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PREFACE

The Austrian Geologische Bundesanstalt and the Hungarian Central Office
of Geology have regularly cooperated since agreeing — in 1968 — on the mutual
exchange of scientific results between the geoscientific institutes of the two
countries. Geology is not concerned with state borders in view of which the
cooperation has meant that several research tasks have been solved together,
and in a number of cases a third country was also asked to participate in the
investigations.

The present volume contains all the results of these joint activities of the
recent past that are ready for publication. The construction of the pre-Tertiary
basement contour map or the delineation of the crust-mantle boundary were
typically such tasks that required multilateral cooperation. Palaeomagnetic
studies of the Eastern Alps and the geomagnetic investigation of the Penninic
Unit represent other examples involving the common interpretation of geoscien-
tific problems. Within geophysical methodological research there have also been
several other topics in which the geophysicists of the cooperating countries
could complement each other's knowledge.

There is little doubt that far better results are achieved when experts or
expert teams have the possibility to discuss their problems with others who are
similarly engaged. Such an approach has even more significance in small coun-
tries such as Austria or Hungary where one often has to seek for colleagues
beyond national borders. It is earnestly hoped that these joint activities and
similar collaboration in the future will continue to promote successful research.

Dr. Karoly Posgay
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CONTOUR MAP OF THE MOHOROVItIC DISCONTINUITY
BENEATH CENTRAL EUROPE

Kéroly POSGAY™, Istvan ALBU**, Milica MAYEROVA +, Zelenka
NAKLADALOVA+, Ivan IBRMAJER +, Milan BLIZKOVSKY +, Kay
ARIC ++, Rudolf GUTDEUTSCH ++

A Moho contour map was compiled by using data from various geophysical measurements
performed in Austria, Czechoslovakia and Hungary. The intention in publishing the map of crustal
thickness (Moho depth) is to increase the available information on the Alp-Carpathian mountain
system and the young (Neogehe) Pannonian basin. It is hoped that apart from contributing towards
the knowledge of the area, this work will promote further structural analyses.

Keywords: deep seismic sounding, Mohoroviiic discontinuity, crustal thickness, Alps, Carpathians,
Pannonian basin

1. Introduction

Based on seismic measurements taken in and before 1984 we have compiled
a map of the Earth’s crust-mantle boundary (Mohorovicic-discontinuity) for
the area of Austria, Czechoslovakia and Hungary. The data were obtained in
different ways and thus differed in quality and accuracy. It is mentioned that
apart from providing information on crustal thickness, the map reflects all
shortcomings : lack of data — especially in Austria — irregular distribution of
data, non-uniform reliability.

2. Data acquisition and compilation of the map

The first experiments to study the Earth’s crust by the seismic reflection
method started in Hungary in 1954. The results showed that the crust is
substantially thinner in the Pannonian basin than in the surrounding areas
[Garfi and Stegena 1955]. Individual reflections gave only approximate in-
formation on the depth of deep reflectors and this gave no clue as to the velocity
distribution within and below the crust. Experiments were continued by using
refraction seismics and later by combined refraction and reflection measure-
ments [Mituch et al. 1964].

* Edtvds Lorand Geophysical Institute of Hungary, Budapest, POB 35, H-1440, Hungary
** Central Office of Geology, Budapest, Arany Janos u. 25, H-1051, Hungary
+ Geofyzika n.p. Brno, Bmo-Reckovice, Jecna ul. 29a, 612 46 Brno 12, Czechoslovakia
++ Institute of Meteorology and Geophysics, University of Vienna, A -1 190 Wien, Hohe Warte 38,
Austria
Manuscript received: 16 May, 1989



8 Posgay et al.

Since the early 70s multiple coverage reflection measurements have been
made in Hungary using digital seismic stations. Furthermore reflection arrivals
enabled us to draw conclusions concerning the structure and the velocity of the
lithosphere [Posgay 1975].

Data gained from a network of regional seismic profiles [Raner et al. 1972]
and magnetotelluric soundings [Raner et al. 1983] contributed to the integrated
study of the structure of the crust and upper mantle in Hungary, (also involving
heat flow data) and resulted in the compilation of a depth contour map of the
Mohorovicic discontinuity. Further results of this study revealed tectonic feat-
ures and geophysical parameters within the investigated depth range [Posgay
et al. 1986]. It was concluded that the crust was separated from the upper mantle
by a transition zone which has changed in both depth and thickness throughout
geological time. The contour lines of the Moho map reflect the lower boundary
of this transition zone.

The first international DSS profile (No VI) crossing the GDR, Czechos-
lovakia and Hungary was carried out in the early 60s. The results of the
international co-operation creating a network of deep seismic profiles in Central
and Eastern Europe appeared in the following monographs: Eds. Sortogub et
al. 1971, 1978, 1980, Crustal Monograph 1972.

Hungary also participated in the project of ALP75 longitudinal profile
[Mitter 1976, Minter et al. 1977]. This cooperation enabled us to combine
Hungarian and Austrian data.

In Czechoslovakia, investigation of the deeper parts of the Earth’s crust,
including the Moho relief, began in 1962 as part of a project prepared by the
European Seismological Commission in 1959. Czechoslovakia participated in
DSS measurements along profiles VI, V and VII until 1972 (see Fig. 1).

From 1975 to 1980 measurements were carried out on national regional
profiles Kill, KII, 100R an KI (Fig. 1) in the Czechoslovakian West Car-
pathians [Beranek and Zatopek 1981]. The purpose of these measurements was
to trace refraction boundaries, to determine the velocity distribution in the crust
and to gather information on the relief and depth of the Moho. In 1979 seismic
measurements were also conducted along the Czech part of the Fennolora
profile [Beranek et al. 1983].

In the period 1971-1984 the information on the Moho from international
and regional Carpathian profiles was complemented systematically by recording
seismic waves generated by industrial blasts [Beranek €t al. 1973]. In this case
measurements were carried out using seismic sounding at discrete points
(Fig. 1). The methodology and first results of processing these records were
described by Beranek and Zounkova [1977]

The Moho map taken from earlier works [Beranek and Zounkova 1977,
Beranek and zatopek 1981] has gradually been complemented. The depth to
the Moho was computed on the assumption of a smooth seismic boundary and
therefore individual data were processed using a smoothing program. The
Moho depths were given in relation to the sea level and corrections for the
unconsolidated part of the Earth's crust were introduced. The first arrivals of



Contour map of the Mohorovicic discontinuity...

nmeaouD-oxan mudoinddal eH 19d0M UOHIBE BUHBhAEM BUT WMHBAOWEWN XUMIBRUINOUED UMTTRALMD Hew] T "and
ueqe eAo|zsyss) ezleuizsAjay asalow snyjlwziazs oreinybaiaxp|4 eiqe T

BIBAO[SOY29ZD Ul UoneBISaAul [eISNIO o) sluawainseaw olwsies Jo dew uoneso T ‘B4



10 Posgay et al.

the groups of EMwaves were used for the map. The corrected arrival times were
converted to depth data at individual points. The average velocity of 6.3 km/s
was used for the Bohemian Massifand also for the Carpathian system [M ayero-
va et al. 1985]

During the period 1980-1987 about 800 km of seismic reflection profiles
were shot in Czehoslovakia with recording times up to 16 sec. The majority of
them contains recognizable reflections originating at the Moho. Depth data
derived from these profiles are incorporated into the contour map (Enel. 1).

During these years seismic crustal investigations in countries of western
and southern Europe were carried out partly on a national basis and partly with
support of the European Seismological Committee [Giese €t al. 1973]. Lon-
gitudinal profiles along the Alps [Mitter 1976, Mirter et al. 1978] provided
information about the structure of the Mohorovicic discontinuity from France
to Hungary. These data mainly come from a reinterpretation of profile ALP75,
where two-dimensional models of the crust were calculated using the ray-tracing
method [Aric 1981]. These models, constructed on the basis of travel time
measurements, were tested and improved by the interpretation of amplitudes,
while Q-values for the upper and lower crust were also calculated [Lenhardt
1983].

Additional information was provided by short seismic profiles [A ric et al.
1987] as well as by the near SNEALP 77 earthquake array perpendicular to
ALP75 [Lidster et al. 1979]. Osterode [1976] used teleseismic signals observed
in Vienna in order to obtain details on the crustal structure and Moho depth
from the crust’s transmission function. Reflection seismic measurements in near
vertical and wide angle ranges [Weber et al. 1981, M auritsch et al. 1986, A ric
1981] as well as near earthquake measurements on local arrays [Gebrande €t
al. 1978] provided complementary Moho depth data.

Gravity measurements carried out in the Eastern Alps published by
Partsch [1971], M akris [1971], Gotze [1984] and Meurers et al. [1987] should
be mentioned here as they provide some indications on the Moho relief. The
Moho map of M akris is partly supported by models suggested by G iese [1968]
from older refraction seismic profiles perpendicular to the Alps. The link
between gravity and seismic interpretation comes from empirical relations
between Moho depths and Ag'™ along these profiles. G stze refers to the same
source. Meurers et al. fit their model, which covers a smaller area (50 km broad
at about 1r longitude), to the seismic model provided by ALP75 [Miri1er 1976].
Recently G ranser [1986], G ranser €t al. [1988] and Steinhauser and Pustizek
[1987] have published maps of the M-discontinuity on the basis of Ag" data
using an inversion method.

The fundamental approach in gravity modelling differs from that used in
seismics. That is why for this map we do not use models based on gravity data
in order to prevent an undesirable mixture of information of different quality.
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3. Conclusion

Data presented on the final map of the Moho (Enel. 1) come from areas
of completely different tectonic units. Therefore the acoustic parameters which
led to its construction vary between wide limits and so does the density of source
data. In spite of this, the final map should be appreciated as the first one in
Central Europe which shows the Moho relief on a 1:1,000,000 scale. There are
gaps in the data mainly between the Alps and the Czech border. Additional
measurements on several short profiles will be necessary in order to check the
depth of the Moho in the northern part of Austria.
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A MOHOROVIUIC HATARFELULET KOZEP-EUROPA ALATTI DOMBORZATA

. POSGAY Karoly, ALBU Istvan
Milica MAYEROVA, Zelenka NAKLADALOVA, Ivan IBRMAJER, Milan BLIZKOVSKY,
Kay ARIC, Rudolf GUTDEUTSCH

Ausztria, Csehszlovakia és Magyarorszag terlletén kilonbéz6 idében és modszerekkel ké-
sziilt mérések eredményeinek felhasznalasaval készitettiik el a Mohorovicic hatarfeliilet mélységtér-
képét. A harom orszag teriilletére szerkesztett kéregvastagsag térkép (Moho mélység térkép) publi-
kalasaval novelni szandékoztuk az Alp-Karpati rendszer ésa Pannon medence foldtani ismeretessé-
gét. Reméljuk, hogy térképlink hozzajarul a teriiletjobb megismeréséhez és elésegiti Gjabb szerkezeti

elemzések megalapozasat.

PE/IbE® MOBEPXHOCTU MOXOPOBUYNYA NOA LEEHTPANBHOWV EBPOMOW

. Kapoin MOWTAWN, NwTteaH AJ/IbBY, .
Mwunuua MAVEPOBA, 3enenka HAK/TAQAJTOBA, VBaH I/IBPMAI/IEP,
MwunaH BIMXKKOBCKW, Kain APAY, Pygonst FYTOANY

KapTa rny6uHbl 3aneraHusi noBepxHOCTW MOXOpOBMYMYA COCTaB/EHA C WMCMOMb30BaHWEM
pe3ynbTaToB M3MEPEHUIA, BbINMOMHEHHBIX B Pa3Hble NMepuofbl C NPUMEHEHNEM Pa3INYHbIX METOLO0B
no Tepputopun ABcTpuu, Yexo-Cnosakun u BeHrpumn. Ony6anKoBaHNEM KapTbl MOLLHOCTU 3eM-
Hol Kopbl (r1y6uHbI 3aneraHus Mox0) npeanonaraeTcs NOBbICUTb FE0NOTMUYECKYIO M3YYEHHOCTb
Anbnniicko-Kapnatckoil ropHoit cuctemMbl U [aHHOHCKOrO 6acceiiHa. MOXHO HagesTbCs, yTo
[laHHas KapTa OKaXeTCs BKNafjoM K yylleMy MO3HaHWIO peruoHa u 6yaet cnocobcTBoBaTh 060C-
HOBaHWI0 faNbHeWLLINX TeKTOHUYECKUX CUHTE30B.
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PRE-TERTIARY BASEMENT CONTOUR MAP OF THE CARPATHIAN
BASIN BENEATH AUSTRIA, CZECHOSLOVAKIA AND HUNGARY

Eva KILENYI*, Arthur KROLL**, Dusan OBERNAUER +,
Jan SEFARA +, Peter STEINHAUSER ++, Zoltan SZABO* and
Godfrid WESSELY**

Within the cooperation between Bundesanstalt, Austria, Geofyzika n. p. Bratislava Branch,
and ELGI, Budapest a unified basement contour map was constructed for that part of the Car-
pathian basin belonging to the three countries. The Carpathian basin can be divided into several
basins, the largest of them being the Pannonian basin, which in turn can further be divided into
sub-basins such as the Danube-Raba basin and the Békés basin just to mention the biggest ones.
Wrench faulting is an important factor in the forming of these basins; the best-known pull-apart
basins are the Vienna basin and the East Slovakian basin. Although the concept is unified as
pre-Tertiary basement, both the geological model and the coverage by geophysical measurements
are extremely heterogeneous. Four basic models can be assigned to the different sub-basins. The
geophysical methods dominating in the map construction are governed by the geological model and
the availability of geophysical data.

Keywords: Carpathian basin, Pannonian basin, Vienna basin, wrench faulting, pull-apart basins,
pre-Tertiary basement, contour map

1. Introduction

In 1983-84 in the framework of preparing a Geological Atlas of Hungary,
the geological map of the basement was constructed by a team of geologists and
geophysicists — on a scale of 1:500,000 — and it was presented at the XXVII.
International Geological Congress, Moscow, 1984. This map consists of two
separate maps: the geological subcrop map and the depth contour map. As the
contour map itself contains so much information, we thought it worthwhile to
publish it separately. The map was published in Geophysical Transactions Vol.
35. No. 4. [Kitényi - Rumpter 1984] on a scale of 1:1,000,000. In the Introduc-
tion it was written of the Pannonian Basin being divided into sub-basins:

‘All these sub-basins are cut by political borders. Let this paper be an

appeal to geologists and geophysicists of the neighbouring countries to join

forces and construct a unified map of the whole of the Carpathian basin!’

The first step towards realizing this dream was the co-operation agreement
between ELGI and Geofyzika n. p. Bratislava Branch, Czechoslovakia, in 1985.

* EOtvos Lorand Geophysical Institute of Hungary. Budapest, POB 35, H-1440, Hungary
** OMV A—211 Wien, Postfach 200
+ Geofyzika n. p. Bratislava Branch. Bratislava, Geologicka 18. CSFR

++ Central Institute for Meteorology and Geodynamics POB 342, A—1191, Vienna, Austria
Manuscript received (revised version): 1 November. 1990
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The existing basement contour map for Slovakia fitted well with the Hungarian
one in the main features, though in detail there were quite a lot of problems to
be solved. This work had just started when the annual co-operation discussions
took place between representatives of Austrian and Hungarian geoscientists.
The suggestion of ELGI for co-operation in unifying the basement contour
maps met with the interest of the Austrian party and the topic was included in
the co-operation programme.

The result of this trilateral co-operation is presented now (as an Enclosure)
on a scale of 1:500,000.

2. Geological-geophysical characteristics

Although the concept is unified as pre-Tertiary basement, both the geologi-
cal model and the coverage by geophysical measurements are extremely
heterogeneous. Four basic models can be assigned to the different sub-basins:

A) Areas of crystalline or Mesozoic carbonate
basementfilled with Neogene sediments

This model is the most favourable for all geophysical methods : the basin
floor forms a sharp physical discontinuity (Fig. 1). In such areas the accuracy
of the contour map is determined by the density of the reflection seismic
network, or by the proportion of direct depth defining methods in the applied
geophysical ensemble.

B) Areas of non-carbonate Mesozoic or Palaeozoic
basement

This model responds in different ways to different geophysical methods.
For example, graphitic schists have low resistivity but high density and velocity.
Thus the contradiction between two methods helps us to recognize this model,
and the problem can only be solved with the help of an integrated interpretation
of several geophysical methods.

C) Areas of inhomogeneous cover
containing screening layers

This model is the most difficult and most ambiguous regarding depth
determination. Areas of deep basins covered by sediments including Neogene
(or Palaeogene) volcanics belong to this model. Tertiary volcanic formations,
mostly of the Badenian to Sarmatian age, are a part of the basin fill. The
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Fig. 1. Migrated time section from the
Szeghalom area. Pre-Cambrian crys-
talline schists form the basin floor
[after Takacs E. 1990. Unpublished
report of ELGI]

I. abra. Migralt id6szelvény Szeghalom
kornyékérdl. Prekambriumi kristalyos
paldk képezik a neogén Uledékodsszlet
aljzatat [Takacs E. 1990 kéziratos
jelentése, ELGI Adattar, nyoman]

Puc. 1. BpemeHHoOI pa3pe3 ¢ Murpa-
Lpeit U3 OKpecTHocTel r. Cerxanom.
®yHOAMEHT HEOreHOBbIX OTNOXEHWN
CMOXEH JOKEMOPUIACKMMU KpucTannu-
YECKMMM cnaHuamm (o pyKOMUCHOMY
oTyety 3. Takauya [Takacs E. 1990],
thoHAabl BeHrepckoro eogmsnyeckoro
WNHCTUTYTa)

evolution of volcanism exhibits a causality with the relief of the basement
forming volcano-tectonic features in the relief (calderas, volcano-tectonic eleva-
tions and depressions (Fig. 2). Many volcanic formations are covered. On the
surface they are most extensive in Central Slovakia.

Another type of area belonging to this class is where the cover contains high
density, high velocity limestone layers (generally Eocene). In both cases (volcan-
ics and limestones) the relative position of the screening layer basically affects
the problem: if there is a thick enough layer of low resistivity and velocity
between the screen and the basement, its depth can be determined by electro-
magnetic and seismic reflection methods. If, however, the screening layer is
deposited directly on the basement, it cannot be separated by any geophysical
method.

D) Flysch basins

The pre-Neogene basement of the Vienna Basin is partially formed by the
flysch of the Vienna Forest and of the Magura group in the Externides, and the
Senonian to Paleogene of the peri-Klippen zone (the Myjava formation) in the
Internides (Fig. 3). The East Slovakian Basin — which extends partly into the
Externides — probably includes the Palaeogene up to the Oligocéne [G recula
et al. 1981] in its basement (Fig. 4).
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Fig. 2. Migrated time section from the Nyir area to illustrate the connection between volcanism
and basement tectonics [after Kilényi et al. 1989]

2. dbra. Migrait id6szelvény a Nyirséghdl a vulkanizmus és aljzattektonika kapcsolatanak
szemléltetésére [Kilenyi et al. 1989 nyoman)

Puc. 2. BpemeHHol pa3pe3 ¢ Murpaumeid n3 HbMpCKOro painoHa, NpUBOAUMBINA A4S
UNNIOCTPaLMN COOTHOLLEHNIA MeXay BY/KAHU3MOM W TEKTOHUKONA (yHAameHTa (no 3. KuneHbu
n op. [Kilényi et al. 1989])

A special case of this model is the flysch zone of the Great Hungarian Plain.
There the problem is not only a stratigraphic one. The northern border of the
flysch zone is unknown: no borehole has penetrated the flysch below the thick
Miocene volcanic series. Therefore geophysical data are the only sources for the
map construction. But for gravity and geoelectric methods the flysch acts as
young sediments; for seismic refraction the high velocity horizon is unam-
biguously the bottom of the flysch. On the other hand, with the seismic reflection
method we can follow the surface of the flysch much more easily than its
bottom, which can be identified only at the margin (Fig. 5). Ifwe were to choose
to map the top of the flysch starting from the southern border, we would be
unable to connect it to the north, where — in the absence of seismic data —
we had to base our map on gravity data, reflecting the older basement.
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fig. 3. Unmigrated time section with interpretation from the Vienna basin with Palaeogene
(Oligocene) basement (after Tomhk et al. 1989]

abra. Migralatlan id6szelvény és értelmezése a Bécsi-medencébdl paleogén (oligocén) aljzattal
[Tomhk et al. 1989 nyoman]

Puc. 3. BpeMeHHoIl pa3pe3 6e3 MUrpaLMn W ero WHTepnpeTaums 3 BeHckold BNaguHbl
C NafeoreHoBbIM (OANroLeHoBbIM) hyHAaMeHTOM (N0 AaHHbIM Y. Tomeka v gp.
[Tomi k et al. 1989])
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Fig. 4. Unmigrated seismic section from the East Slovakian basin [after Tomek and Thon 1988]
a) time section, b) interpretation with location map

4. abra. Migralatlan szeizmikus szelvény a kelet-szlovakiai medencébdl
[Tomek és Thon 1988 nyoman]
a) id6szelvény, b) értelmezés helyszinrajzzal

Puc. 4. Ceiicmunuecknii paspe3 6e3 murpaymm m3 BoctouHo-CnoBaukow BnagunHbl (N0 faHHbIM
Tomeka 1 ToHa (Tomek and Thon 1988])
a) BpemeHHol paspes
b) VIHTepnpeTaumsa v nnaH cuTyaymm
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We overcame the difficulty by means of a compromise: as our detailed
reflection seismic survey only covers the southern border of the flysch zone
(continuous brown line) we present the bottom of the flysch on the contour map
and have marked the zone by dots. We must admit, however, that the Hun-
garian flysch zone represents the least reliable part of the whole map.

