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3.1 INVESTIGATION OF THE GEOMAGNETIC FIELD*

The Tihany Observatory has been continuously recording the relative variations 
of the magnetic components and determined the level of absolute measurements. 
Recorded data are supplied to both Hungarian and international users, and world 
Data Centres.

The annual mean values of the magnetic components at Tihany, computed for 
the epoch 1987.5 from preliminary hourly means are as follows:

D =1° 39.1'
H =21,442 nT 
F =47,487 nT 
Z =42,370 nT.

To check our magnetic measurements several comparative measurements were carried 
out in the course of the year at the Observatory of Nagycenk (GGRI, Acad. Sci. 
Hung.) as well as in Tihany in collaboration with the Nurmijárv Observatory of 
Finland, Our measurements were in good agreement within the accuracy requirement 
of several nT-s.

The survey on the secular network—started in 1986—and the reconstruction of 
the observation pillars were completed. The observation points of the secular net
work were selected from the points of the magnetic base network connected to the 
national triangulation net following the establishment and survey of the magnetic 
base network in 1964/65 [A czél- S tomfai 1968]. In the past 25 years, due to large- 
scale farming, a great number of points have been destroyed. Thus from the points, 
indicated with full circles in Fig. 103/a we could carry out measurements only on 
the places marked in Fig. 103/b. In the course of the national survey in 1979/80, 20% 
of the base network of 300 points proved to be unfit for use. A further unfortunate 
circumstance is that except for the Tihany Observatory (identification number 300 in 
Fig. 103/b) and the neighbouring point at Nyirád (13) only 2 secular points are sub
stantially inside the country, the majority of the points being along the border. 
The reconstruction of the network resulted in the arrangement shown in Fig. 103/c. 
In the surroundings of the North Hungarian Range and in that of the capital no 
secular point could be located due to anomalies of geological and industrial origin.

The primary processing of the secular measurements of the last two decades has 
already been partly completed [Aczél-W allner 1980]. In the course of 1987 the 
field intensity values deduced from the new international geomagnetic reference model 
(IGRF ’85) were calculated for the points of the secular network. The results for the 
points with the identification numbers indicated in Fig. 103/b are shown in Figs. 
104-107. IGRF ’85 is the fourth generation reference model developed by IAGA. *

* T. Lotnniczi, A. Körmendi, Z. Szabó

211



It gives tenth-degree and -order spherical harmonic coefficients between 1960 and 
1985 for the determination of the components of the global geomagnetic field free 
from anomalies of crustal origin. The model results from the adjustment of several 
hundreds of thousands of surface and satellite measurements for the epochs 1965.0,
1975.0 and 1980.0. The variation of the spherical coefficients in time was determined 
from annual means of the Observatory network and extrapolated for the period after
1985.0 [IAGA Division I. 1985, Peddie 1982]. Our comparative investigations serve 
for checking the new model required by IAGA.

Assuming that the original objectives are fulfilled by the IGRF ’85, the following 
statements can be made concerning secular surveys in Hungary:

— the magnetic data obtained on the secular network correctly follow the va
riation in time described by the global model;

— the average difference of 15-20 nT can be interpreted as a regional crustal 
anomaly;

— the variation in time of the Z component with a somewhat different gradient 
than the reference model can be uniformly traced and shown to support the 
crustal anomaly of the Carpathian basin.

The differences between the measurements and the described model refer to 
anomalous magnetic conditions in the crust. The quantitative determination of this 
requires the processing of data concerning the whole Carpathian region. It may be 
presumed, though, that the difference is caused by a systematic error due to the limita
tions of the model. Results of a comprehensive testing of the new model may give an 
answer to these questions.
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3.2 GEODYNAMIC INVESTIGATIONS*

In 1987 the Askania type BN-07 recording gravimeter of ELGI was recon
structed. This was a cooperative venture between ELGI and the Department of 
Theoretical Geodetics of Bonn University. Financial support was provided by the 
Humboldt Fundation (FRG). The development work included two essential factors:

a) the instrument was equipped with an electrostatic calibration unit in order 
to achieve an accuracy of 0.1 % of the time scales of the records. After the installation 
of the instrument the time constant of the calibrating unit was determined (this 
proved to be 20 minutes) and from this a calibration process was developed providing 
an internal accuracy of 0.05-0.10%. On the basis of three months experience it can 
be said that no substantial change can be detected in the time scales of the records 
within the error limits mentioned. It was concluded that the internal accuracy of 
calibrations cannot be improved further, i.e. it cannot be less than 0.05 %, due to the 
intrinsic noise of the records.

