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11 I N T E G R A T E  G E O P H Y S I C A L  S U R V E Y  IN T HE  N Y Í R S É G  
( N Y Í R  R E G I O N ;  N O R T H E A S T E R N  H U N G A R Y )

The Nyír region is one of the most delicate parts of the Hungarian basin. Here, namely, 
the usual simple basin-model (solid Preaustrian basin-floor covered by clastic Neogene) 
is complicated by an Upper-Cretaceous—Paleogene series inbetween, and by an ex
traordinary thickness (mostly exceeding 1 km) of Miocene volcanic formations. Pene
trating downward: a few hundred Levantine is underlain by a relatively thin Pannonian, 
the Lower Pannonian sometimes missing. The entire Pliocene is 2 km thick at most. 
Miocene — as mentioned — is represented mainly by volcanites, consisting of rhyolite- 
andesite pyroclastics and, to a lesser degree, of lavas. For the time being, it is unknown 
if the Miocene volcanic series is underlain by a Miocene sedimentary complex thick enough 
to promise CH prospects. Drillings have, so far, penetrated the Upper-Cretaceous— 
Paleogene complex without bottoming it out. Accordingly, nothing is known about 
the statigraphical and petrological character of the Preaustrian basin-floor (the surface 
which started subsiding after the Austrian movements). Tectonically, it is possible that 
the floor is either metamorphosed Paleozoic, or Triassic, both drilled farther off.

The Nyír region is regarded as of third order in CH prospects. Its reliable qualification 
just depends on a Miocene of sufficient thickness (or on a random favourable Mesozoic 
or flysch-block, for that matter). The factors enumerated set the task and raise the 
difficulties for geophysics. Namely, to get information from under the volcanic series, 
one has to traverse it. The problem is not settled by tracing the basin-floor, for between 
it and the top of the volcanic scries numerous configurations of volcanic and sedimentary 
rocks may occur.

It was only reasonable to approach this problem-complex in an integrate manner, 
and indeed in this way have our contracted explorations been carried out in these three 
years (the contractor: The National Oil and Gas Trust; henceforth: NOGT, for short), 
The aim, at first, was to obtain geological information, for even methodological research 
is tested by geological facts.

But the difficult area enhanced the methodological character in every method applied 
anyway. In the reconnaissance stage, certain results were obtained and the individual 
methods worked their way up to their limits. The most complete information and a
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wide range of problems were given by the seismic method. By the way, our investigar 
tions don’t aim at a complete survey, but only at a preparation of the methodology fo- 
the routine-work of the N O G T’s seismic parties.

Consequently, in 1970 the integrate and geological character of this work changes 
into a seismic methodological concentration.

In the year reported, 1969, however, the integrate survey went on a full scale. The 
following report will show it, sometimes even retrospectively, for we have to touch 
back to previous years (the new trilingual edition requires a brief analytic summary 
of past activity, especially with regard to methods withdrawn).

The area o f the 1969 year’s activity proper is situated on the L-34-VIII and IX Gauss- 
Kriiger map sheets, bordered by localities Nyírlugos, Szakoly, Nyírbátor, Aporligct 
and the frontier. It is shown in Fig 2 (seismic profiles on the ZlT map; page 17). 
Gravity and geoelectric networks are omitted for they were o f an even enough distri
bution and, in the proper passages, they will numerically be denoted.

Gravity measurements were carried out with a Sharpe-197 gravimeter, on 1852 
stations distributed over an area of 1180 km 2. Two kinds of networks were applied: 
a square-grid of 500 X 500 m, and another of about 1 km X 1 km, as even as possible 
but following the highways. The national Bouguer-anomaly map (1 : 200 000) was, in 
fact, at hand but being based on a relatively loose torsion-balance network, it was 
considered as unsatisfactory for secondary interpretation.

Secondary interpretation was badly needed to complete the meagre informations of 
the rest of the methods or to decide in simple “yes or no” problems. The maximum 
at Kisvárda e.g. can equally be caused by a horst in the floor or by a lateral density- 
change in the same. The minimum at Nagyecsed can equally be caused by a lesser density 
in either the basin-floor or in the overburden. Both anomalies are rather far off from 
the project-area proper, still they suppress, distort the deep-seated anomalies o f it. The 
filtering of these long-wave regionals is obvious. Filtering requires a special weight- 
function and filter-matrices, i.e. denser network.

The methodological lessons of this procedure are described in Chapter 21, but it is 
worth mentioning right here that this modern method yielded nothing more than the 
traditional ones (circular averages) did. In fact, the areal loss in filtering is greater, 
therefore the traditional residual anomaly map is shown in Fig. 3; page 17). Besides, the 
new Bouguer anomaly map differs from the old one only slightly; quantitatively the 
difference varies in a range of ±1,5 mgal altogether.

The fact, that the residual anomalies have been indicated equally by every procedure 
applied, means that they carry genuine geological information; by no means are they 
pseudo-anomalies caused by some innate error of some of the procedures.
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A parallel of the aforementioned Bouguer-map, the national magnetic ZlZ anomaly 
map, had likewise stood at disposal when the work started. Its information-content, 
however, was considered as insufficient, just because of the extraordinary quantity of 
volcanic masses. For this reason, between 1966 and 1968, detailed zlZ and AH  profile- 
measurements and three-level aeromagnetic (ZlT) measurements were carried out in 
order to determine the shape and depth of magnetic bodies.

Bodies we got plenty, but of doubtful geological significance, for it has of yore been 
known that the majority o f volcanic rocks is acidic. Besides, the interpretation of the 
three-level flights raised serious methodological problems.

A multi-level survey is, in fact, an upward continuation in the field. The calculated 
and the measured higher-level maps scarcely differ. The gist of the problem is that the 
parameters (depth, width, susceptibility) are altitude-dependent. The higher the altitude 
is, the more the body-surface seems elevated. This phenomenon can be explained by a 
vertical succession of horizontally extending, flat bodies only.

Some of the anomaly-curves allow a discrimination, but, as a matter o f fact, no 
general methodology is at disposal for the time being. Anyway, it is a considerable 
achievement that the autocracy of the usual body-image (downward infinite vertical 
or oblique prism) has been overthrown. And by no means are we contended that any 
mathematical games o f a composite calculation would ever increase geological infor
m ation— at least here. The methodological aspects of this question are somewhat 
detailed in Chapter 21.

Geoelectric survey was expected to yield quantitative floor-depth data. Additional 
information (e.g. lateral changes in geoelectric parameters of the basin-fill) is usually not 
neglected cither.

