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2.1 S EIS M IC  M ETH O DO LO GICA L 
AND IN ST R U M E N T A L  R E S E A R C H

The most important achievements of seismic methodological and 
instrumental research in 1977 were as follows:

1. the determination of certain local structural elements within the 
Earth's crust and upper mantle by means of multiple-coverage reflection 
measurements;

2. a new method has been developped for the prospecting of small 
scale structures of coal basins by the VIBROSEIS® system;

3. successful off shore measurements were carried out with the R-10 
based real-time data acquisition and processing system. For land data 
an R-10 based preprocessing expedition centre was constructed;

4. the SD-10 -  CFS-I data acquisition system was completed by 
preprocessing functions.

1. The first c ru s ta l a n d  u p p e r  m a n tle  in v e s tig a tio n s  by multiple coverage 
seismic reflection profiles were carried out in the vicinity of Karcag- 
Püspökladány in 1972. The measurements performed in the first years 
have proved that by a properly selected measuring system one can get 
informations on the velocity and structural conditions of the crust and 
upper mantle. The digitally recorded reflected waves provided the long
itudinal wave velocities down to about 100 km depths. Since 1976 we 
have studied the structural conditions of the litosphere along profile 
KESZ-1 crossing a fault zone in the younger sediments (Fig. 41). Data 
for the sedimentary complex and the tertiary basin floor had been 
obtained from CH prospecting seismic measurements (cf. 1977 Annual 
Report, p. 54, Fig. 34, 35, 36). The profile was designed to investigate 
whether the phenomena referring to tectonic movements could be traced 
in the deeper parts of the crust and in the upper part of the upper mantle. 
We assume that the appearance of the tectonic elements in the different 
series of layers would provide a clue for the geological character of these 
layers. In case of favourable results, and by carrying out similar measure
ments in international cooperation for deep faults of different ages, there 
would be sufficient data to study the progress of these phenomena.
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Records were made by the Hungarian made SD-10/21, 24 channel 
digital recording equipment. Geophone base distance was 200 m, the 
linear array consisted of 3 CB-205 type geophones of 5 Hz charac
teristic frequency, placed 40 m apart in an end-on spread system of 
1200% coverage. As energy source charges of some 200-300 kg were 
used from 4-6, 30 m deep holes.

In data processing, in the static correction step the effect of the young 
(neogene) sedimentary series was also taken into account. After con
ventional stack two-dimensional filtering, weighted migration and, 
finally, time-variant filtering was performed.

The lithosphere-prospecting section is shown in two different time- 
variant filtered versions in Figs. 42 and 43. The time-variant transfer 
functions are shown in Fig. 44. The section shown in Fig. 42 had been 
processed by filter function №1, i.e. the pass-band, lower than 5-10 Hz 
had only been applied for the time range below the crust. The section 
shown in Fig. 43 had been processed according to filter function №11. 
Here our basic aim was to enhance the low frequency components already 
at the lower part of the crust.

Figure 42 reveals a clear-cut horizon at the depth of the Mohorovicic 
discontinuity; it gently dips towards the south from 8.3 sec to about 
a depth corresponding to 9.1 sec. This horizon has a relative maximum 
around the picket of 11 km while it reveals a fault-like phenomenon 
around the 14.3 km picket.

The upper part of the section shows the neogene basin floor dipping 
northward determined by the CH prospecting measurements. At some 
places (around the pickets -4.0, 12.3, 20 km) fault like phenomena can 
be seen. Here and there between the basin floor and the Mohorovició 
discontinuity well-correlating reflections of 2-7 km length can be found, 
with points of discontinuity clustered along possible deep faults. Two 
such zones have been tantatively marked out. The position of the horizons 
on the two sides of the fault zone between pickets 8-12 km refers to an 
overthrust: the horizons to the north of the fault lie probably deeper 
than those south to the fault. According to this hypothesis the subsidence 
of the basin floor can be observed up to 6-7 sec.

On the southern part of the profile, below the Mohorovicic discontinuity 
down to approximately 15 sec, the arrivals can not be left unregarded. 
Around the 0 km picket a slightly northward rising tendency can be 
observed, around the 5-7 km pickets there is a clear-cut slope towards 
the north. The northern part of the profile shows a smoother picture. 
The “folded” southern part and the near horizontal northern part are in 
all probability separated by a fault zone, observable even in the Mohoro
vicic discontiunity. Although this fault could probably be followed even
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above it, we have not indicated it in the figure because of the well-known 
disturbing side-effects occurring at the end of the seismic profiles. We 
hope this question will have been cleared up by continuing the profile 
towards the north in 1979.

Around 15.8 sec the character of the section abruptly changes. In this 
depth well-marked, nearly horizontal reflections can be seen, but a 
smaller distrubance can be observed near the fault. The different cha
racter of this depth range is in agreement with our previons findings 
from the Karcag region, where the decrease of interval velocities has 
been attributed to the astenosphere.

On Fig. 43, the character of the Mohorovicic discontiunity is quite 
different from that on Fig. 42. Between pickets 7-13 km the time interval 
belonging to the high-energy surface is wider than in Fig. 42. Between 
the pickets 5-7 km, the continuity ceases to exist and the hypothetical 
deep fault can be traced even at the depth of the Mohorovicic disconti
nuity.

Although a more detailed interpretation of the results should be 
postponed until the completion of the northern part of the profile and 
the final processing of the velocity analyses, a few preliminary conclusions 
can already be drawn.

