254.9 2.1 0.6
AL average 1985: 53  254.6 0.9
Al D-8F 06.06.86 10 252.0 2.5 0.8
Ab G-298F 06.06.86 10 256.4 2.8. 0.9
Ab G-709F 06.06.86 ‘10 256.3 2.1 0.6
AL average 1986: 30 254.9 1.4
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A5 D-8F 05.07.85 11 251.7 1.4 0.4
AS G-298F  04.07.85 10 256.3 2.0 0.6
A5 G-298F 05.07.85 10 253.5 3.0 0.9
A5 G-709F 05.07.85 10 251.2 1.3 0.4
A5 average 1985: 41 253.2 1.2
AS D-8F 06.06.86 10 247.8 2.7 0.8
A5 D-8F 10.06.86 11 245.9 3.5 1.0
A5 G-298F 06.06.86 10 251.8 3.0 0.9
AS G-709F 06.06.86 10 250.6 1.5 0.5
AS average 1986: 41 249.0 1.3
A6 D-8F 04.07.85 12 260.3 2.4 0.7
A6 D-8F 05.07.85 10 257.4 3.0 0.9
Ab G-298F 04.07.85 10 257.4 2.6 0.8
Ab G-709F 05.07.85 10 257.5 1.3 0.4
A6 average 1985: 42 258.2 0.7
A6 D-8F 06.06.86 10 255.9 2.2 0.7
A6 G-298F 06.06.86 10 262.3 4.6 1.3
A6 G-709F 06.06.86 10 257.8 2.4 0.7
A6 average 1986: 30 258.7 1.9
A7 D-8F 01.07.85 10 260.1 1.9 0.6
A7 D-8F 05.07.85 10 257.8 2.0 0.6
A7 G-298F 04.07.85 11 256.2 2.8 0.8
A7 G-709F  01.07.85 10 258.8 1.8 0.5
a7 G-709F 05.07.85 9 258.1 2.8 0.9
A7 average 1985: 50 258.2 0.

A7 D-8F 09.06.86 10 258.1 1.4 0.4
A7 G-298F 09.06.86 10 255.2 3.8 1.1
A7 G-709F 09.06.86 10 255.9 2.6 0.8
A7 average 1986: 30 256.4 0.9
Adex D-8F 09.06.86 10 282.3 1.6 0.5
Adex G-298F 09.06.86 10 283.2 3.3 1.0
Adex G-709F 09.06.86 10 287.3 2.8 0.8
Adex average 1986: 30 284.3 1.5
Abex D-8F 13.06.86 10 251.5 1.5 0.5
Abex G-298F 13.06.86 9 258.2 1.8 0.6
Abex G-709F  13.06.86 10 254.6 1.6 0.5
Abex average 1986: 29 254.8 1.9

APPENDIX B: Obsexved Micre Gravity Networks at BIPM

s = standard deviation of one observation in microgal

n = number of observed gravity differences
Instr. Epoch A3-AL Ab-AL AD-AL A6-AL AT7-A1 s n
D-8F 1985 -67.0%1.4 582.1%2.0 578.4%1.5 610.3%1.7 659.5%1.7 %6.0 75
G-298F 1985 -71.7%1.1 585.2%1.5 580.0%1.2 610.7%1.6 659.8%1.3 £5.3 76
G-709F 1985 -67.330.8 582.4%0.8 577.240.8 610.330.9 658.240.8 3.4 90
common adjustment 1985:

1985 -68.6%0.7 583.1+0.8 578.3%0.7 610.3%0.8 659.0%0.8 241
D-8F 1986 -67.5¢1.0 583.3%1.0 578.3% 611.2%1.1 662.9%1.1 4.1 60
G-298F 1986 -70.530.9 582.7%0.9 578.3% 608.130.9 657.420.9 3.7 63
G-709F 1986 -66.4%0.9 584.010.9 578.3% 611.7%0.9 661.8:0.9 3.6 63
common adjustment 1986:

1986 -68.220.6 583.4%0.6 578.3% 610.3120.6 660.7120.6 186
% : constraint to 578.3 because Al could not be observed in 1986
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OBSERVATIONS WITH A FULLY-DAMPED LCR G-GRAVIMETER

The 12th Meeting of the International Gravity Commission,
Toulouse, France, September 23-26, 1986.

by

Aimo Kiviniemi

Finnish Geodetic Institute

Abstract

Observation methods with a fully-damped LCR G-gravimeters are studied. Test
measurements were carried out at the calibration lines, 66 and 1 mgal. The

gravity survey was carried out on the heaving ice of the Bothnian Sea.
1. Introduction

Gravity measurements should preferably be carvied out on firm base. In certain
cases it 1is necessary to measure on a soft or heaving base, as e.g. on the
bottom of the sea or on the ice of the sea or a lake. For such measurements
LaCoste and Romberg Inc. has manufactured their models H and W which have very
high damping, U. S. Patent 2,977,799. Model G can also be equipped with simi-
lar damping equipment. This equipment is desribed in a prospectus of LaCoste
and Romberg Inc., the LaCoste and Romberg Underwater Gravity Meters, as
follows:

"The gravity meter is adjusted for an almost infinite sensitivity in addition
to having the high damping previously mentioned. With infinite sensitivity,
the moving system will stay wherever it happens to be if the spring tension is
adjusted to balance gravity. It behaves like a sphere on a flate plate when
the plate is horizontal. If the spring tension does not guite balance gravity,
then the speed at which the moving element moves through the damping medium is
proportional to the difference between the spring tension and gravity. Gravity

is therefore measured by the speed of the moving element.”

A recorder is recommended for measurement of the speed. Sufficient accuracy
can also be obtained by an optical method, observing the speed of the moving

element in the eyepiece.

The Finnish Geodetic Institute, National Land Survey of Sweden and Geological
Land Survey of Sweden carried out gravity measurements as a joint project on
the ice of the Bothnian Sea during the winter seasons of 1985 and 1986. LCR
G-gravimeters with full-damping were used. Observations have been made with a
recorder and using the optical method. This paper only deals with observations

made with the optical method.

2. Observation method

As the manufacturer has not published any detailed descriptions of the mech-
anism of the damping system, the paper does not include theovetical study. It
is expected that the moving element would move according to an exponential
function., However, first experiments showed that the speed is proportional to

the spring tension as shown in Fig. 1.

The gravimeter reading can be taken as follows: The damped gravimeter is
equipped with an electrostatic beam positioner. With this beam positioner it
is possible to change the spring tension temporarily by about 75 mgal., or to
move the crosshair in the eyepiece upscale or downscale /LACOSTE AND ROMBERG
INC./. By following the wmovement of the crosshair in the eyepiece the dial
reading is determined so that it is 1-3 mgal too high, whereat the crosshair
moves upscale. Then the time interval needed for the crossing of two lines in
the eyepiece is measured with a stop watch. Then the dial is turned until the
dial reading is symmetrically 1-3 mgal too low, whereat the crosshair moves
downscale. The speed is observed as above. The real gravimeter reading is the
weighted mean of the dial readings, when the time intervals observed are the
weights respectively.
¢

In Table 1 Hi =2 -ARi. where ARi is a spring tension causing the movement of

the crosshair. The gravimeter readings are Ro + ARi and Ro - ARi' where Ro is
the real gravimeter reading. T] and T2 are time intervals needed for crossing
of the two lines in the eyepiece upscale and downscale. T]»v T2. Hi‘Hi - H

T4n®
Hi are real gravimeter readings after tidal correction.
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P R LT BT P PR
RY s s 5388 5388 5388
2.0 35.6 37.4 042 042 042
2.2 33.3 33.6 063 047 057
2.4 30.4 30.5 066 053 054
2.6 27.6 28.0 060 055 045
2.8 25.8 26.4 053 046 048
3.0 23.8 24.1 061 059 o
3.2 22.4 22.9 052 050 043
3.4 21.3 21.7 054 047 049
3.6 20.5 20.2 084 055 060
3.8 19.2 19.7 047 036 053
4.0 18.0 18.1 067 058 044
4,2 17.7 11.6 078 044 066
4,4 16.5 16.8 052 044 050
4.6 15.5 15.6 066 064 037
Mean 060.4 050.0 049.2
Standard error of
an observation +11.6 7.7 +8.1

Table 1. The gravimeter readings when different speeds of the crosshair are

used.

On the basis of Table 1 we see that the dial readings do not have to be sym-
metrical within Ro' or the real gravimeter reading can be obtained using e.g.
gravimeter readings RO + ARi+n and R0 - ARi+m' when the time intervals are

observed.
7
s
]’ T« 233202
H
(1]
§o
B0
Jl’
S
fe £ 3.6 Rue~ m;“

Fig. 1. Differences between the gravimeter readings (H) producing equal time

intervals (T) upscale and downscale.

3. Testing the accuracy of the observation method

The observation method was tested with an LCR G-gravimeter No 600. The first
test was made against the Vihti Calibration Line /KIVINIEMI 1962/ performing
five single measurements on July 7, 1986, and the following gravity difference
was obtained:

With fully-damped gravimeter 66.065 + 0.0029 mgal

With two non-damped gravimeters 66.059 »

On the basis of Table 1 the spring tension, %Hi. does not have te be symmetri-
cal upscale and downscale. This allows the measurements of smali gravity dif-
ferences without periodic errors, when the dial readings are the same at every
station, and only the time intervals, T, are measured. This method was tested
against a calibration line of 1 mgal on July 10, 1986, and the following
results were obtained:
Gravity differences, ugal

With fully-damped gravimeter 215.7 439.6 640.0 850.7 1047.8

With two non-damped gravimeters 216.4 431.4 643.0 847.8 1036.4

Difference -0.7 +8.2 -3.0 +2.9 +11.4

The standard error of gravity difference is 5.1 ugal computed on the basis of

two double measurement series.

4. Measurements on the ice of the Bothnian Sea

A gravity survey was carried out on the ice of the Bothnian Sea during the
winter seasons of 1985 and 1986. In 1985 Mr. J. MAKINEN, Finnish Geodetic
Institute, and Mr. B. WALLBERG, Geological Survey of Sweden, carried out
measurements on the southern part of the Bothnian Sea. They measured 335 new
station with a fully-damped LCR G-gravimeter No 600 altogether. The successful

observations were made with a recorder.