As a matter of fact, the traditional TE-DE combination offered nil about the basin- 
floor. In 1969, a near-evenly distributed net o f 255 TE stations and 15 DE stations on 
three profiles were negotiated. It soon became clear that area-values didn’t correlate with 
floor-topography. Besides, a 30-60% period-dependence has been observed.

The geological pattern of the region is known only approximately. Thus no map, 
areally and geologically unambigous (and referring possibly to the basin-floor) could 
be compiled. А horizon map, nevertheless, had been made, but when comparing it 
to refraction profile NoR-1, it was found to follow the Miocene—flysch contact (or 
some nearby horizon) and was, in general, in correlation with the seismic horizon of 
4200-4800 m/s velocity.

This seismic horizon is, however, not the Preaustrian basin-floor, and even the 
correlation with it is random, for positive ZlT anomalies push the horizon well above 
the seismic one. The q horizon, on the other hand, always runs under the lowermost 
continuous reflecting boundary.

These factors contributed to stopping the TE-DE complex. Instead MTS and experi
mental EMT (method of the build-up of the electromagnetic field) are going to be ap
plied to traverse the basin-fill (including volcanic masses, too). These two methods got
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an experimental application in 1969 already. Their results suggest that on a considerable 
area, between the basin-floor (lowermost refractor) and the horizon o f the DC mea
surements, a low-resistivity complex is situated, thinning eastwardly to pinch out in the 
end.

This, however, is the top geological information, for, at present, even the method
ological results of these methods cannot be correctly sized up.

From 1970 on, these experiments will be continued and the results (if any) will 
be reported later.

It is a matter of fact that MTS curves, between T =20-60 sec, show an inflexion-point 
produceable by three geological configurations, as well.

Reliable discrimination could be made by a full-period impedance-ellipse only. Such 
an analytic interpretation requires, however, digital recording and computer processing 
of data. For the time being MTS curves can be interpreted with the aid of DE data only. 
This perhaps allows a limited “survival” for DE in the Nyír region.

As a matter of fact, the efforts just analysed closed up a period of the geoelectric 
survey. The direct geoelectric basin-floor exploration should obviously be abandoned. 
Depending on the results of the aforementioned experiments, gcoelectric lateral parame
ter-variations are to be traced instead, by closely spaced network and frequent corre
lation with well-logs. This way, if nothing else, the sudden lateral lithological changes 
can, at least qualitatively, be indicated.

The top-concentration in the Nyír region, has ever been on the seismic method. The 
efficiency of this method was hitherto hindered by shortcomings in the field-outfittings. 
For this reason the following items will contain rather poor deep-structural information 
and they are not significant methodologically either.

In the publication-year of this Report, 1970, however, a far better outfit and a con
siderable experience are at disposal. Moreover, the seismic digital field equipment under 
construction is going to be applied to improve the quality of data.

In planning the 1969 seismic (reflexion and refraction) survey, consideration was 
given to the reconnaissance reflexion and (chiefly) refraction work (1958-1963) of the 
NOGT. The ELGI’s program started, in fact, in 1968, with experiments at BoR-14 
and BoR-3b crossing. In 1969 a concentrated activity was going on in a 160 km long 
reflexion and 62,5 km long refraction profile-network (Fig. 2; page 17). As referred 
to in the introduction of this chapter, the methodological character came into the 
foreground. E.g. by and by reflexion field methodology has been changed to CDP 
compositing (stacking), and in refraction-work exclusively tape recording was applied.

Ground-roll analysis has shown that the wave-length of surface-waves was between 
16—52 m. The problem of ground-roll appeared in its hardest form around Nyirlugos. 
Suppressing them required shot-point and seismometer grouping. Velocity-determi
nation (Dix-system) was likewise made, but at random. The velocity-function obtained 
this way is regarded as an approximate one, liable to gradual completing.
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Parameters of simple continuous profiling (No-1, No-7): shot-point spacing 300 m; 
seismometer-spacing 25 m. Optimum shot-depth was found between 15-26 m. Exclu
sively linear groups, 5 m spaced 10 seismometers each, were applied. A linear shot-point 
arrangement of 3-5 holes substantially improved the quality of the material. Charge- 
weight varied between 26-50 kg.

The variable-area sections offer, up to 1,5 sec, a rather acceptable image of the inner 
structure of the young sedimentary (Pliocene) complex. After 1,5 sec no continuous 
horizon could be traced; diffractions and other phenomena o f wave-dispersion became 
dominant.

To improve the results, this was the time to change to threefold and sixfold stacking. 
It was experienced that with a seismometer-spacing o f40-50 m, with an in-line shotpoint 
offset of 450 m, multiples could be attenuated sufficiently enough. In consequence of 
the long offset, the average charge-weight was 50 kg. The seismometer-stock allowed 
to afford groups of tens only. The observed values were, by applying an averaging 
variety of the indicatrix methods, reduced to a datum level +100 m. After dynamic 
correction the material was processed on the French computer-center CS-621 of the 
NOGT.

The isochrone map (Fig. 4; page 19) as well, as the variable area sections testify for 
a “good” area, to a certain depth.

The deepest reflexion is clear-cut and continuous (Figs. 5 and 6; pages 19, 21). This 
horizon is supposed to represent the Pannonian bottom or Miocene (volcanic) top. 
From under this horizon weak, uncertain or diffracted resp. reflected-refracted waves 
could be obtained only.

This suggests that merely a slight energy penetrates the Miocene top, and even that 
is reflected with an unfavourable signal-to-noise ratio. The threefold stacking didn’t 
prove to be sufficient, and here and there even seismometer-spacing had to be shortened 
to obtain fair correlation. By increasing the coverage and the number of seismometers, 
further improvement is expected.

Refraction survey was made, in order to densify the old BoR network, along a single 
profile of 62,5 km length. Several horizons refracted, but the waves from higher hori
zons are of nearly identical velocity, they are apt to interfere and to die soon away. They 
are bad energy-carriers, tracing them with refraction would need uneconomical 
charges. These horizons are targets for reflexion. Not so the lowermost refractor; its 
velocity is between 5400 and 6000 m/s, and raises no energy-problem. Reasonably this 
can be traced with refraction, and the only reliable geophysical information from under 
the volcanic complex can be obtained from this horizon anyway (Fig. 7; page 22).

The survey just described represents the first steps in a program on a challenging but 
very “bad” area. No completeness is, consequently, at present claimed by this report.