b) In order to improve the thermostat system of the instrument the internal 
thermostat of the gravimeter was changed to thermistor controlled. The results ob
tained from the harmonic analysis of the residual curves of former records give reason 
for this modification. It was proved that residual spectra also reflect external effects. 
These systematic components distorting the results of earth-tide investigations, orig
inate from the limited temperature stabilizing capacity of the former dual thermostat 
system with only yes/no positions. According to our calculations the new thermostat 
can substantially decrease this unwanted temperature effect.

Whether this development was successful or not can only be finally decided on 
the basis of the results of the 1987/88 observations.

In the course of 1988 the digital recording of observation data will be started on 
floppy discs. For the computer processing of data obtained this way, the develop
ment of a program system was started in 1987. In its present state this facilitates 
the elimination of error originating in registration and the compensation of zero shift 
and instrument drift. It can also perform the harmonic analysis which is the final 
objective of the processing.

Our theoretical investigations into the examination of the changes in the earth- 
tide parameters caused by the Earth’s structure, were started in 1986. These have 
been continuing in two directions:

a) in addition to the h, k  and / Love numbers as well as the theoretical determi
nation of the gravity tidal factor ( 5 =  1 +  Л-3/2А:) and that describing the tilt 
(Y =  1 +  k-h ), the following further Love-number combinations were determined: *

* P. Varga
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— vertical extensometric factor

_ dh 
Zfr =  cl------j- 2Л

dr

— a factor describing horizontal regional deformations=  2И-61

— dilatation factor

Ѳ =  5V+ Zh =  a---- 1-4 h-6l\
dr

b) the eifect of the Earth’s core structure on the Love numbers and on their 
combinations (5, y, and Ѳ) were investigated.

The reason for carrying out the study mentioned in point a) is that the gravity tidal 
factor—which can be most reliably determined—has only small variations (0.72%) 
[ELGI’s Annual Report for 1986 pp. 229-231]. From this it follows that if we want 
to use the Earth-tide phenomenon for the determination of the internal structure of 
the Earth then either

a) the gravity tidal factor should be determined more accurately than at present 
(this endeavour is reflected in our instrument developing program described, since 
the most serious obstacle to the more accurate determination of the factor nowadays 
is the inappropriate accuracy of instrument calibrations), or

b) the information content of other components of the Earth tide which are 
observed less frequently due to technical reasons, should be investigated.

First it was clarified to what extent Love numbers and their combinations de
pend on the variations of the P- and 5-wave velocities (a and J3, respectively) and 
on that of the compression ( k )  and shear ( p )  modulus in the Earth’s mantle. If the 
velocities are changed in 5% steps within the limits of ±20%  from the surface to the 
core-mantle boundary compared to PREM*, the effect of а -variations is hardly 
reflected in the values of k, h, 8 and у but it is remarkable in the values of / and in 
that of the three deformation factors ( І к, І я and Ѳ). Table XI shows the £ values of 
the velocity variation a =  ao(l +  e) (e= 0  corresponds to the case of PREM). Similarly, 
perturbation of 5-wave velocity, p, in the mantle within the limits of ± 20% is signi
ficantly reflected only in the values of /. In Table XII the e values of the velocity vari
ation p =  Po(l±£)are given (e= 0 corresponds to PREM). It has to be mentioned 
that the perturbations used induce nonlinear and asymmetrical variations of the Love 
numbers and their combinations compared to 6= 0.