In 1986 the author and B. WALLBERG carried out measurements on the northern
part of the Bothnian Sea, where 220 new stations were measured with a fully-
damped LCR G-gravimeter No 788. As measurements on ice require helicopter
transport and suitable weather conditions and the measuring season is short,
it is necessary to get reliable observations as quickly as possible. Therefore,

the time interval of the speed of the crosshair upscale, about 20-70 s, and
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the dial reading were observed first, Assuming a curve similar to that pre-
sented in Fig. 1, a dial reading was predicted, which caused equal speed down-
scale. The observation was made as above. If the time intervals observed were
approximately the same, the measurement was checked and was successful. The
time intervals between the successive station varied between 7 and 10 minutes.
This time interval also included transportation over distance of 5 kilometers
by helicopter and the navigation. On the basis of the field computations, ac-
curacies of a few ten microgal were obtained depending on weather conditions.
Observations were possible up to a wind speed of about 6 m/s. Observations
with Worden or non-damped LCR gravimeters are nearly impossible on the
Bothnian Sea. Details of the gravity measurements on the ice are presented in
the Publication of the Finnish Geodetic Institute No 86 (P. LEHMUSKOSKI, J.
MAKINEN).

5. Conclusions

The fully-damped LCR G-gravimeter makes possible gravity measurements on the
ice of the Bothnian Sea in the conditions, when measurements with Horden
gravimeter or a non-damped LCR G-gravimeter are impossible. Altogether 200-300
new stations were measured each season. The calibration measurements on the
Vihti calibration line showed no systematic error between the results observed
with fully-damped and non-damped LCR G-gravimeters. The first tests show that
the observational accuracy with fully-damped and non-damped LCR G-gravimeters
are approximately equal in good circumstances. The inaccuracy increases, when
the heaving of the observation base increases. Gravity differences of 0- about

2 mgal can be measured successfully without periodic errors,
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SCREW ERROR AND ELECTROSTATIC EFFECTS ON THREE LCR
GRAVIHETERS MITH FEEDBACK BYBTEM VRL B350

131 | 1
Ihou Kungen, B. Ducaree and C. Poitevin

Abhstract

The screw errors and the electrostatic effects on the cali-
bration of LaCoste Romberg (LCR) gravimeters G334, G4B7 and D31
equipped with feedback system VRL 8350 are discussed in  this
paper.

1. INTRODUCTION

In 1985, LCR gravimeters 6487 and D31 were joined in the relative
graviseter aeasurements for the absolute gravimetric caapaign in
Sévres and most of the measuresents were perforsed in the {eed-
back wmode of operation. In order to determine a possible non
linearity and screw effect repeated calibrations with a step of
108 pgals were made at different screw positions before, during
and after the campaign., Later, the sape procedure was carried out
with the instrument 63346 in Bruxelles and Brazzaville (Republic
of Congol} for the Trans Horld Tidal Gravity Profile.

First we reduce the calibration data using a constant factor to
convert the output voltage of the feedback electronics and we
eliminate the gravimetric tides and a linear drift (table 1).When
we draw the resuliting curve there are tuo effectss

1) non-linearity of the calibration due to electrostatic effects
" {Ihow and Van Ruymbeke, 1985), (Larson & Harrison, 1985), (Van
Ruymbeke & al, in preparation). It depends only of the value

of the feedback voltage.

2 %
2) screw errors e{x) = L e cos (--—— + )
ii T i
i
where ¥ - screw position (counter unit: CW
T - screw error period
i
e - amplitude
i
wi" phase
9 Observatoire Royal de Belgique - BRruxelles, Eelgium

$t Institute of Seisamolingy - Wahan, Chine

We can fit a low order polynomial on the celibration data
represent the electrostatic non linearity (4ig.2). The resid
will still contain the screw errors (fig.3).

2. ELECTROSIATIC EFFECTS

The gravimetric beam position in the capacitive transducer

shown ] B
d
C1
1 e oo w——-~JE~ e
2 Tmmmmessssoes L
3 L]
CZ
1 : emiddle position between the {ixed plates
2 : zero position of the capacitive transducer
3 3 actual position of the moving plate
4 3 the upper plate
5 ¢+ the lower plate
witha =08/4 : a dinensioniess null position
o
a = u/d 1 a dimensionless displacenent from o
0

2d ¢ distance between the fived plates

The net electrostatic force on the beam of gravity wmeters
feedback can be written by Larson and Harrison (1983)

2 2
v v .
ta 1 2 I
§ o) = == mmrmm s e
2d 2 7
(b +a + 0 -~ - }
o o
2 7 2 2
sthere V =e +E +V + Zek
9]
2 22 27 2

e and fe are the feedback voltages
F, -FE are the hbiases on the tun fixed plates

Yojs wn AL plato drive voliage.

to
uals

is

with
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According to the definition of sensitivity of a graviameter
{(Helchior, 1978), the sensitivity of the instrument to a
variation of electrostatic force can be derived as follows

2 2
Y v 2
df Co Ct [ 4 (Ke - KpE)k {e+E}k
§ = |-~ = -- {--wemm=mom $ ommmeme——— 4 mmmmememeo— - —cemcee— }
do d 3 3 2 2
(e +00 (1-a o) (1-a -a) (I+0 )
o o o o

in the case of LCR graviseters with VRL B358 feedback systen, the
theoretical calibration behaviour is shown in fig.2 (a) and the
experimental one in fig.2 (b).

From our experiments, we revised the calibration factor for
ditferent values of the output voltage (see tahle 2). With this
new calibration table, the results in the Paris campaign were
slightly improved for 6487. However, for D31 the isproveaent was
not sufficient to meet the accuracy requiresents and we decided
te reject all observations with negative feedback voltage. This
behaviour is due to the fact that the K factor of D31 was sealler
than the value corresponding to the quasi linear condition
(fig.2b). Thus, with negative feedback veltage, the graviaeter
was operating far from the flat part of the calibration curve.

-3

The G487 and 6336 have a linearity better than 10 for a

range comprised between -1 mgal and + 8.5 mgal.

These characteristics are very satisfactory O e oo
sicrogravisetry and earth tides. ! v tog.4! @.8 1.2' 1, 6' 2. B‘ 2.4% 2.8! 3.70 a4
¥ i l l I Q 1 ] 1 ¢
Table 2 a) Calibration factor of G487 1§ Tav7 poail 13096013.98813. 992-3'985-3 9éu§-3 38713.96613.98913.96913,99a

Using the different screw error period suggested by laCoste

P e R B e B LR L : (Roder et al, 1985), the 1.88, 1.623 and B.722 CU errors were
found for 6336 and D3§ respectively while for G487 no screw error
was observed with an amplitude larger than @.5 pgal (see table 2

——————————————————————————————————————————————————————————————————— and fig.3).

1

[ 1 + t o o o (S ' Table 2

'6 {mv/ pgal)‘ 2,528 ‘2 520 '2.528 12.520 '2.524 12, 531'2 540! Tttt

--------------------------------- '-~-—-—!—----»'—‘~~~~ FSUR BN t ometer ¢ error perlod | S Ampl)tude e phase !
! ' (i ' tpgal) ' (S '
' ! ' ' !
YU TTT T ST mm oo Em e l ~~~~~~~~~~~~~~~~~ T M..--l
t6 I3 ! t.000 ' 9.7 4+ @.25 ¢ 133 & 20!
topoid ! Qa, 722 ! 8.58 * 0,26 U 1Rkt 28
D3 ! 1.6%9 ' 1.48 * 8.2 ¢ RASE A A
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We are greatly indebted to Ing.J.F. Thimus from the “Laboratoires
du  Génie Civil* of the Catholic University of Louvain who
accepted to loan his LaCoste & Roeberg gravimeter D31 for our
experiments and for the gravimetric campaign in Sévres.
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Calibration Procedure

LER 334
Bb june 24
Counter Dutput Reducedd Prift Corvected
Tiae Units Voltage Value Correction Value
(aV) fugal) tpoal) tpaald
14 58 45585.40 -8 4034812.6 6.8 4834812, ¢
52 77.60 -3109 815.2 -8.2 815, 8
54 78.00 -2725 814.5 -8.% g14.0
56 19.808 -2345 g14.9 -B.8 814.14
a8 B86.80 1962 B814.4 -1.8 CBIRL4
15 00 B1.08 - 1300 g14.2 -1.3 812.9
82 82.60 -1205 815.9 ~1.5 Bi4.4
04 83.06 ~829 817.4 -1.8 815.6
b 84.00 ~444 816.3 -2.8 B14.3
i1} 85,00 -58 814.9 ~2.3 Bi2.6
t with a constant calibration factor for the output voltage.
G 336
P 10
R i B'\"\' e
(pgal) 7 N e e e ‘
: . mpal
| -.B 0 o:S v
] 4
-2 4] 2
R 40.\\
(ugalll 3o '\\\ 031
20 T
5 \'\\n_,ﬂ
10 T e,
y! : mgal
_‘c P ~.5 v
-1.6 0 1.6
Figure 1

R: FResiduals of the celitration.
V: output voliepe of the feedback electronics
This curve is the mean of several experiments.
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HIGH PRECISION GRAVITY MEASUREMENTS FOR THE DETECTION OF

CRUSTAL DEFORMATION BY SURFACE LOADS
(Abstract)

§. Bakkelid®, M. Becker®, E. Groten®, B.G. Harsson®, A. Midtsundstad®

In connection with the construction of an electric power plant in the south-
western part of Norway a number of small lskes have been dammed up and connec-
ted into one big water reservoir. This lake, called Bll;j#, will be the big-
gest man-made lake in Norway, see Fig. 1.

When it is completely filled, it will cover an ares of 82,2 kal and store more
than 3.1 10% n? water. The difference batwesn the highest and lowest regulated
water level will be 125 m.

This artificial lake will provide an unique opportunity to study the loading ef-
fect on the Earth’s crust. Congsequently a small steering group was formed to
coordinate the research activities in this area. This group consissts of repre-
sentatives from the Norwegian Water Resources and Electricity Board, Nor;egian
Seismic Array (NORSAR), the Seismologlcal Observatory in Bergen and The Norwe-
gian Happing Authority.

The project, comprising repeated gravity measurements and levelling, tiltmeasu-
rements and seismic investigations, started in 1985. Gravimetric tidal recor-

dings are also planned to be included in the project.