Reflexion seismograph can, by all means, promisingly be applied as deep as the 
Pannonian bottom. A correlation of the meagre network is demonstrated by the 
isochrone-map in Fig. 4. (page 19). The extreme isochrones, 0,8-1,5 sec, correspond
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to 800 m and 2000 m depth, respectively. The map reveals the shape of the Pannonian 
basin. The highest elevation of the Miocene top is in the nearness o f deep-drillings 
around Nyirlugos, its deepest depression lies to the south of Hodász. A small relative 
height at Gebe is worth of attention (Fig. 6; page 21).

On the areas of magnetic anomalies, reflexion sections sometimes show, queerly 
enough, signs of structural disturbances (e.g. Fig. 5; page 20; the left side of section 
No-69/8a). A counter-proof is revealed by section 8b in Fig. 6 (page 21). The latter 
namely traverses no anomalies. No conclusion is, however, ventured, for, as referred 
to in the introduction, magnetic body and volcanites cannot be bound together with an 
equation-mark. The majority o f volcanites is, namely, acidic. By no means should one 
conclude to gaps, “windows” among the random anomalies. The decision is suspended 
until a detailed network will be at disposal. The correlation between magnetic and 
seismic phenomena, as well, as the way o f correlation between the Pannonian and 
Miocene (volcanic) thickness, will be much clearer.

To widen the sub-Miocene random information, well-applied up-to-date procedures 
and signal-to-noise ratio improving arrangements will have to be used.

The present refraction-network allows no map about the high-velocity refractor 
(basinfloor).

A few words about the residual anomaly map of Fig. 3 (page 17). Its colours and 
contours together, don’t represent the contour-sketch of a well-defined stratigraphical 
horizon. Actually, they better represent a geological map of a buried hill of heteroge
neous composition.

It is rather known that the more basic a volcanic rock, the denser it is. Accordingly 
the partial correlation between magnetic bodies and gravity residual anomalies is not 
surprising at all. And not only this single way of correlation can be thought of: the 
“volcanic” residual anomaly can be enhanced by a basin-floor horst underneath; and 
a horst in itself can cause a residual anomaly after all.

The really important geological information about the Nyír region is a matter of 
future investigations. The near-future will, evidently, favour the seismic method. As 
soon, however, as methodology will be “tamed” , geological purposes will catch our 
attention again. Much is expected from a parameter-drilling, the location o f which 
is strived at, and is thought partly to have been rendered easier by this report.
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12 I N T E G R A T E  G E O P H Y S I C A L  P R O S P E C T I N G  I N T HE  
T R A N S D A N U B I A N  R A N G E

A reconnaissance survey of the marginal areas of the Range started in 1966. Since 
then the project has gradually increased both in volume and in the diversity o f methods, 
in accordance with the diversifying tasks of bauxite- and lignite-prospecting.

The routine-work usually begins with a 1 : 50 000 mapping, selecting basin - floor 
areas shallower than 300-400 m. The starting-phase consists of gravimetric, magnetic 
and geoelectric measurements; later, seismic refraction takes the ground.

The result of geophysical prospecting is the delimitation of one or more structural 
units (horsts) in favourable depth, thus guiding exploratory drilling. Such prospecting 
must be made in close cooperation with the geological, drilling and mining establish
ments.

The methodological results will be discussed in the Geophysical Transactions.
The actual work was carried out as described hereafter.

On the W  margin of the Bakony Mts., Tertiary-covered Mesozoic (mainly Triassic) is 
supposed to lie in the depth. Bauxite-chances are in connection with Eocene-covered 
Triassic. The task of prospecting is to delineate these areas and to determine the Triassic 
depth at the same time, the bauxite deposits being situated in the dolinas of the latter; 
and the Lower Eocene lignite-deposits, being of basal type, are likewise closely settled 
on, and in geometrical connection with, the Triassic surface.

A serious problem is, however, raised by the Eocene limestone, being of similar 
seismic velocity itself as the Triassic carbonates. Another problem is the “screening” 
effect of surface basalt sheets and Miocene limestones. Both yield difficult equivalent 
curves of K H  or HA  type. For seismics, the rugged terrain of the basalt-sheets makes 
more trouble than “screening” .

. The gravimetric-geoelectric reconnaissance survey is demonstrated in Fig. 8 (page 27).
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The Csatka basin (Fig. 9; page 29) is bordered and underlain by Triassic dolomite and 
limestone. Geophysically, an insignificant magnetic body and gravitational anticorre
lation (between basin-floor and Bouguer-anomaly trend) are characteristic of the area. 
Geologically it is characterized by strong faulting, the throw being sometimes as high 
as 300 m, easy to investigate with geophysical methods. Bauxite-prospects are connected 
to marginal terraces. Seismic refraction (both in-line and broadside shooting) and 
geoelectric potential-mapping were carried out to trace the basin-floor and the Eocene 
top, respectively. Where geoelectric and seismic horizons come close to each other, 
bauxite deposits (if any) are apt to taper, in fact, to pinch out.

On the N W  margin of the Bakony Mts. the 1 : 50 000 reconnaissance survey was 
finished in 1968. The final interpretation, supported by drilling-data obtained since, is 
demonstrated in Fig. 10 (page 31). The T 2-indicated area as well as the T-indicatcd one, 
if carbonate, promise bauxite-prospects.

The SW  marginal basin of the Buda Mts. is bordered on the W  and S by large fault
lines throwing the Triassic carbonate basin-floor to a depth of several hundred ms.

The depth contour sketch is shown in Fig. 11 (page 33). In the interior of the basin 
the average depth determined by seismic and geoelectric survey is 100 m. The topog
raphy of the basin-floor is reflected by the geoelectric cross-section Ve-34.

A serious methodological problem has been raised by the weathered Triassic dolomite, 
dropping its velocity below 3000 m/s. The seismic refracting horizon runs well below 
the stratigraphical Triassic boundary, in fact on the intact dolomite surface. Geo- 
electrically the real dolomite-surface can be traced. Should the covering formation 
contain Middle Oligocene sandstone and/or Upper Miocene limestone, the Triassic 
dolomite is “screened” from geoelectric penetration, both being of a resistivity of abt. 
1000 ohmm. Fortunately enough, on such places seismics is suitable to trace the strati
graphical Triassic dolomite surface.