It has been demonstrated, that by reflection measurements interesting 
structural informations can be obtained both from the crust and the 
upper mantle. The best marked seismic horizon has been identified as 
the Mohorovicic discontinuity, which can be correlated through the 
almost 25 km long profile of Fig. 42. Another, strikingly good seismic 
horizon was interpreted as the upper boundary of the astenosphere.

Two, relatively long correlating layers can be found in the crust: 
the upper one between 4.5-5 sec, the lower between 6-6.5 sec. The 
double-layered structure of the crust, with some definite (Conrad) 
discontinuity, has not been confirmed by the present cross section. 
Further processing, and velocity analyses are needed to clarify this 
problem.

The southwards-dipping fault-lines can be interpreted as structural 
elements due to compressional effects. The upper part of the upper 
mantle has reacted flexibly to this stress, this is how the folded elements 
on the southern side of the fault around 10-15 sec could have been origi
nated. It is very likely that the crust behaved more rigidly, accordingly 
the stress resulted in an overthrust. It can be assumed that the fault 
between the pickets (-2)-(4-2) km is of similar character, i.e. the 
southern flank is situated deeper.

The most interesting phenomena on the section are the two high-energy 
horizons, interpreted as the bottom of the crust and that of the litosphere,
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respectively. The Mohorovicic discontinuity of Fig. 42. agrees very well 
with the above-described picture, while the Mohorovicic as revealed by 
Fig. 43 needs further study. It is expected, that the final results would 
give us new informations about the character of the Mohorovicic dis
continuity.

From the change of the seismic character below 15 sec, and from the 
velocity decrease obtained from previous velocity studies we assume 
the presence of a layer of the upper mantle of significantly lower rigidity 
and elasticity. The results are in accordance with the hypothesis that 
the astenosphere exerts less resistance against stress effects than the litos- 
phere, that is why it is more difficult to trace them in the astenosphere.

2. In th e exploration of coal andbauxite basins it has become necessary -  
due to geological, drilling technological and economical reasons -  to 
apply the VIBROSEIS® technique.

Its application was retarded because of methodological problems, 
namely the noise (first arrival) filtering by spread parameters. By 
increasing the vibrator-geophone distance the apparent velocities of 
the shallow reflections rapidly decrease, tending asymptotically to that 
of the first arrivals. This implies that at a given distance from the vibra
tors the geophone groups filter out the shallow reflections, together with 
the first arrivals.

Two approaches have been found to eliminate these obstacles: to 
apply sweeps of a narrower frequency band, or to use smaller spread 
lengths. The first approach had been tried already in 1977, and then 
ruled out as unsuccessful, since the narrowing of the sweep frequency 
range resulted in a drastic deterioration of the signal-to-noise ratio. As 
for the second approach, the greatest difficulty is the noise of the vibrators 
themselves. Due to this the vibrators cannot be placed nearer than 
120-150 m off the spread. As no other solution exists, we tried to use 
a special transversal spread system, shown in Fig. 45, to eliminate 
vibrator noise. Since geophone base distance was kept at 15 m, the 
vibrator-geophone distance varied between 200-270 m.

The results have justified the expectations. As an example, Fig. 46 
shows a low-frequency (20-40 Hz) filtered version of the experimental 
profile Zser-5/78. Since the geological interpretation of the profile has 
not yet been completed, only a sketch is given by marking out the faults. 
It seems to us that the profile, even without an exact geological inter
pretation reveals quite well the shallow structure thus proving the 
correctness of the applied method.

3. Within a Soviet-Hungarian scientific-technical cooperation, coor
dinated by the COMECON INTERMORGEO centre, successful off-shore 
seismic measurements were carried out by the real-time data acquisition
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and processing system based on the VIDEOTON’s R-10 minicomputer. 
By this measurements the routine application of the equipment has been 
started. Further details and results will be described in joint publications 
with the cooperating Soviet partners.

Another cooperation project with the soviet party has led to the 
development of an on-shore preprocessing centre, also based on the R-10 
computer. As a matter of fact, this centre has been developped by 
appropriately extending the off-shore system to meet the special re
quirements of the land seismic surveys. Block diagram of this system is 
shown in Fig. 47.

The system consists of the following components:
— CPU (of 4 k words + max. 7X4 k words extension);
— fix-head disc controller;
— punched-tape reader (FS 1500);
— tape puncher (DT 105);
— consol display;
— wired multiplier (divisor);
— floating-point arithmetics;
— printer (with Latin /Cyrillic alphabet);
— real-time clock;
— soft-ware IT card;
— card-reader;
— on-line seismic plotter;
— 8-channel DMA;
— special processor;
— 2 magnetic tape unit controllers via DMA (for max. 4 magnetic 

tape units);
— 2 disc controllers via DMA (for max. 4 shockproof fixhead discs);
— off-line planar plotter and controller.

As compared with the off-shore system, the following extensions have 
been incorporated:

on the DMA channel: 2 magnetic tape controllers,
2 disc controllers;

On the minibus of the R-10: consol display;
card reader.

The main purpose of the two magnetic tape controllers and the two 
disc controllers on the DMA channel has been to enable rapid data 
transfer from tape to tape, and from disc to disc. By a further development 
of the DMA disc controller we succeeded to solve the hardware demulti
plexing of different kinds of seismic field materials up to a channel
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number of 128. After hardware demultiplexing the disc memory will 
contain trace sequential seismic data in single or double-word organiza
tion, for further processing or display. This solution is also suited to a 
fast demultiplexing of different kinds of field tapes (SD-10, SD-12, 
SSC-3, DFS-III, DFS-IV).