* Institut for Physical Geodesy, TH Darmstadt, FRG

* Statens Kartverk, Hoenefoss, Norway

1The gravity project which is a cooperation between the Technical University of
Darmstadt and The Norwegian Mapping Authority started in 1985 with the establis-
hment and the initial observations of the gravity‘net. This net covering an area
extending about 10 km from the lake, consists of 8 main stations and 20 additio-
nal stations. The main stations have been chosen such that the gravicty differen-
ces between them are very small (less than 0,2 nmgal) in order to reduce

the calibration problems. The additiopgl stations are established at levelling
bench marks and trigonometric stations. A recbservation of the net was carried
out in July 1986 and the next resurveys are planned to be carried out at imter-
vals of two years. Five LaCoste Romberg gravity meters were used simultaneously
in both campaigns using car- and helicopter tramsportation.The duration of the
project will continuously be appraised, based on the results obtained.

Tuwo levelling profiles are established to determine geometrical deformations.
The main profile following the road crossing the avea in WW-SE direction is
approximately 25 km long and has normaly a bench mark for each set up of, the
rod. A crossing profile extending approximately 8 km in each direction from the
main profile is established along road following the northwestern side of the
lake. The first levelling and the connection to the Norweglan precise levelling
net was carried out in 1985. The main profile was relevelled in 1986 and an
entire relevelling will be carried out when the reservolr is completely filled.
To monitor the tilt using precise levelling a closed loop consisting of 9 bench
marks and with & diameter of 250 m, has been established. The initial observati-
ons were carried out this summer and the loop is planned to be relevelled each
year during the project.

A detailed digital terrain model with a 25 m-spacing obtained by photogrammetric
method is provided by The Norweglan Mapping Authority. Theoretical deformation
models based on this terrain model will be compared with the observation results

obtained.
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COMPARISON BETWEEN THE THEORETICAL AND OBSERVED TIDAL GRAVIMETRIC FACTORS

DEHANT V.*, DUCARME B.*°
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Université Catholique de Louvain,
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Observatoire Royal de Belgiqua,

Avenue Circulaire, 3

B-1180 BRUXELLES.

Paper submitted to Physics of the Earth and Planetary Interiors.

SUMMARY

According to the conventions used for tidal data analysis, we adopt here
the following definition of the gravimetric factor 8 : "In the fraquency domain,
the tidal gravimetric factor is the transfer function between the tidal force
exerted along the vertical and the tidal gravity changes measured by a gravi-
meter”., We assume that the local vertical coincides with the normal to the el-
lipsoid.

This definition differs significantly from what J. Wahr has assumed when
he developped his theory. We have thus to recomputs the theorstical values of §.
The constant term 8, in the representation of § is only slightly reduced while
the latitude dependant term 84 is divided by a factor of two (table 1).

Using the data bank of the International Center for Earth Tides we re-
computed by linear regression 60 and 84 from all the available cbservations.
We may conclude that the new value of the latitude dependant coefficient 684
fits very well the observations. Howsver the computed constant part 6y is still
lower than the one deduced from the observations, but the discrepancy has been
reduced by a factor of two and reaches now only 0.6 %.

g
Tidal Gravity factor & = leh-y

Liquid Core Resonance effects, Coriolis force and flattening effects

Theoretical formulas

e} (7 inz $~- 11
Semi diurnal waves 5 = 60 - 61 5 5
5 (0. B (7 sin? 4- 3
Diurnal waves 6[wi) = 6D(mi) ST s
Numerical coefficients
Semi diurnal wave
Dehant
M?F; 1) (23 Dbservations
M 60 4.1589 1.1629 1.1817 1.1707
2
3 -0.0045 -0.0023 -0.0025 -0.0024
1
Diurnal waves
0 [ 1.1520 1.1543 1.1534 1.1611
1 o] .
[ -0.0083 -0.0033 -0,0036 -0.0026
1
P1 60 1.1470 41.1493 1.1545
61 -0.0063 -0.0032 -0.0033
K1 60 1.1320 1.1344 1.1440
8 -0.0062 -0.0030 -0.0034

{1) model 10BBA

[2) model PREM inelastic (Zschau model for . calculated on the besis of PREM -
Zschau and Wang 1985]).
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GRAVITY NETWORK AND REFLECTION OF THE GEOLOGICAL STRUCTURE
OF CZECHOSLOVAKIA IN GRAVITY MAPS

M. Bliikovsky®, J. tbrmajer®, S. Olejnik*°*®, J. Sefara®®

Abstract. Mai and updating of the Czechoslovak gravity k {CGN) and the factors limiting the mea-
procision are di d. Tha present stage of gravity ing of Czechoslovakia is outlined. Simplified

gravity maps of Central Europe and of Czechoslovakia are enclosed and interpreted in terms of lithospheric structu-

res. Four basic gravity areas are distinguished in the Bohemian Massif and thres in the West Carpathians, reflecting
tho basic differences in lithosphere.

1. Czechoslovak gravity k and its p

Maintenance and updating of the Czechoslovak gravity network {CGN) are under way to meot the increasing
requir of geodesy and applied geophysics. The present state of the updated CGN ensures high quality of
measurements (mean error In absolute level of the network — £ 0.1 ums?, relative precision of the k bet-
ween neighbouring points — 0.1 to £ 0.2 urmg?).

Updating the CGN includes

--  optimization of new utilizing the existing ones,
- ic data prc ing and edj Y
- luation of factors limiting the pr

—  study of the non-tidal changes of the Earth’s gravitational field.

The areal network consisting of 18 points was based on gravity measurements by a group of gravimeters of the
SHARPE and WORDEN type. The network was tied to B points at which absolute measurements were made by
the laser batlistic gravimeter.

The Helmert method was used of polygroup adj The task isted of 9216 equations of corrections
and of 2910 unknowns (57 gravity values, 39 dimension coefficients and 2814 p: of the gravi drift).

An original method was developed of determining the dynamic o of the gravi measuring system
{the attenuation constant and seif -vibration period of the balance beam) from the system response ta the harmo-
nic motion of the vibration table. For each gravimeter the ranges of freq igs were blished at which the
index {i. e. the balance beam) is stable, but deflected from the zero position by saveral units of pms 2, which may
be the cause of systematic errors.

The response of gravimeters to natural frequencies of a high frequency range {e. g. at airports) was also sludled
Deflactions of the balance beam can in such cases reach a magnitude from tenths of units to several units of ums?
A deflection of the balance beam can even be due to an acoustic wave {s. g. deep voice} of a considerable intensi-
ty and of a frequency approaching natural frequency. The most important results of these experiments are given
in{1,2,3,4).

The tests proved a correlation between gravimeter readings and changes in pressure. Experimentsin the pressure
chamber for the first time proved the existence of the pressure hysteresis for all ten tested gravimeters, For the
pressure differences of 20 to 40 kPa the hysteresis can reach magnitudes of up to 3 ums 2, This phenomenon ma-
kes the introduction of precise pressure corrections difficult {5, 6, 7).

' Geofyzika n. p. Brno, Jeénd 292, 612 46 Bino, Czechoslovakla
°* Geofyzika n. p. Brno, Geologicka 18, 825 52 Bratislava, Czechoslovakia
*** Geodeticky a kartograficky podnik, Kosteinf 42, 170 30 Praha, Czechoslovakia

The existence of local non-tidal changes and of sy ic arrors of | wuhb'mvnd in the coure of
measurements of gravity differences of the order of 100 gm¢?, but it will have to ba verified by repeated sbsolute
measuremants. Tha sffect of a systematic error on tha standardization of an instrument was convincingly groved
{for tha gravity difference of 500 umi? the estimation is 0.2—0.3 um$?}. The estimate of the mesn rondom er-

ror is £ 0.2 umé?. From the sbove analysis it follows that systematic errors can be elimi d when simul
measurements by a group of gravi s ore bined with absol
2. Gravity mapping of Czechosloveki

When tha gravity mapping of the territory of Czechosiovakis was d in 1858, carliar moasuremants

covering an srea of 36 000 km? were utilized. The mapping on the remaining 102 000 km? was secomplished In
the yoars 1857 — 1960. The density of gravity points wes 1 point per 5 km? . The gravity system in the network of
the 15t and 2nd order was tied to tha Postupim observatory. The normal gravitations! fleld was thon celculated
using Helmart’s formula (1801~ 1809).

The elavations of the points were determined with the masn error of £ 0.5 m, The maan arror of gravity maes-
suremants wes * 6 ums?. Topogrephic corrections were madn to the redial distance of 166.7 km. Bouguer sno-
maiies were calculated for the uniform demity of 2.67 geri® at 56 166 points.

Maps of Bouguer snomalies wore edited on o uniform topographical background on the scale of 1:200 000 in
the Gauss-Kriiger projection, system 1952, The point gravity values were interpolsted with the contour interval
of 20 gm$?. The maps were issued under the editorship of Jarostav tbrmajer (8). The regional and residual grovit
tional field maps were derived as well as maps of d vertical derivatives for the square grids of 2 and 4 km,
Tha gaological interprotation of the main features of these maps is given in (9, 10).

The second stege of the gravity ‘meapping of Czechoslovakia was d in 1858 ond is expecied to be
complated in the 1890's. The considerably higher precision achieved for ali paramaters y for the calculation
of Boug li blos construction of iting maps of | Is on the scalo of 1 :25 000 with the con-

tour intervel of § ums?. Up to the present time two thirds of the Czechoslovek territory have been covesed by
now gravity mossurements, In Slovekia itself it is more than 80% (Fig. 1.).

3. Gravitational fisld of Central Europe

An di g ture of the gravitationat field of Central Europe {Fig. 2.) extends in the Alps and
Carpathiens. It oonslm of saveral negative zones in the West and East Alps, West and East Carpathions and the |
Waest Ukraina and continues to the South Carpathians in Romania {10}. While in the Aips and Waest Ukraina the
nogative anomalias sre mostly due to an increased thickness of the Earth’s crust (double) at the contact of the
African and European lithospheric piates, in the West Carpathisns the negative gravity ly is d to be

malnty due to a supracrustal source {11).

Tha gravitstional field of the Bohemian Massif is characterized by a zonal pattern of positive and negative areas
of the NE —SW direction.