In the N W  foreground oj the Vértes Mts., a single regional profile (Fig. 12; page 35) 
was finished in 1969. A horizon of 4000 m/s velocity, coinciding with the geoelectric 
q„ horizon, indicates an extraordinarily massive horst in the basin-floor. Its local 
depressions may equally represent Eocene limestone remnants protecting the underlying 
bauxite-deposits, and simple empty dolinas. As regards to the depth (450 m), the 
eventual ore-bodies are anyhow close to the lower limit of mineability.
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In the Nyírdd-Devecser basin no geophysical prospecting was made in 1969. The last 
survey had been finished in 1967, reported in our Annual Report 1967 (pp. 81-92), 
illustrated by a colour contour map of 1 : 50 000 scale. The results of the suggested 
drillings (Fig. 13; page 37) verified the geophysical “forecast” even in details. The error 
of depth-determination proved to be 5% in average, with a single exception (44%). The 
prospects of the area are not very promising. A SW  trend seems to be worth of 
further efforts.

The direct bauxite-prospecting in the vicinity of Sümeg (Fig. 14; page 39) strived to 
indicate the dolinas of the Mesozoic carbonates (consisting here of younger members, 
e.g. Upper Cretaceous limestone, too). The reconnaissance survey has been carried out 
by applying potential-mapping, resulting in a linear-conductivity (S) map. The anom
alies were examined with shallow VES to separate small Triassic depressions from 
lateral conductivity variations. The favourable sites were traced by shallow refraction 
measurements. The phenomenon of weathered dolomite revealed itself again on the 
SW  part of the area. Fig. 14 (page 39) indicates the bauxite prospects of the region.

In the Halimba-Kabhegy region the ELGI first tried to trace the bauxite-containing 
dolinas in 1968 (Annual Report 1968). Several drillings have since checked up the 
geophysical results. All of them verified the “forecasted” parameters; more than half 
of them hit pay-horizons. Anyway, drillings could be concentrated on the best quarter 
of the project area.

In the vicinity of Csdkberény-Söréd the only task was to exclude areas of basin-floor 
deeper than 300 m. The faults throwing the target-horizon below the pay-depth had 
been determined, and drilling was concentrated on the most favourable areas, verifying 
the geophysically determined depth (50-150 m) within 15% range of error in average.



13 I N T E G R A T E  G E O P H Y S I C A L  P R O S P E C T I N G  F O R  O R E S  
I N  T H E  B Ö R Z S Ö N Y  M O U N T A I N S

The volcanic mountains of Hungary with regards to their inner structure have earlier 
been classified as, in fact, basins (Annals of the ELGI, Vol. II). Consequently, it in a 
volcanic mountain, the metallogenic processes connected to volcanic activity are to 
be traced, the problem can be approached on two “scales” .

One of these scales is tectonic reconnaissance. Before locating the most favourable 
zones of metallogenic processes, the structural features which may have influenced their 
chances, must be known. Such a reconnaissance type exploration usually involves first 
an analysis of the existing national gravimetric and geomagnetic maps of a scale of 
1 : 200 000 (which is really 1 : 100 000 as to the accuracy) and the application of seismic 
(mainly refraction) survey for tracing the basin-floor. This “scale” includes the regional 
exploration of the structure of the covering complex (if necessary), hardly differring, 
both in method-combination and in the degree o f detailing, from basin-floor exploration. 
Here, however, also reflexion survey, electric survey and a certain detailing of gravimet
ric and magnetic surveys may have a role.

When the other scale, namely the direct tracing of possible ore-bodies, comes into the 
foreground, the depth and mineability of the expected bodies should be kept in mind. 
The extension of our known ore-deposits is slight. Therefore, for a direct tracing, i.e. for 
mapping local patches, the so-called micro-gravity and micro-magnetic methods as well 
as the shallow and medium depth geoelectric procedures (IP, loop, SP, VES) are applied.

O f course, these two exploration concepts cannot sharply be separated, since every 
carbonate-type basin-floor (under volcanic mountains) may be ore-pro mising. Conse
quently, if the basin-floor traced by refraction seismics ascends to an exploitable level, 
the structural exploration, started as a reconnaissance type one, obviously changes scale 
and becomes a detailing one.

It follows from the above-said, that the area of the two kinds of exploration are not 
necessarily the same in the same year.

These views have guided our integrate survey going on in the Börzsöny Mountains 
since 1965.

126



In 1969, in the eastern foreground of the mountains the depth, morphology and 
structure of the basin-floor were explored with seismic refraction. The results, together 
with the line-network, are shown in Fig. 15 (page 43). In the same figure, also the zones 
of different basin-floor velocities are indicated, for we try to find an answer to the 
question: where lies the boundary between Paleozoic and Mesozoic, in the deep? It is 
assumed that zones with a velocity of 5200-5400 m/s may be identified as Paleozoic 
formations (see the Diósjeno boreholes). On the S part of the area, the basin-floor with 
a velocity of 5900-6000 m/s indicates Triassic carbonates (boreholes at Felsopetcny and 
Romhány; the outcrop at Romhány). The 6000 m/s zone, established under the mountain 
and on the margins, is similarly considered as Triassic carbonate.

The parts of positively Mesozoic, resp. Paleozoic basin-floor are separated by a zone 
of varying velocity strips (5600 — 4600 — 5200 m/s). These boundary velocities are 
characteristic neither of the Paleozoic nor of the Mesozoic. Comparing the seismic data 
to the magnetic anomaly pattern, the contact between the 6000 m/s zone and a magnetic 
anomaly, indicates the N W  limit of the Mesozoic. We assume, namely, of the magnetic 
anomaly, that it represents an amphibolitic belt of the crystalline basement. The mag
netic anomaly may have, o f course, another explanation (e.g. indicating a Mesozoic 
subvolcanite), but the above-mentioned picture is the most probable one.

The Mesozoic (Triassic) basin-floor emerges, on the W  end of profile BöR-5 to a 
level of —300 m. The attention is called to the ore-prospecting importance of this 
circumstance.

On the SE part of the area, the basin-floor plunges to —800 m. Immediately over it, 
a horizon of 4000-4500 m/s velocity appears, interpreted as Paleogene.

The vertical distribution of seismic velocities on this area is shown in Fig. 16 (page 43).
Detailing geomagnetic, gravimetric and SP-measurements were made in 1969 for the 

exploration of the structure of the covering complex (Fig. 17; page 44). The resulting 
maps have been interpreted as follows.