These four models are the basic ones; it would be possible to make several
subdivisions but our aim is not exact classification, it is rather the presentation
of the physical basis of the contour map and the justification for its not being
uniform. It is therefore evident that the accuracy of the contour map depends
not only on the level of geophysical survey but on the actual model too.
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Fig. 5. Migrated time section from the Szolnok area with the southern boundary of the flysch
zone [after Detzky-Lé&rincz et al. 1989]
1— base Pannonian; 2 — surface of flysch; 3 — overthrust plane of flysch

5. abra. Migrait idészelvény Szolnok kornyékérdl a flis zona déli hataraval
[Detzkyné Lérincz K. et al. 1989 nyoman]
1— pannon feki, 2 — flis felszine; 3 — a flis feltolodasi sikja

Puc. 5. BpeMeHHOI pa3pe3 ¢ Murpaymein n3 okpectHocTel r. CONbHOK C KOXXHOW FpaHuLel
hnnweBoli 30HbI (N0 gaHHbIM K. Oeukn-TI8puHy n ap. [Detzkyné Lorincz K. et al. 1989])
1— nofoliBa NaHHOHA, 2 — MOBEPXHOCTb (AnLLa, 3 — MI0CKOCTb HafiBUraHua dauwa

3. Geological-geophysical data and the methodology of map construction

Boreholes which have penetrated the pre-Tertiary basement represent a
fundamental information set. Their areal distribution is determined by explora-
tion interests, mainly by those of oil, coal, and bauxite prospecting. The major-
ity of boreholes which have reached the basement are located in the Vienna
Basin, in the Drava-Mura region, in the SE part of the Great Hungarian Plain;
few of them are located in marginal parts of the R&dba-Danube Basin, in the
northern part of the East Slovakian Basin, and in central Slovakian neovol-
canites as well as in the coal-, bauxite-, and ore prospecting areas of the
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Fig. 6. Migrated time section crossing the Steinberg fault in the Vienna basin
[after Wessely 1990]
1— Pannonian (Pliocene); 2 — Sarmatian; 3 — Upper Badenian; 4 — Lower Badenian;
5— Lower Miocene (Karpathian-Eggenburgian); 6 — Flysch belt; 7 — Klippen belt

6. abra. A Bécsi-medencét atszel§ Steinberg vet6t keresztez6 migralt szeizmikus id8szelvény
[Wessely 1990 nyoméan]
1— pannoniai; 2 — szarmata; 3 — fels6badeni; 4 — als6badeni; 5 — alsémiocén
(karpati-eggenburgi) ; 6 — flis 6v; 7 — szirtdv
Puc. 6. BpemeHHOI1 celicMuyeckmiA pa3pes ¢ Murpauuein BkpecT LLITeiitH6eprckomy casury,
paccekaroLlemy BeHckyto BnafuHy (Mo gaHHbiM . Beccenm [Wessely 1990])
1— naHHOH ; 2 — capmart ; 3 — BepXHUii GafeHWUiA ; 4 — HKHUIA GafieHWiA ; 5 — HKHWI
MUOLLEH (KapraT 1 arreHéypr); 6 — ¢inlleBas 30Ha; 7 — YTecoBas 30Ha
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Transdanubian Central Range and in the Mecsek Mountains. In nearly all
regions there is a lack of drilling data from the deep parts of the basins. The
greatest thickness of Neogene sediments (5842.5 m) has been penetrated by a
borehole in the Makd depression. Of the other deep boreholes, the LNV-7 in
the Czechoslovak part of the Vienna Basin drilled to a depth of 6405 m
penetrated the basement already at a depth of 1564 m. In the Austrian part of
the basin four wells were drilled to a depth over 6000 metres. The deepest hole
is the Zistersdorf UeT2 with a total depth of 8553 metres. A thickness of 4884
metres of Neogene sediments cut by the big ‘Steinberg’ fault was explored by
means of this well (Fig. 6). Seismic data indicate that the greatest thickness of
Neogene will be about 5800 metres. These wells have contributed considerably
to our knowledge of the structure, stratigraphy and of the facies distribution.

The density of geophysical data is also irregular. The majority of geophysi-
cal data, mainly the seismic ones, come from areas promising for oil prospect-
ing. In the neovolcanic regions of Slovakia, in the South Slovakian Basin, and
in the interior depressions of the Inner West Carpathians there is coverage by
less suitable methods (e.g. VES). In the Transdanubian Central Range and some
other parts of Hungary electromagnetic methods play an important role in the
ensemble of geophysical methods. Gravimetry is extremely important every-
where, especially in the Czechoslovak part of the West Carpathians (irregular
grid, 3-6 points per square kilometre), and in the Vienna basin (up to 12 points
per square kilometre).

Let us consider the reliability of the different geophysical methods in
determining the depth to the basement. The mapping ability of gravimetry
decreases with increasing depth to the basement. It has been shown by the data
from approximately 200 boreholes in Slovakia [Husak 1986] and 88 boreholes
in Hungary [Kithnyi 1967] that sediment densities increase with depth, reaching
values close to the densities of basements rocks (Fig. 7). Gravity modelling,
either 2-D or 3-D [e.g. Gerard and D ebegtia 1975], needs a knowledge of both
vertical and horizontal density distribution. Such studies were carried out in
higher quantity in Slovakia [Grecuta et al. 1981] and to a lesser extent in
Hungary [Szabes et al. 1984]. It has been proved that g-h curves may differ
considerably therefore all gravity modelling should be based on the particular
density situation deduced from local borehole data.

As both the basement rock and the sedimentary fill may have a varying
density function, for gravity modelling a set of depth points is necessary. These
depth points may come either from boreholes or from some depth determining
geophysical methods. Unfortunately, most boreholes are located on structural
highs leaving the deeper parts of the basin to seismic or geoelectric depth
determination thus increasing the ambiguity of gravity modelling.

In some parts of the Pannonian basin Bouguer anomalies do not correlate
with the basement topography. Among the causes there may be strong regional
effects, special density conditions, etc. If these areas have no satisfactory seismic
coverage, the only possibility of mapping the basement topography is to use
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g/cm3

Fig. 7. Smoothed straight lines of the Pannonian density data and the densities of the different
elements of the basin floor [after Kilényi 1967]
1— Upper Cretaceous-Palaegoene; 2 — Triassic-Lower Cretaceous; 3 — Permian;
4 — pre-Cambrian

7. abra. Medencealjzat képz6dmények s(ir(iségei az lledékosszlet kiegyenlitd slrliség-mélység
fuggvényeivel [Kitényi 1967 nyoman]
1— fels6kréta-paleogén; 2 — triasz-alsokréta; 3 — perm; 4 — oOpaleozods
Puc. 7. MnoTHocTM nopof (yHAaMeHTa BNagWH W BbipaBHUBAKOLME QYHKLMM
NAOTHOCTb-rNy6MHa ANs 0cagoyHbiX Tonuw, (Mo gaHHbIM 3. KyneHbu [Kilényi 1967])

1 — BEpXHWIN Men 1 naneoreH ; 2 — Tpuac, opa v HWKHUIA MeN; 3 — MepPMb ; 4 — HWKHWIA
naneoson

geoelectric methods. The reliability of different geoelectric methods depends on
several factors. Similarly to gravity, the resistivity of both the basement and the
sedimentary fill may have an areal variation but, in contrast to gravity, these
variations affect data in a more complex way. The accuracy of depth determina-
tion depends on the type of geoelectric model, on the interpretation process and
last but not least the geological structure with such effects as current channell-
ing. And, on top of all these, we should not forget the phenomenon of equiv-
alence.

The methodology of geoelectrics that proved to be the best in our mapping
was the combination of telluric mapping with magnetotelluric (MT) soundings.
The telluric isoarea map with the anisotropy ellipses (Fig. 8) reflects the main
structural directions by the long axes being perpendicular to them, despite the
map being distorted by the resistivity variations. MT soundings located on

8. abra. Kisalfoldi tellurikus izoarea térkép az anizotropia ellipszisekkel
[Dudas et al. 1987 nyoman] O
1— anizotrépia ellipszis; 2 — mélyfuras; 3 — tellurikus bazis; 4 — magnetotellurikus
szondazés
Puc. 8. KapTa Tennypuyecknx usoapeanos no Manoii BeHrepckoii BnaguHe ¢ anauncamu
aHmsoTponuu (no gaHHbim W. Aypawa n ap. [Dudas et al. 1987])

1— 307MNC aHU30TPONUKN; 2 — GypOBas CKBaXMHA; 3 — MYHKT TENNYPUUECKUX N3MEPEeHNil;
4 — NyHKT MarHUTOTENNYPUUYECKUX 30HAMNPOBaHWIA



1

...basement contour map of the Carpathian Basin...

Fig. 8. Telluric isoarea map of the Danube—Raba basin with anisotropy ellipses
[after Dudas et al. 1987]
anisotropy ellipse; 2 borehole; 3 — telluric basepoint; 4 — magnetotelluric sounding

25
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characteristic anomalies and in directions parallel and perpendicular to the
structural lines give information on the geoelectric model, the resistivity distri-
bution and the depth to basement (Fig. 9).

As far as seismic methods are concerned, the coverage is uneven and
seismics — similarly to other methods — responds differently to different
geological models. Although the velocity function has lost its position as the
terror of the seismic reflection method, its effect on the unreliability of depth

Fig. 9. Interpretation of MT profiles of the Danube-Raba basin [after Papa et al. 1990]
1— Alpine units; 2 - Transdanubian Central Range unit: 3 — conductive zone; 4 —zone of
the Réba line

9. abra. A kisalfoldi MT szelvények értelmezése [Papa et al. 1990 nyoman]
1— Alpi egységek; 2 — Dunantuli-k6zéphegység egység; 3 — jolvezetd zona;
4 — a Réba-vonal dvezete

Puc. 9. MiHTepnpeTaLus MarHUTOTENypUUYeCKMX pa3pe3oB no Manoii BeHrepckoit BnaguHe (Mo
fAaHHbIM A. Manbl 1 ap. [Papa et al. 1990])
1— anbnuiickne eguHULBI; 2 — eanHMLA 3alyHACKOro cpefiHeropbsi; 3 30HAa BbICOKOIA
3NeKTponpoBoAMMOCTU; 4 30Ha Pabckolt NnHWUK
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determination may be as much as 20%. The ever improving quality of reflection
seismics has contributed to the recognition of several geological features, the
most spectacular of them being wrench-faulting. The finding of flower structures
in Pannonian sediments revealed strike-slip movement in the centre of the
Carpathian basin as young as 2 Ma (Fig. 10). Similarly the link between
wrench-faulting and elongated narrow trenches is a finding of the past few years.
Thus topographical features of the basement may be indicators of tectonic
movements. In the Vienna Basin a high coverage of good seismic data exists as
well as some 3-D areas. Together with the well information these data are in
good correlation with the geological reality. The depth determination is exact
and depends primarily on the velocity distribution, relief and depth of the
pre-Tertiary basement. Within the basin fill, conglomerates exist over wide areas
with high velocity (4500-5400 m/sec). The variable thickness (50-400 m) and
the time distance between the base of conglomerates and the base of Tertiary
occasionally cause difficulties in the seismic correlation.

Fig. 10. Migrated shallow-seismic time section crossing the Mid-Hungarian megatectonic zone
[after Guthy and Hegedts 1989]. Correlated horizon: Pleistocene-Upper Pannonian contact

10. abra. A kézépmagyarorszagi megatektonikai vonalat keresztezé sekélyszeizmikus migralt
id6szelvény [Guthy és Hegedds 1988 nyoman]
Korrelalt felllet: pleisztocén-felsépannon hatar

Puc. 10. Manorny6uHHbIA CEACMNYECKN A BPEMEHHOW pa3pe3 C MUrpauuein BKpecT
CpefiHEBEHTePCKOM TEKTOHUYECKOM NMHUM NepBOro nopsgka (no faHHbiM T. TyTu u 3.
Xereatowa [Guthy and Hegedts 1988])

CKoppenupoBaHHas MOBEPXHOCTb - rpaHuLa nneiAicToLeHa ¢ BEPXHUM NaHHOHOM



28

Kilényi et al.



.. .basement contour map of the Carpathian Basin... 29

4. Geological interpretation

The question is: What contribution can be expected of a basement contour
map (Enclosure) to the understanding of the geological evolution of the region?
If we refer to the fact that investigation of the seafloor gave the clue to plate
tectonics, the basement of the Carpathian basin, which should be regarded as
the floor of the Miocene sea, may help us to delineate the tectonic units and to
recognize the main movements.

Even though they are a unity in so far as their formation is connected to
the Carpathian arch, the sub-basins of the Carpathian basin differ in many
features: age, origin, geothermic conditions, etc. In the following some examples
are presented to show this variability.

Valuable evidence on the time-space development of the basin is contained
in the pre-Tertiary basement relief map. First of all we can mention the differen-
ces in shapes of basins. A basin filled with Palaecogene sediments was deformed
during later stages. This kind of deformation took place in the Peri-Klippen
zone in the form of overthrusting. Therefore the Neogene basins are the real
indicators of basin evolution. They can be divided into graben type basins and
subsidence basins with typical disk-like sinking. Of the latter type is the younger
part of the Danube-Rdaba basin which is underlain by a basin with graben
disintegration. This disintegration continues to the NE in enclaves which were
also developed as graben-type basins synchronously with the Danube-Raba
basin subsidence (after Sarmatian). It manifests itself by gravity tectonics re-
vealed by geophysical modelling of their margins. The striking asymmetry of
these graben-type basins can be regarded as a consequence of dynamic disin-
tegration of the terrain with listric faults playing an active role. Similar asym-
metry can be observed in South Slovakia where the basins perpendicular to the
NW-SE trending graben-type ones (e.g. Trencin depression) prevail.

It has long™been welLJ<no\wn »that structural units of different origin are
juxtaposed in the basement of the Pannonian Basin [Vadasz 1953]. In the latest
subcrop map [Futep-D ank 1987] the line dividing Hungary into two — called
the mid-Hungarian megatectonic line is drawn along the Kapos line in
Transdanubia, turns northward near the Danube then again takes a direction
of NE-SW and terminates before the buried volcanic area of the Hajdu-Nyir

Fig. Il. North-south directed seismic time section through Kémlgé-1 borehole to illustrate the
trough [after Szeidovitz et al. 1988. Unpublished report of ELGI]

Il. &bra. E-D iranyu migralt id6szelvény a Kémlg-1 mélyfarastél D-re es6 arok szemléltetésére
[Szeidovitz Gyné et al. 1988 kéziratos jelentése, ELGI Adattar, nyoman]
Puc. IL MepuanoHabHbIi BPEMEHHOW paspe3 ¢ Murpauueil Ans UNNKCTPaLMU CTPOeHUs

rpabeHa HdkHee CKBaKMHbI Kémné-1 (no pykonucHomy oTueTy CelifoBuuHe u Ap. [Szeidovitz
Gy-ne et al. 1988], poHabl BeHrepckoro Meogmsnyeckoro MHCTyTa)



Kilényi et al.

30

Boxsrd Xmaox

«© m_ = =i 0 ,xWa ™

sSo m&@
o 3 Po < \@m

. OBR LR 50 ?

O =008
x%%vn 30dN foxX xw

N B @ L 5Xa0 1020586 5 &ﬁxwﬁuﬂ. xXT <D «

B

NP oF  BH . ©

UQ3>|4N CZ@P%
N _mw X_/M.J Hﬁ £<DMWN¥V\Z.D<E@0 nsW
N - 3.N WHQCOIOQO &g&p‘@



WNW SV « 8702 ( migration ) ESE

Laxenburg high Leopoldsdorf faults Schwechat depression Wlenerherberg high Mitterndorf depression eastern marginal blocks and faults

Fig. 13. Migrated time section from the Vienna basin [after Hamilton et al. 1990]
1— Pannonian (Pliocene); 2 — Sarmatian; 3 — Upper Badenian; 4 — Lower Badenian;
5 — Lower Miocene (Karpathian-Eggenburgian); s — internal Alpine-Carpathian units

13. dbra. Migralt id6szelvény a Bécsi-medencébdl [Hamilton et al. 1990 nyoman]
1— pannoniai; 2— szarmata ; 3 — fels6 badeni;
4 — alsé badeni; 5— als6 miocén(Karpati-Eggenburgi); s  belsé Alp-Karpati egységek
Puc. 13. BpemeHHoIA pa3pe3 ¢ murpauneii no BeHckoli BnaguHe (No AaHHbIM amMuabTOHa U Ap.
[Hamilton et al. 1990])
1— naHHOH (NNMOLEH); - — capMmaT; 3— BepxHuil 6aaeH;
4 HWKHWIA 6ageH; 5— HWKHWIA MuoueH (KapnaT — 3rreHoypr); s — BHYTPEHHWE
anbMUINCKO-KapnaTckue eavHuLb
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region. This termination indicates lack of information rather than real termina-
tion of the tectonic line. The line itself was drawn along strong features of the
filtered gravity anomaly map [Szabé 1989]. As the contour map and the subcrop
map were constructed simultaneously and fitted together at the last stage it was
certain that the coincidence of the chain of deep grabens along the Mid-
Hungarian megatectonic line was not the result of any subjective intention.

The contour maps of the bottom of oceans and seas reveal linear features
(ridges or grabens) along major plate movements. Seismic examples of present-
day active wrench faults [Barty 1983] exhibit narrow deep grabens. Thus we
think the coincidence of the chain of grabens and the Mid-Hungarian megatec-
tonic line means a strict causative connection.

In the northeastern part where the filtered gravity map lost its strong
features because of the great depth to basement, some seismic lines crossed this
zone and revealed the characteristics of grabens. Unfortunately the river Tisza
flows, for a long stretch, along the tectonic line — not without causative contact.
The river hinders seismic surveys, the break of the regular system and cross
shooting result in poor quality. Even so, the graben can be seen unambiguously.
Fig. 11 shows the graben near borehole Kémlé-1, Fig. 12 shows the same or
another graben further to the east. The origin of this chain of grabens is
connected with the strike-slip movement between the two main structural units :
the Alpine type Pelso unit and the southern Tisza unit.

Further, but less direct evidence has been obtained about wrench fault
systems in the Little Carpathians-Vé&h system accompanied by shallow earth-
quakes (focal depth about 7 km) up to the Zilina area [Schenkova et al. 1979,
Gutdeutsch and Aric 1988]. Besides geological evidence [Buday et al. 1986]
a horizontal component of movement was proved [PospiS1 et al. 1985, Vass et
al. 1988] by study of the earthquake mechanism. Moreover Fusan et al. [1987]
presume that in the area near the Little Carpathians the Northern Limestone
Alps structures terminate evidently extending into the basement of the Vienna
Basin in the form of strike-slip movement.

Among the sub-basins, several have the features characteristic of pull-apart
basins. The two big ones — the Vienna basin and the East Slovakian basin
— are topics of several past and, most probably, future publications. Some of
these papers are included as examples in the list of references [Cekan et al. 1990,
Granser et al. 1990, Hamilton et al. 1990, Jiricek and Tomek 1981, Kroll
and Wessely 1973, Ladwein 1988, Meurers and Steinhauser 1985, Royden
1985, Wessely 1988, Wessely 1990]. However, some remarks about the Vienna
basin are pertinent here. This basin represents an area of major subsidence along
the NW-edge of the Alpine-Carpathian internal basin system. The Neogene fill
of the basin was deposited on an allochthonous stack of nappes during and after
their thrusting over the autochthonous basement (Bohemian massif) covered by
Jurassic, Upper Cretaceous and older Tertiary Molasse sediments. The evolu-
tion of the basin is closely connected with the Alpine-Carpathian geodynamics.
The basin played a specific role within the large Pannonian basin system because
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of its position within the thrust belt. The relatively shallow sub-Alpine-Car-
pathian basement controlled the mechanism of basin-forming tectonics to a
certain extent. The basin has an elongated shape and is filled by Neogene clastic
sediments in a very active tectonic environment. Several generations of syn-
sedimentary faults — the most important of them being of Middle and Late
Miocene and Pliocene age — created substantial thickness, varying from area
to area in the same sedimentary unit (Figs. 6 and 13). The internal structure
is characterized by a large number of faults, fault blocks, and structural ridges.
The faults are mostly synsedimentary normal faults, some with a displacement
of 4000 to 6000 metres. There are many phenomena which are common in
pull-apart basins. The assumption of a pull apart mechanism generating the
Vienna basin was documented by Royden [1985]. Although at present this
mechanism seems to be more complex its feasibility is increased by regarding
the summation of lateral movements along the main Alpine-Carpathian thrust
planes. A number of normal faults seem to be restricted to the allochthonous
thrust complex, but the autochthonous basement must have controlled the
strike of the Alpine-Carpathian thrust front and late Miocene faulting.

Separated from the Vienna basin, about 150 km to the SW, a smaller basin
— the Styrian basin — exists with the same geological sequence but with a basin
floor formed by crystalline allochthonous Palaeozoic and, to a lesser extent, by
Cretaceous. This basin is situated south of the Central-Alpine ridge as a zone
of asymmetric subsidence to the SE and is bounded in the east by a SW-NE
striking fault system in combination with a high zone (South Burgenland Rise)
formed by Palaeozoic and crystalline rocks. This ridge separates the Styrian
Basin from the wide Pannonian Basin. The former reaches a maximum depth
of 3000 metres and is filled by Neogene sediments including — in some areas
— hundreds of metres of volcanics. This fact causes some uncertainties in the
interpretation of geophysical data and, consequently, in the determination of
depth to the pre-Tertiary basement.

In addition to the large basins we would mention two smaller ones: the
Turiec basin in Western Slovakia, where extensive gravity slides and steep
marginal fault zones extend into the basement, and the Derecske basin in East
Hungary, where the movement involves even Upper Pannonian sediments
(Fig. 14).

Fig. 14. Migrated time section crossing the Derecske pull-apart basin. The strike-slip movement
causes listric faults even in the Upper Pannonian sediments [after Horvath and Rumpler 1988]
1— Upper-Lower Pannonian contact; 2 — Lower Pannonian layers; 3 — Miocene

sedimentary and 4 — volcanic series; 5 — Palaeogene flysch; ¢ — Mesozoic and crystalline
basement

14. abra. A Derecskéi arkot keresztezd migralt idészelvény. Az oldaleltolédas még
a fels6panndniai tledékekben is okoz lisztrikus vet6ket [Horvath és Rumpler 1988 nyoman]
1— also-fels6pannon hatar; 2 — alsdpannoniai rétegek; 3 — miocén Uledékes és 4 — vulkani
Osszlet; 5 — paleogén flis; s — mezozoos és kristalyos aljzat
Puc. 14. BpeMeHHoOIi pa3pe3 ¢ Murpaymein BKpecT [epeukeiickomy rpabeHy. Jinctpuyeckue
cHpoChbl BbI3bIBAKOTCA CABUIOM [aXe B BEPXHEMAHHOHCKMX OT/I0XEHUAX (N0 AaHHbIM &.
XopeaTta u A. Pymnnepa [Horvath and Rumpler 1988])
1 — [PaHnLa HWXHEro 1 BEPXHEro NaHHOHA; » — HWKHENaHHOHCKUE OTNOXEHWS;
3 — MUOLEHOBbIE OT/IOXKEHNSA; 4 — MUOLLEHOBbIE BY/NIKaHUTbI; 5 — NaneoreHoBbIn (aunLL;
s — Me3030/CKMIA 1 Naneo30ncKNii PyHAaMeHT
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A HARMADKORI MEDENCE ALJZATANAK SZINTVONALAS MELYSEGTERKEPE A
KARPAT-MEDENCE AUSZTRIAI, CSEHSZLOVAKIAI ES MAGYARORSZAGI
RESZERE

KILENYI Eva, Arthur KROLL, Dusan OBERNAUER,
Jan SEFARA, Peter, STEINHAUSER, SZABO Zoltan,
és Godfrid WESSELY

Az ausztriai Bundesanstalt, a csehszlovakiai Geofyzika n. p. Braatislava és az ELGI egyitt-
mUikodése keretében e harom orszagra megszerkesztettilk a harmadkori medence aljzatanak mély-
ségtérképét. A Karpat-medence szamos medencére oszthatd, melyek koziil a legnagyobb a Pannon-
medence, amely viszont tovabb oszthatd részmedencékre, mint a Kisalfoldi- és a Békési-medence,
csak hogy a legnagyobbakat emlitsiik. A medencék kialakulasaban az oldaleltolédasoknak fontos
szerepe volt; a legismertebb széthizasi (pull-apart) medencék a Bécsi-medence és a kelet-szlovakiai-
medence. Bar a medencealjzat fogalom egységes, mint a harmadkorinal id6sebb kézetek felszine,
mind a foldtani modell, mind a geofizikai felmértség rendkivil heterogén. Négy alapmodellt
rendelhetlink a kilonbdz6 rész-medencékhez. A térképszerkesztésben dominald geofizikai mod-
szereket részben a foldtani modell, részben a geofizikai adatok léte és hozzaférhet6sége hatarozta
meg.