The gravitational field does not correlate with the Moho discontinuity. It can be explained by the presence of
density inhomogeneities in the upper part of the Earth’s crust whose gravity offect is often compansated by the
inhomogeneities in the lower part of the Earth’s crust or in the upper mantie.

The anomalous zones of the Polish platform are oriented predominantly from NW to SE and are generally more
extensive and more elevated than the zones in the Bohemian Massif.

An increased level of the gravitational field can also be observed in the Saxothuringi and Rhenoharcyai
but the anomaly pattern in those regions is more complex. The similarity of the levels of gravitational fisid an one
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hand and the difference in the crust thickness (25 to 30 km in the Saxothuringicum, 30 to 50 km in the Polish
platform) on the other lead to an assumption that the structures differ in the lower stages of lithosphere. These
conclusions hold for the Pannonlan basin as well.

More advanced analyses of the gn tonal field must exploit all § fogical data as well as results of
other geophysical methods. The dats were used in two ways:

a) The bulk density values from defined geological struct are used to calculste geological corrections of
tha gravitational tield. Tha result are stnpped gravity maps {12, 13} — figs.3 and 4. Thoy cenbs interpreted
in o common way.

b} The known data {results of the DSS) sre used in modelling denslty cross lons and in 3D density model-

ling {14). Thus the solution of the inverse gravity problem can yleld more relicblo results.

4. Lithosphori of the Bohomion Massif derived from gravity data

On ths basis of Fig. 4. prominent gravity areas (Fig. 5.) were defined {10, 15, 16).

O - The Lusation positiva area of the Bohamian Massif on the tesritory of GDR (Lindner 1872)
I — The extensive gravity low of the Kruiné hory Mts. and the Krkonode Mts.

t#  — The Barrendian — Zelezné hory Mts. ~ Broumov positiva gravity sres

11— The Moldanublcum — Kigdzko negative gravity aree

1V~ Ths Moravia — Silesia grovity high

Tho negative gravity areas are characteristic for granitic magmatism and uplifting tendency. As a rule, the Enrly
Paleozoic cover Is not preserved. In the positive areas, on the other hand, basic ifs and sbundant vol
occur, They have 8 long-lasting subsiding tendancy and the Eerly Palcozolc cover s prmmd.

Quentitative interp ions by various authors have shown the predominant effects of density inhomogeneitios
in the upper part of the Earth's crust on the pattern of Bouguer isanomals. The affect of the Moho relief is almost
negligible.

Theo pattern of vertical density distribution in the Earth’s crust changss in the Ohie fault zons {Fig. 5. and in
the western margin of the Carpathians (the Peripieninian li ). NW of tha Ohfe fault zono a deep-seated
granitic body is present at the depth of 18 km (area 1), Within tho core of the Bohemlan Massif and between the
Ohie fault and the Peripieninian Hneamant the thicknass of the upper part of the lower crust {with prasumed den-
sities of racks of 2.8 geni’® /increases. The boundary betwaan the lower and upper crust is uplifted in regerd to
adjacant aress. The Ohfe fault zone as well os the Peripieni i t are considered to be deep fault zones
extending beneath the crust.

5. Lithospherle structures of the West Carpathians derived from gravity dsta

The gravity effocts of the Tertiary sediments of the West Carpathians in places excaed 400 ums ® . Therefore,
the stripped gravity map differs considerably from the map of Bouguer anomalies. On the basis of Fig, 4. three
gravity areas can be distinguished:

i — Thae Carpathian negative area

Il — The transition area of the northern slope of the Pannonian positive area

i — The northern extensions of the Pannonian positive gravity ares

Area | has an uplifting tendency, while area i clearly subsides. Area I is characterized by changes of trends
of mavements over short distances. In result of i tve dynamic mo narrow and deep intramontane de-
pressions originated there. There is disagreement among authors over the cause of the extended part of the gravity
low in the High and Low Tatra Mus. {1, la). Itis considered to be due to fight porous sediments covered by the mas-
sif of the tnner Carpathians (11} or to a large ac fation of Alpine granitoid plutons (17, 18).

The area is, besides the intr fepressions, characterized by linear gravity depressions sbove
granitoids of ditferent age (§la).

. The northern slope of the Pannonien positive ares is characterized by o large scoumuslation of low deasity Ter-
tiary sed and by a reduced Earth’s crust thickness.

In eastern Slovakia a gravity high extends to the flysch unit, which is difficult 10 explain by the prasent models
of the Moho relief. The character of the gravity field suggests that this reglon belongs to the Esst Carpathlans.
Density modalling and interpretation of the deep geologicet of Czechostoveltio based on gravity deta sre
summarized in {14) where the gsophysical modsls of the lithospheric str based on results of other guophy-
sical methods are presented as well,
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GRAVITY FIELD OF XIANG PLATEAU AND ITS RECENT UPLIFT

Jiang Fuzhen, Hsu Houtze

Xizang Plateau is a well known tectonic region in the world. We have
calculated and investigated Airy-Heiskanen isostatic anomalies field, the
experimental isostatic anomalies field, the thickness of the crust, the
undulation of the geoid and other data in the region by wusing *the data of
gravity, astronomical-geodesic and satellite measurements and the data of
topography. These results have been analysed and compared with non-tide gravity
variation, the repeated levelling and the geological results. The conclusions
obtained from the above resulis are

1. The Xizang Plateau is a whole uplift.

2. The variational zone of the geoid height, the depth of Moho and the
field of the isostatic anomalies fit very well. It is also the activity
zone of the geologic structure, as well as just coincides with several
fault zone.

3. The lowest points of the depression of the mantle are not in the
Himalaya mountains where the highest of topography and the thickest of
the «crust are. It seems contrary to the traditional concept of
isostatics.

4., From the observed results of the non-tide gravity wvariation for four
years in succession, it can be seen that the Xizang Plateau uplifts
continuously. It is in agreement with the results of the geological
research and the repeated levelling survey in this region.
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" ISOSTACY IN NORTHERN BRITAIN

R.G. Hipkin

The isostatic response function has been computed from some 200 000
gravity observations in Northern B8ritain, a highland terrain dominated by
structures older than 350 Ma. The data show definitively that (i) compensation
is local, not regional, and (ii) compensation is entirely within the wupper
crust. Further analysis of the gravity anomaly spectrum demonstrates a further
source in the lower crust but there 1is no evidence for a source at the known
depth of the Moho. These data are consistent with a double layer lithosphere,
reflecting the change from quartz-dominated rheology in the «crust £o olivine-
dominated rheology in the mantle.
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EXPLORATION GRAVIMETRIQUE DE LA BRANCHE OCCIDEMTVALE
DU RIFT EST-AFRICAIN : LE PERIMETRE DES GRAHDS LACS
(BURUNDI, RUWANDA, SUD-OUEST UGANDAIS, EST DU ZAIRE)

BYAMUNGY B.R'-Z et Louls p.!

.. 1. Centre géologique et géophysique - Place E.Bataillon - 34060 MONTPELLIER

{FRANCE)
2. Faculté des sciences - UNILU - B.P. 1825 LUBUMBASHI (ZAIRE)

INTRODUCTION

La gravimétrie a Jjoué un role impertant dans la mise en
évidence des structures associées a la branche orientale du rift est-
africain (SEARLE, 1970 ; SOWERBUTTS, 1971 ; FAIRHEAD, 1976 ; MAKRIS et
GINZBURG, Tectonophysics a paraitre...). L étude gravimétrique que nous
avons entreprise dans le périmétre de grands lacs (fig 1) et qui a comme
cible 1la branche occidentale du rift est-africain, s'inscrit dans 1la
méme préocccupation. Flle intéresse également 1 environnement du rift qui
s étend sur le Burundi, 1le Rwanda et 1 Est de la région zairoise du

Kivu.

ACQUISIYION EY JRAITEMENT DES DOHMEES

Pour les mesures du champ de la pesanteur, nous avons disposé
d'un gravimétre Lacoste et Romberg (modéle G) et 503 nouvelles stations
ont été implantées préférentiellement selon des profils transverses par
rapport au rift, en s appuyant sur le réseau des bases ORSTOM {DUCLAUX
et al. 1854) que nous avens convertis dans le nouveau systéme IGSHI1. Les
altitudes des stations ont été déterminées en utilisant un nivellement
barométrique calé sur les réseaux nationaux de nivellement général. Ceci
a été réalisé avec 2 microbarométres Wallace-Tiernan et les équipements
des postes météorologiques des aéroports de Goma {Zaire), Bujumbura

{Burundi), Kigali et Kamembe {Rwanda). Les points de mesure ont éteé
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portés respectivement sur des coupures réguliéres du Kivu au 1/200000
et sur les fonds planimétriques du Rwanda et du Burundi au 17250000 en
utilisant les tracés routiers et le compteur hectometrique,
préalablement étalonné, du véhicule. Ceci a permis de déterminer a
posteriori les coordonnées de chaque station avec une précision

suffisante.

En ce qui concerne le calcul de la correction de plateau, nous
avons utilisé la densité 2.67 gcm3 et 1'anomalie de Bouguer a été évalué
avec un champ théorique donné par le systéme de reférence géodésique de
1967. L‘'absence des cartes hypsométriques pour une grande partie du
périmétre exploreé n‘a pas permis le calcul de la correction
topographique. C'est donc 1'imprécision sur la détermination
del’altitude qui réglera 1 importance de 1'erreur sur 1'anomalie de
Bouguer. Or 1l'altitude a été déterminée avec une précision de £L3
métres, ce qui correspond & une erreur de $0.8 mgal eanviron sur un point

de mesure.

Pour définir au mieux le champ de la pesanteur dans la région,
nous avons complété la couverture récente par 200 points de levers
antérieurs, aimablement communiqués par le Bureau Gravimétrique
International et portant respectivement sur le pourtour Sud du lac Amin,
le Sud-Ouest Ugandais et une petite portion de la Tanzanie. Ceci a
permis le tracé de la carte de 1'anomalie de Bouguer,de 5 en 5 mgals

(fig 2).-

QUELQUES ASPECTS DE L INTERPRETATION

Comme pour 1 ensemble des environnements extensifs de 1 Est-
africain, les anomalies du champ de la pesanteur observées dans le
périmétre de gyrands lacs peuvent etre rattachées a des sources de
profondeurs distinctes : les sources superficielles, les sources situees
3 la base de la croute et celles correspondant aux héterogénéites du

manteau supérieur.