In interpretation, we had to take the fact into consideration, that the depth of penetra
tion of IP-measurements (seelater), which are most important as regards ore-prospecting, 
is about 150-200 m. Therefore, in order to attain a finer interpretation of the Bouguer 
anomalies, a filter, enhancing the short-wavelength anomalies corresponding to the 
depth in question, has been applied. The choice of filter-band was limited by the fact 
that the small near-surface effects fall into the correction range (“noise level”) of the 
measurements. In Fig. 18 (page 45), a residual anomaly map enhancing the anomalies 
of wavelengths between 450 and 900 m, is shown.

The geomagnetic and SP anomaly maps are suitable for direct geological conclusions. 
As to magnetic characteristics, the area can be divided into two different parts: one 
with confused (mainly positive) anomalies and another, a quiet one, nearly void of 
anomalies. The first type is characteristic mainly of areas with pyroxene-andesites, the 
other — of areas with acidic volcanites and pyroclastics.

The explanation o f positive residual gravitational anomalies: higher density, lava 
type pyroxene andesite intruded into or over the lower density pyroclastics; or a density
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contrast related to sub volcanic intrusions; finally, a simple density change within the 
andesite.

Comparing the residual gravity anomalies to the geomagnetic anomaly map, certain 
residual anomalies are correlating with low-frequency and high-amplitude magnetic 
anomalies. On such areas, the first alternative is probable. Where the residual anomaly 
pattern is free of magnetic anomalies, the second alternative is suggested. Where, 
finally, the residual anomalies correlate with low-amplitude relative magnetic anomaly 
ranges, the third variant comes into the foreground.

The areas of the first and of the third group: Kishideghegy, Bányapuszta, Pintérbérc, etc. 
The area of the second group lies to the S of the former, on the area of the known 
sub volcanic intrusion.

All these have served as reconnaissance exploration for the direct ore-prospecting 
geoelectric methods.

The direct, detailed ore-prospecting consisted of surface geoelectric resistivity-mea
surements and o f IP-measurements. W ith the first ones, the lava facies and the low- 
resistivity masses inside ■— with the latter the scattered IP anomalies around the Rózsa
hegy and the Kishideghegy, were tried to be delineated.

The resistivity survey yielded several, different kinds of isoohm maps. On the map 
prepared with an electrode-spacing AB=640 m (Fig. 19; page 46), the maxima c f 
150-350 ohmm strike SW-NE, with minimum belts lying inbetween. As a consequence 
o f the extremely rugged topography, a clear and unambiguous delimitation of these 
belts is difficult.

Vertical electrical soundings were made, with an average station-density of 100 m, 
along profiles.The results are shown in Figs.20 and 21 (pages 47,48).In Profile V,a high- 
resistivity, apparently lava facies is covered by a gradually thickening pyroclastic cover. 
The upper 20-25 m part oi the latter shows a higher resistivity, assumably on account 
of its being dry. The resistivity of lavatic andesite is between 160 and 1250 ohmm; the 
higher its position, the higher its resistivity is. There are four sections in the profiles, 
where vertically delimitated, low (48-112 ohmm) resistivity intra-andesite masses could 
be detected. On the IP anomaly map (Fig. 22; page 49), the area of 2,5% anomaly 
is broadening towards N. The high anomalies are usually striking NNE; but several 
irregularly situated anomalies can be observed, too.

Relatively high IP-anomalies can be produced also by low-percentage sulphidic ores, 
if the veiny ore-dispersions form a sufficiently dense net.

If the boundaries of the aforementioned low-restivity masses within the andesite are 
projected to the surface, a system of strips extending to 2-2,5 km, striking SSW -NNE, 
is obtained. The highest IP-anomalies can be found over these belts.

The results o f the surveys reported, form a system of logically consistent data, mutu
ally completing each other. The low-resistivity zones, causing the positive gravitational 
anomalies, may indicate extended faults striking SSW -N N E : such faults, along which 
the rocks have been saturated by the uprising hydrothermal solutions in a 100-150 m
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wide zone. The IP-anomalies on the same places refer to the fact that this process has 
probably produced sulphidic ores.

A few data indicate a nietallogeny, if any, to have come into existence in the last 
phase of the volcanic activity.

A possibility of metalliferous carbonate basin-floor is not beyond reason, therefore 
we consider the determination of the carbonate basin-floor as an important result and 
repeatedly call the attentional to its elevated part, a further exploration of which is 
planned for 1970.

Our future plans are determined by the present results. Here we must cope with two 
essential problems, being rather of research-policy nature. One of these is to make the 
area of geophysical exploration overlap with the area of geological mapping as soon as 
possible (the ELGI started its surveys earlier, according to the geological concept then 
valid, in the present, better known area). The other problem is, whether we should 
proceed with the very slow microgravimetric survey (the aeromagnetic survey of the 
area is finished already) or we should carry out a loose-network IP-survey for the 
orientation of the detailed ore-prospecting IP-measurements. These two problems are 
interconnected and have their economic sides, too. The gravimetric survey is very 
economical, but if the rate of progress were determined by this method, the present 
area of geological mapping would be caught up with, in five years from now only.
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14 I N T E G R A T E  E N G I N E E R I N G - G E O P H Y S I C A L  A N D  
H Y D R O G E O P H Y S I C A L  E X P L O R A T I O N

This activity of the ELGI considerably broadened in 1969. Within 31 such themes, 
the geophysical needs of hydrological institutions, civil engineering planning enter
prises, mines, engineering geology and explosives’ industry have been satisfied with 
economical results. Exploration extended to the location of thermal and karst-water 
drilling sites, selection of optiumum site of regional water works based on nearsurface 
aquifers, calculation of reserves of quarries, vibration and pressure measurements. The 
Institute took its share in the hydrogeophysical development activity of the UNESCO.

Some examples of this work are given in the following.

Location of thermal-water and karst-water drilling sites

This kind of geophysical operations can be divided into two main types: exploration 
of tectonically disturbed areas, unknown as to their hydrogeological model; and the 
so-called “security geophysical survey” , where the aquifer is relatively well-known, 
only depth-problems should be solved. As to the costs of such exploration: in the first 
case they amount to as much as 15-20% of the drilling costs; in the second, to about 
5-10%. If a geophysical exploration brings results for one drilling out of ten, its costs 
are, in fact, saved.