The above-described preprocessing centre, completed by a data 
acquisition equipment, can be used in the following modes of operation:

a) C o m p le te  o n -lin e  s y s te m

Multiplex seismic data are directly fed into the computer's core memory 
from the periphery like data aquisition system. The continuous data flow 
gets into the disc after hardware demultiplexing, in trace sequential 
format. The data acquisition cycle having been finished, data are written 
on the magnetic tapes in an appropriate trace sequential format. Si
multaneously to recording the preprocessing steps are carried out and 
the results will then be displayed on the on-line plotter during the next 
data acquisition phase.

b) P a r a lle l  o n -lin e  sy s te m

Data are simultaneously written to the magnetic tape (in multiplex 
format), and into the core memory of the computer, for preprocessing 
purposes. Results of preprocessing are displayed simultaneously with 
data aquisition.

c) O ff-lin e  sy s te m

Data aquisition and display are made separately, at different times. 
Data, transcribed onto the magnetic tape, are displayed on the on-line, 
or off-line plotter after computer processing.

In 1977-78 we have finished the basic software for the R-10 based 
expedition centre. This can be considered as the basis of further program 
development for this system.

It is planned that the preprocessing system will be introduced into 
industrial use in the Soviet Union at various geophysical organizations 
in 1979.

4. As it has already been mentioned in the ELGI’s Annual Report for 
1976, we had developed a data acquisition system for VIBROSEIS 
measurements based on the combination of the SD-10 and the CFS-I. 
The system has proved its usefulness in the solution of different geo-
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logical tasks. The control of field measurements, and optimalization of 
network location necessitate the immediate processing of data which can 
not be done in a faraway processing centre.

The CFS - 1 system -  with the exception of the peripheries belonging to 
the data acquisition equipment -  is a general purpose computer which is 
by no means fully exploited during field measurements. If we complete 
the basic system by certain peripheries (2 magnetic tape units, plotter), 
we can use it as a field-based preprocessing centre.

The input of the necessary control parameters (as e.g. static corrections) 
is solved by an INPUT/OUTPUT periphery consisting of two ASR-700 
cassette units, for the data transfer of higher volume and rate (plotter 
and magnetic tapes) the DMA channel is used.

In 1978 we interfaced our COROLLPRESS plotter, and a second 
magnetic tape unit, to the CFS-equipment (see Fig. 48). Depending on 
the software, the completed system can be used for data acquisition, 
preprocessing or plotting.
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2.2 G E O E L E C T R I C  M E T H O D O L O G IC A L  
AND IN S T R U M E N T A L  R E S E A R C H

Most important results of methodological and instrumental develope- 
ment in 1978 on in d u c e d  'p o la r iza tio n  are as follows:

L I P  m e a su rem e n ts  on  cores

Comissioned by ELGI the Chair of Geophysics at the Technical 
University of Heavy Industry (Miskolc) has designed a laboratory 
instrument and methodology for IP measurements. Measured data have 
been interpreted in two ways: by determining apparent dynamic polariz
ability (fjtk), calculation of which had been established at the NPO 
Geophysics (Leningrad), and dynamic parameters (w i ; rf) by a method 
developped in ELGI.

Measurements were carried out on cores taken from borehole P-18 
in the Börzsöny Mountains. In Fig. 49. a  results of measurements on a 
fine grained andesite core taken from 175.5 m depth are presented. The 
rock is intervened by pyrite veinlets with 3-4 joints for each meter 
veneered by pyrite and small amount of calcopyrite. Both the amplitudes 
of exponential approximation (w {) and the value of apparent dynamic 
polarizability (fjtk) are low. Similar results were obtained on all cores 
with poor disseminated mineralization. The core taken from 100.8 m 
depth is andesite breccia, in which joints dipping at 30 to 40° are covered 
by scaly pyrite with a small amount of calcopyrite. Both the amplitudes 
and the values of apparent dynamic polarizability are higher by nearly 
one order of magnitude and the latter reveal a well defined maximum 
around 2 s (Fig. 49. b). The andesite core from 1184.6 m containes 
steeply dipping pyrite veins. As it can be seen in Fig. 49. c the values 
of w i and fjtk are very high and the apparent dynamic polarizability has 
a maximum about 25 s.

On all three plots the 5 values of rjtk, corresponding to the sampling 
times of DIAPIR-4005 are indicated. These values were calculated from 
exponential members approximating most closely the measured rjtk 
series, while the member with a very small time constant describing the
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self process of the recorder was omitted. The amplitudes (w D) and time 
constants ( r D) of the two-component approximation were determined by 
processing the calculated data, which can be computed from the 
DIAPIR-4005 measurements as well.

Apart from these data Table I. contains the sum w .) of amplitudes
of the exponential approximation describing the complete decay curve.

I .  T a b l e

Most important conclusions of the core measurements:
— Soviet and Hungarian interpretation techniques yield nearly iden

tical information,
— the IP parameters show a well defined anisotropy, maximum value 

is obtained for inducing current flowing parallel to the plane of 
mineralization,

— analysis of dynamic polarizability -  in accordance with experiences 
of NPO Geophysics -  reveals differences in the texture of mineral
ization. Growing sulphide content increases the amplitudes only, 
while the texture affects the shape of the fjtk curve too,

— the same conclusions can be drawn from parameters determined 
from DIAPIR measurements (see Table I.),

— the magnitude of the secondary signal at the moment of switching 
off the inducing current w ) can be determined with the necessary 
accuracy even from the short, 2 s measurements.