300 km
St
(/%_
%,
%@
Ip
NG
.
> % i
@

IPé(v;iméue des /7
rands Qll_acs

@
@
. @
2 Linéament du
% \ Tanganyika - Rukwa
. Malawi

8
*

4
(/’)"é\ ~ ¢ \
KN
K PN
(2 NN ®
i)
Se
<e
(]

NN

® Epicentres des
grands s€ismes

1963 -1970

Fig.1 = Rift Est_africain et Périmétre des grands lacs




s02

Les sources superficielles

I1 s’agit de celles qui sont directement en rapport avec les
structures géologiques locales ; aussi sont-elles marquées par des
anomalies tout aussi localisées. A titre d exemple d'interprétation de

celles-ci, nous pouvons noter

- Une bonne concordance, & faible distance, entre 1'allure des
isanomales et 1la configuration générale du rift en relation avec les
grands accidents géologiques du périmétre des grands lacs. On notera
cependant 1'existence d'une différence marquée entre les anomalies de la
bordure Est du rift et celles incomplétement cartographiées de sa marge
OQuest. Ceci témoignerait d'une complexité géologique et structurale liée

vraisemblablement au développement meéme du rift.

- Des anomalies positives importantes de tendance MNE sur les
plateaux du Burundi méridjonal et <central. Dans 1'ensemble, ces
anomalies lourdes sont en relation avec un important systéme magmatique
basique et ultrabasique, vraisemblablement controlé par la tectonique
kibarienne (Précambrien moyen) et mis en évidence aussi bien par la
couverture aéromagnétique (HUNTING GEOLOGY and GEOPHYSICS, 1974
SENGPTIEL, 1981) que par la géologie de surface (RADULESCU, 1981). Si la
geologie distingue divers massifs basiques et ultrabasiques isolés en
affleurement dans les sédiments précambriens, ceux-ci ne correspondent
pas toujours 3 des signatures gravimétriques distinctes. Seule
1'importance des anomalies de Ja pesanteur qui couvre ce domaine
fortement densifié par de nombreuses enclaves basigques permet de
supposer 1'existence & faible profondeur d'énormes masses lourdes dont
seules les manifestations de surface sont connues par la géologie. La
structure lourde correspondante et qui rend compte des anomalies
observees aurait pour un contraste de densité de + 0.2 gcm'3 .,  une

largeur de 45 km et une épalsseur maximale de 2.1 km.

- D' importantes anomalies négatives de la zone axiale marquant non
seulement les laves superficielles du Virunga occidental mals aussi  les

structures seédimentaires de 1a Rwindi (pourtour Sud du lac Amin) et de

la Basse-Ruzizi (pourtour Mord du lac Tanganyikal. L anomalie observée
dans le Vi(unga occidental fait partie d’une structure gravimétrique
transverse par rapport au tracé du rift et qui se poursuit Jjusqu au
Rwanda o0 elle est associée aux granitoides qui affleurent largement au
Nord-Est du lac Kivu (MRAC et SGR, 1981). 11 serait donc logique
d'envisager 1'interprétation de 1 anomalis de la zone volcanique du
Virunga occidental non pas uniquement par une structure des laves
superficielles de faible densité {MISHINA, 1983) mais aussi par
1'existence sous celles-ci de sources granitiques de plus grande
extension. Une importante contribution de ces derniéres au champ mesuré
est d'autant plus justifié qu'il n'existe pas de -relation apparente
entre les épanchements volcaniques, certes moins épais, du Virunga
oriental, et les anomalies du champ de la pesanteur. Aussi la structure
gravimétrique qui couvre le Virunga occidental correspondrait a un effet
conjugué d'un empilement de laves superficielles sur 1.5 km d épaisseur
pour un contraste de - 0.2 gem 3et d'un massif granitique sous-jacent de
3.5 km d épaisseur avec un contraste moyen de - 8.1 gom 3, Guant  aux

structures sédimentaires de 1la Rwindi et de la Basse-Ruzizi, 1la
gravimétrie permet de leur attribuer respectivement des épaisseurs
maximum de 2500 et 3100 m pour un contraste moyen estimé a - 0.5 gem3

entre le sédimentaire et l'encaissant précambrien.

Les hetérogénéités profondes

Pour 1la modélisation gravimeétrique des sources situées é_ la
base de la croute et celles plus profondes correspondant  .aux
hétérogénéites du manteau supérieur, nous nous en sommes tenus a  des
modéles simples en admettant des valeurs ralsonnables pour les
contrastes de densité. De toutes maniéres, le manque d information sur
les wvaleurs réelles des densités et surtout sur leurs varlations en
profondeur rend illusulre la recherche de modéles plus compliqués qui ne

seraient d'ailleurs pas forcément plus proches de la réalite.

£n  dehars des abords du lac Tanganyika, 11 n'existe pas  de
signature evidente qui pulsse corvespondre aux ondulations du  HMoho, On

notera cependant yu' avec une épalsseur cvustale que lee infarmations
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sismologiques permettent actuellement d estimer 3 35 km {HUELLER et
NOLET, 1982), la remontée du Moho a 1l'aplomb du rift des grands lacs se
situerait pour 1'ensemble autour de 5 km, valeur d’ailleurs proposée par
des approches sismologiques {BRAM, 1975), pour un contraste de + 0.3 gcm-3

entre la crodte et le manteau.

Quant aux hétérogénéités du manteau supérieur et plus
précisement 1l'existence en son sein d’un diapir asthénosphérique, elles
intéressent 1la totalité de 1la vaste anomalie anégative qui couvre
1'ensemble de l'Est-africain, depuis le bassin du Zaire jusqu'a 1l'océan
tndien. bLa profondeur de la surface de compensatioﬁ qui parait la mieux
convenir en fonction des hypothéses de densité calées sur les données
sismologiques et gravimétriques (BRAM, 1975 ; WOHLEMBERG, 1975) est de
1'ardre de 125 km. Les modéles de densité calculés avec cette profondeur
de compensation et admettant up contraste de - 0.1} gcm'sentre le manteau
et le diapir asthénosphérique, situent le toit de ce dernier, a 1 aplomb
du rift des grands lacs“ dans une fourchette de 49 & 60 km de profondeur
suivant le secteur considéré. Ce résultat n'est d'ailleurs pas en
désaccord avec les lois de vitesse qui situent les zones d atténuation
des ondes S respectivement a 60 km (BRAM, 1975) et 55 km (MUELLER et
NOLEY, 1982) de profondeur.

Une nouvelle approche ayant trait a 1la simulation de
1'évolution thermique du rift par un modéle numérique d’'éléments finis a
deux dimensions a été conduite sur une coupe passant par la Basse-
Ruzizi. Dans ce modéle de type Mckenzie (MCKENZIE, 1978) nous avons
considéré un coefficient d amincissement de 1.4 pour }'ensemble de la
lithosphére en admettant succéssivement 125 km d'épaisseur pour la
lithosphére initiale et 35 km pour la croute initiale, les densileés
etant respectivement de 2.8 gcm'3pour la croute et 3.35 gcm=3 pour le
manteau supérieur., En plus des états thermiques successifs de la
lithosphére au niveau de la region, ceci nous a permis non seulement
d'évaluer 1le flux de chaleur et Ja subsidence en tant que fonction du
temps dans une évolutian géodynamique, mals aussi d'obtenir pour 1 état
actuel du mondéle des anomalies de 8nuguer {(calculées) wcomparables aux

valeurs mesurées sur le terrain.
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THE PRESENT STATE OF THE EUROPEAN GEDID

Report presented in Toulouse, Sept. 25, 1906

G. Birardi

1. The setting up of the European geoid is a big enterprise. It commenced
in 1375, at the Grenoble [AG General Assembly, when Lovallois presented the
first European geoid ; it was exclusively based on astro-geodetic levelling,
and had an accuracy of 2-3 m in the heights, which was then a very good result.

Since then, there has been a wonderful progress of the geodetic techniques
and devices : we have now geoidal heights with an accuracy of 20-30 cm., and we
hape that in the next future they may descend to 2-3 cm. This is the goal which
we would reach in the whole €uropean and Mediterranean area ; no doubt that it
is an ambitious goal, which will vet require a tremendous common effort.

2. This problem, and the reolated questions, were examined and discussed in
the recent "Symposium on the Definition of the 6eoid™ which was held in May
1986 in Florence, under the patronage of the IAG. Somebody of you attended it,
but the large majority was absent ; therefore I shall try to summarize here the
contents and the results of this Symposium.

It was attended by the best specialists o0f this matter, altogether 63
scientists and technicians from 22 countries of the whole world ; there was a
full presence of the 5 S$56s interested in the definition of the geoid, i.e. n’
3.88, chairman : Birardi, “Determination of the Geoid in Europe” ; n' 1.90,
chairman : Tscherning, "Evaluation of Llocal Gravity Field Oetermination® ; n'
4.91, chairman : Siunkel, “Local G6ravity Field Approximation® ; n° 4.92,
chairman : Sjoberg, "Global Gravity Field Approwimation” ; n® 5.87, chairman :
Khale, "Gravity Anomalies and Geodynamics of Mountain Belts”.

3. Six working sessions took place, in which the different aspects of the
study of the geoid were touched.

a} The First Session : Potential Models, State, Accuracies was chaired by
Sunkel. Here Rapp proposed an important new solution to degree 180 of
his preceding models of the gravity field, obtained using an improved
terrestrial anomaly field and the GEM L2 potential coefficients, merged
viith oceanic data derived from GEOS 3 and SEASAY altimetry. Papers by
Bosch-Schwintzer, Sideris-Schwarz, Forsberg, all concerning the
treatment of potential mndels, were also presented.

b

In the Second Session, chaired by Sjoberg, the Computational Aspects of
Geoid ODoterminations were examined. In an invited paper Kearsley
described the algorithms to adapt the ring integration method to find
the inner zone contribution to geoid heights, and presented the results
of numeric tests. Papers by Sjoberg, Oenker, Wenzel, Dufour, Nagy.
G6roten on interesting aspects of geoid computation were presented by
their authors, excepted the last twoe ones, which were presented by

Benciolini and Kling.

c) The Third Session, chaired by Tscherning, was devoted to the Present
State of the European and Hediterranean Geoid ; we shall see it later.

d} From an operative point of view the most important Session was probably
the Fourth one The Role of the GPS, Satellite Altimetry and
G6radiometry. Here Schwarz presented an invited paper on the possibility
of obtaining relative geoid determinations from an integration of GPS-
satellite and inertial data along the path of the inertial vehicle, and
gave some first numerical results. Other important papers on the G6PS
were presented by Hein, Seeber, and Andersen ; while Konudsen and
Vassiliou presented interesting reports on the combination of satellite
altimetry and airborne gradiometry for the determination of the geoid.