The deep hydrogeological conditions around Kőszeg are extremely unfavourable. The 
Paleozoic rocks (slate, mica schist, etc.) of the Kőszeg Mountains to the W  o f the town 
are not suitable for the storage of large quantities of water. Near the town, the Paleo
zoic forms a terrace in a depth of abt. 100 m; here, water cannot be drawn even from 
the Pannonian cover formations. Drilling (F) was suggested on the thrown-down side 
o f the fault zone indicated by the detailed geophysical cross-section shown in Fig. 23 
(page 50). The depth o f the Paleozoic has been determined as 610 m (± 15%). Drinking 
water can be expected in the lowest horizons of the covering beds. Since the geophysical
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parameters of the basin floor show a change along the fault zone, even the possibility 
o f carbonate Paleozoic on the downthrown side, eventually with ascending thermal 
water, is not excluded.

In the neighbourhood of Szentendre, a tectonic graben has been detected by the 
geophysical survey, in the Mesozoic (Triassic) basin floor, descending along stepwise 
faults (Fig. 24; pcage 51). Through the faults, Miocene andesites reached the surface, or 
stuck beneath it. In the location of the drilling planned for the water supply of the sum
mer resort on the Papsziget island, the greatest problem was to avoid thick andesites 
and still to find a fault line, since chances of hitting thermal water are best in such places. 
For drilling, fault zones A  and B were suggested. The risks of the variations indicated 
(F-l and F—11) are not the same (actually, variation F -ll has been accepted).

Sometimes the expenditure forecast itself is uncertain. A preliminary informative 
survey (gravimetric survey and a few geoelectric soundings), however, can help. This 
requires usually one or two days at most and may be suitable, besides planning, to clear 
up the general possibilities of drilling and a rough estimate o f the drilling costs.

An example o f this is presented in the district of Papa, where a borehole proved to 
be unproductive, although the other boreholes yielded water. The gravitational depth 
map (Fig. 25; page 52) approximately shows the deepening of the Cretaceous limestone 
containing karst-water, between Tapolcafő and Pápa. At the same time it calls the 
attention to a fault line or facies change in the Cretaceous basin-floor.

A few data about the efficiency of our hydro geophysical surveys:
The depth of the basin floor was determined, as verified in the boreholes drilled so 

far, with an average accuracy of ±9 % .
The drilling in the garden of the Episcopal Palace in Vác yields 2500 1 w~atcr per 

minute, with a temperature of 29°C; the well on the site of the Tungsram swimming 
pools at Újpest has a yield of 1400 1/min with 23°C; the borehole drilled at Balaton- 
máriafűrdő gives 420 1 water of 32°C per minute. The water-yield of the well at Török
bálint is under test; according to a preliminary information, it has a yield of 860 !/min 
with a temperature of 24°C.

Preliminary geophysical exploration to locate water works

A high-capacity water work is planned for the water supply of Szombathely and 
surroundings, to be planted on the gravel terrace of the Rába river. For the determina
tion of optimum sites, geophysical exploration started in 1968, in close cooperation 
with hydrological and drilling exploration.

The geophysical exploration goes on in two subsequent stages. In the course of the 
first, reconnaissance, stage, the river valley is explored by a relatively loose network of
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geoelectric sounding. The aim is to locate extended aquiferous gravel-sand formations, 
further to prove if the nearsurface aquifers have a protective cover, and to estimate the 
water supply. On the areas appointed as favourable, test wells are drilled, furnishing 
data about the structure of aquifers, chemical constitution of the water, and about the 
expectable water yield.

In the detailing stage, favourable parts are surveyed with a dense network (50-250 m), 
usually with seismic refraction and geoelectric sounding. Thus, maps on the horizontal 
and vertical extension of aquiferous terrace-formations, indicating the best sites, includ
ing the thickness of the layer protecting the aquifer against pollution, are prepared.

The map in Fig. 26 (page 55) shows every essential feature of the complex explored; 
among them, the structural line along the Rába river, to the W  of which the nearsurface 
formations turn clayey, and a deeper Pannonian aquifer begins.

The quantity of water obtainable from the Rába-terrace is considerable (15-20 000 
m3/day), but for long range planning insufficient. In order to clear up further perspec
tives, Pannonian aquifers around Perint, Vép-Ikervár and Felsőcsatár have been sought 
for. The first results are promising, but since the survey is still going on, final results 
will be presented in the Annual Report 1970.

Prospecting for building materials

In the volumetry of useful rock reserves of stone-quarries, geophysical prospecting 
is growing in importance, on account of its swiftness and high horizontal resolution 
power. After the experiences gathered in basalt, andesite, granite quarries and clay-pits 
(Annual Report 1968; pp. 64-68), the employment of geoelectric surveys in limestone 
quarries will be discussed now.

Two major tasks lend themselves to solution: the determination of the unproductive 
cover thickness, and the tracing of fault zones (usually filled up with dirt) bordering the 
useful rock body, with geoelectric exploration.

For example the survey in the limestone-quarry of Dorog will be mentioned. As a 
result of this survey, a cover-thickness map (Fig. 27; page 55) has been prepared. W ith 
its aid, and test-drillings permitting, the limits of economical mining operations includ
ing waste-planning, can be pointed out.
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Engi neeri ng-geop hysi ca 1 exp  loration

In 1969, partly the engineering-geophysical mapping in accordance with the engi
neering-geological activity o f the Hungarian Geological Institute was continued on 
the Great Hungarian Plain and along the Lake Balaton, partly similar investigations 
were carried out in the township Eger.

On the Great Plain shallow geoelectric mapping ended on the 1 : 50 000 sheet 
L-34-17-C.

On the lakeside o f the Balaton, mapping was finished in the Keszthely basin, in the 
Tapolca basin and around Fűzfő. As an example, the results obtained at Fűzfő are 
mentioned (Fig. 28; page 57).

The basin-floor, where covered, shows, according to geophysical parameters, three 
different zones: assumably Lower Triassic consisting mainly of marls, Permc-Triassic 
sandstone and Old Paleozoic. The depth of the basin-floor varies between 80 and 120 m. 
The basin sediments can be geoelectrically divided into two layers: a sandy Upper 
Pannonian and a clayey-marly Lower Pannonian underneath, in all probability.

In Eger, the topography of the nearsurface rhyolite-tuff and the area of its weathered 
parts have been determined with geoelectric and seismic survey in connection with the 
planning o f the site of a residential district.

Similarly in Eger, experimental investigations were made for the detection o f under
ground caverns. A study including the results of gravimetric, geoelectric and seismic 
measurements, further electric, radiological and seismic well-logging has stated that 
a reasonable detection of caverns requires the size and the depth of them to be of the 
same order. Also the geophysical “transillumination’’ between boreholes is worth 
mentioning. An example for this is shown in Fig. 29 (page 58).