Another part of our model calculations served for the clarification of the extent 
to which the variations of the Love numbers and their combinations depend on the 
depth of elastic parameter anomalies. For the investigation a and P velocities were 
increased by 10% within a spherical layer of 0.05 r/ű relative thickness (a is the radius 
of the earth and r is the selected depth), in different depths. In the case of P-waves 
the most important changes were obtained for the deformation factors (Table XIII.) 
The thickness of the spherical layers is 5% of the Earth’s radius and the relative *

* Preliminary Reference Earth Model
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depths (rup/a) of their upper boundary can be seen in the first column. When perturb- 
ating the S-wave velocity by 10%, the greatest changes in k, h, у and were 
obtained in the surrounding of the core-mantle boundary. The deformation factors, 

and Ѳ, are on the contrary the most sensitive to changes of the velocities near the 
surface (Table XIV). The thickness of the spherical layers is 5% of the Earth’s 
radius and the relative depths of their upper boundary can be seen in the first column.

Table XI. Variation of Love numbers and their combinations versus varying P-wave 
velocity relatively to PREM

Table X II. Variation of Love numbers and their combinations versus varying S-wave 
velocity relatively to PREM

Table XIII. Variation of Love numbers and their combinations relatively to PREM 
versus relative depth (rttp/a) of P-wave velocity anomaly
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Table XIV. Variation of Love numbers and their combinations relatively to PREM 
versus relative depth (rup/a) of S-wave velocity anomaly

In the course of our investigations we searched for an answer to the question 
as to what extent the internal structure of the Earth’s core can affect the values of 
Love numbers and that of 5 and y. It was found that the density distribution in the 
core does not practically affect the value of these parameters. A similarly negative 
result was obtained when perturbating the density contrast at the core-mantle 
boundary and the shear modulus in the core—that is in any case less than 108 N/m2. 
Only in the case of varying the depth of the core-mantle boundary could some con
nection be seen between the Love numbers as well as their combinations and the core 
structure. Changing the position of this most strikingly marked horizon of the in
terior of the Earth by 10 km the following Love-number variations were obtained: 
Afc=0.43%, A/*=0.21 %, A/=0.10%, Ay=0.06% and A5=0.04%.

Thus it can be concluded that the results of Earth-tide measurements depend 
only on the structure of the mantle. In principle the deformation factors would be 
promising for the investigation of Earth models, but their accuracy must be improved.
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3.3 PALAEOMAGNETIC STUDIES

3.3.1 Magnetic susceptibility anisotropy measurements and their evaluation*

The Magnetic Susceptibility Anisotropy (MSA) method is widely used for char
acterizing the magnetic fabric of rocks. In sedimentary rocks the MSA is controlled 
by deposition and compaction, in volcanic rocks by the lava flow and in metamorphic 
and plutonic rocks by ductile deformation and mimetic crystallization [Hrouda 1982]. 
The usefulness of the method in structural analysis has been proved by several authors 
[Hrouda 1979, Rathore 1985, Hírt et al. 1988, Rochette 1988, etc.].

MSA measurements can be performed by anisotropy spinners, cryogenic magne
tometers, torque magnetometers as well as AC bridges (Kappabridge KLY-2 of 
ELGI is one of such instruments). To perform on-line measurements and to facilitate 
the processing of data, computer programs have been worked out in our laboratory 
for IBM PC/XT compatible computers. The algorithm uses Jelinek’s statistical 
approach [Jelínek 1977, 1978].

In order to check the reproducibility of MSA measurements the whole set of 
measurements were repeated several times. It was found that in all measuring ranges 
of the Kappabridge significant (>1% ) anisotropy could be determined reliably 
(Fig. 108). The test measurements were followed by studying collections from known 
geological settings. The results of one are presented here. This collection includes 
Miocene ignimbrite samples from 4 localities (11 sites) in the Bükk Mountains 
(Fig. 109). The localities represent two stratigraphic levels: Bogács is considered to be 
younger than Sály, Kács and Kisgyőr. The magnetic and other properties (rock 
fabric, colour, etc.) of the rocks of the two levels are also different.