The Fifth Session Geophysical Aspects of Geoid Determination was
chaired by Hein. An invited paper by Sunkel presented an original
spherical harmonic analysis of the topographic-isostatic potential for
a generalized Vening-Meinesz model. Several important problems, based
on olevated physical-mathematical developments, were presented by
Barzaghi-Sanso {on the inverse gravimetric problem), by (olic-Petrovic-
Alijnovic {on the Yugoslavian geoid with HNoho information}, by
telgemann {geotectonic structures in the European geovid), by Peng-Fang
{geophysical implications in the geoid of MNorihern Scandinavial, by
Erker {geoid in the mountains}), by Zavoti {geoid and LIM).

e

§) A very interesting Session was the Last one Ffuture Irends and
Developments, chaired by Sanso. Here the German school presented two
important papers on the future of the European genid ; Lthe first one, by
Denker-Torge-Lelgemann-Wenzel, examines Lthe consequences of the new
extremely accurate GPS data on the geoid definition, and proposes the
strategies and the requirements for a new Furopean high precision geoid
; the second one, by Torge-Wenzel, reports on the state of the G6PS
European traverse, and its contribution to the validation of the
European geoid. Several other papers - by Heck, <Carlson, Vanicek-
Kleusberg, Twigg, Tscherniang, Hofman-Wellenhof - present very
interesting studies on the influence of geodynamic phenomena, on the
combination and integration of heterogeneous geoid information, on the
merging and mutual influence of data in neighbouring areas, on the
opportunity of better unifying the Furopean data and data treatment.

All the papers, and the related comments and discussions, will be
collected in the Symposium Proceedings, which will be probably publicated
within this year. .

4. In the closure Session the following Recommendations of Llhe Symposium
were discussed and carried

1 - The Symposium, recognizing the significant work and contributions of
many Study Groups, particularly of 556 ¢ n° 3.88, for the
determination of the geoid . and considering the increasing
importance of the high-resolution determination of the geoid : and

recognizing that such determination is neecded bolh on a global and
regional scale,

suggests .
that the [AG form a “Commission on  the Geoid Determination” Ehat
would consider
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a) the theoretical and numerical aspects of the geoid estimation,
b) the actual determination and evaluation of the geoid based on
national efforts and international cooperation.

Il - The Symposium, recognizing the availability of high precision
relative coordinate information coming from GPS observations,
recommends

the use of these data for the verification and the improvement of
geoid determinations.

111 - The Symposium, recognizing the progress which has been obtained 1in
performing the North-South European 6PS traverse in Central and
North Europe, proposed hy Recommendation n® 1 and 10 in the 1984
Paris meeting

recommends
that extension of the work be continued to South Europe as soon 2as
possible. '

IV - The Symposium, recognizing the importance of high-resolution digital
terrain models, appropriate for the precise determination of the
geoid,

recommends

that responsible Agencies estimate and make available such models
for scientific purposes.

particularly important is the first Recommendation ; it should be taken
into serious account, yet more considering that with the Vancouver General
Assembly the main $56s interested in the definition of the geoid will close
their life.

Here in Toulouse 1 was informed by Pr. Torge that the setting up of this
Commission will probably meet some difficulties in the high spheres of the [IAG.
This is well comprehensible, a Commission is a bip Jjob however, the only
important thing is that the works for the definition of the geoid go on, and I
am sure that the 1AG will find the right solution for this problem.

5. In these 11 years, since Grenoble, the work for the European geold has
gone on in a very effective way, due to the efforts of many distinguished
Colleagues, who have set up local and regional geoids in the largest part of
the Western Europe. Also in the Eastern Europe, and in the Mediterranean
Eastern and African Countries a lot of good work has been done ; unfortunately
we have very scarce information on it. We sincerely hope that in a peaceful
future we may better cooperate.

In Florence someones of these regional geoid determinations were presented
; by Tscherning (Nordic Countries), Sinkel (Austria), Benciolini et a. (Italy]),
Livieratos et a. (Greece), Yalin {(Vurkey), Strang Van Hees {North Sea}, Burki
{Switzerland). It is remarkable that the most advanced ones are based on the
combination of several kinds of data, such as gravity, altimetry, astro-
geodesy, satellite ; it is also to be stressed the increasing importance of
gravity data in geoid determination, and this is one more reason for a closer
contact between the gravity people and the geoid people.

Mow the problem is to merge all these regional geoids into an unigue
European context. Several colleagues - | remember goucher, Lelgemaan, Sanso,
Yorge, Tscherning are working on it. A good dorsal bone of this context will
be given by the North-South European 6PS traverse, which runs from northern

Morway te Sicily. The northern and central part of it
border - has already been observed under the direction
part, that is Italy, will probably be completed within

6. I hope that in Vancouver [ may give you mors
information on the European geoid. Before Xmas I shall

- up to the Austrian
of forge ; the southaern
next year.

complete and exhaustive
send a circular letter

with my final call for news on the European geaid ; [ beg the «courtesy of the

concerned Colleagues for a quick answer.

Thank you.



HIGH RESOLUTION RELATIVE GEOID FOR NORTHERN BRITAIN

R.G. Hipkin

Using Stokes' second method, whereby the geoid is found as a correcting
undulation on the Bouguer co-geoid, a very high resolution geoid has bheen
computed for a 100 000 kmz area of Northern Britain. 1In 7regions of 1Tough
terrain, this method greatly improves the accuracy and resolution without the
need for special densification of gravity observations. A program of geometric
observations L1s about to start to verify the accuracy independently, but a
relative accuracy of about a centimetre with a horizontal resolution of 2 km
appear probable. The effect of geological and topographic features less than 10
km across can be clearly seen on the geoid map.
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FIRST COMPUTATION OF A GRAVIMETRIC GEODID OVER MADAGASCAR*

J. Rakotoary, G. Balmino

Free-air gravity anomalies computed from gravimetric measurements on land
and satellite altimetry derived geoid heights have been used to determine a 15’
x 15’ geoid over Madagascar. The technique wused a combination of Stokes
integral and high degree and order (180) spherical harmonic reference model.
The results await evaluation from existing astro-geodetic measurements and
satellite Doppler point positions (combined with surveyl.

Published in Bulletin d'Information n° 58 {(June 1986)
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STATUS OF AND PROGRESS REPORT ON THE NEW JILA ABSOLUTE GRAVIMETER

J.E. Faller and T.M. Niebauer

The latest results and experiences with the new JILA absolute gravimeter
will bhe discussed. The valus of g measured at JILA with our new instrument will
be compared with those obtained during the past five years by other absolute
instruments.
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Improved Relative Gravimetric
Techniques for Detecting Recent
Crustal Movements in Northern Iceland

by
R.H. Réder and W. Torge

Institut far Erdmessung
Universitiat Hannover
Nienburger Str.s
D-3000 Hannover 1

12th Meeting of the International Gravity Commission
Toulouse, September 22-26, 1986 *)

ABSTRACT:

Improved techniques for relative gravity measurements and
evaluation have been developed at Institut far Erdmessung,
Universitiat Hannover. They include the implementation of an
electrostatic feedback system at LaCoste-Romberyg gravity
meters, and a complete data evaluation in the field using a
micro-computer, Together with geometric levelling these
techniques have been employed at a repetition survey of a
gravity control system established in the neovolcanic zone of
northern 1Iceland (Krafla fissure zone), in order to further

investigate the recent rifting process. Accuracy and
reliability of the final gravity values could be improved
through the new methods. A comparison with the results of

the 1980 survey showed in general the same behavior of the
vertical movements as between 1975 and 1980, but with smaller
amplitudes.

*) Also presented at the 7th International Symposium on Recent

Crustal Movements, Tallinn/USSR September '8-13, 1986.
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Fig. 1: Location of gravity profiles in northern Iceland tested at the 1985
Iceland survey.
3. Improvements i vimet instrumentation and evaluation

3.1 Gravimeter calibration

At the 1985 campaign four LaCoste-Romberg (LCR} gravimeters
were employed (D-8, D-23, G~298, and G-709). A major problem
is the calibration of the gravimeters. LCR gravity meters,
both model D and model G, are known to suffer from longwave
and shortwave (periodical) calibration errors, which can be
determined on suitable calibration lines, as in the
gravimeter calibration system Hannover (Table 1) (KANNGIESER
et.al. 1983a).
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3.2 SRW~-feedback-system

The electronic SRW-feedback system was constructed for the
observation of small gravity differences without using the
gravimeter's screw, in order to overcome the imperfections of
the mechanical system (levers, screw, gear box), but it can
also be used for the determination of corresponding
corrections (short periodic terms of the calibration
function). Basic requirement for the installation of our
device in a LCR-gravimeter 1is, that the instrument is
equipped with a Capacitive Position Indicator (CPI). The CPI
indicates small deviations of the gravimeter beam from the
horizontal zero position, caused by gravity effects not
completely compensated by the mechanical system. By the
SRW-system the CPI output voltage is used together with a
bias voltage to generate an electrostatic force which returns
the beam to the zero position and holds it fixed there. The
necessary feedback voltage can be made almost perfectly
linear with the gravity difference by adjusting the
electronics. The two parameters of a function which
transforms the SRW-output voltages into gravity units can be
easily determined on three stations of a calibration line.

The measuring range of the SRW-syStems varies between 4 and
20 mgal, depending on the specific gravity meter. Further
advantages of the system, besides of the simple calibration,
are the independence of the sensitivity from gravimeter tilt,
and a good output filter (damping 65 dB/decade, 30 sec delay
time). Especially under the unfavourable environmental
conditons for high precision gravity surveys in Iceland,
these measures both helped to increase reading accuracy and
to reduce the measuring time significantly.