Vibration- and pressure-measurements

Measurement of vibrations and pressures continued in 1969. This kind of work 
included, e.g., the recording of mechanical vibrations and pressure processes in the 
pipeline-system of a gas plant at Berekfürdő. The vibrations were measured with a 20 cps 
natural frequency Polish-made seismometer (type GF-9-B); recording was made with 
a Japanese-made YOKOGAWA UV-recorder with 1 Kcps galvanometers. The pres
sures were measured with a diaphragm-cell. The equipment is equally suitable for 
recording rapid and slow pressure-variations.
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H ydrogeophysical congress and f ie ld  demonstration

The UNESCO held the expert-conference of the International Association of Hyd
rogeologists (IAH) for 1969, in Budapest, doing great honour and acknowledgement to 
Hungarian hydrological authorities and organizations. The theme of the conference 
was: Expert meeting on the cooperative role of hydrogeology and geophysics in ground-water 
exploration. The technical organization o f the Conference was jointly made by the 
Hydrological Research Institute, Water-drilling Company, and the present Institute. 
On the conference, eight papers were presented, showing the related achievements 
in France, the German Federal Republic, Hungary, Italy, Jugoslavia, the Netherlands, 
the Soviet-Union, and in the USA. In the discussions 40 experts of 18 countries, includ
ing developing countries, took part.

In the course o f a two-day field demonstration, the following instruments were 
presented: from the GFR, the DC geoelectric instrument and the fall-weight-system 
telemetric seismic equipment (Fig. 30; page 60) of the Bundesanstalt f i r  Bodenforschung 
(Hannover); the gamma and neutron-gamma well-logging equipment o f the Prakla; 
GmbH.; the M 400 type truck-mounted rig o f the August Göttker Érben GmbH. (Wathl- 
ingen); from USA-side, the portable radiological well-logging equipment of the 
Wellreconnaissance IM C  (Dallas); from Hungarian side, the automatic AC geoelectric 
equipment (Fig. 31; page 61), engineering-seismic refraction and tape-recording 
seismic reflexion equipments, further the portable electric-radiological well-logging 
apparatus o f the ELGI. All instruments were shown in operation.

Among the field demonstrations in Visegrád, on the Szentendre Island and at Csák- 
vár, the latter was the most important one. It illustrated, how long a time is needed for 
up-to-date geophysical-drilling exploration to prove a karstwater-bearing rock in 
unknown depth. The surface geophysical survey required altogether two hours. W ith 
the different equipments, the depth of the Triassic dolomite basin-floor has been deter
mined, independently o f each other, as follows:

seismic (GFR): 160 m
seismic (Hungary): 154 m
geoelectric (GFR): 146 m
geoelectric (Hungary): 138 m

The German drilling equipment drilled 160 m in 8 hours. The drilling hit fragmented 
dolomite in 142 m and fresh dolomite in 148 m. Radiological well-logging needed 
another hour.

★

The related reports and IA H  studies can be found in the Archives of the ELGI.
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15 M I S C E L L A N E O U S  ( N O N - I N  TE GRATE) P R O S P E C T I N G

In 1969, similarly to the previous years, ELGI was engaged in non-integrate pros
pectings, too, i.e. in such ones which are either isolated, individual (e.g. network- 
completing) measurements, or the companion methods are applied by another organi
zation.

The national ZlZ map 1 : 200 000 is just in press. Its anomaly-groups of interest are, 
nevertheless, detailed year by year. The detailing profiles are either ground-profiles, 
measured with Fanselau magnetometers (ZlZ, AH), or airborne ones (AT) measured with 
Soviet-made flux-gate and home-made proton-precession magnetometers. The purpose 
o f the measurements is, usually, to determine the spatial arrangement of the magnetic 
bodies, by calculations. It is thought, namely, that anomalies in themselves cannot yield 
all possible informations expected from the magnetic method. A great deal of measu
rements, together with theoretical considerations, however, contributed to the conclu
sion that such calculations have very limited applicability in Hungary, and, in all 
probability, in the entire Carpathian Basin. In fact, the bodies are horizontal neutral 
volcanic slabs, repeatedly occurring in the log, interrupted by sedimentary complexes. 
Stratigraphically they belong to subsequent generations but they are not representative 
of their stratigraphical environment either. Miocene volcanism, e.g., contains no basic 
components, scarce neutral ones, and the overwhelming majority is acidic.

Hence, the reported activity will greatly be reduced in future and unnecessary details 
are spared even now.

It is, however, worth mentioning that ZlZ and ZlH measurements were carried out 
in Jazygia (in Central Hungary) and in the Cserhát Mts. (Northern Volcanic Range); 
ZlT measurements were flown in the Börzsöny Mts., (ibid.) and in the Nyír region 
(Northeastern Hungary), where the basin-fill consists mainly of volcanic rocks (tuffs, 
lavas, ignimbrites).

The Cserhát measurements have been planned to complete the simultaneous geological 
mapping. Accordingly, no results are going to be published here; instead, we join the 
1 : 25 000 Cserhát map-series of the Geological Institute. It must, however, be understood
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that out of the several kinds of neutral andesites, pryroxene-andcsites only proved to 
be magnetic.

The AT  results of the Börzsöny Mts. have been utilized in the corresponding Chapter 
13. The AT  map of the Nyír flight is published in Chapter 11. The latter deserves some 
comment because of its methodological lessons. The indications obtained from multi- 
levelled flights suggested multiple (vertically repeated) bodies. A model-test and theoret
ical calculations verified the indication. This was the first reason to throw our previous 
ideas, influenced by downward infinite vertical or oblique bodies, overboard. The 
second reason was the alarming result of paleomagnetic investigations (see there), show
ing an overwhelming majority of remanent magnetization in the magnetic volcanic 
bodies. Consequently, what we really strived at, was to determine the lower boundary 
of at least one of the magnetic horizons (possibly Neogene). W ith a certain degree of 
reliability it can be stated that the lower boundary of Neogene magnetic volcanism 
is 2500-3000 m deep almost everywhere in the Nyír region. Exceptionally, through 
combined seismic and magnetic interpretation, even the eruption-centre is thought to 
have been determined.