KAPTA MYBUH ®YHOAMEHTA TPETUYHbLIX BNAANH B 3O/TMHNAX
Mo ABCTPUNCKOW, YHEXO CNOBALKOW N BEHTEPCKOW YACTAM
BHYTPUKAPTMATCKOW AEMPECCUN

Esa KWEHbW, Aptyp KPENN, Aywan OBEPHAYEP,
An LUED®APA, Metep WUTENHIAY3EP, 3ontaH CABO,
FNogthpug BECCENN

B pamkax coTpyfgHuuecTBa Mexay [eonornyeckum WHCTUTYTOM ABCTpUW, NPesnpusTuem
»leodm3nka« B bpaTncnase n BeHrepckum Meodn3nyecknMm MHCTUTYTOM COCTaBfieHa KapTa rny-
6UH (yHOameHTa TPETWYHbLIX BNagvH Mo 3TUM TpeMm cTpaHam. BHyTpukapnartckas penpeccus
MOXeT 6bITb NOApasaeneHa Ha psg 6acceiiHoB, Hanboee KPYMnHbIM M3 KOTOPbIX ABASeTCA MaHHOH-
CKWiA, B KOTOPOM B CBOKO 0Yepefb MOryT ObITb BblAeNeHbl YaCTHbIE BNaAuHbI, Kak Hanpumep Manas
BeHrepckas nnun Bekelluckas, 4To6 ynoMuHaTh NvLb Hanbonee KpynHble. B hopmMmnpoBaHumM Bna-
OVH 6ONMbLWYIO PO/b Urpann caBurn, Hanbosnee M3BECTHbIMK BpaguHamu atoro (pull-apart) Tvna
ABnatoTCA BeHckas n BocTouHo-CrnoBaukas. XoTs NOHATUE »(PyHAAMEHT BNagnH« efUHO06pa3HO
B Ka4eCcTBe MOBEPXHOCTW JOTPETUYHbLIX 06pa3oBaHuii, Kak reofiorMyeckoe CTpoeHue, Tak 1 reou-
3MyecKas N3y4yeHHOCTb BapbMPYIOT B LUIMPOKUX Mpedenax. PasnnuHble YacTHble BNagnHbl OTHOCATCA
K YeTbIpeM OCHOBHbIM Tunam. Habop reousnyecknx MeTOA0B, UrPaBLUMX OMPeAenstoLwyo ponb
B COCTaBfeHWN KapTbl, ONPeAensncs 0T4acTW reo/0rM4eckMM CTPOEHMEM, OTYacCTV Haluyvem
N [OCTYMHOCTbIO reodn3nyecknuX AaHHbIX.
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APPLICATION OF CERTAIN FIELD TRANSFORMATION METHODS
TO AEROMAGNETIC DATA FROM THE WESTERN PART OF THE
VIENNA BASIN

Kéroly KIS* and Wolfgang SEIBERL**

Field transformation methods can be applied very successfully in the interpretation of magnet-
ic anomalies. Two transformations, in this paper, the vertical gradient and the reduction to the
magnetic pole of the total magnetic anomalies are presented. Since the transformations are based
on their transfer functions, the efficiency of the latter is improved by using Gaussian low-pass and
band-pass windows as truncation functions. The windowing eliminates the undesirable properties
of the transformations, the enhancement of the high frequency noise, and the finite discontinuity
of the reduction to the magnetic pole for the zero frequency. The results of the transformations are
illustrated by simple model computations and by some field data from an aeromagnetic survey (near
Vienna, Austria).

Keywords: aeromagnetic survey, aeromagnetic anomalies, transformations, Gaussian low-pass and
band-pass windows, vertical gradient, reduction to the pole, truncation, Vienna Basin

1. Introduction

Nowadays the functional transformations of gravity and magnetic data
represent a very important and powerful interpretation tool. In magnetics,
calculation ofthe vertical gradient and reduction to the magnetic pole are widely
used to delineate bodies at different depths and to obtain better clustered
magnetic anomaly-patterns. In the past these functional transformations had
some shortcomings due to the inherent noise in the input data. Additionally in
the case of reduction to the magnetic pole there exists a finite discontinuity for
the zero frequency.

Calculation of the vertical gradient from potential field data is a very useful
tool — especially in applied geophysics — and it is usually used to interpret
gravimetric as well as magnetic anomalies. For example Barongo [1985]
suggested a method to estimate the depth of magnetic sources using vertical
gradient profiles. Numerous papers and books, e.g. Baranov [1975], dealing
with the mathematical background of the field transformation method have
been published. The high level of performance of magnetic instruments enables
the vertical gradient over magnetic bodies to be measured directly in the field
[Morris and Pedersen 1961, Aitken and Tite 1962, Rikitake and Tanoka
1960, Stack et al. 1967, Eggers and Thompson 1984]. Many results of the

*Geophysics Department, Lorand E6tvds University, H-1083 Budapest, Ludovika tér 2, Hungary
** Institute of Meteorology and Geophysics, University of Vienna, A-1 180 Wien, Wahringerstrasse
17, Austria
Manuscript received (revised version): 9 October, 1990
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application of the vertical gradient method in ground magnetic- [e. g. Hood and
McCiure 1965], in aeromagnetic surveys [e.g. Hood et al. 1989], and in marine
magnetic surveys [Eggers and Thompson 1984] can be found in the literature.

Because of their vertical magnetization direction, magnetic anomalies are
more suitable for interpretation procedures — e.g. comparison with gravimetric
data or geological mapping results — Baranov [1957] introduced a new field
transformation method. In this method the total field magnetic anomalies (their
shapes are mainly a function of the inducing field and remanent magnetizations)
are transformed in such a way that that the magnetization of the magnetic
bodies has an inclination of 90 degrees, the inclination at the magnetic pole.

In most of the published papers dealing with the reduction to the magnetic
pole (e.g. Bhattacharyya [1965], Bott et al. [1966], Kanasewich and Agar-
wal [1970], Wilson [1970], Baranov [1975]) this transformation method is
based on Poisson’s theorem. For example, Kis [1981] obtained the theoretical
transfer function of the reduction to the magnetic pole without using Poisson’s
relation. Baranov [1975] and Seiberl [1979] presented coefficients for the
reduction to the pole of magnetic anomalies.

2. The vertical gradient

One of the possible methods for computing the vertical gradient is to
determine the two-dimensional set of coefficients whose convolution with the
input data gives a good approximation to the vertical gradient of the input. The
set of coefficients will be obtained from the theoretical transfer function of the
derivative with respect to the variable z by numerical inverse Fourier trans-
K.rmation.

Amplification in the high frequency range is undesirable since this range
possesses the lowest signal-to-noise ratio. As a consequence, amplification of the
high-frequency components usually corresponds to the amplification of the
high-frequency noise. In order to remove the high frequencies the theoretical
transfer function is multiplied by a Gaussian low-pass window function as
suggested by Mesko [1984]. The truncated transfer function of the derivative
with respect to variable z is

S.dzifx, fy) = 2n(fx+fyy 2exp(-(36/m)Afx+fy)). @)

The parameter m in Eq. (1) modifies the cut-off frequency of the window. In
the course of the computations we chose m= 9 for the parameter of the Gauss-
ian window function. The cut-off spatial frequency was defined by - 3dB point.
The dimensionless cut-off frequency of the window isf c=0.147. In Hg. 1 the
theoretical as well as the truncated transfer functions are shown. Both should
be close to each other at the origin. For the medium and high-frequency range
the contributions to the calculated vertical gradient will be insignificant since
the application of the low-pass window introduces continuously increasing
attenuation. The actual transfer function is periodic.
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Fig. 1. Theoretical (a) and low-pass windowed (b) transfer function of the computation of the
derivatives with respect to .. The independent variables are the dimensionless spatial frequencies
f'x and /;

/. dbra. A r-irdnyl gradienst szolgaltaté transzformacio elméleti (a) és fellilvago sz(rével csonki-
tott (b) atviteli fliggvénye az f'x és az /' dimenziotlan térfrekvenciak fliggvényében

Puc. 1. TeopeTuueckas (a) 1 ypesaHHas HU3KOYaCTOTHbIM (unbTpom (b) pyHKLUMKM nepeHoca npe-
06pa3oBaHuNa C MOMyYeHWEM FpajueHTa Mo HanpaBeHUI0 C Kak (PyHKUMs Ge3pasMepHbIX 4acToT
nona )\ n/

The digital weight function (the coefficients) is obtained by inverse Fourier
transformation of Eq. (1). The actual calculations were performed foran 11 x 11
set of coefficients and the corresponding results were published by Kis [1983b].
If we wish to obtain the truncated derivative in nTm-1, the results of the
convolution of the data with the coefficients have to be divided by the grid
spacing (in metres).

In the next step the set of coefficients for calculating the vertical gradient
from the total magnetic field data was tested using the theoretical field — and
gradient — distributions over a magnetic dipole. As the results of this investiga-
tion were good, the set of coefficients was applied to the magnetic field data
obtained during an airborne survey near Hollabrunn (Austria). The survey site
is shown in Fg. 2. The flight-line spacing was 2 km and the flight direction
W-E. The survey height was 800 m above mean sea level and the total magnetic
field was sampled along the profiles with sampling of approximately 50 m
depending on the speed of the aircraft. The sources of the magnetic anomalies
(see Fig. 3a) in the vicinity of Hollabrunn cannot be found on the surface as this
area is covered by thick young sediments (tertiary — quaternary). By ex-
trapolating the strike of the complex anomaly pattern towards NNE it can be
correlated with the eastern part of the Boscovician depression, a tectonic feature
of southern Czechoslovakia (Moravia). In this area gabbros, diorites, granites
and grano-diorites of the Svratka dome [Fuchs and M atura 1976] are outcrop-
ping. Another, and rather speculative, explanation of the magnetic anomalies
near Hollabrunn are magmatites of late tertiary origin. This type of volcanism
is quite common in the eastern part of the Alps.
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N N

Fig. 3. Total magnetic anomaly map of Hollabrunn area (a), contours are given in nT units, and
truncated vertical gradient map of Hollabrunn area (b), contours are given in nTm.: units

3. abra. A Hollabrunn kutatasi teriilet totalis magneses anomalia térképe (a), az izovonalak egysége
nT ; csonkitott vertikalis gradiens térképe (b), az izovonalak egysége nTm-

Puc. 3. KapTa No/HbIX MarHUTHbIX aHOManuii (a, 30/IMHUK - B HT) U KapTa ype3aHHbIX BepTUKa-
NbHbIX TPaAVeHTOoB (B, M30MHUK - B HT/M) Mo naowaan paboT MonnabpyH

The total magnetic anomaly was sampled in a square grid with the sampling
unit of £ = 1000 m, accordingly the cut-off spatial frequency is

fupper = A = 0147 10 m"1 @)

Fig. 3b shows the calculated vertical gradient near Hollabrunn. Usually maps
showing the calculated vertical gradient are characterized by a large number of
narrow anomalies, which are mainly due to the noise contained in the input
data. In the case of the Hollabrunn data this noise is suppressed by the applica-
tion of a low-pass window function to the theoretical transfer function. The
advantage of using a windowed low-pass transfer function is obvious.



42 Kis-Seiberl

3. Reduction to the pole

Similar to the calculation of the vertical gradient the reduction to the
magnetic pole may be represented in the frequency domain by its transfer
function. By means of inverse Fourier transformation one can calculate the set
of coefficients. The reduction to the magnetic pole is performed by convoluting
the input data with the just mentioned set of coefficients.

The complex transfer function of the reduction to the pole can be expressed

in the form
_ fx +fy
STUXTY) = [Nifx+ Fu)l12+j(Lix+ ML) [n@1 +/2)12+] (Ifx+ mE)\

[e.0. Kis 1983a] where j is the imaginary unit and the direction cosines L, M,
N, /, m, and n are

3

L = cosacosB / = cos lcos D
M = cosasinf m = cos/ sinD (4)
N = sina n=sinl/.

In the latter equations | and D are the magnetic inclination and declination of
the Earth magnetic field; a and 3 are the inclination and declination of the
remanent magnetization. The transfer function (Eq. 3) depends only on the
direction of the induced and remanent magnetization. It is independent of the
other parameters of the magnetic source. Uniform magnetization was assumed
in order to derive the transfer function (Eg. 3). The transfer function has a finite
discontinuity atfx=fy=0. In order to calculate the inverse Fourier transform,
a suitable window function was applied. The aim of the window function is
twofold : it eliminates the discontinuity at the origin (fx=fy=0) and it removes
the enhancement of the transfer function in the higher frequency range. The
conservation of the phase shift properties of the transfer function is also re-
quired. Thus, the appropriate truncation function is the band-pass window
proposed by Mesko [1984] since this meets the demands mentioned above. The
transfer function of the suggested band-pass window is

Skp(f*,fy) = C[exp(- 362fx+f})/mf) - exp(- 362(fx+fy)/m2)]. )
The normalization factor C is

1
C = exp(- 36FmIm\) - exp(- 36ZL jm 2 ©
where
mxm2 2 m{ ¥
fn 6 o IOQE @

and the m, > ma2relation is valid for the parameters of the band-pass window.
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In FHg. 4. the transfer function of the band-pass window can be seen for the
parameters mt=9 and m2=3. If we again use a -3 dB cut-off criterion the
dimensionless cut-off spatial frequencies will be/Ewer= 0.0491 andyjpper = 0.147.

The transfer function STFfx, fy), truncated by a band-pass window, can
now be expressed in the form:

SMx-fy) = iIMSFiL./)} + j Im{Sfifx fy)}]SBFx Fy) . ®)

This windowed transfer function has no discontinuity because the value of the
band-pass filter at the origin is zero (Fig. 4) thereby fulfilling the conditions
mentioned above. The coefficients of the digitized weight function can be
obtained by the inverse Fourier transform of Eqg. (8) in a similar way as the
coefficients for the transformation of the truncated vertical gradient. The coef-
ficients were computed for an inclination of 60 degrees and a declination of 0
degrees, respectively. These values are typical for the main magnetic field in
eastern Austria (see Kis [1983a] for the set of coefficients).

fx

Fig. 4. Transfer function of the band-pass window. The independent variables are the dimension-
less spatial frequencies f'x and /'

4. abra. Az alkalmazott savsz(ird atviteli fiiggvénye az f'x és az /' dimenziotlan térfrekvenciak
fuggvényében

Puc. 4. ®yHKUMA nepeHoca MPUMEHSEMOrO MOMOCOBOrO (MNbTpa Kak (yHKUMs 6e3pasMepHbIX
yacTtoT nonsi f\ n f
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Similarly to the method of calculating the vertical gradient the set of
coefficients for the transformation to the magnetic pole was tested using the field
distribution over a 3-D rectangular prism. The prism has its top at a depth of
1000 m, its bottom at 2000 m from the plane of observation. The horizontal
dimensions are 4000 m and 6000 m along the x and y axes, respectively. The
direction of magnetization is in the direction of the Earth’s magnetic field, thus
/= 60 degrees, D = 0 degrees. The magnetization of the prism is 1 A/m. The total
magnetic field of this rectangular prism was computed in accordance with the
formula given by Whitehil1 [1973].

In Fg. 5 (a and b) the total magnetic field over the prism and its band-pass
windowed total magnetic field are shown. The band-pass windowed anomaly
reduced to the pole as well as the magnetic field for an inclination of 90 degrees
over the prism can be seen in Figs. 5¢c and 5d. The reduction to the pole is a
transformation with a phase shift, as can be seen from the model calculation.
The maximum of the reduced field is above the centre of the prism and the field
is symmetrical.

In the course of the model calculation, the sampling grid was £= 0.5 km.
The lower and upper cut-off frequencies are

0.0491 0.147
Aner = —A— = 0.0981 km and/Eger= —— = 0.294 km \ 9

respectively.

The same set of coefficients was used to reduce the aeromagnetic data of
the area near Hollabrunn to the pole. As was mentioned, the total magnetic
anomalies were sampled in a square grid with the sampling unit equal to
£= 1km, the lower and upper cut-off spatial frequencies of the Gaussian band-
pass window are/jéwer= 00491 km 'land/£pper= 0147 km-1, respectively.

In Hg. 6 (a and b) the total magnetic field near Hollabrunn as well as the
band-pass windowed field are shown; the field data reduced to the magnetic pole
are given in Fig. 6¢. The reduction to the magnetic pole was computed assuming
that the magnetization was induced, and its direction was given by /= 60
degrees, D = 0 degrees. If one compares the band-pass windowed anomaly with
the reduced one, the phase shift of the reduction is apparent. The reduced
anomaly does not have the expected symmetrical shape. This may be due to the
fact that the magnetic source has some remanent magnetization.
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Fig. 5. Total magnetic field due to a three-dimensional rectangular prism (1=60°, D=0°,

J= 1 A/m) (a), its band-pass windowed total magnetic field (b), its band-pass windowed total

magnetic field reduced to the magnetic pole (c), and its total magnetic field with vertical magnetiza-
tion (d). Contours are given in nT units

5. abra. Haromdimenzids derékszogli hasab totalis magneses tere (/=60°, D =0° J= 1Am~") (a),

savszirt totalis magneses tere (b), savszlrével csonkitott pdlusra redukalt totalis magneses tere (c),

valamint vertikalisan magnesezett derékszog(i hasab totalis magneses tere (d). Az izovonalak
egysége nT

Puc. 5. lMonHoe MarHMTHOE NoJsie TPEXMEPHOW NpsiMoyronbHoi npusmbl (M =60. D°=0,J= 1AT~")

(a), To e nocne nonocoBoi hunbTpauun (b), To Xe Nocne ypesaHns NONOCOBONM (MAbTpayuein 1

np1BeAeHNs K Notocy (C) ¥ NOMHOe MarHUTHOE MoJie BEPTMKabHO HaMarHW4YeHHO! TpexMepHoU
npamoyyronbHoin npuambl (d). V3onmHum — B HT
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TRANSZFORMACIOK ALKALMAZASA A BECSI MEDENCE NYUGATI RESZENEK
LEGIMAGNESES ADATAIRA

KIS Karoly és Wolfgang SEIBERL

A transzformacids eljarasok sikerrel alkalmazhatok a magneses anomaliak értelmezése soran.
Jelen tanulmany a magneses anomalidk vertikalis gradiensének meghatarozasat és polusra reduka-
lasat ismerteti. A transzformaciok felhasznalhatésaganak alapjaul az atviteli fuggvények vizsgalata
szolgalt. A transzformaciok hatékonysagat a felhasznalt Gauss-féle (fellilvagd és savsz(ir) csonki-
téfuggvények javitottak. A csonkitéfiiggvények kikiiszobolik a transzformaciok nemkivanatos
tulajdonsagait: a nagyfrekvencias zaj amplitidéjanak erésitését és a polusra redukalas véges szaka-
dasat a nulla térfrekvencianal. A javasolt eljarasokat egyszer(i modellszamitasok és a Bécsi medence
légimagneses adatainak a bemutatott mddszerrel torténd feldolgozasa illusztralja.

MPNMMEHEHUE I'IPEOBPA3OBAHI/I\JI7I A7 OBPABEOTKN ASPOMAIHUTHBIX
OAHHbBLIX MO 3ANAAHOW YACTW BEHCKOWM BMAAVHbI

Kapoit KWL, Bonbthraur CANBEP/

Mpuembl Npeo6pa3oBaHnst MOTYT GbiTb YCMELWHO NPYMEHEHbI B UHTEPNPEeTaLMU MarHUTHbIX
aHomanuii. B HacTosLlelt paboTe m3naraTca onpefefieHne BEPTUKANIbLHOTO rpafnueHTa MarHuT-
HbIX aHOMaNuii 1 nx NpueeaeHWe K nontocto. OCHOBOW AN NPUMEHeHNs NPeo6pa3oBaHuii CyXuno
nccnefoBaHve (yHKUMIA nepeHoca. A heKTMBHOCTL NpeobpasoBaHuii ycunmeanacb 6naropaps
NPUMEHEHMIO ype3atoLmx yHKUMIA Faycca (HA3KOYACTOTHOE U MON0COBOe hUbTPOBaHME). Y pe-
3a0lWMMKU YHKLUAMN YCTPaHAIOTCA HeXenaTenbHble 3(hdeKTbl OT npeobpa3oBaHUii: ycuneHue
amnanTy bl BbICOKOYACTOTHOTO LUYMa U KOHeYHbI/i 06pbIB NpUBEEHNUS K MOMOCY NpU HYNeBbIX
yactoTax nons. MpeacTaBneHHbIe NPUEMbl UNMKOCTPUPYHOTCA MPOCTLIMKU pacyeTamMmy Ha MOAEensx
1N 06pabOTKOW a3poMarHUTHbIX JaHHbIX N0 BeHCKOM BNafuHe yKasaHHbIM CNOCO6OM.
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PALAEOMAGNETIC INVESTIGATIONS IN HIGHLY
METAMORPHOSED ROCKS: EASTERN ALPS (AUSTRIA AND
HUNGARY)

Herman J. MAURITSCH*, Ern6 MARTON** and Alfred PAHR***

A palaesomagnetic study was carried out in a tectonically complex area, mainly on highly
metamorphosed rocks. Nine sites in the Penninic unit, one site in the Palaeozoic of Graz and one
in the Wechsel unit, yielded characteristic remanent magnetizations (ChRM). The ChRMs were
further tested in order to estimate the age of acquisition and magnitude of a possible bias of the
observed directions due to metamorphism. It is concluded that the studied metamorphic rocks must
have been fully overprinted during the last phase of metamorphism in the area and the oriented
magnetic fabric could only have had but a minor influence on the direction of remanence.

The directions of the characteristic remanences — both before and after tectonic correction
- depart significantly from that of the Earth’s present magnetic field observed at the sampling area.
The scatter is too high to define palaecomagnetic directions for any of the tectonic units. Tendencies
in the declination rotations, however, may be recognized and interpreted as tectonic rotations.
Apart from the highest level, the Penninic is clockwise, the top of the Penninic — together with the
cover of Karpathian and Badenian age — is counterclockwise rotated. The sense of rotation is
uncertain for the Wechsel unit because of the shallowness of the observed inclination. The observed
rotations must be mainly due to mid-Miocene tectonic movements, postdating both the deposition
of the Karpathian sediments and the last phase of metamorphism at 20 Ma.

Keywords: Palaeomagnetism, metamorphic rocks, Eastern Alps, magnetic fabric, ChRM, tectonic
rotation

1. Introduction

The investigated area belongs to the eastern part of the Eastern Alps, where
the Penninic crops out (Fig. 1) such as the windows of Mdltern, Bernstein and
Rechnitz [schmidt 1951]. They are parts of a chain of windows exposing the
lowermost tectonic unit of the Alps between Genoa, ltaly, and Kdészeg, Hun-
gary.

The Penninic unit is characterized by a particular lithology and metamor-
phism, showing all the elements of an ocean floor development, such as cal-
careous phyllites, limestone shales, quartzites, greenschists, serpentinites, and
metagabbros. The sequence is dated mid-Cretaceous by sponge spiculae in
limestone members [Schontaub 1973].