3.3 Program system 'GRAVITY'®

For a complete data processing and evaluation of gravity
measurements already during fieldwork, the program system
'GRAVITY' was developed for the micro computer Hewlett
Packard 9816. Programming language is HP-Basic 3.0. The
system contains the routines 'GRAVITY', f‘DATAIN', ‘'PREPRO'
and 'ADJUST' and needs several DATAFILES.

observations also suffer from calibration uncertainties and
errors caused by transportation effects (mechanical shocks,
temperature variations). The standard deviation for the mean
value of a single epoch is assumed to be < #0.025 mgal. The
measurements indicated, that the gravity values of Keflavik
and Akureyri did not change significantly between 1965 and
1980. With respect to the measuring accuracy this is also
valid for the periode 1980~1985 (Table 2).

*

Epoche  Humber Number  Gravity vaelue Nuwber Nunber Gravity value
of of of Keflavik of of . of Akureyri
gravity cormec- [gel} gravity connhec- tgat}
meters tions rters tions

1965- tor2 48 982.259392 1to4 5t 982.333382

1980 par epoche per epoche

1981 2 4 982.259373 3 6 982.333405

1985 2 & 982.259381 4 8 982.333413

Teble 2: Gravity connections Hannover-Keftavik (Hemnover fixed 981.262376 mgal)
end Keflavik-Akureyri (Keflavik fixed 982.259392 mgal)

4.2 u s i orthe ce 98

In the 1985 survey gravity and height determinations were
repeated in the central part of the main profile (21 gravity
stations), the Namafjall profile (20), the Hverfjall profile
(4), the western parts of the Gjastikki north (5), and
central (8) profile, while in the Gjastikki~Kelduhverfi
profile (13) only gravity measurements were carried out.
Within the profiles observations between adjacent stations
were performed with four gravity meters and three
repetitions. Ten stations have been selected to form a base
network and were connected through additional observations in
order to «control error propagation. Two survey groups
operated independently, using one LCR model D and one model G
instrument. At the G-gravimeters the SRW-systems were used
when the gravity difference was within its measuring range
(G-709: nearly all measurements, G-298: half of the
measurements), whereas the model D gravimeters were read in
the conventional manner, but using the SRW-output instead of
the CPI-output. Altogether 1400 readings were carried out,
resulting in 1136 observed gravity differences. The
accuracies of single observed differences have been estimated
from a common adjustment. They are given in Table 3.
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The stations of the central
part form the amafial
profile (Fig.3). There grav-
ity increased up to 30
microgal accompanied by
subsidence in a narrow, 1.5
km wide part. West and east
of this area we find gravity
decrease with correlated
elevation changes. In the
v o] (Fig.4)
gravity increase up to 20
microgal has been observed.
In this profile height
measurements were performed
in 1985 for the first time.
This is also true for the

e
(Fig.s). There a maximum
gravity decrease of 80

microgal was found between
1980 and 1985, 60 microgal of
which already occured between
1980 and 1981 (TORGE and
KANNGIESER 1983). East of
this minimum  gravity de-
creased by 30 microgal in two
stations. For the central
Giastikki profile (Fig.6) no
significant gravity and
height changes could be
detected between 1980 and
1985 except of a local
gravity decrease of 25 micro-
gal in a single station,
which also occured already
between 1980 and 1981. The
Glastikki-Kelduhverfi profile

("!O‘Il Fig. 7 G

JAST [KKI -KELDUHVERF [

e GRAVETY

H
251
295
298

(Fig.7) is characterized by
small gravity decrease in the
southern part (northern
Gjastikki region) and grav-
ity increase up to 25
microgal in the northern
part.
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Abstract

Gravity measurements have repeatedly been carried out in the area around
Lake Biwa since 1971 in order to detect the secular change of gtavit}. Another
precise gravity measurement has also been carried out along the levelling
route in Kii Peninsula since 1972.

The gravity change obtained there was not in a good correlation with the
vertical movement obtained from levelling surveys, but it was with the move-
ments obtained from the observations of water level and oceanic tides. The
gravity increase was found at the tip of the Kil Peninsula, and this may be
partly explained by the areal contraction caused by the push of the Philippine

Sea Plate.

1. Introduction

We started an investigation for detecting the time change of gravity in
the area near Kyoto in 1971. Two areas around Lake Biwa and in the Kii Penin-
sula were chosen in Kinki District to carrxy out precise gravity measurements.

We were interested in the area avound Lake Biw;; first, it Is close to
Kyoto, and therefore the gravity measurements cén be carried out easily,
accurately and within a short time; secondly, in Kinki District including tﬁis
area, gravity measurements had repeatedly been carried out between 1950 and
1962 by using North American and Worden gravimeters, and the results showed
that gravity value had increased on the shore of Lake Biwa, but the results
obtained by such gravimeters were not so accurate that they could not tell
whether the gravity increase was real or not; thirdly, in this area two more
precise gravity measurements were carried out in 1964 and 1967 by using
LaCoste & Romberg gravimeters, but the methods of precise gravily measurements
were not yet refined and such data had some questions on the accuracy to
detect the secular change of gravity. We started the precise graviiy measure-
ments along the route around Lake Biwa in 1971 with LaCoste & Romberg gravi-
meter G-196, and they have been carried out almost every year.

Next, we paid attention to the area in the Kii Peninsula. it is not far
apart from Kyoto, and in this area there is much possibility to prove that a
large gravity change accompanies a large scale of crustal movements. According
to geophysical studies made so far, the ground éradually subsides at oxdinary
times, while an abrupt uplift occurs at the times of great earthquakes, at the
tip of the Kii Peninsula. Therefore, it is highly expected to measure the
gravity change of a large scale in this area. In general, the southern part of
the Kii Peninsula has a high gravity anomaly, while the northern part has a
low one. We could, therefore, find many gravity statlons with a similar

gravity value all over the area. ‘the rectilinear distance between the two
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extreme stations was about 200 km in north and south. Along the levelling
route of the area covering Lake Biwa and the Kii Peninsula, such first order
bench marks were chosen in 1970, as gravity stations, as gravity differences
from the Gravity Station of Geophysical Institute of Kyoto University (refer-
ence station in the present study and its gravity value is 979.708 gals) are
smaller than 1 mgal. Besides them, the first oxder bench marks with the
gravity value of 979.686 gals & 1 mgal were added to the iso-gravity stations
in due consideration of their distribution, in 1973,

The schematic map of the Kinki District, which includes Lake Biwa and the
Kii Peninsula, is shown in Fig. 1.

Apparent secular changes of gravity were calculated from the measured
data under the assumption that the gravity value at the Gravity Station of
Geophysical Institute of Kyoto University has been constant during the whole
period concerned. They are shown in Fig. 2 for the area around Lake Biwa and
in Fig. 3 for the 1so—gravity stations. The accuracy of each gravity differ-

ence 1s 6 - 9 pgals after 1971 for the area around Lake Biwa and it is 5 - 8

pgals for the iso-gravity stations.

2. Gravity Value at the Reference Station

The Gravity Station of Geophysical Institute of Kyoto University was used
as reference station which is firmly constructed on a stable bedrock. However,
it cannot be said that the gravity value at the reference station has been
constant only because the fact.

We can use only the data obtained by the relative gravity measurements
themselves in Kinki District in the attempt to prove the assumption that the
gravity value at the reference station has been constant. First, we calculated
the mean values of gravity differences from the reference station at stations

in the area around Lake Biwa; at these stations ten gravity measurements were

ki
District

Kil
Peninsula

Fig. 1. Schematic map of Kinki District.
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ty differences

Lake Biwa and

carried out during the period between 1971 and 1982. Second, we calculated the
mean values of gravity difference from the reference statlion at stations where
seven measurements were carried out as iso-gravity measurements by wmeans of
two or three gravimeters. These results are shown in Flg. 4. Two results which
obtained by independent gravity measurements show fthe similaxr tendency,
specially before 1981. This fact mway show that the gravity values have changed
in the same way in the whole area of Kinki District, but it is more probable
that the gravity value at the reference station has changed in a contrary way
to that given in Fig. 4.

Unfortunately, we did not have an opportunity, up to the present, to
carry out precise absolute measurements of gravity in the area concerned, but
we have only measured gravity differences. Therefore, we cannot discuss the
common change of gravity in the whole area of Kinki District, if it exists,
but we may only discuss the residual change without the common change.

We will discuss the residual change of gravity at each measured station,
under the assumption that the change of mean values shown in Fig. 4 is due to
the change at the reference station. The residual change is shown in Fig. 5 in
the area around Lake Biwa and that obtained from the iso-gravity measurements

is shown in Fig. 6.

3. Gravity Changes around Lake Biwa

The gravity change after 1971 cannot be found so clearly in Figs. 2 and
5. As the gravity measurements were carried out almost once a year during the
period between 1971 and 1982, the mean rates of gravity change were estimated
by the least squares method assuming that the gravity change during this
period was linear to the lapse of time. Thelr vesults are shown in Fig. 7.

From Fig. 7, we «can briefly find out the pattern that the gravity value

increased along the northern shore of the lake and decreased along both the
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near water level stations with vertical movement obtained

from the data of water level.

southern and western shores.

Levelling surveys during the period concerned were carried out along the
western shore of the lake in 197%, 1975/1976, 1979 and 1983, The comparison
between gravity change during the period of 1971 - 1982 and vertical movement
during that of 1971 ~ 1983 is shown in Fig. 8. It shows that the gravity
change did not have the same tendency as the vertical movement.

Next, the relation between gravity change and change of water level of
Lake Biwa is examined. As for the data on water level of the lake, six sta-
tions belonging to the Kinki Regional Construction Bureau of the Ministry of
Construction are available. The vertical movement at each statbion was calcu-
lated from the monthly mean data of water level during the period of 1971 -
1980, The results are shown in Fig. 9 as well as locations of the water level
stations. It shows that the ground subsided in the north area and it uplifted
in the south area around Lake Biwa. It‘is harmony with the gravity change.

The comparison of gravity change at the gravity stations near water level
stations with vertical movement obtained from the data of water level is shown
in Fig. 10. The gravity change is more similar to the vertical change obtained
from water level data than that obtained from levelling surveys. But the

amount of the gravity change is much greater than that expected from the water

level change.