Fig. 110 illustrates the site-mean results of the MSA measurements. The mini
mum susceptibüity directions are well defined for each site (confidence angles are 
below 15 degrees), and they are subvertical (dots are scattered around the centre of 
the projection circle). The maximum and intermediate susceptibility directions lie in 
the horizontal plane: these directions define the magnetic foliation plane. The fact 
that the minimum susceptibilities are subvertical and the foliation plane is sub- 
horizontal, is related to the macroscopically visible texture of the ignimbrites indi
cating a primary structure. For three sites (B4, S2, Ki2) the maximum and inter
mediate susceptibility directions are well clustered in the foliation plane (confidence 
angles are below 27 degrees). This indicates that the fabric was affected by com
pression. In weakly deformed sediments the intermediate susceptibility directions are 
parallel to the compression axis. The intermediate susceptibility directions of B4 
(Bogács) and S2 (Sály) show a NW-SE compression but that of Ki2 (Kisgyőr) 
define a N-S compression.

* Bordás R.
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Two compression directions were recognized from microtectonic measurements 
on Miocene rocks in the Bükk Mountains [Bergerat and Csontos 1988, Tari 1988]. 
For localities Sály and Kisgyor two compression axes were found (120°-300° and 
10°-190°) but for Bogács only one (10°-190°). These two directions agree with the 
compression directions derived from MSA measurements. This indication suggests, 
that systematic studies of the MSA of Miocene ignimbrites and adjacent rocks, and 
correlation of the results with those of microtectonics would lead to a better under
standing of the stress field in the Miocene in the Bükk Mountains.
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3.3.2 Villány Hills: a step towards the definition of a Mesozoic apparent polar wander 
curve*

Palaeomagnetic directions for the Mesozoic of the Transdanubian Central 
Range change in time in a systematic manner, which corresponds to the ‘African 
pattern’, however, coeval poles from Africa and the Transdanubian Central Range 
are not coincident, due to post-Mesozoic relative movements of the two units.

On the contrary, palaeomagnetic direction for the Villány Hills show stable 
European affinity [Márton Szalay E., Márton P. 1978]. Thus they seem to support 
the northern Tethyan origin of SE Transdanubia—a model built on geological 
grounds.

More recent results shed new light on the earlier data [Márton E. 1986). After 
the recognition of post-Jurassic complex rotations, the closeness of the Villány poles 
to those of Stable Europe had to be regarded as coincidence. For the palaeomagnetic 
proof of whether SE Transdanubia is of southern or northern Tethyan origin, it is 
inevitable to obtain an APW (apparent polar wander) curve for the Mesozoic of the 
area in question. The absence of a loop in the APW curve would favour the northern 
Tethyan origin.

In 1987, two sections were selected from the Villány Hills for palaeomagnetic

* Márton E.
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study (Fig. I l l ) : an Early Jurassic-Early Cretaceous (Albian) sequence (Szársomlyó 
hill, 106 samples) and a Late Triassic-Late Jurassic (Oxfordian) one (Villány, Temp
lom hill, 73 samples). Sampling was restricted to certain strata, where a few closely 
spaced cores were drilled. Such samples define a site. As a result of thermal (Fig. 112 
and 113) and to a lesser extent AF cleaning, characteristic remanence was found for 
most sites (Tables X V  and XVI), however, the high between-site scatter, both before 
and after tectonic correction, did not permit the definition of a palaeomagnetic pole, 
except for the Oxfordian and Barremian.

The Oxfordian Pole (lat. =72° N, long. =  128° E) is of excellent quality. It is 
based on the overall-mean of four localities (Fig. I l l ,  I, Il/a, 1, 2) which is signi
ficantly better defined after tilt correction.
Before correction:
D = 8° 1 =  14° k=13 a95 =26.70
After correction:
D=22° 1=58° k =  173 a95=1.0°
This result was an improvement on the previously determined Late Jurassic pole, due 
to the positive fold test and the more precise age determination.

For the Barremian sediments (3 sites at a single locality) the statistics worsened 
after tectonic correction.