These conclusions coincide partly with those of the field works of 
former years (Annual Report, 1977). A new result is the recognition that 
the magnitude of IP anomalies may be affected not only by sulphide 
content, but by the texture of mineralization and anisotropy too. Field 
and laboratory measurements now do prove in unison, that the texture 
of mineralization can be recognized by apparent dynamic parameters, as 
determined from the initial part of the attenuation curve.
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2. B r ie f  d e s c r ip t io n  o f  the D I A P I R - E  a p p a r a tu s

The DIAPIR-E digital, D.C. automatized apparatus (Fig. 50), designed 
and built in 1978, is suitable for the measurement of resistivity (i.e 
primary voltage appearing on the measuring electrodes) and three 
different IP parameters. In addition to the value of apparent resistivity 
it indicates the value of polarizability belonging to 0.25 s (P a) or the 
chargeability values belonging to 0.775 and 5.325 s (duration of integra
tion for the latters is 0.65 s), in digital form.

Measurement of the IP decay curve is started either by a signal 
arriving from the electrodes MN or by a synchoronous signal derived 
from the AB circuit. In this latter case the recording unit receives the 
current reference signal, required for determining resistivity, also from 
the AB circuit. PS compensation is made completely automatically by 
a two-stage compensator. Input gain can be changed in steps of 10 db 
between 1 and 1,000.

The DIAPIR-E apparatus excels by operation simplicity and small 
weight (6.5 kp), thus it is used mainly in reconnaissance survey and 
network measurements, where several profiles can be measured with one 
single feeding dipole and 3-4 measuring instruments in simultaneous 
operation.

3. A p p a r a tu s  ty p e  G P - 1 /7 7

Numerous field experiments lead to the final form of the one-channel 
experimental model of the sulphide ore prospecting apparatus, charac
terized by high sensitivity and deep penetration. It records both primary 
and secondary signals with high accuracy. For the sampling generator 
there are two modes of operation: sampling with linearly even spacing

tk = kt02<»-!>,

where £0 = 25.6 ms, 

and l<w <9;

and sampling with logarithmically even spacing

^  = ̂ - ^ ( 1  + 0.1 i),

where £0= 16 ms,

1 ^ * < 1 7  

and 0 < i^ 9 .
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The number of samples can be set between 1 0  and 1 0 0 . Maximum 
lenght of the recording interval at linear sampling is 6,547 s, at logarithmic 
sampling 1,992.29 s. The value of the primary signal at the moment of 
switching on ( U T) as well as the remanent potential remaining at the 
end of the recording interval ( U tKl) are automatically compensated. 
Gain control is made also automatically in six binary stages

ei = eo2<*- 1 ) ;

where e0 is the gain of the input amplifier 

and 1 ^ k ^ 7 .

Operation of the apparatus is continuously checked on a numerical 
display. Data may be recorded either on 1/4" cassette or on punch tape, 
in GOST or ASCII codes.

Digital recording permits to increase the number of channels and to 
perform data processing on site.

4. P rocessing  of I P  decay curves

Data of GP-1/77 apparatus are processed by an HP-9815A Mode 
calculator. Most important parts of the program are as follows:

a )  To improve signal to noise ratio repeated measurements are always 
required. The eventual zero-line shifts of signals of opposite polarity, 
and the very slowly changing components are eliminated by digital 
filtering. Together with computing the mean value the standard deviation 
is also determined. Recordings deviating from the average to an extent 
exceeding the standard deviation are omitted. The average of the remain
ing values does not contain either slowly changing or pulse-like noises 
anymore.

b )  Starting from the last sampling, equidistant values are selected 
from the corrected data, to form ratios of adjacent values. From these 
ratios the interval containing only the component with the largest time 
constant is selected in an interactive way. From data of this interval 
the parameters and are determined.

c )  The component calculated from (w x\ Tq) is subtracted from each 
corrected value and the parameters (w 2; r 2) are determined from the 
remainders as described above. This is repeated as long as the remainders 
are greater than the noises.

d )  Then deviations between the corrected data and the exponential 
approximation are determined and the deviation curve plotted (if 
needed).
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Such a deviation curve is presented in Fig. 51. In most cases the 
deviations do not reach as much as 0.5 per cent of the corrected values. 
The standard deviation, as defined from repeated measurements, has the 
same order of magnitude, thus the exponential approximation can be 
regarded as fairly good.

The deviation curve offers an opportunity to further improve the 
approximation. If a systematic deviation manifests itself in a longer time 
interval, then by slightly changing the values (wi ; rf) the systematic 
character of deviations can mostly be eliminated.

From our survey results in the Börzsöny Mountains the diagram of 
dynamic parameters determined from the decay curve, recorded with 
two different charging times is presented in Fig. 52. Increasing charging 
time ( T)  enables the determination of components with longer time 
constants. The rise of the two (w,  r) curves, i.e. their amplitude ratios 
are nearly identical. This means that dynamic parameters obtained by 
shorter charging time may also be used for classification of IP decay 
curves.

F req u en cy  d o m a in  E M  so u n d in g

Experiments on the method are in progress since 1976. Various zones 
of the transmitting dipole have been investigated by measuring horizontal 
electric and vertical magnetic components of the field of a grounded 
electric dipole (Fig. 53). It can be shown theoretically, that for a given 
cycle (T ) in the case of a medium of resistivity q, only geometrical 
sounding is possible as far from the transmitter as the distance R  is 
smaller than one twentieth of the wavelenght (X) (near zone), i.e. various 
penetrations can be achieved by changing the geometry of the electrode 
array. For greater distances (transition zone), or rather when transmitter- 
receiver dipole spacing surpasses the wavelenght (wave zone or long 
offset) frequency sounding can be conducted due to the skin-effect.