4. Gravity Changes in the Kii Peninsula

The mean rates of gravity change at the iso-gravity stations were obtain-
ed by the same method as those at the gravity stations around Lake Biwa, and
they are shown in Flg. 11. As can be seen from Fig. 11, the gravity increased
in the southeastern part of Kinki District and decreased in the noxthwestern

part.

Levelling surveys were carried out by the Geographical Survey Institute
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along the levelling routes of both the coast and inland areas of the Kii
Peninsula in 1971/1972, 1979 and 1983. The comparison of gravity change with
vertical movement which was obtained by the levelling surveys, is shown in
Fig. 12. The gravity change shown in this figure was obtained by applying the
least squares method as in the case of Lake Biwa. The correlation between
gravity change and vertical movement is not so clear at almost stations. The
gravity changes at both B.M. 1473 and B.M. 1474, however, are almost the same
as the expected ones from vertical movements. This is the free-air change of
gravity due to the ground subsidence by over pumped-up of underground water.
The vertical movement of the crust can be estimated by using the change
of mean sea level. Next, we compare the gravity change with such crustal
movement as that obtained by oceanic tidal observations. Oceanic tidal obser-
vations have been carried out at several stations along the coast of the Kii
Peninsula. Kato and Tsumura (1983) analyzed the data between 1951 and 1982,
and their results are shown in Fig. 13. They showed that Kushimoto, which is
at the tip of the Peninsula, was subsiding at the rate of 0.9 mm/year, but
Kainan and Wakayama, which are located at the foot of the Peninsula, were
These results are not similar to the

uplifting at the rate of 0.6 mm/year.

vertical movements obtained from levelling surveys, but similar to the gravity

. changes. However, the amount of vertical movements derived from oceanic tidal

observations is not enough for letting us to explain the gravity change
measured.

The gravity change by the vertical movement which was obtained by the
levelling surveys was reduced by free-air gradient and the reduced values are

plotted with broken lines in Fig. 12. Fig. 12 shows that the gravity increased

by a few Fgals/year at the southern part of the Kii Peninsula. The geodetic

. -7
control surveys were repeated and areal contraction of 5 X 10 per year was

obtained in the southern and eastern parts of the Kii Peninsula. We may think
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that such contraction is caused by the push of the Philippine Sea Plate. The
direction of the motion of the Philippine Sea Plate is northwest relative to
the Eurasian Plate near the area concerned (Seno, 1977), and the Plate sub-
ducts with a low angle from the Nankal Trough to the coast of the Kii Penin-
sula and the depth of its surface is about 30 km beneath the coast. The angle
of subduction is steeper beneath the inland area. The leading edge reaches at
the foot of the Kii Peninsula, and its depth is about 80 km (Fukao et al.,
1983). The northwest - southeast cross sectional view of the Eurasian Plate
and the asthenosphere under it just above the subducting Philippine Sea Plate
may be assumed as drawn in Fig. 14(b).

We estimated the gravity changes obtained by the density change of 10_6
g cm_3/year (Satomura, 1985) in the EBurasian Plate with the cross section
shown in Fig. 23(b) by using the formula of Talwani et al.(1959). Their
results are indicated in Fig. 14(a), showing that relative gravity increase is
expected only about 1 Fgal/year when the reference station 1is located in
Kyoto. This amount is smaller than the reduced gravity change at the southern
part of the Peninsula, but some parts of gravity changes may be expected to
occur by the areal contraction.

The relations between gravity and elevation changes obtained at B.M. 1473
and B.M., 1474 are shown in Fig. 15. Elevation changes were calculated with the
net adjustment under the assumption that the elevations at B.M. F39 (Toyocake
City, Aichi Prefecture) and B.M. SF191-2 (Tarul Town, Gifu Prefecture) had
been unchanged. F, B and W indicate free-air, Bouguer and water-saturated
gradients of gravity, respectively. If the amount of the ground subsidence is
as same as that of the pumped-up underground water, the gravity might change
as the line W. The actual gravity change, however, was’ smaller than the
expected gravity change from the line W till March 1978. Afterwards the amount

of the latter was smaller than the former. This means that ground subsidence

(a)

100 o] 00 Sy

(b} 40

80+
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Fig. 14. (a) Gravity change estimated by the density change of
10_6 g cm-3/year in the cross section of (b).
(b) The cross sectional view of the northwest-southeast
direction of the Eurasian Plate and the asthenosphere just

above the subducting Philippine Sea Plate.
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was greater than the amount corresponding to the volume of pumped-up under-
ground water before March 1978. The ground subsidence had already started at
about 1960, and then it may conclude that the underground water pumped up
until 1974, when the gravity measurements started, caused the ground subsi-
dence with some delay of the phase. As the regulation against pumping under-
ground water has been put in force since January 1976, the wvolume of the
pumped-up underground water has thereafter been getting smaller. Under these
circumstances, the ground subsidence practically stopped in 1978, but gravity
increase still continued until 1981. This can be explained by recovery of
underground water after the regulation against pumping.

Great earthquakes whose magnitudes are greater than 8.0 occur at the
interval of about 100 years off Kii Peninsula. The last one occurred in 1946,
and the period when we have carried out many precise gravity measurements, was
in an inactive stage of the above-mentioned cycle of earthquake occurrence.
when such a great earthquake occurs off Kii Peninsula, this area should be one
of the most probable areas where a great deal of gravity change is expected to

be measured in Japan. The present results shall contribute as fundamental data

to detect the gravity change related with seismic activity.

5. Conclusions

We have repeatedly carried out the precise gravity measurements during
the period of more than 10 years in Kinki District in order to detect the
secular change of gravity. Some bench marks were specially chosen for this
purpose as the iso-gravity stations along the levelling routes of the area
covering Lake Biwa and the Kii Peninsula.

The results obtained from the present investigations are as follows:

a) The gravity change was not in a good correlation with the vertical

movement obtained from levelling surveys, but it was with vertical movement

derived from the observations of water level or oceanic tides.

b) The gravity increase was found at the tip of the Kil Peninsula, and
it may be partly explained by the horizontal contraction of the crust by the
push of the Philippine Sea Plate.

c) The observed gravity change agreed with the expected one from the
vertical movement where the ground has severely subsided because of over
pumped-up underground water. This proves that the precise gravity measurement
is useful for detecting a certain underground change.

It 1is a very great advantage that the precise gravity measurement can
directly connect two stations which are located far apart. The levelling
survey cannot realize this advantage, while the oceanic tidal observation and
water level one have the same advantage. It may be ascribed to this advantage
that, according to the results of the present measurements, the gravity change
is nearly the same as the gravity change expected from ocean tidal observation
or water level one. wWhen we take such advantage into account, a few stations
must be selected carefully in a wide area and the direct measurements must be
carried out between the reference and selected stations. This way of using the
gravimeters is the most useful to detect the gravity change.

The results of gravity measurements through the present investigétions
must be the valuable and useful data in order to study the secular change of
gravity in the area concerned, because the measurements were carefully per-
formed after active discussions aﬁd many examinations about the methods of
measurements and the characteristics of gravimeters. We used the same gravi-
meters, the same measured method and so on. We believe that a more reliabile
information on ;he secular change of gravity will be obtained within the next

ten years or a little more, by repeating the similar gravity measurements with

equal time interval.
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LONG TERM PERIODICAL GRAVITY CHANGES OBSERVED
WITH A SUPERCONDUCTING GRAVIMETER

F. DE MEYER*, B. DUCARME**

SUMMARY :

From a four years registration period with a Superconducting gra-
vity meter installed at the Royal Observatory of Belgium we were able to
modelize the instrumental drift in order to study long period gravity changes.
By instrumental drift we mean apparent gravity changes that we can physically
explain by some instrumental properties. The initial drift rate was of the

order of 0.15 ugal day-’l and is slowly decreasing.

We then introduced the long period tides, the polar motion effects
and an annual component and we finally obtain residues exhibiting a white
noise structure. The origin of the annual term is not yet clearly understood

and could also have an instrumental origin.

* Koninklijke Meteorologische Instituut, Ringlaan 5, Brussel.

** Fonds National de la Recherche Scientifique,
Observatoire Royal de Belgique, Av. Circulaire 3, 1180 Bruxelles.
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GRAVITY CHANGES 1981-6 OVER THE ATALANTI FAULT SYSTEM. GREECE

E. Lagios and R.G. Hipkin

A network of precise gravity stations was established in 1981 over the
Atalanti Fault System, Graece. It has been remeasured annually, using
intercalibrated LaCoste gravity meters. The method of analysis and precision of
the data will be briefly discussed. Between 1982 and 1983, a 12 km section of
the network bulget, apparently by some 30 cms. This “"bulge” was observed by the
surveys of 1983 and 1984 but had largely subsided in 1985, Differential
movement was concentrated along known faults but no Earthquakes larger than
magnitude 2.1 occurred there between 1381 and 1983.
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COMPUTATION OF THE GRAVITY VECTOR FROM TORSION BALANCE DATA
IN SOUTHERN OHIO USING COLLOCATION®

D. ARABELOS and C.C. TSCHERNING

The method of least-sguares collocation was used for gravity vector
estimation from torsion balance observations in Southern Ohio. The results were
very dependent on the covariance function used and on the selection of a proper
signal to noise ratio. Here standard deviations of the noise of ¢ 7 E.U. (10"
52) gave the best results. They were, expressed in terms of standard deviations
of differences observed-predicted, ¢ 0.4 for deflections of the vertical and
2 mgal for gravity anomalies. This compares to signal standard deviation of
4" and & 22 mgal for deflections and gravity anomalies, respectively.

* Submitted to Journal of Geophysical Research



INTERPOLATION OF GRAVITY ANOMALIES IN SOUTHERN AFRICA

C.L. Merry

Interpolated gravity values can be used to estimate gravity corrections to
levelling data, where gravity observations have not been made at benchmarks. In
this paper a technique for interpolation is described which wses as a high
order reference field a Dbicubic splins representation of mean gravity
anomalies, as a first step. Further steps in the interpolation involve the use
of elevation correlations and local <collocation. This technique has bheen
applied to southern African gravity data, yielding estimated gravity values at
selected benchmarks. This same technique has also been wused to predict ({with
the aid of a DEM) 1/4° x 1/4° mean free air gravity anomalies 1in the same

region.
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