The geological environment of the windows of Méltern and Bernstein is
dominated by overthrust crystalline rocks of the Lower East-Alpine Wechsel

* Institute of Geophysics, Mining University, Leoben, Franz Josef Street 18, A-8700, Leoben,
Austria

** EotvOs Lorand Geophysical Institute, Budapest, POB 35, H-1440, Hungary
*** Geologische Bundesanstalt, 1031 Vienna, Rasumofskygasse 23, Austria
Manuscript received (revised version): 13 October, 1990
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unit. The Rechnitz and Eisenberg windows are surrounded by Tertiary sedi-
ments of Karpathian through Pannonian age.

The Tertiary cover conceals the tectonic situation in the southern part of
the investigated area. Nevertheless, we know from other observations that it is
not simple. For instance, the greenschist of Hannersdorf (Fig. 1, site 13) and
its surroundings cannot belong to the Penninic in spite of the similar lithology
and the present geographic position. The arguments are stratigraphical — as
the age of the Hannersdorf dolomite is Devonian in contrast to the Cretaceous
age of the Penninic — and geochemical, as the Penninic is derived from the
ocean floor whereas the greenschist of Hannersdorf is a metamorphosed intra-
plate basalt [Gratzer 1985]. Concerning the metamorphism in this area, three
main phases have been recognized [Lelkes-Felvari 1982, Koller 1985]:

a) oceanic metamorphism at high temperatures (500-750° C);

b) metamorphism during subduction at high pressure (6-8 x KO8 Pa) and
low temperature (300-370° C); these conditions require subsidence of the sedi-
ments of the Penninic ocean to a depth of about 15-25 km; the metamorphism
is dated at 65+6 Ma by the K/Ar method.

c) Regional metamorphism at pressures less than 3x 08 Pa and tem-
peratures of 390-430° C (greenschist facies); this event is dated at 19-22 Ma by
the K/Ar method. It seems that the temperature of the metamorphism increases
from north to south.

Based on 6-axis orientation and the degree of complexity of the metamor-
phic texture, the Penninic may be subdivided into two nappe systems, both
emplaced after the last phase of metamorphism. In the lower unit the 6-axes are
usually N-S oriented, in the upper unit they lie close to the E-W direction [Panr
1980]. Members of the lower unit may be recognized as such by observing
crenulations in addition to the dominant schistosity, since crenulation is totally
absent in the upper nappe system.

2. Sampling and analysis of magnetic remanence

Six to twenty-six cores were drilled at twenty four sites in greenschists,
calcareous phyllites, quartz phyllites, serpentinites belonging to the Penninic
unit (Fig. 1, sites 1-12, 14-18, 24), in amphibolites and albite-chlorite-quartz
-schists of the Wechsel unit (Fig. 1, sites 21-23), greenschist belonging to the
Palaeozoic of Graz (Fig. 1, site 13,) and in Tertiary sediments (Fig. 1, sites 19
and 25); 332 samples in all. The cores were oriented by a magnetic compass.
Orientation of schistosity planes and fold-axes were measured in the field as
precisely as possible. These observations were meant to serve a double purpose:
firstly, to facilitate full tectonic correction of the palaeomagnetic directions;
secondly, to decide whether the site belonged to the lower or the upper nappe
system. The serpentinite of Bernstein (Fig. 1, site 24) was the only site at which
tectonic elements could not be measured.
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Fig. 1. Geological sketch map of the eastern part of the Eastern Alps with palaeomagnetic
sampling sites. Key to geology: a) Upper East-Alpine Palaeozoic, b) Middle East-Alpine
Crystalline, c) Lower East-Alpine Grobgneiss unit, d) Lower East-Alpine Wechsel unit,

e) Penninic. Sampling sites are in the Penninic of the Rechnitz window (sites 1-11, 18), of the
Eisenberg window (sites 12 and 14) and of the Bernstein window (site 24), in the Palaeozoic of
Graz (13), in the Wechsel unit (sites 21-23), in Karpathian (site 19) and Badenian (site 25)
sediments covering the Grobgneiss unit

1 abra. Foldtani vazlat a Keleti Alpok keleti részér6l, a paleomagneses mintavételi helyekkel.
Jelmagyarazat: a) Fels6 Keletalpi paleozoikum, b) K&ézéps6é Keletalpi kristalyos egység, c) Alsé
Keletalpi Grobgneiss egység, d) Als6 Keletalpi Wechsel egység, €) Penninikum. Mintavételi
helyek a Penninikumon: a Rohonci ablakbél (1-11 és 18), a Vashegyi ablakbol (12 és 14) és
a Bernstein ablakboél (24); a grazi paleozoikumon (13), a Wechsel egységen (21-23), és
a Grobgneiss egység feddjét képezd karpati (19) és badeni (25) uledékeken

Puc. 1. l'eonornyeckas cxemMa BOCTOYHOIO OKOHYaHWS BOCTOUHbIX AnbN ¢ 0603HaYeHneM
NyHKTOB 0T60pa Npob Ha naseoMarHWTHble onpeaeneHns
a) BEPXHe-BOCTOYHOANbMUIACKNIA Naneo3oi, b)  cpeAHEBOCTOYHOANLMUIACKNE KPUCTaNIMYecKue
KOMMJIEKCbI, C) HMXXHEBOCTOUYHOANLNNIACKME TPy6ble FHeChl, d) HKHE-BOCTOYHOANLNNIACKINI
Bexcenbckuii NOKpoB, €) MeHHUHCKUIA NoKpoB. MyHKTbI oT6opa Npo6 u3 MeHHUHCKOro
nokposa: no Kécercko-PexHuuyckomy okHy (1-11 u 18), no BawwxeabCcko-Ali3eHOEPrckoMy OKHY
(12 »n 14), no bepHwTanHCKOMY OKHY (24); 13 rpauckoro naneosos (13); n3 Bexcenbckoro
nokposa (21-23); 13 0Cafo4YHOro Yexna eamHuLbl rpy6biX THERCOB: MO KapnaTCKuUM
oTnoxeHuam (19), no 6afeHCKNUM OTNOXeHUAM (25)
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The field cores were cut into 2-4 standard-size samples. From each core,
sister specimens were subjected to stepwise demagnetization, both by AF and
by the thermal method, independently in the palaecomagnetic laboratories in
Budapest and at Gams. Full demagnetization was rarely achieved with AF (only
at sites 24 and 25, see Fg. 3). Thermal demagnetization combined with AF or
alone were more efficient (Fig. 2. and Fig. 4). Where full coercivity or a blocking
temperature spectrum was available, palaeomagnetic site mean directions were
calculated combining first the characteristic remanences of sister specimens on
sample, then on site level (sites 3, 10, 14, 18, 22, 25); samples with sister
specimens of different directions (angular difference higher than 25°) were
rejected (Fig. 5).

Unstable behaviour on cleaning often prevented complete demagnetiza-
tion. Samples with dominant spurious components were disregarded. Moderate
instability, however, was dealt with in the following way. After removing an
obviously different and moderately resistant component, remanence directions
measured at successive heating steps were averaged to enhance the signal
(Fig. 6), provided that the susceptibility had not incresased considerably.

The remanence directions thus obtained served as a basis for calculating
site means (Table I. sites 4, 6, 8, 13, 24, 12J. At site 12 the component with the
higher blocking temperature was further tested by repeating the demagnetiza-
tion at the same temperature twice, first placing the specimen in the oven in one
direction, then in the other, i.e. with X and Z in two opposite orientations;
finally, the results of four cleaning steps — two at 450° C and two at 475° C -
were averaged. This was done because of the moderate increase in susceptibility
(20 per cent on average above 250-350° C, relative to the initial value).

Table | | summarizes the ChRM directions before and after tilt (sites 19 and
25) or full tectonic correction — first for the 6-axis tilt, then for the schistosity
position, the latter being assumed to be parallel to the bedding for most sites.1

1+ All samples bear the code of HA (for Hungary and Austria)
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a b
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normalized to 7.6 -I07A/m initial intensity
and 2A-Vjit Sl susceptibility

Fig. 2. Comparison of the behaviour of the NRM on AF (a) and on the combined AF and
thermal (b, c¢) demagnetization. Rechnitz window, Penninic at Steinwandriegel (site 18): a) and
b) r.re orthogonal plots (demagnetization steps in a): NRM to 1x 10 - T, in b) as in c)), ¢) is
a normalized intensity (dots) and susceptibility (circles) diagram

2. abra. Az NRM viselkedésének dsszehasonlitasa valtoaramu (a) és kombinalt valtoaramua- és
termo- (b és c) lemagnesezésre. Rohonci ablak, Steinwandriegel, Penninikum (18. mintavételi
hely): a) és b) ortogonalis vetiilet (lemagnesezési Iépések a)-ban: NRM-t6l 1x 10 - T-ig, b) és c)
azonos), ¢) normalizalt intenzitas (teli korok) és szuszceptibilitas (lres kordk) diagram
Puc. 2. ConocTaBneHue nosefieHnss NRM npu unicTKe nepemMeHHbIM TOKOM (@), a Takxke
KOM6MHaL e nepeMeHHOro Toka ¢ HarpeBaHmeM (b 1 c). PexHuULCKoe OkHO, LLITaliHBaHApUreNb,
MeHHMHCKMI NoKpoB (MYHKT npob6ooTbopa 18): a) n b) NpAMOyronbHas NPOeKUns; CTyNeHN
ynctkm B a) oT NRM pgo 1-KrI: T; b) 1 c) oanHakoBsbl; C) guarpamMa HOPMUPOBaHHOWA
WHTEHCMBHOCTM (3aNUTble KPYXXKW) U BOCTIPUUMYMBOCTU (MOMbIE KPYXKKMU)

Fig. 3. Fast reduction of the NRM intensity on AF demagnetization, a) and b) Bernstein
window, serpentinite (site 24) c¢) Badenian sediment (site 25). For explanation, see Fig. 2.
(demagnetization steps: NRM to . x 10“sT)

3. dbra. Az NRM gyors csokkenése valtoarami lemagnesezésre. a) és b) Bernstein ablak,
szerpentinit (24), c) badeni tledék (25).

Jelmagyarazatot lasd a 2. abran (lemagnesezési Iépések: NRM-t6l 4« 10~s T-ig)

Puc. 3. BbicTpoe y6biBaHne NRM npu 4iCTKe nepeMeHHbIM TOKOM, a) U b) BepHLTaliHcKoe
OKHO, CEeprneHTUHUTbI (24), ¢) 6ageHCKMe 0TNOXeHMA (25). YCnoBHble 0603HAYEHS CM. Ha puc. 2.
CryneHu unctkm — ot NRM go 4 10 3r
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Fig. 4. Fast reduction of the NRM intensity on thermal demagnetization, a) and b): Wechsel
unit, St. Corona, amphibolite (site 23); c) and d) Penninic, Markthodis, calcareous schist
(site 3). For legend see Fig. 2

4. adbra. NRM gyors csdkkenése h6kezelésre a) és b): Wechsel egység, St. Corona, amfibolit
(23); c) és d) Penninikum, Markthodis, mészpala (3). Jelmagyarazat a 2. abran

Puc. 4. BoicTpoe yobiBaHne NRM npu TepMUYECKON YMCTKe, a) U b) BexcenbCcknii MoKpos,
Ct. KopoHa, amtn6onuTbl (23); ¢) u d) MeHHWHCKMIA NoKpoB, MapKTrognc, U3BecTKOBUCTbIE
cnaHubl (3). YcnoBHble 0603Ha4YeHNs CM. Ha puc. 2
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Fig. 5. Characteristic remanences for sister specimens. Wechsel unit, albite-chlorite schist
(site 22). Stereographic projection, negative inclinations. ChRMs of sister specimens are joined
and angular distances close to or higher than 25° marked

5. abra. lkermintak jellegzetes remanenciaja. Wechsel egység, albit-klorit pala (22).
Sztereografikus vetillet, negativ inklinaciok. Az ikermintak jellegzetes remanenciai 6ssze vannak
kotve és a 25°-nadl nagyobb szdgtavolsagok megjeldlve.

Puc. 5. XapakTepHasi ocTaTo4Has HaMarHU4YeHHOCTb [BOMHbIX NP06. Bexcenbckuii MoKpos,
anbbuUT-xNopuUTOBbLIE CNaHLbl (22). CTepeorpauueckas NPOEKLUMs, OTPULATENbHbIE HAKIOHEHNS.
3HaueHNsl XapaKTepHON 0CTATOUHOM HAaMarHWYEHHOCTW COeAMHEHbI MEXAY CO6Oi
C 0603HAYEHMEM YT/IOBbIX PACCTOSHMIA CBbile 25°

N.up

Fig. 6. Moderate instability of the NRM on thermal demagnetization. Penninic unit, Bernstein
window, serpentinite (site 24)

s. abra. Az NRM kozepes instabilitasa h6kezelésre. Penninikum. Bernstein ablak,
szerpentinit (24)

Puc. 6. CpegHsaa HecTabunbHoCcTb NRM npu TepMmUYecKoi umctke. MeHHWHCKWIA MOKpOB,
BepHLWTanHCKOe OKHO, CEPMEHTUHUTLI (24)
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Site rock type

Rechnitz, Penninic, upper unit

3 greenschist

4 greenschist

6 carbonatic
schist

18 calcareous schist
and phyllites

Rechnitz, Penninic, lower unit

schist
10 calcareous
phyllite
Eisenberg, Penninic, lower unit
2. greenschist
122 greenschist
14 greenschist

Palaeozoic of Graz
13 greenschist

Bernstein, Penninic, upper unit
24 serpentinite

Wechsel unit
22 albite-chlorite
schist

Tertiary sediments

19 {Carpathian
sandstone

25 Badenian
sediment

N - number of samples used for evaluation;

Mauritsch Marton-Pahr

njn

5/11
6/10
10/13

14/17

12/25

7126
17/26

19/26

4/18

19/19

14/19

9/13

5/9

7112

Table 1. Palaeomagnetic data
- number of collected samples; D° . declination;

D°

43

319
333
301
327
214
193

95
98
113
115

232
228
286
283
89
91

133
60

287

139

58
56

123
133
167
165

+ 47
+ 64

+ 54

24

-19
+9

-36
54
-42
-36

EEERrroo

N~ oo

IS

17

e

~~EBE

*95

33.6
33.6
40.8
40.8
15.2
15.2

9.6

19.6
19.6
11.7
11.7

14.4
14.4
8.8

18.9
18.9

10.0
10.0

12.9

19.9

6.1
6.1

23.9
23.9
25.0
23.9

cleaning

300" C
300" C
150 300° C

300° C. 20 60 mT

300-400" ¢

150-400“ C

250-350" C
450 475° C

150" C

50 150"C

NRM

300-425" C

250-525* C

300° C

20 mT

I - inclination, before tectonic correction ; D°, fc- same after tectonic correction ; Kk and ags

statistical parameters [Fisher 1953]
|. tAblazat. Paleomagneses adatok

n — értelmezésbe bevont mintdk szama; n0 — begydjtdtt mintdk szdma; D° - deklinacid;
I — inklinacid tektonikai korrekcié el6tt; D°, ic— ugyanaz tektonikai korrekcié utan;

K és a9% — statisztikai paraméterek [Fisher 1953]
Tabnuua /. ManeoMarHUTHble AaHHble

N — KO/MYeCTBO Npo6, 1CMONb30BaHHbLIX B MHTEPNPETaLUM;
n0— KONWYECTBO OTOBPaHHbIX NPo6; D° T — CKNOHEHWEe W HaKNOHEeHWe 0 TeKTOHUYECKOI
nonpasku; D°, 1° — TO Xe C TEKTOHNYECKOM MOMpPaBKOM; K N ass — CTaTUCTUYECKME

napameTpbl, No ®uwepy (Fisher 1953)

7. dbra. Normalizalt IRM felvétele: a)-d) és szuszceptibilitas-h6mérséklet gorbék: e)-h).

Teli kérok — normalizalt intenzitas, tres korok — szuszceptibilitas

Puc. 7. Cbemka HopmupoBaHHOR IRM : a)-d) 1 KpuHBbIE BOCMPMUMUMBOCTb-TEMMEPaTypa €)-h).
3annTble KPY>XKU — HOPMUPOBAHHAA WHTEHCUBHOCTb, NOMbIE KPYXKW — BOCMPUMMUMBOCH

@)
@)
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3. Magnetic mineralogy and susceptibility anisotropy

The vector plots indicate composite NRM in most cases. The magnetic
minerals responsible for the different components of the NRM were not iden-
tified precisely. The behaviour ofthe NRM on cleaning, that of the susceptibility
on heating, IRM experiments and the inspection of polished sections, however,
permit one to make some conclusions about the magnetic minerals in the
samples.

Normally the IRM curves show fast saturation (Fig. 7/a, b, c) ; the decay
of the NRM on heating is also rapid while the susceptibility may increase (Fig.
7le), decrease (Fig. 7If) or remain constant (Fig. 7/g). Thus the magnetically
soft mineral may be iron sulphide, as identified in the polished sections (sites

12 and 14) and/or maghemite
(e.g. sites 3, 19). When the us-
ceptibility  remains  stable,
titanomagnetite is likely to carry
the NRM (e.g. sites 18, 22, 24)
since this mineral often occurs in
the Penninic [Korrer 1985].

In addition to a soft com-
ponent, some specimens contain
a phase which does not reach
saturation in a field of 15 T.
This is not likely to contribute to
the NRM because the NRM ver-
sus temperature curve (Fig. 7/h)
is similar to those with one soft
component only.

Fig. 7. Normalized IRM acquisition:
ap-d) and susceptibility versus tempera-
ture curves:

e)-h). Dots  normalized intensity, circ-
les—susceptibility
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Magnetic fabric was studied by measuring directional susceptibility in a
low magnetic field. By analysing the magnitudes and orientations of the prin-
cipal susceptibility axes and their relationship to the direction of the ChRM and
the macroscopically observable schistosity planes we hoped to estimate the
deflection of the directions of the ChRM of the ancient magnetic field due to
anisotropy and the degree of complexity of the fabric.

Concerning the possible influence of magnetic anisotropy on the direction
of the remanent magnetization, the observations can be summarized as follows.
The degree of anisotropy is usually not high enough to cause considerable
deflection from an external magnetic field due to magnetic anisotropy (Table If).
Moreover, combined high and low field measurements indicate that the ob-
served anisotropy is due largely to paramagnetic minerals (e.g. at site 12 entirely,
at site 10, 90 per cent: Rochette, personal communication).

The relationship between the orientation of the principal susceptibility axes
and that of the fabric observable in the field is not straightforward.The direc-
tions of the principal susceptibility axes may be randomly distributed; if not,
the minimum axes cluster, or define a great circle. In the last case, the great circle
contains the pole of the macroscopically observable schistosity plane (Figs. 8
and 9). Such distribution may be explained by assuming that the minimum
susceptibility directions, originally coinciding with the pole of the dominant
schistosity, became displaced by adding a second ‘component’ to the original
one during a later deformation process, or that the sampled rocks changed
orientation in a constant stress field. The composite nature of the susceptibility
is proved by the drastic reduction of the distance between extreme points along
the great circle after heating, i.e. after having practically destroyed one of the
magnetic minerals (Hg. 9).

A similar model may account for the fact that the statistically well-defined
minimum susceptibility site mean directions often cluster away form the pole
of the schistosity (Fig. 10). In this case, however, the deformation process
responsible for the dominant fabric is totally overprinted.

Thus we may conclude that the magnetic fabric in itself or in relation to
the texture of the studied metamorphics suggests that the rocks were subjected
to complex tectonic and metamorphic processes. Our results, however, are
indifferent to the timing, i.e. we cannot tell with any certainty whether the
magnetic fabric was formed during one or during more metamorphic events.

In order to estimate the actual influence of the anisotropy on the direction
of the remanence, remagnetization experiments were carried out. Some AF
cleaned specimens were given IRM (Fig. 11) or ARM (Fig. 12), then stepwise
heated and cooled in a laboratory field of controlled direction with the X (Hg.
11) or the Z (Fg. 12) axis parallel to the applied field. Remagnetization was
complete or nearly complete at 435° C during a short heating run. The results
of this experiment imply that

a) the directions of minimum susceptibility are close to the IRM directions
(25/- 3and 349/-8) and the ARM directions (337/86, 340/57, 356/31, 180/31)
respectively, i.e. the deflection from an external field due to the anisotropy of
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azimuth/dip susceptibility anisotropy ChRM
b-axis plane of degree (KTa/kTb) mean direction of D'IT
schistosity per cent min. (field system)
average max. min. azimuth/dip

Rechnitz window, lower unit

1 150/12 240/54 10 12 4 (120/54) -
2 170/20 253/49 9 13 6 86/33 -
5 358/10 280/63 - - - - -
6 335/22 204/35 - 301/ —37
7 160/18 135/15 - 5 -
10 340/3 260/20 5 8 1 (113/-3)
15 190/9 275/35 22 37 13 (67/6) - A —
16 200/10 280/72 20 32 13 (143/55) -
17x 10/10 320/40 20 25 13 160/61 -
97/60
Rechnitz window, upper unit
3 205/29 187/31 38 72 4 108/71 (43/-6)
4 240/14 170/25 6 8 4 337/54 (319/-57)
8 310/18:225/26 223/16 - (95/-2)
9 60/10 125/16 -
u 230/10 260/13 - -
18 358/17 282/41 9 28 3 * 214/-29
Eisenberg window, lower unit?
12 275-95 320/9 6 8 4 . 286/-24
232/-23
245/20 (89/2)
Bernstein window, upper unit
24 (39/71) (287/54)
(139/-24)
Graz Palaeozoic
13 350/46
Wechsel unit
22 220/20 248/28 12 16 7 94/62 58/- 19
23 255/22 240/32 9 15 4 (185/47) -
Karpathian Sandstone covering Grobgneiss unit
19 - 10/20 3 9 1 (130/71) 123/-36

Table 1I. Oriented fabric: field observations and data from magnetic fabric analysis
Direction in brackets: poorly defined statistically (k< 10 and/or ass > 15°); asterisk: minimum
susceptibility directions define a great circle

Il. tablazat. Iranyitott szovet: terepi megfigyelések és a magneses szovetanalizis eredményei
Iranyok zardjelben: statisztikailag gyengén meghatarozott (A< 10 és/vagy [&s > 15);
csillag: minimum szuszceptibilitas iranyok egy fékort hataroznak meg

Tabnuua Il. OpreHTUpOBaHHAA TEKCTYypa Ha OCHOBaHWM MOMEBbIX HabMOAEHWIA N MarHUTHOTO
TEKCTYpPHOro aHanusa HanpaBneHus B CKO6Ke — CTAaTUCTUYECKM Mano 3Haunmble (A<10 u/nam
a%> 15°); 3Be3fa — HanpaBfeHWSMU MUHUMANbHON BOCMPUMMUYMBOCTY OnpefensieTcs Ayra
60/bLLOV OKPYXXHOCTN
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the susceptibility is indeed not significant;
b) under geological conditions any previously existing NRM must have
been totally overprinted during the last phase of metamorphism.