Points of the resistivity curves (o^) v. frequency can be obtained by 
the following formula:

where K E is a constant depending on geometry,
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Sounding curves could be interpreted by the traditional sets of master 
curves, but such charts are not available. Thus a quantitative-qualitative 
interpretation method has been established, its essence being that the 
parameters of frequency sounding curves are obtained through auxiliary 
curves [S ( H ), T ( H ) ] :

where H  — effective depth,
S ( H )  — total conductance,
T ( H )  — transverse resistance,
qs ( H)  1 differential resistivities obtained
qt ( H)  J from the derivatives of S  and Í7, respectively.

To carry out the calculations and to plot the curves a program package 
has been compiled for HP-9815 calculator.

For noise analysis recordings were carried out on several sites in 
Hungary, within the frequency range of 1.5 Hz-150 kHz. Noise sources 
can be natural (magnetotelluric variation) and artificial (50 cps and its 
upper harmonics, VLF and other radio transmitters). As to the pros
pective spectrum of electric noises (for apparent resistivity around 
2 0  ohmm) the results of noise measurements at Pecöl (1976) are presented 
on Fig. 54. It can be seen that with 200-500 [xV/km amplitude signals 
and narrow band filters frequency sounding can be conducted up to 
about 1 0  kHz (except for the immediate surrounding of 50 cps and its 
upper harmonics), and between 25-50 kHz.

Shallow FDEM measurements were made with the Soviet made 
equipment type NChZ-73 within the frequency range of 70 Hz to 1 0  kHz 
continuously, and using an equipment of our own fabrication within the 
frequency range of 2 0  Hz to 2 0  kHz at 40 discrete frequencies. Deep 
penetration measurements were carried out by generator station, type 
ERS-67 and digital five-channel recorder, DEF- 1  within the frequency 
range of 0 . 0 2  Hz to 2 0  Hz at 2 1  discrete frequencies.
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Shallow and deep penetration measurements were carried out in 
various areas of Hungary along 15 profiles, in the transition or wave 
zones, generally with dipole equatorial electrode array.

One sounding curve and the procedure of interpretation can be followed 
in Fig. 55. A completely interpreted profile of frequency sounding is 
presented in Chapter 1.5 (Fig. 30).

E lec tro m a g n etic  m ea su rem en ts

Methodological experiments with the equipment Model SE-77 of the 
Canadian Scintrex Co. began in 1977 to introduce the TURAM electro
magnetic mapping into the exploration of bauxites in Hungary. The 
exploration task was to map the morphology of the high resistivity 
basement covered by conducting sediments and to reveal smaller depres
sions, karstic funnels within the basement. A special problem is caused 
by the fact that the expected anomalies for such a geological model are 
significantly lower, than in traditional ore exploration tasks. Further
more, due to the presence of conducting covering beds, the use of the 
well-known free-air correction is no more enough.

It has been established that mutual inductivity of the two measuring 
coils and the dependence of TURAM quantities on field intensity are 
the two factors adversely influencing survey results. The ELGFs team 
succeeded in creating measuring techniques and correction methods 
restricting errors within the prescribed limits over the whole area of 
mapping. An algorithm was developped for the calculation of the theo
retical magnetic field, induced by a rectangular loop of finite dimensions, 
located at the surface of a conductive semi-space. Deviations from this 
standard field can be defined as electromagnetic anomalies. The processing 
method enables to determine the resistivity of the standardizing model 
solely from TURAM measurements. Results of field measurements are 
corrected and plotted as contour map by a ruggedized Model HP-9815A 
calculator in the field.

Measurements carried out on several frequencies render possible to 
determine whether the anomalies are due to near-surface inhomogeneities 
or changes in the depth of basement. The number of frequencies must be 
substantially increased in order to use this method effectively for a wider 
range of basement depths and resistivities of covering layers.

Applicability of the method has been directly proved by experimental

measurements for parameter [л= /  (where /  is the frequency and q
Q

the resistivity of the covering layer) and basement depth h <200 m.
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Results of experiments over bauxite lense № 1 of Bakonyoszlop are 
presented as example (Fig. 56). On the anomaly map of field strenght 
ratio (FSR) the contour lines of the depth to high resistivity dolomite 
basement as plotted from borehole data are also indicated. Thus correla
tion between basement depressions and anomaly magnitudes can be 
directly checked. D.C. potential mapping (PM) was also carried out in 
the southern part of the area. The results of PM and the FSR values 
of SE-77 measurements are compared along cross section A-A'. Although 
the depression of the basement is indicated by the PM section, the FSR 
values contour the edge of the graben more accurately.

V L F  in v a r ia n t  r e s is t iv i ty  m e th o d

The VLF invariant resistivity method (VLF-IR) is used to locate 
near-surface bauxite bodies. This method is an improved variety of the 
VLF mapping.

It is a disadvantage of the traditional VLF mapping that the angle 
between the direction of the distant VLF transmitter and the strike of 
the geological structure affects the anomaly. By eliminating this de
pendence on orientation, the VLF-IR method offers high resolution 
power for detailed measurements.

Using the formal similarity of the VLF electromagnetic wave theory 
to that of the magnetotellurics, the tensor of apparent resistivity can be 
defined on the model of the tensor of magnetotelluric impedance.