An example for network-completing measurements is the reconnaissance gravimeter 
survey in Central Hungary. Even now there are some small patches in our country, 
where a loose torsion-balance network is at disposal altogether. Such areas are the 
aforementioned Jazygia, the Nyír region, and some small patches in the Lowlands 
(Danube-Tisza interfluve). In order to get an even and uniform gravimeter-network 
(if for nothing else, for geodetical considerations), in 1969 the densification of the network 
started in the mentioned regions. In round figures, 3000 km2 were re-surveyed with 
a network-density of 1 station/km2 (in the theme geodetical gravimetry, organizational 
and basic activities, punch-card storage and cosmic measurements were put into exe
cution).

Two programs of the miscellaneous activities get a somewhat detailed discussion. The 
one is the geoelectric survey in Southeastern Hungary; the other is the logging of Fiscal 
Drillings.

In SE Hungary an area of 2000 km2 was covered mostly with telluric method (TE) 
and dipole-equatorial (DE) soundings. Beside this, combined DE and magnetotelluric 
profiling (MTP), further experimental transient measurements (method of the build-up of 
the electromagnetic field) were carried out.

The task, as usual, was tracing and geologically interpreting the q horizon.
The assumed rough geological model of the area is a deep crystalline basement serving 

as fundament (floor) of the basin, and the covering Neogene basin-fill.
The geoelectric results are the following.
The telluric end-product is the isoarea map (Fig. 32; brown lines; page 67). The 

presented one contains the in 1969 DE-covered 1968 part, too. The entire map, especially 
its eastern half, shows strong disturbances.
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DE soundings strived to determine the average resistivity of the basin-fill. Sounding- 
stations were located in view of the isoarea map to possibly exclude structural distur
bances.

1. Where A-1<  1,3, clear H  type curves were obtained, as a rule, with a horizontally 
slightly (±30%) varying p  ̂ near to the unit in value.

2. Where A-1 >  2, the fundament lies usually buried very deep, clear A  type curves 
were obtained. In the vicinity of Békéscsaba AB =20 km proved to be insufficient to 
allow penetration down to the p^  horizon. S values had to be calculated from MTP 
data. Thus interpreting the DE results, another key-horizon could be determined, 
growing to importance when encountering curves of the next type.

3. Areas o f “medium size” A-1 values yielded crypto-A type curves. Neglecting 
(because unknown) the second key-horizon, an error of 30-40% would have been 
introduced.

The geoelectric model of the depression in question is demonstrated by Fig. 33 
(page 68), but it is only fair to doubt the identity of the p^  horizon, when very deep, 
with the Preaustrian fundament (the fundament started subsiding just after the Austrian 
movements).

The end-product of DE-soundings, the isoohm map, is presented in Fig. 32 (page 67) 
in blue overprinting. The map contains the last year's DE coverage, too, for recent 
(A type) interpretation considerably changed the pattern. The average resistivity of the 
conductor-formation (basin-fill?) is high in the deep depression, while it decreases by 
half on the margins.

The result of MTS, MTP and transient methods will be comprised in special method
ological reports (or, theoretically, in the Geophysical Transactions, for that matter). At 
present, these methods are still far from the stage of correctly sizing them up.

The combined end-product: the contour-map of the pTO horizon (Fig. 34; page 69) 
shows, in the center, a very deep (H>8000 ml), broad depression of N W -S E  strike. 
Local elevations are assumed to have importance in CH prospecting.

The geological interpretation of the p^  horizon can reliably made exclusively on the 
Pusztaföldvár-Battonya elevation. Drillings testify to its identity with the Preaustrian 
fundament (basin-floor). The extraordinary depth in the center, i.e. such an extraordinary 
thickness of Neogene sediments is beyond our wits. To imagine the Preaustrian funda
ment to have subsided that deep, would mean, with regard to the nearby outcrop of the 
Bihar Mts., a partly buried hill of Mount Everest size. The p^ horizon must obviously 
plunge below the Preaustrian fundament (which consists, obviously, of Preaustrian 
clastic, sedimentary formations).

On the northern reaches of the area reported, the coverage is telluric only. Several 
maxima show up on the isoarea map (see Fig. 32; page 67), inviting DE-fmishing next 
year. The check-up of the the p^  horizon is a seismic task, but beyond the ELGI’s reach.
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The other somewhat detailed item is the well-logging of Fiscal Drillings. This work, 
as usual, included methodological activity and served as a field test-base for new equip
ments turned out by our well-logging laboratory (see Chapter 24).

The field activity was concentrated mainly on boreholes for sulphidic ores in the Mátra 
Mts. and on the Transdanubian Range. In the Mátra Mts. the earlier loggings were 
repeated with advanced techniques and interpretation, aiming at a better facies- and 
metallogenic correlation. In the Transdanubian Range no pay horizons were penetrated; 
lithological analysis, the filling up of the gaps of coring, and technical information were, 
what we could offer.

The methodological work included, among others, selective gamma-gamma tests. The 
new technique mainly meant scintillation logging. The real purpose was to shorten the 
probe to reduce density effect and increase the system’s sensitivity for heavy elements. 
Energy-selective measurements were planned to trace individual elements.

To detect sulphidic ores and bauxite, neutron-activation analysis was applied to trace 
the excited Al and Cu isotopes. Actually, the Compton-peak of the Al surpassed that 
of the Cu. This is an advantage when detecting bauxite, but positively disadvantage 
when sulphidic ores are at hand (Figs. 35, 36; page 69). It is a matter of fact that this 
was the first energy-selective logging in our country.

In 1969 the two-parameter neutron-selective probe was already applied in a routine 
way, in different (water, ore, etc.) boreholes. W hat we really made in 1969, was the 
resolving-power test of neutron-neutron probe and, besides, porosity-logging. The 
latter utilized the test curves of our model-well. Neutron-neutron logging is superior 
to neutron-gamma, in resolving power. A new surface unit, equipped with zero-point 
shift and amplifier, substantially increased the dynamics of neutron-logging, rendering 
the curves open to closer study. The resolving-power of neutron-neutron curves is in 
connection with the hole-diameter, for the simple reason that larger-diameter holes 
contain more water (hydrogene). It is obvious that a water-saturated porous medium 
behaves the same way. The correction coefficient was adapted from literature. Epi
thermal neutron curves are commeasurable with resistivity-logs. In the Mátra Mts. 
neutron-neutron logging was a success in tracing fractured or clay horizons.

In the meantime field tests of our home-made scintillation and GM counter type 
equipments (for one and two parameters) were duly executed.

Some shallow loggings completed our year’s turnover: logging in the holes o f a 
limestone-quarry, cavity test, water-exploration, etc.
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