8. dbra. A minimum szuszceptibilitas iranyok
eloszlasa egy fékorén (Hétforrasors. mészfillit,
10). Sztereografikus vetilet. Kér: a minimum
szuszceptibilitas iranyok gydrédés nélkili
rétegekben; kis csillag: palassag (és
rétegz6dés) polusa kismértéki gydrédésekben;
nagy csillag: ugyanez az altalanos palassagra.

Puc. 8. PacnpeaeneHne HanpaBieHWiA
MWHUMaNnbHOW BOCMPUMMYMBOCTY BLONb AYry
60/bLLONA OKPYXXHOCTK (XeTgoppallépLu,
N3BECTKOBMCTbIE (OUANINTBI, 10).
Ctepeorpaguyeckas npoekuuns. Kpyxkm —
HanpasneHns MUHUMabHOM
BOCMPUMMYMBOCTM B HeCKIaAuaTbiX
npocnosx; Manble 3Be3fbl — NOMOC
CnaHueBaTocTu (M CNOMCTOCTU) B HEBONbLUMX
CKNafkax; KpynHble 3Be3fgbl  TO Xe And
006Lein cnaHueBaTocTn

Fig. 8. Distribution of the directions of the minimum susceptibility along a great circle
(Hétforrasors, calcareous phyllite, site 10). Stereographic projection. Dots: directions of the
minimum susceptibility in beds without small-scale folding; asterisks: poles of schistosity (and
bedding) in small-scale folds (small asterisks) and that for the general schistosity (larger asterisk)

N

\

9. dbra. A minimum szuszceptibilitas iranyok
eloszlasa egy fé6korén (Fels6csatar, zoldpala,
12). Sztereografikus vetiilet. Kér: a minimum
szuszceptibilitas irdnyok a természetes
allapotban; csillag: az altalanos palassag
pélusa; haromszdg: a minimum
szuszceptibilitas iranyok a mintak 475° C-ra
vald hevitése, azaz a pirrhotit lebontasa utan

Puc. 9. PacnpegeneHne HanpaBneHwuii
MWUHWMaNbHOM BOCMPUMMYMBOCTY BLONb AYrH
60nbLIONA OKpY>XXHOCTK (Penbluéyatap,
3eneHble cnaHubl). CTepeorpaduyeckas
npoekuns. Kpy>Xkn — HanpasieHus
MWHWMaNbHON BOCNPUUMYMBOCTU
B €CTECTBEHHOM COCTOSIHUU; 3Be3fbl —
nontoca o6uleil cnaHueBaTocTy;
TPEYroNbHUKN — HanpasieHUss MUHUMabHOM
BOCNPUMMYMBOCTM Nocne Harpeea npob6 ao
475°, TO-eCTb NOC/Ne pasnoXeHUs NUPPOTUHA

Fig. 9. Distribution of the directions of the minimum susceptibility along a great circle
(Fels6csatar, greenschist, site 12). Stereographic projection. Dots: directions of the minimum
susceptibility in the natural state; asterisk: pole of the general schistosity; triangles: directions
of the minimum susceptibility after heating the specimens at 475° C, i.e. destroying pyrrhotite
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10. &bra. A palassag pdlusanak és a minimum
szuszceptibilitas iranyok 0sszekdtése
a Penninikumra (1-11 és 15-17).
Sztereografikus vetiilet, minden vektor lefelé
mutat. A f6korok, amelyek mentén
a minimumszuszceptibilitas irdnyok eloszlanak
(10, 12 és 18) szaggatott vonallal vannak
jelolve.

Puc. 10. CoeanHeH1e NonOCcoB
CNaHLeBaTocT 1 HanpasBieHNiA MUHUMAaNbHOM
BOCNPUMMYMBOCTU NO MMEHHUHCKOMY MOKPOBY

(111 w 15-17). Ctepeorpatmyeckas
npoekuns. Bce BEKTOPbI HanpasfieHbl BHU3.
[yrn 60M1bWNX OKPY>KHOCTEW, BLO/b
KOTOpbIX pacnpefefieHbl HanpasneHus
MUHUMabHOM BoCNpuumumsoctmn (10, 12
1 18), 0603HaYeHbl MYHKTUPHON NUHWEl

Fig. 10. Position of the pole of schistosity joined to the direction of minimum susceptibility(ies)
for the Penninic unit (sites 1-4, 15-17). Stereographic projection, all vectors pointing
downwards. The great circles along which the directions of minimum susceptibility are
distributed at sites 10, 12, 18, respectively, are shown in dotted lines

oI5

11. dbra. A 10. és 12. mintavételi hely mintai
IRM-jének Ujramagnesezése szabalyozott
laboratériumi magneses térben térténd
hevitéssel és h(itéssel. Sztereografikus vetiilet.
Fekete jelek: lefelé mutaté vektorok; Qres
jelek : felfelé mutatd vektorok

Puc. 11. MepemarHunumsaHne IRM npo6
nyHkToB 10 1 12 npy Harpese ¥ OCTbIBAHUU
B perynmpyeMom na6opatopHOM MarHMTHOM

none. Ctepeorpadmnyeckas NpoeKLus.
YXupHble 3HAYKN — BEKTOPbI, HanpasfieHHbIe
BHW3; MO/Mble 3HAYKN — BEKTOPbI,
Hanpas/ieHHble BBEPX

Fig. 11. Remagnetization of IRM of samples from sites 10 and 12 by heating and cooling them
in a controlled laboratory field. Stereographic projection. Solid symbols: vectors pointing
downwards; hollow symbols: vectors pointing upwards
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12. &bra. A 10. és 12. mintavételi hely mintai
ARM-jének Gjramagnesezése szabalyozott
laboratériumi magneses térben térténd
hevitéssel és h(itéssel. Sztereografikus vetiilet.
Fekete jelek: lefelé mutatd vektorok, lres
jelek : felfelé mutatd vektorok

Puc. 12. MepmarHuymeaHne ARM npo6
nyHKTOB 10 1 12 nNpy Harpese 1 OCTbIBAHUN
B perynmpyemomMm n1abopatopHOM MarHMTHOM

none. Ctepeorpaduyeckas npoekuus.
XXKUWpHble 3HAUYKM — BEKTOPbI, HarpasneHHble
BHU3; NOJble 3HAYKN — BEKTOPSI,
Hanpas/fieHHble BBEpPX

Fig. 12. Remagnetization of ARM of samples from sites 10 and 12 by heating and cooling in
a controlled laboratory field. Stereographic projection. Solid symbols: vectors pointing
downwards; hollow symbols: vector pointing upwards

4. Tectonic implication

Due to high between-site scatter for all the studied units — both before and
after tectonic correction — precise palaeomagnetic directions cannot be defined
for any of the units. Nevertheless, certain rotation trends can be recognized.

The main problem in interpretation is caused by the spread in inclination
(Fig. 13). It may be argued that a metamorphic rock at the time of acquisition
of the ChRM might have been oriented differently from both the present and
the tectonically corrected position.

It stands to reason, however, that the position at the critical time interval
be assumed as constrained by the present horizontal on the one hand, and by
the plane of schistosity (stratification) observed in the field, on the other. As
Table | shows, the tectonic correction has but little effect on the direction of the
ChRM. Thus the low inclinations are difficult to account for, once the mid-
Tertiary age of the last metamorphic event is accepted, and the composite or
deflected nature of the ChRM is ruled out. In fact, some of the inclinations are
so shallow, both before and after tectonic correction, that they are indicative
of a pre-Tertiary, probably Palaeozoic magnetization (sites 8, 10, 14). It is
interesting to note, therefore, that previously Palaeozoic was the age assigned
to the Rechnitz and Eisenberg windows [Fe1dvari et al. 1948, Szebenyi 1948].

Apart from sites 8, 10, and 14, the Rechnitz window is characterized by
large to moderate clockwise declination rotations. Sites 3 (fully or partly cor-
rected for tectonic position), 18, and 12x form a moderately rotated group
together with 13 (Graz Palaeozoic, corrected), while 6 and 122 show excess
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13. abra. Paleomagneses inklinaciok
tektonikai korrekcio el6tt a Keleti Alpok
keleti részében. Sztereografikus vetiilet. Fekete
jelek : pozitiv inklinéci6, ures jelek : negativ
inklinaci6. Kor: Penninikum, haromszog:
grazi paleozoikum, négyzet: Wechsel egység,
csillag: harmadkori tledék. Kis jelek:
a%> 15° nagy jelek : a%g 15°

Puc. 13. ManeoMarHUTHble HaKNOHEHUS A0
TEKTOHWYECKMX NOMPaBOK Ha BUCTOYHOM
OKOHYaHMN BOCTOYHBLIX AnbM.
Ctepeorpaguyeckas npoekuus. XXnpHble
3HAYKN — MONOXUTENbHbIE HAK/TIOHEHWS;
nonble 3HaYKM — oTpuLaTe/ibHble
HaKNoHeHUs. Kpy>XXKn — FeHHUHCKWIA
NOKPOB, TPEYroNbHUK — Fpauckunii naneosowu,
KBagpaT — BexcenbCkuii NOKPOB, 3Be34bl —
TpeTUYHbIE OT/IOXKEHUA. Masible 3HaUKN —
a95> 15° KpynHble 3HaUkKn — a9x*15°

Fig. 13. Palaeomagnetic inclinations before tectonic correction in the eastern part of the Eastern
Alps. Stereographic projection. Full symbols: positive inclination; hollow symbols: negative
inclination. Circles are for the Penninic unit, triangle for the Palaeozoic of Graz, square for the
Wechsel unit, asterisks for Tertiary sediments. Small symbols: x95> 15°, larger symbols:
3B=15
rotation. The declination at sites 8, 10, 14 also deviate by a large angle from the
north which may be interpreted as clockwise rotation. It is possible that on the
CW side of Fig. 13 we see an older magnetization with more and a younger one
with less declination rotation, since at site 12 the component with higher
unblocking temperature (122) shows large deviation, the less resistant one (12x)

only moderate deviation from the present north.

The rotation angle for a single site from the Wechsel unit (Fig. 13, 22) is
high, though the sense of rotation is undecided.

A single site from the highest level of the Rechnitz unit (24), and Tertiary
sediments (sites 19, 25) covering the Grobgneiss unit (which is in turn underlain
by the Wechsel) show counterclockwise rotation. The similarity of the directions
observed for sites 24 and 19 implies Miocene rotation for the first of these.

The timing of the rotations observed for the rest of the metamorphics is
less straightforward. Some of the ChRMs may predate the Miocene metamor-
phism (e.g. sites 8, 10, 14). This idea is supported, for instance, by observations
on the metamorphic texture in the Eisenberg window by Letkes-Fetvari (per-
sonal communication) who suggests that the high-pressure low-temperature
Eo-Alpine metamorphism was not everywhere overprinted by a younger green-
schist facies metamorphism. Even if some of the ChRMs are older, there are
others which are of Miocene age, implying that significant clockwise rotations
took place between 20 Ma and the magnetization of the Styrian volcanics —
that show no rotation [Mauritsch and Becke 1987]. The young age of the
rotations in the Rechnitz area is supported in an indirect way by the orientation
of the magnetic fabric.
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As we have already noted the pole of the plane of schistosity (oriented by
the strongest metamorphism) and the directions of the minimum susceptibilities
(oriented by the last metamorphism) for the same site define a great circle. These
great circles always deviate from north-south orientation (Fig. 10). When
corrected for the measured palaeomagnetic rotations, these great circles become
N-S oriented, thus reflecting a stress field which is expected in the Neogene as
a consequence of the collision between stable Europe and the African plate.

Acknowledgement

We are grateful to P. Rochette for the high-field anisotropy measurements
and evalution. We thank R. Bordas for assistance with the low-field anisotropy
measurements and F. Heller for the critical reading of the manuscript.

REFERENCES

Fisher R. A. 1953: Dispersion on a sphere. Proc. Roy. Soc. Lond. A., 217, pp. 295-305
Foldvari A., Noszky J., Szebényi L. and Szentes F. 1948: Geological observations in the Készeg
area (in Hungarian). Report of the Hungarian Finance Ministry, 1947-1948, pp. 5-31
Gratzer R. 1985: Vergleichende Untersuchungen an Metabasiten im Raum Hannersdorf, Burgen-
land. Aus den Sitzungsberichten der OAW, Mathematisch-Naturwissenschaftliche Klasse,
Abt. I, 194, 6-10, pp. 132-148, Wien

Koller F. 1985: Petrologie und Geochemie der Ophiolite des Penninikums am Alpenostrand.
Jahrbuch d. Geol. Bundesanstalt 128, 1, pp. 83-150, Wien

Lelkes-Felvari Gy. 1982: A contribution to the knowledge of the Alpine metamorphism in the
Kd&szeg-Vashegy area. Neues Jb. Geol. Palaont. Monatshefte 5, pp. 297-305

Mauritsch H. J. and Becke M. 1987: Paleomagnetic Investigations in the Eastern Alps and the
Southern Border Zone. In Geodynamics of the Eastern Alps, Fliigel H. W. and Faupl P. (eds),
pp. 282-308 Deuticke, Vienna

Pahr A. 1980: Die Fenster von Rechnitz, Bernstein, und Modltern. in Oberhauser R.: Der
Geologische Aufbau Osterreichs, pp. 320-326, Wien

Schmidt W. J. 1951 : Uberblick (iber geologische Arbeiten in Osterreich. Zeitschrift d. Deutschen
Geol. Gesellschaft 102, Hannover, pp. 311-316

Schénlaub H. P. 1973: Schwamm-Spiculae aus dem Rechnitzer Schiefergebirge und ihr strati-
graphischer Wert. Jahrbuch d. Geol. Bundesanstalt 116, pp. 35-49, Wien

Szebényi L. 1948: Geology of the Hungarian part of the Eisenberg (in Hungarian). Report of the
Hungarian Finance Ministry, 1947-1948, pp. 45-50



Palaeomagnetic investigations ... Eastern Alps 65

EROSEN METAMORFIZALT KOZETEK PALEOMAGNESES
VIZSGALATA:KELETI ALPOK (AUSZTRIA ES
MAGYARORSZAG)

Herman J. MAURITSCH, MARTONNE SZALAY Em6 és Alfred PAHR

Tektonikailag bonyolult teriilet paleomagneses vizsgalatat végeztiik elsésorban erésen meta-
morfizalt k6zetek mintazasaval. Kilenc mintavételi hely esett a Penninikumra, egy a grazi paleo-
zoikumra és egy a Wechsel egységre. Mindezek jellegzetes remanens magnesezettséget adtak,
amelyet tovabb ellendriztiink a metamorfézis okozta lehetséges torzitas koranak és nagysaganak
felbecslésével. Arra az eredményre jutottunk, hogy a tanulmanyozott metamorf kézetek teljesen
atmagnesezédtek a metamorfozis utolsé szakaszaban és az orientdlt magneses szovetnek csak
elhanyagolhatd hatasa lehetett a remanens magnesezettség iranyara.

Ajellegzetes remanencia iranyok  mind tektonikai korrekcio el6tt, mind utdn — hatéarozot-
tan eltérnek a terilet jelenlegi magneses terétél. A széras tul nagy, igy egyetlen tektonikai egységre
sem tudtunk paleomagneses iranyokat definialni. Ennek ellenére a deklinacio-rotaciok tendenciai
felismerhet6k és mint tektonikai rotaciok értelmezheték. A Penninikum 6ramutat6 jarasaval meg-
egyez6, a Penninikum teteje viszont — a karpati és badeni fedével egyiitt — 6ramutato jarasaval
ellentétes rotaciot szenvedett. A Wechsel egység rotacioja bizonytalan az igen lapos inklinaciok
miatt. A megfigyelt rotaciok elsésorban kdzépsé-miocén tektonikai mozgasokhoz kéthet6k, ame-
lyek mind a kéarpati tledék, mind a metamorfézis legutolsé fazisa (20 Ma) koranal fiatalabbak.

MANEOMATHNTHOE N3YYEHWME CNJ1IbBHO METAMOP®N30BAHHWX MOPOA:
BOCTOYHbIE AJbMbl (ABCTPUA N BEHIPINA)

Fepman N. MAYPWY, 3mé MAPTOH-CAJTAW, Anbthpes MAP

Bbino NpoBefeHO NaneoMarHUTHOE M3yyeHe palioHa Co CNI0XHbIM TEKTOHMYECKUM CTPOEHM-
eM nyTeM onpo6oBaHus B NepByt0 04epesb CUIbHO MeTaMop(r30BaHUbIX MOPoA. [eBATb MYHKTOB
npo6ooT6opa 661U B npepenax MeHHWCKOro NOKpoBa, OAWH — FPafCcKOro naneosos, W oauH
— Bexcenbckoro nokposa. Bo Bcex o6Hapy)XeHa xapakTepHas ocTaTOuHas HamMarHU4YeHHOCTb,
KoTopas 6blna NpoBepeHa MyTeM OLEHKU BO3pacTa U mMacLiTaba UCKaKEHWUIA, BO3IMOXHbIX BCMes-
CTBMe MeTamopduama. Bbin cAaenaH BbIBOA O TOM, YTO M3y4YeHHble MeTaMop(uyeckne MopoAbl
ObININ LENNKOM NepemMarHuyeHbl B MOCNEAHIO CTaAWNI0 MeTaMopdu3Ma 1 YTO OPMEHTUPOBAHHAA
MarHWTHas CTPYKTypa MOrfia okasaTb Mlb NpeHe6peraemMoe BAMSIHWE Ha HanpaB/eHne o0cTaTou-
HOli HaMarHW4eHHOCTMK.

XapaKTepHble HarnpaBieHUs 0CTaTOYHOW HaMarHNYeHHOCTWN — KakK [0, TaK ¥ Noc/e TEKTOHU-
UecKoii MonpaBKU — CYLLECTBEHHO OT/IMYAKOTCA OT COBPEMEHHOr0 MarHWTHOrO MoNs peruoHa.
Pa36poc 3HaueHUii CAMLLUKOM BeNMK, TaK YTO NaneoMarHWTHbIe HampaBnaHWs He MOrAU GbiTb
onpefeneHbl ANS KaXKA0A TEKTOHUYECKOWH eAMHULbI B OTAeNbHOCTU. HECMOTPSA Ha 3TO, TEHAEHLMK
K NMOBOPOTY CK/MIOHEHWIA MOTYT 6GbiTb YCTAHOB/EHbI Y UHTEPNPETUPOBaHbI B KaueCcTBE TEKTOHMYeE-
cKnX. MeHHMHCKMIA MOKPOB 06HapY)XMBaeT NOBOPOT MO YaCOBO CTPesike, a ero BepX1m — COBMECT-
HO C KapnaTtCKUM W 6afieHCKUM 4eX/IOM — MNPOTWB YacoBOI CTpenku. MoBOpOT Bexcenbckoro
,'OKpOBa yCTaHaB/IMBAETCb HEHAZEXHO B CBA3M C Ma/ibIMU HaK/OHeHUsMW. HabnogaeMble MoBopo-
Tbl MOTYT BbITb CBfi3aHbl B MEPBYHO 04epefib CO CPeAHEMUOLLEHOBLIMU TEKTOHUYECKAMU LBUKEHUS-
MW, MPOSIBUBLLMMMUCA KakK NOC/e HaKOMMEeHUS KaprnaTCKUX OT/IOXEHWI, Tak W nocne nocnegHei
hasbl metTamopgumama (20 MaH. NeT).
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GEOMAGNETIC INVESTIGATIONS IN THE
AUSTRIAN-HUNGARIAN BORDER ZONE: THE
KOSZEG-RECHNITZ MTS. AREA

Egon HOFFER¥*, Lészlo6 SCHONVISZKY* and Georg WALACH**

From 1985 to 1988 a geomagnetic survey (total field and vertical component) was carried out
along the border between Austria and Hungary by a combined team from the Eo6tvés Lorand
Geophysical Institute of Hungary and the Institute of Geophysics ofthe Mining University, Leoben.
In this paper the results of the geomagnetic survey of the Austrian topographic map-sheet 138
(Rechnitz), are reported. Comparison of the results — presented in isoanomaly maps — with the
distribution of susceptibilities shows that Penninic serpentinites with locally occurring metagabbro,
ophicalcite and blue schist are the characteristic magnetic rocks of the investigated region. Therefore
the geomagnetic anomaly pattern can be interpreted qualitatively as an indicator of the distribution
of the Penninic ophiolite complex in the eastern part of the Kdszeg-Rechnitz Mts.

Keywords: Austria, Hungary, Penninic, Rechnitz window, geomagnetic survey, magnetic susceptibility

1. Introduction

If one studies the geomagnetic maps of the border area between Austria
and Hungary, e.g. the AZ map of Hungary 1:500,000 [Haaz-K omaromy 1966]
or the aeromagnetic AT map of the Styrian basin — South Burgenland Rise,
1:200,000 [Seiber1 1989] — it appears that in the area of the Kdszeg-Rechnitz
Mts. there are significant anomalies on both sides of the border. Moreover, the
helicopter-borne aeromagnetic measurements organized by the Geologische
Bundesanstalt in 1983/84 [Seiber1 et al. 1986] also found anomalies in the
Rechnitz area : the continuation of these anomalies is assumed to be in Hungary.

For the above reasons at a meeting of geophysicists from Austria and
Hungary, an interest in joining and completing the geomagnetic maps was
declared. In particular, a detailed AT and AZ survey along the border area was
suggested. The necessary measurements were performed between 1985 and 1988
by a combined field group of the E6tvos Lorand Geophysical Institute of
Hungary and of the Institute of Geophysics, Mining University, Leoben.

The project had basically two main parts: (i) a detailed AT and AZ survey
of the Austrian map sheet 138, Rechnitz covering two-thirds Austrian, one-third
Hungarian territory; (ii) and the establishment of a regional geomagnetic base
network for the whole of the common border section. It is intended that the
results of the second part be submitted for publication at a later date.
* Edtvos Lorand Geophysical Institute of Hungary, Budapest, POB 35, H-1440, Hungary
** |nstitute of Geophysics, Mining University, Leoben, Franz-Josef Street 18, A-8700, Leoben,

Austria
Manuscript received: 28 August, 1990
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In 1984 the Austrian party — as the first step of planning the detailed
survey — collected all available geomagnetic data for South-Burgenland —
mainly measurements of the vertical component — and checked, completed and
transformed them into a standardized reference system. The next step was to
estimate the costs and then to come to an agreement on the division of the tasks:
on the basis of this, the Hungarian party were required to perform the AT
measurements, the Austrian party the AZ survey.

The location map of the study area showing general topographic and
geologic surroundings is shown in Fig. 1 As can be seen, the AZ map covers
the whole mapsheet, while the AT map — as a direct continuation of the
helicopter-borne aeromagnetic survey to the east — covers only the direct
border area, i.e. the Hungarian part of the Kdszeg-Rechnitz Mts. Altogether
there are 1650 AZ points and 700 AT points available. The average station
density is 3 points/km2 for both the 540 and 240 km2 survey areas (Fig. 2).

2. Geological and petrophysical overview

According to Panr [1980], and Fu1sp-D ank [1987] the Kdszeg-Rechnitz
Mts. are mainly built up of epizonal metamorphic crystalline schists (calc-,
quartz-, graphite phyllites, calc-serizite schists and quartzite) with interbedded
metamorphic ophiolites (greenschists, chlorite phyllite, serpentinite, meta-
gabbro). As the Kdoszeg-Rechnitz Mts. lie along the border, the geological
prospecting was carried out by Hungarian as well as by Austrian geologists.