The instrument VLF EM-16R measures the apparent resistivity gxy 
corresponding to the impedance Z xy and its phase angle (99). For these 
quantities the following relationship holds:

( i )

— cycle time of the VLF electromagnetic wave,
— angle between transmitter and profié directions
— electric field intensity vector pergendicular to transmitter 

direction,
— magnetic field intensity vector perpendicular to transmitter 

direction.
The apparent resistivity gxy is a function of the azimuth a. In magneto

tellurics the time variation of the electromagnetic field (its revolution) 
is used to plot the polar diagram of the impedance Z xy. In the VLF-IR 
method the fields of three VLF transmitters, radiating from different 
directions, are measured and the apparent resistivity px>,(a) calculated 
for any direction a. Thus the polar diagram can be constructed.
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On the basis of Berdichevskiy's relationship the following expression 
can be written:

2X7(a)e“^ = i?x>, sin2 ot +  Qyx cos2 a + (gxx — Qyy) sina cosa. (2)

where £X},; ^ x; gxx; gyy are elements of the apparent resistivity tensor.
The constants on the right side of equation (2) can be calculated from 

values £x>(a) and cp, measured from the three VLF transmitters.
A polar diagram gxy(oc) can be plotted for each observation point with 

similar meaning as that of the magnetotelluric polar diagram Z xy.
When the polar diagram is known, the in va ria n t apparent resistivity 

can be defin ed  as follows:

The ginY values indicate false anomalies, due to wave polarization 
phenomena, only in a negligible way thus it reflects the real resisitivity 
conditions.

The polar diagram and the invariant resistivity map are calculated 
and plotted by a HP-9815A calculator working in the field.

The VLF invariant resistivity method has been succesfully used in a 
survey around Iharkút carried out with the purpose of looating the 
bauxite lenses (see Chapter 1.1, Fig. 6).

A u tom atic  p lo ttin g  of geological an d  geophysica l m a p s

The algorithm for constructing contour maps from irregularly distribut
ed data was elaborated in 1978.

Two substantial elements of the mathematical requirements should 
be emphasized:

— the surface to be plotted from values given at randomly scattered 
points should represent the estimated tendencies and location of 
extreme values of the geological structure, even when no observation 
point falls on maxima or minima;

— the surface must be stable against measurement errors, i.e. a smaller 
change in the value of a certain point may influence the surface 
in the proximity of this point and to a slight extent only.

The first requirement demands the fitting of superficies of second 
order, while the second one prescribes that such a fitting shall not be too 
strict, i.e. no accurate recovery of the measured values at the observation
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points is required, but deviations are minimized by a weight function 
attenuating rapidly with distance.

Plotting of contour lines is made in two main steps. At first inter
polation to the points of a rectangular grid is realized by solving the 
following minimum problem for each point of the network:

2^i(r,)(Z,-F(P
І

where ^г-(г.) — weight function depending on distance;

— value given at the ith observation point; 

F{P, r{) =  a +bxt +cyi +dxiyi +ex?
where xi9 y{ designate relative coordinates between the grid point and 
the observation point r{ (Fig. 57).

Solving the minimum problem for vector P  consisting of coefficients 
a,  b, c, d , e , f, the value interpolated to the grid point will become the 
constant a  by substituting x  =  y  — 0.

The weight function {хг(гг) was chosen as follows (Fig. 58):

W i — is a weight, characterizing reliability of the individual 
values (input),

rmax — distance, beyond which no points are taken into the 
computation for reducing computer time (input), 

rmia — distance preceding weight function overflow: within it 
the points have identical weights (input), 

k  — exponent controlling the decay of the weight function 
(empirically chosen as 2).

In the second step, plotting of contour lines from a rectangular grid is 
carried out by the conventional programs.

The program has been compiled for a MINSK-32 computer and 
according to experiences obtained so far it works satisfactorily if the 
density of points remains in the same order of magnitude over the whole 
area. The program was used to plot contour maps from borehole data, 
as in the example presented on Fig. 59. To make interpretation easier 
contour maps are also drawn in axonometric form.
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T h re e -d im e n s io n a l m a th e m a tic a l m o d e llin g

Two-dimensional solutions were presented in ELGI’s Annual Report 
for 1976. In 1978 it was proven that the method of integral equations 
derived from potential theory is suitable to calculate the effect of bodies 
of finite dimensions embedded in layered media in the three-dimensional 
space.

The principle of the method is as follows: it is assumed that for a basic 
model -  which may be e.g. a homogenous or horizontally layered semi
space -  the potential function G(x,  y )  is known for an arbitrary source 
position у  and for measuring point x . Then the fundamental model is 
expanded by an element of finite extension. The potential of the new 
model is sought for as the superposition of the original and a secondary 
potential:

U ( x , y ) = G ( x , y )  +  V(x,y).(4)
The secondary potential V  is induced by an (unknown) surface charge 

density:

У %  У )  = J J Щ й >  r j ) < p ( f j ,  y )  d S „ ,  (5)
S

where 8  is the surface of the body.
In order to determine charge density cp the following notation shall be 

introduced:
v(£) is the normal vector “looking outward” in a point 1 of the S  

surface, 
further:
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In the condition imposed on the component of normal direction of the 
current passing over the surface -  when the above two relationships are 
used -  the following integral equation is obtained for the unknown density 
function:

It can be proved that the integral equation (6) is of Fredholm type 
of second order, thus it has an unambiguous solution. Assuming that 
cp has been determined from it, the new potential -  i.e. its gradient -  can 
be calculated by the formulae (4, 5).