Table XV. Villány, Templom hill, palaeomagnetic directions
1-14—code of sites; 1-4—Lias, 5-6—Callovian, 7-14—Oxfordian. N / № —number of samples, 
accepted/collected; D°, 7°—declination, inclination before tectonic correction; D°c, Tc—decli
nation, inclination after tectonic correction; k. 0C95—statistical parameters; °C/Tesla—cleaning 
(thermal/AF)
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Table XVI. Villány, Szársomlyó hill, palaeomagnetic directions
1-23—codes of sites: 1-3—Lias, 4-14—Oxfordian, 15—Kimmeridgian, 16-19—Tithonian, 20-
22—Barremian, 23—Albian. For all other notations see Table XIV

Before correction:
D=25° I= -6 °  k =213 a95:=8.50
After correction:
D=46° 1=57° k=56 095 =  16.7°
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In this case, the magnetization is clearly secondary with respect to the dip variation 
within quarry, but it seems very unlikely that it should be post-tectonic (the inclina
tion before tilt correction is absurd for a Mesozoic or younger magnetization).

The single Albian direction (Table X VI, site 23) after tilt correction is similar 
to what was found earlier for the same stage (Fig. 111,5) but further results are needed 
to improve the quality.

The presented results may be regarded as a step towards the definition of an 
APW curve for the Mesozoic of SE Transdanubia. While they are insufficient yet to 
give a pattern, they are significant in one respect. The determined inclinations are 
systematically higher than those for the Transdanubian Central Range (Fig. 114) 
thus suggesting that the present arrangement of the two units is indeed an inverse 
position.

3.3.3 Palaeomagnetic results from the Kvarner islands*

Within the framework of a joint palaeomagnetic project by Yugoslavia and Hun
gary, we proceeded to study the paraautochton east of “autochtonous” Istria 
(Fig. 115). The collection of a few hundred cores was split, one part measured and de
magnetised in the Geomagnetski Institute, Grocka, the other measured and demagnet
ised in ELGI. Most of the statistically meaningful results of the latter (Table XVII) 
show counterclockwise rotation similar to that observed in Cres island and the fold 
belt north of “autochtonous” Istria. A few localities, however, exhibited clockwise 
rotation (5, 7, 35); this was probably due to local tectonics.

Table XVII. Palaeomagnetic results from the Kvarner Islands, Yugoslavia 
R%—percentage of samples of reversed magnetization. For all other notations see Table XV

* Márton E.t Miliőé vie V., Veljovic D.
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3.4 GEODETIC GRAVIMETRY*

In 1987 the field work on the Czechoslovakian-Hungarian section of the Unified 
Gravity Network (UGN) was completed, the result of which is a joint base network of 
high reliability providing an up-to-date basis for the adjustment of the national 
gravity network.

In the course of the field work, measurements were carried out on 62 points 
from which Soviet experts determined the absolute g value on five points in Hungary 
and two in Czechoslovakia. The relative measurements were performed by eight 
gravimeters transported partly by airplane and partly by car. The data system includ
ing the results of more than one thousand observations was adjusted in several 
variations. The norms of the adjustments were as follows:

a) 2 |J ^ |^ m in  (where Vk is the correction of the individual
k measurements)

b) 2 І П І - min and y^Vk = 0 (double condition)
k  k

c) Tchebishev’s adjustment
d) Robust estimation with the so-called Danish method.
The Danish method was judged the most suitable which provided a mean error 

for the weight unit of M0=±0.019 mGal.
The survey of the Ilnd order Gravity Base Network started in 1980 was also 

almost completed with only a few ties to repeat remaining for 1988.
In order to establish the new Hungarian geoid (EOTR-geoid) a computation 

strategy was developed enabling the processing of more information than previously 
(instead of average gravity anomalies point values, satellite doppler- and geopotential 
data) for the geoid determination by Molodenskii’s astro-gravimetric levelling meth
od. The essentials of the solution are:

— the deflections of the vertical in the EOTR 1st order astro-geodetic network 
are reduced to geocentric ellipsoid on the basis of the available doppler data;

— for local Лg anomalies, the GRS80 is used as reference field. From these 
anomalies are the gravimetric corrections computed for the astro-gravi
metric height anomalies;

— information external to Hungary on the gravity field can be deduced from the 
spherical harmonics of the geopotential Earth model;

— the quasi-geoid height differences are produced by astro-geodetic levelling on 
a grid with spacing depending on local topography (in average 25 km);

— the adjusted quasi-geoid heights are finally transformed back into the astro- 
geodetic network.

On the basis of these, the calculations of a geoid for civil purposes were begun.

* Csapó G.t Sárhidai A., Szabó Z.
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