The rocks called 'Rechnitz series’ by w ieseneder [1932], according to their
composition [Schmidt 1950], tectonic [Panr 1960] and stratigraphic position
[Schontaub 1973] belong to the Penninicum. Therefore Panr [1980] gave these
rocks the name ‘Rechnitz Penninnicum’.

As one can see from the geological sketch of Fig. 1 the Rechnitz Pennini-
cum is overlain by the Lower East-Alpine Wechsel and Grobgneiss units and
surrounded on all sides by young Tertiary sediments. The geomagnetic survey
presented in this paper covers the eastern part of the Kdszeg-Rechnitz Mts. and
large parts of the Tertiary surroundings, while the helicopter-borne aeromagnet-
ic survey covers the western parts.

Within the framework of the International Geodynamics Project [wWatach
1977, weber et al. 1975, 1981] and later on in mineral exploration projects
[Weber and Watach 1981, 1986-88], petrophysical studies were carried out on
rock samples from the Nordostspron area in the Central Alps, from the Kdszeg-
Rechnitz Mts. and the South-Burgenland Rise. Therefore the magnetic suscep-
tibility distribution of the examined area is well-known. A comprehensive paper
on palaeo- and rock-magnetic studies was published by M arton et al. [1987].

The magnetic key rocks in the Kdszeg-Rechnitz Mts. (Table 1.) are ophio-
lites, primarily serpentinites with a susceptibility of 35-160- 10“3 Sl units.
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Fig. 1. Geological and geographical sketch of the survey area
1— Grobgneiss unit (Lower East-Alpine); 2 — Wechsel unit (Lower East-Alpine);
3 — Crystalline (Middle East-Alpine); 4 — Palaeozoic (Upper East-Alpine); 5 — Rechnitz unit
(Penninic); 6 — basalt (Pliocene); A — area of AZ ground mapping; B — area of
helicopter-borne AT mapping; C — AT ground mapping

1 abra. A kutatasi teriilet foldtani és foldrajzi vazlata
1— Grobgneisz egység (also kelet-alpi); 2 — Wechsel egység (alsé kelet-alpi); 3 — kristalyos
(kdzéps6 kelet-alpi); 4 — paleozoos (fels6 kelet-alpi); 5 — rohonci egység (Pennini); 6 — bazalt
(Pliocén); A — foldi AZ-térképezés; B — helikopteres légi Ar-térképezés; C — foldi
Ar-térképezés

Puc. 1. l'eonoro-reorpagmyeckas cxema paioHa paboT
1— nOKpOB rpy6bIX FHelicOB (HMXHe-aBCTPOANbMUIACKNIA) ; 2 — BexcenbCKnil MoKpoB
(BepxHe-aBCTPOANbNUIACKNIA); 3 — KpUCTanInyeckne KoMnaekcol (cpegHe-aBcTpoanbnuinckue);'
4 — naneo3oi (BepxHe-aBCTPOANbMMUIACKNIA); 5 — PeXHULICKUIA NOKPOB (MEHHWHCKWIA);
6 — 6asanbTbl (NAMOLEH); A — HaseMHas cbemka AZ\ B — aspoMarHuTHas chemka
¢ BepToneTa; C — HaseMmHas cbemka AT
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Fig. 2. Location map of the geomagnetic survey (Rechnitz)
A101 — 1st order basepoint Diirnbach; H54 — 1st order basepoint K&szegdoroszlo
2. dbra. A foldmagneses mérések helyszinrajza
AIOI — 1. rend( alappont, Dirnbach; H54 — 1. rend( alappont, K&szegdoroszld

Puc. 2. MnaH cuTyauun nsmepeHuii marHutopassegkun AlOlI — onopHbIA NYHKT 1-ro Knacca,
[iopHb6ax; H54 — onopHbIli NyHKT 1-ro Knacca, Kécergopocno
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Geological unit Rock Type Bulk density Magnetic

(kgm~3)  susceptibility
(10-3 Si-unit)
RECHNITZ sericite phyllite 2670 10
(Penninikum) quartz phyllite 2660 0.1
carbonate phyllite 2700 0.2
marble (partly foliated) 2720 0.1
conglomerate (Cak) 2750 0.1
greenschist 2960 0.7
ophicalcite 2780 5.0
blueschist 2850 5.0
metagabbro (a) 30
metagabbro (b) 0.8
serpentinite (Fe30 4-poor) 2610 36
serpentinite (Fe30 4-rich) 2980 160
“Edelserpentin” 2680 0.3
WECHSEL albitegneiss 2700 0.6
(L. East Alpine) albitechlorite schist 2730 0.8
mica schist 2680 0.6
amphibolite 2920 0.7
greenschist 2870 50
GROBGNEISS-COARSE aplite gneiss 2620 0.3
GNEISS granite gneiss 2680 0.3
(L. East Alpine) mica schist 2700 0.2
metagabbro 2950 0.6
biotite schist 2860 0.6
pegmatite 2650 0.1
PERMOMESOZOIC quartzite 2660 0.1
carbonate 2720 0.1
SIEGGRABNER S. paragneiss 2630 0.3
(M. East Alpine) serpentinite 2530 32
amphibolite 2880 24
eclogite 3360 2
HANNERSDORF dolomite 2760 0.1
-EISENBERG “Rauhwacke” 2280 0.1
(U. East Alpine) shale 2680 0.6
greenschist (a) 0.6
greenschist (b) 35
Young Tertiary volcanics — 12-40
Quarternary and young Tertiary sediments — 0.1-1

Table I. Bulk density and magnetic susceptibility of the most important rocks in the eastern
margin of the Alps and the South-Burgenland Rise (Weber et al. 1981, with additions)

I. Tablazat. A Keleti Alpok és a dél-burgenlandi kiiszob legfontosabb kézetfajtainak
térfogatstlya es magneses szuszceptibilitasa (WEBER et al. 1981, kiegészitéssel)

Tabnuua 1. O6EMHbINA BEC M MarHMTHas BOCMPUUMYMBOCTb BadKHeWLMX nopor HOXHbIX Anbm
n KOxxHo BypreHnaHackoro nopora (Weber et al. 1981, ¢ go6oBneHusmu)
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Further locally occurring key rocks are ophicalcite, blue schists and some
metagabbros with susceptibilities of 5-30 « 10~3 SI. Detailed petrological and
geochemical investigations were carried out on these Penninic rocks by Kotter
[1985] and by Kishazi and lvancsics [1986], respectively. Although slightly
beyond the survey area the Upper East-Alpine greenschists of Hannersdorf
(35« 10”3 SI) as well as the young Tertiary volcanites (12-40 « 10~3 SI) of the
Stool-Oberpullendorf area and of Pauliberg [Seiber1 1978] should also be
mentioned.

The susceptibilities of the Quaternary and Tertiary sediments are very low
according to the numerous in situ and laboratory measurements: from
01 <10 3SI (young Tertiary sand, Sinnersdorf Conglomerate) to 1.0 m10~3SI
(Quaternary loam). Therefore, neither they nor the carbonate- and quartz
schists («=0.1-1.0- 10“3 SI) have any significance in the interpretation of
magnetic maps. A special case is the area of the small streams coming from the
serpentinites on the south flank of the Kdszeg-Rechnitz Mts. Their small
sediment load may cause local anomalies because of the parent rocks some of
which are highly magnetized. For example west of Rechnitz (Zuberbach)
K= 5+¢10-3 SI susceptibilities were measured on stream sediments. Therefore,
in the survey the measurement points were located far from any rivers.

3. Measurement and interpretation methodology

The survey of the Hungarian part of map sheet 138, including the common
frontier zone, was prepared in 1985 and executed in 1986. The magnetometer
measurements were carried out by repeated readings and observations that were
repeated three-five times daily at one of the basepoints. The co-ordinates of the
survey points were read from topographic maps: 1:25,000 for Austria, and
1: 10,000 for Hungary. Random checks at fixed geodetic points proved there
to be no greater error than + 20 m in the local positioning. This corresponds
to an error of £0.15 nT in the normal field correction and can be neglected.

The AT measurements were carried out by a proton-precession mag-
netometer (GeoMetrics G 816) with a reading accuracy of 1 nT, while the AZ
measurements by torsion magnetometers (Askania GfZ and GfZ-M) with a
reading accuracy of about 3 and 1nT respectively. The second type of instru-
ments (i.e. the torsion magnetometers) is based on the mechanical balance
principle, and has already been used for 50 years. Therefore at the beginning
of the program the drift and the calibration of the instruments [Watacnh 1986]
were checked, and for observations a mean square error of = 5nT was obtained.

To calculate the AT and zIZ anomalies the values of the Hungarian normal
field (epoch 1980.0) were taken into account by the following equations:

AT = T-T0£OT(t) @)
and
AZ = 2'-2'B+0Z0+0Z(t) (2
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where
T =measured absolute value at the observation point

T,, =normal value at the point

Z =measured relative value at the observation point

Z'B= relative value at the basepoint

0Z0=normal field correction
QT(t). 6Z(t) = correction for daily variation

In compiling the AZ map, the problem of time variations arose; some of

the data originated from as long ago as 10 years during which time the value
of the vertical component changed by about + 300 nT. It is pointed out,
however, that in AZ anomaly map compilation, the absolute values are not very
important. What is more important is the effect of the areal variation of the
secular variation of the geomagnetic field. This was checked by repeated mea-
surements on the basepoints A100 (Strem) and A101 (Dirnbach): For the
epoch 1970.0 Punringer et al. [1975] obtained a difference between the two
points of

JZ/(Strem-Dirnbach) (1970.0) = 42.037-42.138 = - 101 nT
and, based on a repeat measurement in 1985, for the epoch 1980.0, approximate-

K <5Z/(Strem-Diirnbach) (1980.0) = 42.309-42.413 = - 104 nT

was obtained. This change of 3 nT is in the range of the observation error of
the equipment utilized. Regarding the separation of the two base stations in the
N-S direction (about 26 km), the 3 nT means a 0.12 nT/km N-S gradient
difference in the normal field between 1970.0 and 1980.0. which is practically
negligible, especially if the N-S extent of the survey area is less than 30 km. It
was therefore concluded that the 1970 values are still valid, at least approximate-
ly, for 1980 as well. In view of this for anomaly calculations according to Eq. (2)
— the normal field partial gradients defined by Punhringer et al. [1975] were
applied
6Z/6tp=5.13 nT/km,  OZj6X=0.80 nT/km

To test this assumption, 16 stations along the Austrian-Hungarian border
originally measured in'1977-79 were reobserved in 1985. Their location was
unambiguously recoverable. Comparison of the AZ values led to a mean dif-
ference of + 5.2 nT, without any systematic error — e.g. a N-S trend. So —
within the given limits of measurements error — a homogeneous data set was
assured.

The reference anomaly values for basepoints A101 (Durnbach)= + 161 nT
and H54 (K&szegdoroszlo)= +270 nT necessary for Eq. (2) were defined by
connecting the base network in 1985 [Warach 1986], and fitting them to the
Hungarian national geomagnetic repeat survey of 1980.0. In order to record the
daily variations the Hungarian party set up a mobile registration station (total
field) in the survey area for the whole duration of the field work. For final
calculations the Tand Z registrations of the magnetic observatories of Tihany,
Nagycenk and Vienna were used.
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For map construction the anomaly values were interpolated by the Krieg-
ing method to a Gauss-Kriiger net of 750 m grid interval thereby suppressing
the anomalies of wavelengths smaller than 15 km. Taking into account the
maximum horizontal gradient of more than 300 nT/km (K6&szeg area) and the
map scale, a contour interval of 25 nT was chosen. The anomaly maps were
computed and plotted by the graphic software UNIRAS in the computer centre
of the Forschungsgesellschaft Joanneum in Leoben. The digital processing was
carried out by R. Mayer and E. Posch.

4. Geomagnetic isoanomaly maps

The part of the South-Burgenland Rise between the Készeg-Rechnitz Mts.
in the north and the lowland of Weixelbaum (Jennesdorf-Szentgotthard) in the
south constituting the Austrian-Hungarian border area is regionally a large
magnetic high zone. As a simple sketch of the anomalous area (Fig. 3.) shows,
a generally NNE directed anomaly main axis — although several times inter-
rupted, a little bit shifted and situated in the area of the east flank of the
South-Burgenland Rise — can be followed for about 80 km. In Austrian
territory the anomaly zone was geologically thoroughly documented by out-
crops and borehole data in order to be able to find a connection with the
distribution of the Penninic serpentinites. Model calculations by Obertad-
statrer €t al. [1979] explain the regional anomaly by magnetized near-vertical
dykes deeply penetrating the crust. Probably there is a relationship with the
Penninic Ophiolite complex that has been described geologically and petro-
graphically several times.

The prospected area, Austrian map sheet 138, lies on the northern flank
of the described anomaly zone. A brief glance at the isoanomaly maps of Figs.
3, 4 and 5 shows that the main anomaly between Giissing and Szombathely
extends to the south of Rechnitz. Further to the north the maps show a more
complicated anomaly pattern.

The Koszeg-Rechnitz Mts. are crossed by two, almost parallel NNW
directed, remarkable anomaly zones: one at K&szeg and another on the western
edge of the map sheet, west of Hirschenstein (Figs. 3 and 4). The western one
(main part outside of the maps, see Seiber1 1989) is regarded by Panr [1980,
p. 323) — in connection with ophiolite outcrops indicating high-pressure low-
temperature paragenesis — as part of a subduction zone possibly tectonically
dislocated by younger shear movements. By virtue of the similar anomaly
pattern this interpretation can also be accepted for the anomaly in the K&szeg
area.

Fig. 3. Sketch of the geomagnetic anomaly field in the Austrian-Hungarian border area (old
reconnaissance survey). Dotted frame: map sheet 138
3. dbra. Foldmagneses anomalia térkép az osztrak-magyar hatar teriiletérél (régi attekintd
felmérés). Pontozott keret: a 138-as térképlap
Puc. 3. KapTa MarHuTHbIX aHOManuii N0 OKPECTHOCTAM aBCTPUIACKO-BEHTEPCKOW FpaHuLbl
(cTapast 0630pHas cbemka). [MyHKTMpHas paMKa  KOHTyp aucta 138
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Fig. 4. 1soanomaly map of the vertical magnetic intensity, map sheet 138.
1— basement outcrop; 2 — young sediments on the surface. Normal field:
6Z/6<p=5.13nT/km; SZj6A = 0.8nT/km. Basepoint values: A101 (Diirnbach):
Zisso.o = 42,413 nT, <6Z= +161 nT; H54 (K6szegdoroszld) : 219800 = 42,585, &&Z = + 270 nT
4. dbra. A vertikalis magneses tér (AZ) izoanomalia térképe, a 138-as térképlap teriiletén
Normal tér: 6Z/6p = 5,13 nT/km; 6Z/6A = 0,8 nT/km. Alappont értékek: A101 (Diumbach):
719800 = 42.413 nT, OZ = + 161 nT; H54 (K&szegdoroszI6): Z19800 = 42.585 nT,
0z = +270nT. 1— alaphegység-kiblvés; 2 — fiatal tiledékek a felszinen
Puc. 4. KapTa aHOManuii BepTUKanbHON KOMMOHEHTbI MarHUTHoOro Hons (AT) no aucty 138.
HopmanbHoe none: 6Z/6ip =5,13 HT/KM, 6Z/6A = 0,8 HT/KM. 3HayeHVs1 B OMOPHbIX MyHKTax:
A101 (AtopHb6ax): Zi% = 42,413 ht, SZ = + 161 ht; H54 (Kécergopocno):
*M900 = 42,585 ht, 6Z = + 270 HT
1— BbIX0Abl NOPOA (YHAAMEHTA ; 2 — MOJ0AbIE OTNOXEHUA HA NOBEPXHOCTU
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Fig. 5. Isoanomaly map of the geomagnetic total field, area of frame C in Fig. 1 Normal field:

ST/6¢ = 251 nT/km, STjaX = 0.75 nT/km. Basepoint values: H54 (K&szegdoroszld):
Tiosoo = 47,581 nT, AT = +208 nT
1— basement outcrop ; 2 — young sediments on the surface
5. dra. A totalis magneses tér (AT) izoanomalia térképe az 1. abran C-vel jelzett teriileten.
Normal tér: OT/Sy = 2,51 nT/km, ONOX = 0,75 nT/km. Alappont értékek: H54
(K6szegdoroszI6): TigaDo = 47.581 nT, OT = +208 nT. 1— alaphegység-kibavas; 2 — fiatal
tledékek a felszinen
Puc. 5. KapTa aHoManuit nonHoro marHutHoro nons (AT) no paiioHy, 0603Ha4YeHHOMY C’ Ha
puc. 1L HopmanbHoe none: 6T/6<p = 2,51 HT/kM, OT/6X = 0,75 HT/KM. 3HaUYeHWs B OMOPHbIX
nyHktax: H54 (Kécergopocno): 7j9o = 47,581 ne, ST = +208 HT
1— BbIX0Abl NOPOA (PYyHAAMEHTA; 2 — MOJ0AbIe OT/I0XEHNUS HA MOBEPXHOCTU
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North of the Lockenhaus-K&szeg line, morphologically marked by the
valley of the Guns river, the above-described eastern anomaly zone divides into
two branches. With some offset from the anomaly at Készeg the main branch
extends to the area north-east of Lutzmannsburg, where it decays [see W eber
and w arach 1981]. The western branch runs approximately parallel to the main
branch reaching the area of Oberpullendorf. The significantly lower amplitude
and the flattening of the anomaly flanks of this branch mean greater depth and
a small shift of the northern part of the magnetized body towards the west along
an ENE line where the river Glns breaks through, east of Lockenhaus. From
the regional anomaly distribution of Fig. 3 it seems that a similar north shifted
element (shear body?) of the large ophiolite complex appears in the south, too.

In the NE corner of both isoanomaly maps an extended minimum zone can
be seen. This is interpreted as the northern border of the ophiolites. Due to the
bipolarity of the magnetic field this minimum zone (Fig. 3) is the northern
accompanying minimum of the total Penninic (highly magnetized) basement
complex. On the edge of the vertical intensity map (Fig. 4) the anomaly zone
of the serpentinite outcrop of the Bernstein area starts just SW of Lampelhdhe.

The local anomalies on the southern flank of the Kdszeg-Rechnitz Mts.
near Rechnitz area connected with the smaller serpentinite outcrops (Grosse
Plischa, Budiriegel) of this area [Pahr 1980].

5. Conclusion and Acknowledgement

The results of the bilateral geomagnetic survey carried out in the border
zone of Austria and Hungary proved the absolute necessity of further coopera-
tion in the field of geophysics in order to solve the problems of geology — since
geology is not concerned with state borders.

The authors wish to express their gratitude to both countries, for having
permitted, promoted and covered all expenses of the joint project.
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FOLDMAGNESES KUTATAS AZ OSZTRAK-MAGYAR HATARZONABAN A KOSZEGI
HEGYSEG TERULETEN

HOFFER Egon, SCHONVISZKY Lé&szI6 és Georg WALACH

1985-t6l 88-ig az E6tvds Lorand Geofizikai Intézet és a Leobeni Banyaszati Egyetem k6z0s
terepi csoportja az osztrak-magyar hatar mentén foldmagneses (AT és AZ) méréseket végzett. Jelen
cikkben a 138-as (Rohonc) osztrak topografiai térképlap foldmagneses térképeit és értelmezésiiket
ismertetjuk. Az izoanomalia térképeken bemutatott eredményeket @dsszehasonlitva a szuszcep-
tibilitas eloszlassal azt talaljuk, hogy a pennini szerpentinitek helyi metagabbrd, ophikalcit és
kékpala el6fordulasokkal a magneses hatok. Ezért a jellegzetes féldmagneses anomaliakép kvalita-
tive Ggy értelmezhetd, mint a pennini ofiolit komplex terjedésének indikatora a K&szeg-Rohonci
hegység keleti részén.

MATHUTOPA3BEAKA B 30OHE ABCTPU MCKO-BEHFEPCKOWM MPAHWLIbI
B KECEICKO-PEXHULICKNX TOPAX

3roH FOPPEP, Nacno LUEHBUCKW, Meopr BATAX

B 1985-1988 roabl COBMeCTHOI N0MeBO NapTuein BeHrepckoro Meonanyeckoro MHCTUTYTA
uMm. J1. 3TBewa u JleobeHCKOro MOPHOro WMHCTUTYTa BLO/SIb aBCTPUIACKO-BEHTEPCKON TrpaHuULibl
BbINO/IHANACL MarHMTopasBeaka ¢ usmepeHvem A7 n AZ. B HacToswen cTaTbe NpeacTaBasaoCcTs
reoMarHWTHble KapTbl N0 nncTy 138 (PexHUL) aBCTPUACKOM HOMEHKNATYPbl U X MHTEpnpeTaLus.
MyTem conocTaBneHWs pe3ynbTaToB, CBEAEHHbIX Ha KapTax aHOManuid, C MarHUTHOW BOCPUUMYN-
BOCTbIO FOPHbLIX MOPOA MOXHO HaiTK, YTO MarHMTOBO3MYLLAOLLMMU Tenamu ABAAIOTCA NEHHUH-
CKVE CepneHTUHNTBI C 10KaNbHbIMU NPOSBAEHNAMY MeTarabbpo, 0hnKanbLUToB 1 rony6biX cnaH-
ueB. M03TOMY XapaKTepHble MarHUTHbIE aHOMaIMW B BOCTOYHOM YacTu KEcercko-PexHULCKMX rop
MOTYT 6bITb KayeCTBEHHO WMHTEPMPeTUPOBaHbl KaK WHAMKATOPbI PacnpocTpaHeHWUs MEHHUHCKUX
ohnonnToB.
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RESISTIVITY AND IP PARAMETERS USED FOR HYDROGEOLOGIC
PURPOSES AND DIFFERENTIATION BETWEEN NONMETALLIC
MINERALS*

Jozsef DUDAS +, Erich NIESNER**, Lészl6 VERO*

Some unusual applications of the IP method are discussed. Frequency domain resistivity and
IP measurements were carried out over nonmetallic mineral deposits in Austria and East Germany.
Because of the simple geologic models the parameters obtained can be considered — at least
approximately — as in situ ones.

Time domain resistivity and IP measurements were carried out for hydrogeologic purposes
in Hungary. In sedimentary sequences correlation between resistivity and IP values obtained from
surface measurements varies from place to place. Numerous surface and in-hole measurements
demonstrated that variations in the Qx P avalues are connected with lithological changes. Using a
carefully designed crossplot a third parameter can be determined from the Qa Pavalues: grain size,
referring to lithology. Lithological maps corresponding to different depth intervals can be construct-
ed from these values providing basic hydrogeological information on the area.

Keywords: IP, resistivity, water prospecting, nonmetallic minerals, geoelectric survey, in-hole mea-
surements

1. Introduction

The induced polarization method is mainly used in ore prospecting. Im-
provements achieved in measurements accuracy and reliability, and a broader
choice of measurable IP parameters have enabled us to solve tasks that earlier
seemed to be hopeless. From this perspective reliable measurement of very low
— only a few per cent or even less — polarizability of PFE values, measurement
of rapid decay curves or effects appearing at relatively high frequencies only,
and curve shape analysis are some of the most important results. Another
Austro-Hungarian paper dealing with these questions can be found in this
volume [Aigner and D raskovits 1991]

The aim or dream of geophysicists involved in electrical methods is to
differentiate between buried geologic formations based on their geoelectric
parameters measured from the surface. The feasibility of this has significantly
been improved by developments in field techniques; the basis for any kind of
differentiation can be established by experiments, laboratory investigations or
in situ measurement of the parameters characterizing different rocks.