In numerical application of the method the integrals are replaced by 
finite sums, whereas (6) transforms into a linear equation system.

Fig. 60 shows the picture of the theoretical potential field over a 
rectangular depression in a 2-layered medium. Introduction of results 
into the practical interpretation of geophysical measurements is a task 
for the next years.
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2.3 W ELL-LOGGING METHODOLOGICAL 
AND INSTRUM ENTAL RESEARCH

In our n u c lea r  in s tru m e n ta tio n  project two types of probes were 
developped for the investigation of hydrocarbon producing wells. Both 
can be operated by ELGI’s previously developped KRF nuclear surface 
units. The type KRGNN-3-150-43sHY three-parameter nuclear sonde 
can be used for a simultaneous gamma ray and double-spaced neutron- 
neutron logging.

The type KRFD-l-150-43sY fluid-density logging sonde serves for 
the continuous recording of the density of the fluids in the wells by 
illuminating the fluid -  flowing in through the perforated probe casing -  
between the soft gamma source and the detector. The disturbing borehole 
effect is reduced by the directivity of the source and by shielding the 
scintillation detector. The KRFD-l-150-43sY sonde can be connected 
to the KL-1-150-43Y collar locator probe (also made by ELGI) so that 
beside fluid density the location of the casing collars can be measured 
simultaneously.

The most important data concerning these new products are compiled 
in Table II.

For roentgen radiometric measurements the 36 mm diameter sonde 
of type KRGE-1-50-36X was developped. It can be used for the energy- 
selective measurement of low energy (3keV-35keV) gamma radiations, 
and for a quantitative-qualitative analysis of rocks. The probe is pressed 
against the wall by a bow spring, so -  by applying an appropriately 
compensated, surface-controlled filter pair -  it can be used also for 
shallow-depth logging in mines.

The electronics of the sonde (Fig. 61) consists of low-noise CMOS 
integrated circuits. The sonde is connected to the energy-selective surface 
equipment through a 4-core cable.

In connection with n u c lea r m e th odo log ica l research  we carried out a 
laboratory study to compare the results of measurements performed by 
the KRGE-1-50-36X sonde and the NE-5017 portable X-ray radio- 
metric equipment, on a series of pulverized samples of known 0-6% Cu 
concentration. The results have shown a fair agreement.
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TABLE II.

In the Nagy egyház a-Csordakút region we began measurements in 
bauxite and coal wells by the type KRGE-l-120-76s and KRGE-1-120- 
60s spectral sondes. From the natural radiating elements of the rocks 
the concentrations of potassium (1.37—1.55 MeV), uranium (1.58— 
1.95 MeV) and thorium (2.45-2.85 MeV) were studied in the corresponding 
energy ranges. The results showed a fair agreement with previous results 
on radioactive material distribution of the region.

Further experimental logs were measured in small-diameter mineral 
exploratory wells. The quantitative evaluation of these measurements 
was made by means of modelling diagrams. Most of these logs were 
measured at the Csordakút and at the Rudabanya exploration sites. The 
results of the experimental logs were checked by repeated measurements 
by other types of sondes (gamma-gamma, neutron-neutron). From logs 
recorded by the KRNG-2-130-36sH sonde neutron porosity was com
puted. By plotting the measured data on a porosity-frequency histogram 
the different formations can be easily separated. From logs made by the 
KRG-2-120-36s type sonde density values were determined. The
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resulting density-frequency histogram gave a good differentiation of the 
formations too. From the density values -  and from the known values of 
rock matrix densities for this region -  porosity values were computed. 
From the two sets of results a density -  neutron porosity plot was con
structed which shows a clear-cut distinction between the different types 
of rocks.

The three-parameter KRGNN-3-150-85sHY nuclear sonde was 
applied for logging in deep sedimentary formations. It was found that, 
except for limestones and dolomites other kinds of logs have to be 
incorporated into the interpretation, to get reliable prosity values.

In connection with this topic the theoretical behaviour of neutron 
fields was studied by means of two-group neutron diffusion equations, 
for three-layered models.

The following two models were investigated, in both cases taking into 
account the radial variation in the media surrounding the borehole:

a )  the formations are filled with brine, there is fresh mud in the hole, 
invaded zone also fresh water saturated ;

b ) formations filled with fresh water, salted mud (NaCl) in the hole, 
brine-saturated invaded zone.

Using limestone and quartz-sandstone rock matrices, the porosity 
changed between 0-40%. For the computations we used the group 
constants compiled in the 1977 Annual Report.

The values of the group fluxes Фг and Ф2 were investigated for the 
three-layered model [ФІА(0; z) and Ф24(0; z)] and related to the flux 
values Ф^л and Ф%А belonging to the corresponding two-layer model:

In the above formula the indices 1 and 2 refer to epithermal and 
thermal neutrons, respectively. According to our previous computations 
Qx=  1, for the invaded zone and the virgin layer differ in the thermal 
group constant L2 only.

Results and conclusions can be summarized as follows:
— the ratio Q is greater than one if the invasion is brine and the virgin 

layer fresh-water containing, while Q is less than one for fresh water 
invasion and brine-saturated formations;

— the increase of the depth of invasion and of the hole diameter 
decreases the effect of the third layer;

— the maximum and minimum of the ratio Q belongs to the minimal 
borehole diameter and to the smallest invasion respectively. 
According to the invastigations of the Department of Geophysics
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of the Eötvös University in 1978, the maximum variation of the 
flux for a sandstone formation (e.g. borehole diameter 150 mm, 
invasion depth 10 cm) is about +6% and -15%, respectively (see 
Fig. 62);

— Q attains its maximum value in the porosity range of about 10-
20%;

— the effect of the invaded zone is greater for sandstone formation 
than for limestones.