* Paper presented at the 49th EAEG Meeting, Belgrade, 1987
+ EO6tvos Lorand Geophysical Institute of Hungary, H-1440 Budapest. POB 35, Hungary
++ Institute of Geophysics, Mining University, Leoben, Franz-Josef Street 18, A-8700, Leoben,
Austria
Manuscript received (revised version): 5 November, 1990
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2. Electric parameters of nonmetallic minerals

First the geoelectrical properties — resistivity and induced polarization
parameters — obtained by surface measurements over some unusual, nonmetal-
lic IP targets will be discussed. These measurements were carried out in Austria
and East Germany with a Phoenix IPV-3 receiver and a 3 kW transmitter. In
most cases a dipole-dipole array with an electrode separation between 1 and
10 m was used, from «=1 to n=6; some measurements were also made with
a gradient array. The frequency domain IP parameter determined with high
accuracy was the PFE value between 0.25 and 4 Hz.

Geologic models of the investigation sites can be considered as simple ones.
Thus the parameters are influenced only by the formation in question: the effect
of other rocks and inhomogeneities can be neglected. We assumed that the
measured apparent resistivities and polarizabilities were very near to the intrin-
sic values. Obviously, many factors of varying importance are neglected in such
qualitative interpretations. But parameters characterizing different rocks are
never discrete values: they are, rather, a narrow or even wide range of values.
This range might become wider than the real one if results of such measurements
and interpretation are used, i.e. partly in situ, partly apparent parameters.
Trends in the resistivity-polarizability crossplots might become obscure. When
crossplots are used for differentiation or geologic interpretation, these features
should be remembered. In Fg. 1such a resistivity - PFE (polarizability) cross-
plot is shown.

Some words about the sites, with emphasis on the rock types discussed in
the second part of the paper (the numbers refer to Fig. 1).

Gravel at a location south of the Alps (1) has very low PFE values; the
highest is about 0.3%. Depending on water saturation, the resistivity varies
between 200 and 1000 Qm.

If the gravel is mixed with sand and clay, such as in a Quaternary deposit
in Southern Styria (2), the resistivity range is lower (between 50 and 100 Qm),
but the polarizability is higher (between 2 and 3%).

In Regis, East Germany (3), very high PFE values (up to 30%) were
measured in an open pit mine. The Upper Eocene - Lower Miocene coal is
underlain by a layer of mud or silt contaminated with coal. The resistivity of
this layer is about the same as that of the coal — 30-50 Qm — the PFE values,
however, are definitely higher.

Different clay types show a wide variety of electric parameters. Kaolinite
at Kriechbaum (4) is of low resistivity and polarizable, PFE values lie between
10 and 13%. Another kaolinite deposit, at Mallersbach (5), is more resistive
— 50-100 Qm — and less polarizable, 1-5%.

Bentonite (6) has resistivities from 30 to 50 Qm and PFE values up to 5%.
From sample measurements a direct proportionality was obtained between
montmorillonite content and PFE values.

Clay at Stoob (7) has moderate resistivities but rather low, less than 2%,
PFE values.
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Fig. 1 p,,-PFE crossplot for some nonmetallic minerals in Austria and East Germany
1— gravel (Bodenbauer); 2 — sand + gravel + clay (Grof3steinbach); 3 — silt + coal (Regis);
4 kaolinite (Kriechbaum); 5 — kaolinite (Mallersbach); 6 — bentonite; 7 — clay (Stoob);

8  coal (Sollenau); 9 — coal (Langau); 10  coal (Profén); 11 —coal (Regis); 12 —

infusorial earth (Aflenz); 13 — gypsum (Preinsfeld)

l. abra. g,,-PFE diagram néhany ausztriai és kelet-németorszagi nem-fémes asvanyra
1 kavics (Bodenbauer); 2 — homok + kavics + agyag (Grofsteinbach); 3 k6zetliszt + szén
(Regis); 4 — kaolinit (Kriechbaum); 5 - kaolinit (Mallersbach); 6  bentonit; 7 — agyag
(Stoob); 8 — szén (Sollenau); 9 — szén (Langau); 10  szén (Profen); 11 szén (Regis);
12 — diatomit (Aflenz); 13 — gipsz (Preinsfeld)
Puc. 1L Aunarpamma pGPFE no HekoTOpbIM HepPyAHbIM MWHepanam 13 ABCTpMM 1M BOCTOYHOI
epmaHum
1— raneyHuk (bogeHbayap); 2 - Necok + ranbka + ravHa (MFpoclTeinHbax);
3 — aneBput + yronb (Peruc); 4  kaonuHut (Kpuxbaym); 5 — kaonmHut (Mannepcbax);
6 — 6eHTOHUT; 7 — ranHa (LUT06); 8  yronb (3onneHay); 9  yronb (JSlaHray); 10 — yronb
(MpodeH); 11 — yronb (Pernc); 12 gnatomut (AdneHu); 13  runc (MpaitHchenbn)

Summarizing the trends of resistivity and PFE values we may say that
gravel has the highest resistivity and lowest polarizability; resistivity decreases
towards finer grain sizes, while polarizability has a maximum at the grain size
corresponding to silt or mud. Clays have low to moderate résistivités, and their
polarizability covers a wide range. Similar trends in parameters of other non-
metallic minerals cannot be recognized.

Measurements were carried out over three coal deposits. At Sollenau (8),
in the southern part of the Vienna Basin the Upper Miocene low quality clayey
brown coal has a sulphur content of 2.2%, and the ash content is 43%. It can
be characterized by high PFE and moderate resistivity values.
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The resistivity of the Lower Miocene low quality brown coal at Langau (9),
Northern Austria, varies between 100 and 500 fim, its PFE is between 5 and
109%.

The Upper Eocene - Lower Miocene coals at Profen (10) and Regis (11),
East Germany, have lower resistivities — 30-50 fim — and, on average, lower
PFE values as well. It would be too early to speak about any definite relation-
ship between the geophysical and geologic parameters.

The two extremes in the figure are : an infusorial earth or diatomite deposit
at Aflenz, Austria (12), has the lowest resistivity (5-20 fim) and the highest PFE
(10-15%) except for the silt layer underlying the coal at Regis (3). Gypsum at
Preinsfeld, Austria (13), on the other hand, is the most resistive (600-700 fim)
and least polarizable.

Although such a crossplot might be of interest in itself, in the second part
of our paper we make another step forward. An attempt to use these and many
other data to translate geophysical parameters into the language of hydrogeol-
ogy will be discussed.

3. The utilization of electric parameters in hydrogeology

It is true in Hungary and in the time domain too, that gravel, pure sand,
different mixtures of sand and clay, and pure clay have different resistivities and
polarizabilities — similarly to the results shown in Fig. 1 Polarizability of these
unconsolidated sediments depends, inter alia, on the grain size, fluid saturation
and pore fluid salinity, type of dissolved ions and concentration ratio of ions.
For the most common ions up to ion concentration of 3 g per litre there is only
a slight change in polarizability, while at concentrations higher than this limit
polarizabilities are very low and independent of other parameters. Resistivity
depends on the same factors, but in a different way, see Fig. 2. This diagram
was constructed on the basis of published data [Lipskaya and Ryapolova
1970], as well as field and laboratory measurements carried out in Hungary. In
these measurements, soundings with gradient array, ELGI’s time domain resis-
tivity and IP systems — DIAPIR — were used with a 4 kW transmitter. The
IP parameter is the polarizability, measured with a delay time of 0.125 s.
Extreme and mean values of two electric parameters, resistivity and polarizabil-
ity, are plotted as a function of grain size.

It can be seen that resistivity increases continuously with increasing grain
size (i.e. porosity), while polarizability reaches a maximum at grain size corres-
ponding to silt and fine sand. A very similar trend was observed in the frequency
domain for selected sediments, from gravel to clay, as shown in Fig. 1 This
diagram cannot directly be used in practice for grain size determination because
of the implicit effect of salinity. Further assumptions and experimental results
are needed.

In the E6tvds Lordnd Geophysical Institute of Hungary the relationship
between resistivity and polarizability of sediments has been studied for a long
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Fig. 2. Connection between resistivity, polarizability and grain size of unconsolidated sediments.
Extreme and mean values in the literature and obtained from field and laboratory measurements
are plotted. Filled circles: resistivity; empty circles: polarizability values.

2. dabra. Kapcsolat az ellenallas, a polarizalhatésag és a szemcseméret kozott, laza tledékekre.
Az irodalomban ko6zdélt, valamint terepi és laboratoriumi mérésekb6l kapott széls6értékeket és
atlagokat abrazoltuk. Betoltott korok: ellenallas; tres korok: gerjeszthet6ség értékek

Puc. 2. B3aumocBs3b Mexay CONpoTUB/EHWEM, NOMIAPU3YEMOCTbIO U 3EPHUCTOCTBIO B PbIX/bIX
0TNOXeHUAX. lMpeAcTaBNeHbl 3KCTPEMasbHbIE U CPefiHVEe 3HAYEHUSA NO NUTepaTyPHbIM AaHHbIM,
a TaKXe Mo pesynbTataM MoOJEBLIX U na60paToprlx I/I3Mep6HI/II7I. 3annTtble
KPY>XXKWN — COMPOTUBNEHUA, NOJbIE KPYXKW — MONAPU3YEMOCTb

time. On a crossplot of resistivity and polarizability values obtained from
in-hole measurements, points representing layers of similar composition cluster
in separate parts of the crossplot, as can be seen in Fg. 3 [Draskovits and
Hobot 1983]. This means that in different parts of Hungary where the sandy-
clayey sedimentary complex is thick, these loose sediments are not dry but water
saturated and the salinity is low. Thus gaand Pavalues depend first of all on
grain size. Because of the effect of other parameters a range of gaand Pavalues
belongs to a given grain size; within the saturation limits existing in our
investigations the combinations gninand Pnax gnaxand Prinare the correspond-
ing value pairs. For this simplified but not very special case the diagram shown
in Fig. 2 can be transformed to the nomogram shown in Fig. 4. With the use
of this diagram a dominant or apparent grain size can be determined from the
measured ga P avalues.
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Fig. 3. Results of in-hole resistivity and IP measurements,
a) Comparison of stationary measurements with well-logging.
Resistivity-polarizability crossplots obtained
b) in a favourable and c) in a less favourable part of an alluvial cone.
| —resistivity log; 2 - stationary resistivity measurements; 3 — stationary IP measurements;
4 clay; 5, 7 — sandy clay; 6 — silt, fine grained sand; 8 sand; 9 — sandy gravel
3 abra. Lyukbeli ellenallas és GP mérések eredményei
a) Pontonkeénti és folyamatos szelvényezés 0sszehasonlitasa
b) és c) Ellenallas - gerjeszthet6ség diagramok egy térmelékkip kedvez6 és kevéshé kedvezd
részér6l
1-- ellendllas szelvény; 2 — pontszer( ellenallas mérések; 3 — pontszerli GP mérések;
4 —agyag; 5, 7 homokos agyag; 6 — kozetliszt, finomszem({ homok; 8 — homok;
9 — homokos kavics
Puc. 3. Pe3ynbTaTbl CKBXWHHbIX U3MePeHWU CONPOTUBNEHNUS W MONSPU3YeMOCTH
a) ConocTtaBfieHne pe3ynbTaTOB TOUYEUHbIX U HEMPepbIBHbIX NMPOPUIbHBIX U3MePEHWii
b) 1 ¢) AnarpaMMbl CONPOTMBEHNE-MONAPU3YEMOCTL N0 6NAronpuUsTHOMY U MeHee
61aronpuATHOMY y4acTKam KOHyca BblHOCA
1  npodunb CONPOTUBNEHWS; 2  TOYEYHbIE M3MEPEHUS COMPOTUBEHUS; 3 TOUeUHble
M3MepeHMUs BbI3BaHHON Monsipu3aunmn; 4 — rAuHbl; 5, 7 - MNECYaHUCTbIE T/INHbI;
6 - aneBpuTbl, TOHKO3EPHUCTbIE MECKW; 8 — MecKU; 9 — rpaBMAHNKM
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Fig. 4. Nomogram for dominant or apparent grain size determination using resistivity (pj and
polarizability (Pa) data (parameter: grain diameter in mm)
Grain size of sediments: clay 0.00075-0.006, silt 0.006-0.025. fine sand 0.025-0.07, medium
grained sand 0.07-0.5, coarse sand 0.5-1.5, sandy gravel 1.5-3.0

4. dbra. Az uralkod6 vagy latszélagos szemcseméret meghatarozasara szolgalé nomogram az
ellenallas (qJ és gerjeszthetdség (PJ felhasznalasaval (paraméter: szemcseatméré mm-ben).
Szemcseatmérdk kézettani megfeleli: agyag 0,00075-0,006. kézetliszt 0,006-0,025, finom

homok 0.025-0,07, kdzepes szemcséjii homok 0,07-0,5, durva homok 0,5-1,5, homokos kavics

1,5-3.0
Puc. 4. Homorpamma fgnsi onpegeneHns npeo6iafatolein UM KaxyLlencs 3epHUCTOCTK

C UCMoNb30BaHNEM CONpoTMBAEHNA (ga) u nonapusyemocTtun (Pa) (napameTp: gnameTp 3epeH
B MM). JInTONOrMyeckne aKBMBaNeHTbl pa3mMepoB 3epeH B MM: ramHa  0,00075 - 0,006,
anesput  0,006-0,025, ToHKMA necok — 0,025-0,07, cpegHesepHUCTbIA necok  0,07-0,5,

rpy6biii necok — 0,5-1,5, rpasuii — 1,5-3,0

Lithologic logs of wells obtained from the xPa values and by other
methods agreed closely. Two problems should be mentioned: if other polariz-
able materials, first of all pyrite, can be found in the sediments, the nomogram
should not be used. In some cases very fine-grained pyrite increased the po-
larizability of pure sand to 5-6%. The effect of organic materials, e.g. coal, can
be similar. Unambiguous determination of silt itself is always difficult because
of the overlapping values of the parameters as shown in Fig. 4.

The next logical step in the development of a combined geoelectric method
for ground-water prospecting is the use of gaand Pa values obtained from
surface surveys. The usefulness of these parameters in locating water wells has
been demonstrated in other parts of Hungary too [Draskovits and Hobot
1983]. As simultaneous study of two or three maps — e.g. resistivity, polarizabil-



88 Dudas-Niesner- Ver6

ity and thickness — is not convenient, it would be desirable to combine the
information from the individual maps into a single map or section. This can be
performed by using the nomogram of Fig. 4 and the measured ga-P avalues. The
results of the process can be plotted in different ways. These are demonstrated
using the results of a reconnaissance survey in northwestern Hungary.

The measured gaand Padata, or interpreted parameters (e.g. layer resis-
tivities) are generally plotted in the form of maps. In our case cross sections and
maps of average resistivity and apparent polarizability were constructed. In
Fig. 5 three forms of section display are presented. The top section (a) divides
the sediments of the uppermost 100 m into four intervals and represents the
average lithology by the given key. The medium section (b) shows the weighted
averaged lithology, while the bottom one is a conventional geoelectric section.
The averaged section is constructed from the apparent grain size values in the
four depth intervals weighted by the thickness of these intervals. Similarly to
these sections a summarized lithologic map, or map of the dominant grain size
can be constructed. Such a map is shown in Fig. 6. The maximum depth to which
this kind of hydrogeologic interpretation can be applied is determined by the
available IP values. The largest AB separation used for IP measurements was
800 m. From the viewpoint of ground-water prospecting the thickness of the
water-bearing layers is the other important parameter. It would be possible to
include the thickness in the interpretation too and to calculate some kind of
combined parameter, e.g. favourability. In our opinion, however, it is better to
study these two kinds of maps — a lithologic map and a thickness map —
separately. These together provide a good basis for locating water wells.

The geologic formations distinguished on the lithologic map are given in
Table 1. with the resulting hydrogeologic characteristics.

It can be explained by deposition conditions that areas of the most favour-
able hydrogeologic characteristics and greatest thickness of water-bearing
formations coincide.

4. Conclusions

Frequency domain measurements in Austria and East Germany revealed
the usefulness and limitations of the IP method in investigating nonmetallic
minerals. A qualitative relationship between resistivity, PFE and grain size was
found. A similar relationship based on a large data set can be considered as
quantitative for Quaternary sediments in Hungary. This explains why the
combined use of resistivity and polarizability values for hydrogeological charac-
terization of the Quaternary sediments has proved successful. It is mentioned,
however, that the basis for transformation of geophysical parameters gaand Pa
— or any other IP parameter — to a hydrogeologic feature — grain size,
sediment type or permeability — is experimental, therefore it should be checked
prior to application on geologically different areas.
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Fig. 6. Lithologic map of the sediments down to 150 m (for explanation see Table 1)
6. abra. Az lledékek litologiai térképe 150 m mélységig (jelmagyarazatot lasd az 1 tablazatban)

Puc. 6. JluTonornyeckas kapta Ao rny6uHbl 150 M (ycnoBHble 0603HaYeHNs cM. B Tab/. 1)

Resistivity Polarizability Rock type Characteristics
1 low low to high clay to unfavourable to
silt weak
2 medium medium clay to medium
fine sand
a higher than lower than fine sand favourable
medium medium to sand
3 b high low sand to excellent
gravel
¢ high varying ? favourable
Table 1.
|. Téblazat.
Tabnnua 1.
REFERENCES
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ELLENALLAS ES GP PARAMETEREK FELHASZNALASA HIDROGEOLOGIAI
CELOKRA ES NEM-FEMES ASVANYOK MEGKULONBOZTETESERE

DUDAS Jézsef, Erich NIESNER és VERO Laszlo

A GP mddszer néhany szokatlan felhasznalasat targyaljuk. Frekvencia tartomanybeli ellenal-
las- és GP méréseket végeztiink nemfémes asvanytelepeken Ausztriaban és Kelet-Németorszagban.
Az egyszer(i foldtani modellek miatt a kapott paraméterek kozelit6leg in situ értékeknek tekinthe-
ték.

Hidrogeologiai célbol id6tartomanybeli ellenallas és GP méréseket vegeztiink Magyarorsza-
gon. Uledékes sorozatokban a felszini mérésekbél kapott ellenallas- és GP értékek kozti korrelacio
terliletenként valtoz6. Szamos felszini és lyukbeli mérés igazolta, hogy a Q,,Paértékek valtozasa a
litolégiai valtozasokkal van kapcsolatban. Egy gondosan megszerkesztett crossplot felhasznalasa-
val egy harmadik paramétert lehet meghatarozni a QxP a értékekbdl, a litoldgiaval kapcsolatos
szemcseméretet. Ezen paraméter alapjan kiilonb6zé mélységintervallumokra lehet litologiai térké-
peket szerkeszteni, amelyek hidrogeoldgiai informaciot adnak a teriletr6l.
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MPUMEHEHWE NMAPAMETPOB COMPOTWBJ/IEHUA N BbI3BAHHOW

nonAapn3AUN ANA PELLEHUA TMAPOTEONOIMMYECKNX 3AOAY N ONA
OMPEAENEHNA HEPYAHbIX MNHEPAJIOB

Voxed AYIOALL, 3pux HUSHEP, Nacno BEPE

PaccmaTpmBarOTCS HEKOTOpble HEOGbIYHbIE 061aCTV NPUMEHEHNS METOAA BbI3BaHHOW Nons-
pu3aumn. MismepeHus conpoTUBNEHMA 1 BbI3BAHHOI MONAPU3aLMM B YaCTOTHOM AnanasoHe Gblan
BbIMOMHEHbI HA MECTOPOX/EHMAX HEPYAHbIX MONe3HbIX WCKOMaemblX B ABCTPUM 1 BOCTOYHOI
FepmaHun. B CBSI3U C NPOCTOTOW reon0rMYeckoro CTPOEHWUSI MOMYYEHHblE MapameTpbl MOryT
paccmaTpuBaTbCa Kak NpuenunsnTeNibHO COBMajaroLme ¢ TaKOBbIMIU B MacCMBe.

[ns pewleHns ruaporeonormyecknx 3afad B BeHrpum Gbinv BbIMONHEHbI M3MEPEHUS COMpo-
TUBNEHMS 1 BbI3BaHHOI NonspusaLumy Bo BPpeMeHHOM AnanasoHe. Koppenaums mexay 3HauyeHUsmm
CONPOTMB/EHUS W BbI3BAHHOW MONSpU3aLUn, NONYUYeHHas NP Ha3eMHbIX U3MEPEHUsSX Ha 0cafou-
HbIX TOMLLAX, MEHSIETCA OT yyacTKa K y4acTKy. MHOro4McneHHbIMU Ha3eMHbIMU U CKBRXKUHHBLIMU
N3MepeHMsMI NOATBEPXKAEHO, UTO U3MEHEHWE 3HAUYeHUIA fAa P acBsi3aHO C IMTONONMYECKOI N3MEeH-
YMBOCTbO. Ha ocHOBaHWUM TLLaTeNIbHO pa3paboTaHHOW MPAMOYroNbHOM AnarpaMmMbl Mo 3HaYeHM-
AM fia-PaMOXHO onpefennTb U TPeTWiA napaMeTp — 3epPHUCTOCTb, XapaKTepU3yHoLLYyt NNTONOTU-
yeckme 0co6eHHOCTM. Ha 6ase 3TOro mapameTpa MOXHO COCTaBUTb NIMTONOTUYECKUE KapTbl MO
Pa3NNYHbIM MHTepBanam rny6uH, Aatouine rMaporeonornyeckyto MHGopMaLuo no naowaam pa-
60T.
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IP METHOD AS A MEANS OF IMPROVING THE SITING OF WATER
WELLS

Heinrich AIGNER* and P4l DRASKOVITS**

In order to determine the optimum sites for drilling water wells, the IP method was used
combined with a resistivity survey. Initially resistivity and polarizability characteristics of recent
river sediments of different grain size were studied by laboratory model measurements. Interpreta-
tion of field data was based on these laboratory results. In order to support the interpretation of
field measurements, in-hole resistivity and IP measurements (both in the time- and frequency
domain) were carried out. For this purpose the instruments had to be adapted to borehole
conditions. In a water prospecting project in SE-Hungary, the quantity and distribution of porous
formations were determined qualitatively. These data were later checked by test pumping. On this
basis in alluvial basins the best water-bearing formations can be expected in areas characterized by
high resistivity and low or medium polarizability.

Keywords: IP-method, water prospecting, water wells, resistivity, polarizability, sand reservoir

1. Introduction

In hydrogeologic investigations of clastic sediments the sand/shale ratio is
of prime importance as high permeability zones can only be expected in areas
of high sand content. In water supply projects the various resistivity methods
are generally used as the leading geophysical method. The limitations of the dc
methods become obvious when sand and different sand-clay mixtures have
similar resistivities. Therefore it is necessary to find another geoelectric method
which, without considerably increasing the costs, might help to solve the prob-
lems. Judging from the technical literature, induced polarization might be the
method sought [Aigner 1986, Bertin and Loeb 1976, Bodmer €t al. 1968,
Niesner and W eber 1985].