In the field of shallow-depth well-logging equipments a servo-controlled 
d ire c t recorder se r ie s  was developped using the “Analcont” unit of the 
GAMMA works. From among their favourable features, we should point 
out the step-motor paper drive system, and that they can be operated 
from an accumulator due to their extremely low power consumption.

The recorder type KRG-2101 serves for simpler purposes, it can record 
two logs simultaneously on a paper of 100 mm width. Depth marks can 
be generated by transmitting spikes to the channels.

The more sophisticated KRG-4101 registrator can record four logs 
at the same time, on two papers, both 100 mm wide. It is also possible 
to record two times two channels in different depth scales. This is very 
advantageous first of all in coal and ore exploration, since it reduces 
the number of logging operations.

The type KRG-4251 recorder plots four channels simultaneously on 
a 260 mm wide paper, using 2X 100 mm scales. Depth is indicated on an 
independent track.

The medium-depth K-3000 digital well-logging equipment has been 
completed by interfacing induction and acoustic sondes.

Processing the experimental acoustic field-measurements elastic para
meters (Poisson number, Young modulus, compression modulus, shear 
modulus) were determined from logs measured in a Triassic carbonate 
formation of a Transdanubian bauxite site.

Research on the m ic ro c o m p u te r  con tro lled  w ell- lo g g in g  a n d  e x p re ss  
p ro c ess in g  s y s te m  has led to an experimental piece (Fig. 63).

During the development stage we kept in mind first of all the require
ments of solid mineral and water exploration. For CH applications it will 
be necessary to carry out certain alterations, both in hardware and 
software.

Main characteristics of the system are as follows:
— it can be used for simultaneous measurement and digital recording 

of 9 analogue logs and, further, for an energy selective nuclear 
impulse measurement in 128 channels with maximum two de
tectors ;
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— it assures the depth adjustment of repeated logs, i.e. during the 
n-th run all the logs corresponding to the previous (n-l)st and to 
the n-th run are at our disposal in a multiplex format;

— mathematical operations can be prescribed and performed on the 
recorded logs. For this purpose the system contains built-in special 
functions;

— the parameters specifying the measurements and the processing 
algorithms can be defined via the keyboard or a cassette. Pro
graming of processing steps is done in task-oriented “KAROLIN” 
language developped in ELGI;

— results of the processing can be recorded both on registrator and on 
magnetic tape. The processed log is recorded in the same format as 
the original ones, thus it is suitable for further computer processing;

— both the measured and processed logs can be displayed on photo
recorder, on oscilloscope screen and on numerical display. On the 
photorecorder maximum 9, on the screen maximum 4 and on the 
digital indicator 1 log can be displayed simultaneously. The logs for 
display can be arbitrarily selected during the measurements;

— changing of the measuring ranges and the subsequent calibration 
is made automatically;

— for each depth marker there is an automatic depth correction, if 
necessary.

From among our theoretical studies we should mention the m o d e l 
ca lcu la tio n s  for the determination of the theoretical value of resistivity, 
in a vertically infinite, rotationally symmetric medium. The values 
corresponding to seven- or nine-electrode, focussed potential and gradient 
sondes were computed on the MINSK-32 computer by the convolution 
algorithm elaborated by the Department of Geophysics, Eötvös University 
(D. Drahos and P. Salát). The accuracy of this procedure was compared 
with previously published results (see References p. 00). Generally, a fair 
agreement was found, but for the data determined by analogue electro
integrators.

The interpretation charts for the focussed sondes refer to the following 
arrangements (all data in metres):
Deep penetration: A00.2Mj0.2Nj1.1AjooB i 
Optimum: A00.3M10.2N10.5A1ooB1
Short pseudo: AqO.1MjO.1NjO.1AjO.2B!
Long pseudo: AqO.2MjO.2NjO.2AjO.9B!

The charts can be computed for any other arrangements of course. The 
compiled charts will be published as a separate booklet.
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In our Ocean R esearch P rogram  we continued the development of the 
integrated nuclear geophysical analysis system. The equipment is suitable 
-  mounted either on-board of a ship or on a truck -  for the quantitative 
analysis of marine or land placer samples or rocks, metals, etc.

The main components (Al, Si) are determined by the BEA-1000 
equipment, based on activation analysis of a closed neutron source. 
Keeping in mind the rigorous marine specifications, the equipment is 
light and small. Measurements, analysis and recording of results are all 
automatized.

The climate-resistance of the ASA 1024-16 Automatic Spectrum 
Analizer has been increased, and by completing the equipment by some 
further Hungarian-made units an express XRF analizer has been 
constructed. The equipment can be used for the simultaneous determina
tion of some 10-12 components of atomic number 20.

The development of the automatic interpretation program package for 
the EMG 301 microcomputer has also been finished and the complete 
system tested on ore-samples from the Recsk site.

To extend the applicability of the XRF analysis in Hungary, metal- 
technological tests were carried out on valve steels, tin-bronze alloys, 
and special blast furnace cinders.

In 1978 a total of almost 7,000 analyses were made with respect to 
20 elements in the concentration ranges shown in Table III (see p. 92).
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