In sedimentary rocks, at the phase boundary between the matrix and the
electrolyte, there is a state of equilibrium (electric neutrality). If a current is
turned on (or off), this equilibrium of charges breaks down and polarization
phenomena occur. The amplitude, frequency and phase characteristics of this
polarization are utilized in the induced polarization method [Aigner 1986,
Keller and Frishknecht 1970].

There are two ways to measure the IP effects. In time-domain measure-
ments, direct current is passed into the ground and in a certain time it is
interrupted. The current can be turned off practically instantaneously whereas
the decay of potential between the electrodes is a relatively long process.
Time-domain IP measurements mean the analysis of this decaying potential.

* Forschungsgesellschaft Joanneum, Roseggerstrasse 17, A-8700 Leoben, Austria

** Eotvds Lorand Geophysical Institute of Hungary, Budapest, POB 35, H-1440, Hungary
Revised version of a paper presented at the 49th EAEG Meeting in Belgrade, 1987
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In frequency-domain measurements, charging is effected by ac current and
the resistivity of the rocks (the amplitude of the potential) and the phase shift
between the charging current and the measured potential will be studied as a
function of the frequency.

The work was carried out co-operatively, the basis for co-operation —
between Joanneum (Leoben, Austria) and ELGI (Budapest, Hungary) — being
provided by the former’s expertise in frequency-domain IP, while the latter’s in
time-domain IP. ELGI had, in 1982, completed a large water supply project
when the idea for co-operation in using the IP method in hydrogeological
problems arose. In that the results were available of a 4-year systematic
VES + IP (time-domain) survey together with the pumping tests of the subse-
quent drilling project [Draskovits et al. 1990], an ideal test area was at hand
for comparing different methods.

2. Instrumentation

Induced polarization has been the leading method in ore prospecting for
about 25 years. The possibility of using the method for other purposes was
opened up by the development of the instruments [Ketter and Frishknecht
1970, Sumner 1976, Vacquier et al. 1957] increasing their accuracy significant-
ly, first of all by introducing the microprocessor technique. In the 1980s a large
amount of IP measurements were carried out both in the field and in the
Iaboratory [Draskovits 1986, Ketter and Frishknecht 1970, Lipskaya and
Ryapolova 1970, Roy— Ertiott 1980]. Several attempts were made to extend
the method to in-hole measurements which resulted in further problems mainly
of a technical nature (e.g. electromagnetic coupling through the cable, or
limitations caused by the small hole diameter and large depths, etc.) [Dras-
kovits 1986, W ebster 1986]. In the first stage of Austrian-Hungarian co-opera-
tion, field and laboratory measurements were carried out in the time domain,
and in-hole measurements were performed both in the time and frequency
domains.

For time domain measurements the DIAPIR-18 resistivity and polarizabil-
ity equipment (ELGI, Budapest) was used. It samples the first 1.5 s of the decay
curve in 100 ms steps, and uses longer sampling intervals for the time range up
to 30-40 s. The length of the current pulses can be varied in accordance with
the formula T = 1.6x2*s where k=0, 1 2, ..., 9.

For frequency domain measurements the instrument (Joanneum, Austria)
contains a sine generator which produces current pulses of varying frequency;
these pulses are converted to dc by a potential-to-current transformer. The
measured potentials reach a two-phase lock-in analyser where the potential
synchronized to the frequency is filtered and its amplitude and phase related to
the charging current are determined. The instrument operates in the
0.1-10,000 Hz frequency range.

It must be underlined that the above instruments are not well loggers.
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Either the standard field units are connected to the sondes or they are modified
to some extent (e.g. built-in preamplifier), and standard well-logging winches,
depth indicators, etc. are used.

3. Model studies

For model measurements Danube sand was used. By passing the sand
through a series of sieves, different grain size samples were obtained
(0.63-0.32 mm, 0.32-0.20 mm, 0.2-0.1 mm, 0.1-0.06 mm). They were saturated
with fresh water and with a solution of NaCl of various concentrations. The
resistivity and polarizability curves (100 ms after turn-off) for fresh and brackish
water (0.01 n NaCl) saturation are presented in Fig. 1. This shows, in agreement
with published data, that
— whereas resistivities of different grain size fractions differ slightly, their
polarizabilities show considerable differences;

— the best conditions for high polarizability (first of all for electrolytic polariza-
tion) occur in the grain size fraction below 0.1 mm.

Fig. I. Resistivity and polarizability
measured in sands of different grain
size

/. dbra. Kilénb6z6 szemcseméreti
homokban mért ellenallas és
polarizalhatésag adatok

Puc. 1. 3HayeHus conpoTuBNEHUS
1 NONAPU3YEMOCTU, MOSTYHEHHbIX
B Nneckax pasnnyHoi 3epHUCTOCTU
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These results of laboratory measurements prove that the induced polariza-
tion method provides valuable additional information for water prospecting in
a sand/shale sequence.

4. Field measurements

The next step in the co-operation was field work with the frequency-domain
instrument of the Austrian team in an area which had formerly been prospected
by ELGI. The test area chosen was an alluvial fan of the river Maros (SE
Hungary). The task was to search for the coarse sediments of paleo-rivers
running in Upper Pliocene and Pleistocene times. The whole alluvial fan is
located on Pannonian clays of considerable thickness. An integrated geoelectric
survey was carried out in 1978-82 over an area of 1500 km2. Two promising
depth intervals could be traced between the surface and near-surface formations
of extremely variable resistivity and the low-resistivity Pannonian clays, named
upper and lower water-bearing horizons. The areal resistivity and polarizability
distribution of the upper water-bearing horizon are presented in Fig. 2. Depth
to this horizon varies between 5 and 30 m while the thickness of the
water-bearing sequence between 100 and 300 m, decreasing from E to W. On
the resistivity map there are definite highs of similar resistivity (Fig. 2a), inter-
preted as local accumulation of the coarse-grain fraction (areas marked by
1-2-3). So on the basis of this single parameter the hydrological value of these
areas can be taken as near to equal. Anomaly No 1 can be judged more
favourable because of its large extent.

The polarizability distribution of the same depth interval (Fig. 2b) shows
a totally different character: areas having identical or similar resistivity show
different polarizability.

5. In-hole measurements

Figure 3. shows a comparison between point-like in-hole measurements
performed with a 40 cm Wenner probe attached to a time-domain surface
instrument and the resistivity log obtained with a 40 cm potential probe on
drilling 1 The two resistivity curves match perfectly and enable us to construct
the sand/clay variation in the lithologic column. The polarizability values are
— small (below 4%) in clays (e.g. 50-56 m);

— medium (4-6%) in clean sands (62-68 m);
— high (8-11 %) at sand/clay boundaries (60 m, 70 m, 91 m, 98 m).

O

2. dbra. A Maros hordalékkupjanak ellenallas- (a) és latszolagos polarizalhatdsag- (b) térképe O

Fig. 2. Resistivity (a) and apparent polarizability (b) maps of the alluvial fan of river Maros

Puc. 2. KapTbl conpoTuBneHus (a) U Kaxylyeinca nonsapusyemocTu (B) N0 KOHyCYy BbliHOCA p.
Mapow
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Fig. 3. In-hole resistivity and polarizability values measured in SE-Hungary
3. dbra. DK-Magyarorszagon mért farolyukbeli ellenallas- és polarizalhatésag értékek
Puc. 3. 3HaueHusi CONPOTUBNEHNUS U MONSIPU3YEMOCTU, N3MEPEHHBIX B CKBaXMHAX
I0r0-BOCTOYHON BeHrpuu

These results suggest that induced polarization takes place mostly at sand/
clay boundaries. Therefore the average level of polarizability becomes high
where thin individual sand and shale layers alternate (e.g. between 78 and 86 m).
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At the same time, the average resistivity level is only slightly lower than in the
case of a clean sand layer (between 62 and 68 m). From these data it may be
suggested that the resistivity value determined by surface measurements is
linked with the total quantity of sand in the depth interval studied, while the
polarizability value is linked with the distribution of this sand. Thus thick clean
sand layers may be expected in areas of high resistivity and low polarizability,
i.e. in our case in the eastern anomaly marked by 1 In areas of similarly high
resistivity but high polarizability (anomalies marked by 2 and 3), variation of
thin sand and clay layers are to be expected. This conclusion is supported by
borehole data and pumping tests.

Time domain and frequency domain in-hole measurements were compared
in the framework of another water supply project (Western Hungary). Fre-
guency domain measurements were carried out in the frequency range of 0.1 to
1000 Hz, at 11 discrete frequencies. One point in clean clay (24 m) was taken
as reference, and measurements at other points were normalized to this value.
Normalized resistivity and phase curves obtained in clay (Fig. 4a) differ both
for shape and amplitude from the respective curves obtained in sand (Fig. 4b).

1Q-71 t-~Jrad] Ig-b- i"-'Urad]

*24m *14m

Fig. 4. Normalized resistivity (ei/g.. ™ an<) phase shift (V,-"*24m) values versus frequency
a) Sonde in 25 m, clay; b) Sonde in 30 m, sand
4. dbra. Normalizalt ellenallas (Q\lg2i ,,) és faziseltolas m) értékek a frekvencia
fliggvényében
a) 25 m mélyen Iév6 szonda, agyag,b) 30 m mélyen lévé szonda, homok
Puc. 4. 3HayeHns HOpMMpoBaHHOTO conpoTueneHns (eJQ2 N 1 ha3oBbIX CMeLLeHUIA (<p,~<p2Am)
KaK (DyHKLMM yacToT
a) 30H[ Ha rny6buHe 25 M, rAnHa; b) 30HA Ha rny6uHe 30 M, nMecok
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Although the experiment comprises a short section of the well, it includes
the boundary of a layer of dominating sand fraction around 28-29 m. This is
reliably indicated both by dc and ac resistivity measurements (Fig. 5¢) and the
time-domain polarizability measurements indicate the same boundary (Fig. 5a).
Figure 5b shows the phase shift as a function of depth and frequency. Sand
appears with high phase shift and the contrast between sand and clay increases
with increasing frequency. This is favourable from the viewpoint of both time
demand and economy of measurements. In the middle part of the section it is
interesting that ac and dc resistivity correlate well with the phase shift. A local
polarizability maximum at a depth of 28 m indicates the same boundary.

Summarizing, we found that clay and sand can be separated by other
methods (well-logging) more quickly and more accurately than by in-hole
resistivity and IP measurements. However, our experiments were aimed not at
accurate separation of clay and sand but as a means of contributing to the
interpretation of combined resistivity and IP surveys. In this respect our results
are of help in explaining IP phenomena in sand/clay sequences.

MFItStl @™ tgf [Hz] R [Om]
0 1 2 3 4 5 -10 12 3 0 10 20 30 A0 50 60
~I. 24-
VL- 25-
1T 26-

27-
28-
29-
30-

3l-
(m]

Fig. 5. In-hole resistivity, time and frequency domain polarizability measurements
a) Apparent polarizability in time domain (Pa) and frequency domain (MF)
b) Phase shift in mrad versus depth and frequency
¢) ac and dc resistivity values

5. abra. Farélyukbeli ellenallasmérések 0sszehasonlitasa id6- és frekvenciatartomanybeli
polarizalhatésag mérésekkel
a) Latszolagos polarizalhatésag az id6- (Pa) és frekvenciatartomanyban (MF)
b) Fazistolas mrad-ban a mélység és frekvencia fliggvényében
¢) Valtéaramu és egyenaramu ellenallas értékek

Puc. 5. ConocTaBnieHne pe3ynbTaToOB CKBAXWHHbIX U3MEPEHWI CONPOTUBNEHNS C U3MEPEHUAMU
nonsipu3yemMocT BO BPEMEHHOM M 4aCTOTHOM AMana3oHax
a) Kaxyuwaaca nonsapusyemocTs Bo BpemeHHOM (P& n yactoTHOM guanasoHax (MF)
b) ®da3oBoe cmelleHMe B Mpag Kak yHKLUMS rAy6uH 1 yacToT
c) 3HaueHMs CONPOTUBNEHUS MOCTOSIHHOTO Y MEPeHEHHOro Toka
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6. Conclusion

In hydrogeologic prospecting of basins filled with young clastic sediments
the use of the IP method is found to be a good means of complementing
resistivity surveys. Anomalies of similar resistivity can be distinguished or even
classified with the help of their apparent polarizability. The best water-bearing
layers occur in areas characterized by high resistivity and low or medium
polarizability judging from our results in several water-prospecting projects.
This conclusion is supported by laboratory and in-hole resistivity and IP mea-
surements, and by pumping tests.
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VIZKUTAK TELEPITESENEK OPTIMALIZALASA A GERJESZTETT POLARIZACIOS
MODSZER ALKALMAZASAVAL

Heinrich AIGNER, DRASKOVITS Pél

Vizkutak optimalis telepitése céljabol az ellenallas méréseket gerjesztett polarizacios mérések-
kel kombinaltuk. El6szor laboratériumi modellmérésekkel meghataroztuk a kiilonb&z6 szemcsemé-
reti folyovizi Uledékek ellendllas- és polarizalhatosag jellemz6it. A terepi adatok értelmezése a
laboratériumi mérések eredményein alapul. A felszini mérések értelmezésének alatamasztasa célja-
bol fardlyukbeli ellenallas- és GP méréseket végeztiink az id6- és a frekvenciatartomanyban.
E célbdl a mérémliszereket alkalmassa kellett tenni a farélyukbeli viszonyokra. Egy DK-magyaror-
szagi vizkutatas soran kvalitative meghataroztuk a porézus képz6dmények mennyiségét és eloszla-
sat. Ezeket az adatokat kés6bb prdébaszivatty(zasokkal ellendrizték. Mindezek eredményeképp
megallapithatd, hogy alluvialis medencékben a legjobb viztarolé képz&dmények a nagy ellenallassal
és kicsi, vagy kozepes polarizalhatésaggal jellemezhet6 korzetekben varhatdk.

ONTUMAJTTINSALNA BbIBOPA MYHKTOB MO4 MAPOrEOC/OI MYECKUE
CKBAXWNHbI C MPUMEHEHVMEM METOJA BbI3BBAHHOW NMONAPUSALINN

leiiHpux AUTHEP, MNan APALUKOBWY

C uenbio BbIGOPA ONTUMAbHbLIX MYHKTOB AN TMAPOre0orMYecKUX CKBaXWUH 3N1eKTpopas-
Be/lKa METO/0M COMPOTUBAEHNIA Gblia MOCTaBMEHa B KOMM/IEKCE C METOZOM BbI3BaHHOI nonspusa-
ummn. Mpm 3TOM Ha NabopaTOPHbLIX MOAENAX 6bIN OnpeaeneHbl NapamMmeTpbl CONPOTMBAEHUS U MO-
NAPU3YEMOCTI aNnioBMANbHbIX OTNOXKEHWI Pa3NUUHOW 3epHUCTOCTW. MHTepnpeTauus AaHHbIX
nonesbIX PaGoT OCHOBAHAa Ha pesynbTaTax NaGopaToOPHbIX U3MepeHWii. Ons NOATBEPXKAEHNS UH-
TepnpeTauny Ha3eMHbIX JaHHbIX GbINN BbINOHEHbI U3MEPEHUs CONPOTUBEHUS W MONSPU3YEMO-
CTU B CKBXMHAX B Y4aCTOTHOM W BPEMEHHOM AuanasoHax. [s 3Toi uenu namepuTtenbHas annapa-
Typa 6blna NPUCNoco6eHa K CKBaXWHHBIM U3MEepeHUsM.

B xofe r1Maporeonornyecknx pa6ot B KOrosocTouHoit BeHrpum 6binn KauecTBEHHO onpese-
NeHbl KONMYECTBO 1 pacnpeaeneHne NopucTbiX NopoAd. 3TU AaHHble BMNOCAEACTBUM GbiN NpoBepe-
Hbl MYTEM WUCMbITATENbHbLIX OTKAYeK. B pe3ynbTaTe NpoBefieHHbIX PaboT MOXHO YCTaHOBUTb, YTO
B aNNoBUaNbHbIX GacceiiHax OTNOXEHWs, Haumbomnee HaCbILlEHHbIE BOAOW, MOXHO OXMAaTb Ha
yyacTKax BbICOKOrO COMPOTMB/EHWUS U Manoii 0 cpeaHeit Nonsipu3yemocTu.
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EM SOUNDINGS IN WATER- AND BROWN-COAL PROSPECTING.
CASE HISTORIES

. FARKASH+, P. KARDEVAN’+, G. REZESSY +, CH. SCHMID*,
L. SZABADVARY +, F. WEBER*

The possibility of applying electromagnetic (EM) soundings in solving tectonic problems in
water- and brown-coal exploration when EM measurement complement or substitute seismics is
discussed in the paper. It is shown that buried faults can successfully be detected by EM method
which, thus, can substitute even reflection seismics in shallow prospecting. In favourable cases
information on changing lithology along profiles can be obtained from EM soundings. This is,
however, strongly hindered by structural effects. Detection of conductive clay layers by EM
measurement is a valuable contribution to seismic data in most water prospecting problems.

Keywords: water prospecting, electromagnetics, seismics, case history

1. Introduction

The Institute of Applied Geophysics in Leoben has been using electromag-
netic frequency sounding as part of integrated geophysical surveys for solving
groundwater- and coal prospecting as well as structural mapping problems since
1982. Fig. 1 shows the locations of the survey areas discussed in this paper. The
application of high frequency reflection seismics in combination with electro-
magnetic (EM) frequency soundings represents a novel application of geophys-
ics.

We present case histories discussing the possibilities for such applications,
where the seismic and electromagnetic methods complement or substitute each
other. The data from the EM soundings carried out along seismic profiles
considerably improve the chances of lithologic or age classification in the course
of the multiparametric geological interpretation. The recognition of the litho-
logic changes (such as increasing clay content) or, say, the detection of imperme-
able clay layers are extremely important in hydrogeology. On the other hand,
EM frequency soundings can be used alone as well. They may be used in some
types of geological build-up to determine the tectonics of the high-resistivity
basement (crystalline or dolomite) enabling the replacement of seismics — since
the latter has recently often caused environmental problems.

The co-operation between the Austrian and Hungarian parties consisted
in field work and interpretation of the EM frequency soundings by the E6tvos
Lorand Geophysical Institute, while all other geophysical methods were carried
out by the Institute of Applied Geophysics, Leoben.

* Institut fir Angewandte Geophysik, Rosegger str. 17, A-8700 Leoben, Austria

+ Eb6tvos Lorand Geophysical Institute of Hungary, Budapest, P.O.B. 35, H-1440, Hungary
Manuscript received (revised version): 30 November, 1990



104 Farkas et al.

Fig. 1 Survey areas of electromagnetic soundings in Austria discussed in the paper
(square —brown-coal prospecting, circle — water prospecting)

1. abra. A dolgozatban targyalt elektromagneses szondazasok kutatasi teriiletei Ausztridban
(négyzet — barnak&szén-kutatas, kér — vizkutatas)

Pue. 1. PailoHbl pa6oT METOAOM 3/1eKTPOMarHUTHOIO 30HAMPOBaHNUs B ABCTPUU
(kBagpaT — paboTbl Ha 6ypble Yrau, KPY>XOK — FMApPOreonormyeckme pabothbl)

The electromagnetic measurements discussed here were carried out with the
Maxi-Probe EMR-16 frequency sounding system using an approximately verti-
cal magnetic dipole source in the inductive zone of the dipole. For details of the
Maxi-Probe EMR-16 frequency sounding system see Sinha [1979, 1983].

As a result of multifrequency measurements depth sections of resistivity are
obtained with a depth coverage from 20 to 80 per cent of the separation between
the transmitter and the receiver. The definition of the apparent resistivity used
here [see also Sinha 1979] is similar to that described by Wilt and Stark in
1982.

Direct comparison of a transformed sounding curve with the geologic log
of the corresponding borehole and the correlation of curve patterns extends the
geological information obtained at the drill site along the profile. The pattern
of the transformed curves, i.e. the way apparent resistivity changes with depth,
shows higher stability against lateral variation of the near-surface rocks or
against the variations of resistivity contrasts of the layers than the apparent
resistivity values themselves. Thus, this way of obtaining geological information
means a powerful filtering out of geological noise and considerably increases the
reliability of geophysical interpretation of depth sections.

A similar approach is described by Pritchard and Renick [1981], in which
it was proposed that residual resistivity sections be used in structural mapping.
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2. Brown coal prospecting in the Molasse zone of Upper-Austria
(Sigharting-Taufkirchen)

In the course of a brown-coal prospecting project near Sigharting-Tauf-
kirchen, reflection seismic measurements were carried out to solve tectonic
problems; the Bouguer-anomaly map of the area was available for interpréta-
tional purposes. The aim of the electromagnetic soundings thereafter was to
recognize the lithology in the given geologic-geoelectric model in which a high
resistivity crystalline basement was underlying a low-resistivity series of Tertiary
sediments of the Molasse-zone characterized by Upper-Eocene sandstones,
Oligocéne clayey marls, and Miocene sanstones containing brown coal seams.

Although there are no pronounced conductive key layers within the ap-
proximately 300 m thick Tertiary complex, the EM soundings can still be
correlated as they are some hundred meters apart from each other. In Fig. 2 the
correctable break points appearing on the transformed sounding curves are
connected by thin lines. The possible positions of faults can be determined in
those parts of the section where curve patterns change remarkably, i.e. between
stations T8 and T9 as well as T 11 and T 12. It can be seen that the sounding curve
at station T12, which was about 400 m away from the outcrop of the crystalline
rock, is of completely different type than those at stations inside the basin. The
trend of increasing apparent resistivity with increasing depth in T12 indicates
the elevated position of the crystalline basement.

The conclusions of the electromagnetic measurements were compared with
gravimetry and reflection seismic measurements. In Fig. 2, the reflection seismic
horizon transformed to depth, interpreted as the upper boundary of crystalline
basement is plotted. It coincides with the breakpoints obtained from EM
soundings, interpreted as the surface of the basement although this indication
cannot be regarded as unambiguous north of the fault between points T9 and
T10.

The Bouguer anomaly along the profile can be interpreted as unevenly
deepening of the high-density basement to the South — possibly by faults.

Information on litholigic changes could not be obtained on the basis of EM
soundings because of strong structural effects.

3. Water prospecting in the South-Vienna basin (Oberlaa)

In this area the basement is formed by Triassic Hauptdolomite, covered by
several hundred meters of young Tertiary clayey and sandy sediments. Breccia
and conglomerate are found at the lowermost part of the Tertiary series
(Fig. 3). Along deep fracture zones hot water characterized by the Kations
Sodium, Calzium and the Anions Chloride, Sulfate, Hydrocarbonate (total
mineralization 3.7 g/kg, 54 C° temperature) appears at some places. The most
important sweet water aquifer is the basal conglomerate and the weathered,
permeable upper part of the Hauptdolomite.
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T5 T6 T7 T8 T9 T10 Til T12

Fig. 2. Geophysical depth-section — including the results of reflection seismics and EM
soundings — with Bouguer anomaly for solving structural problems in brown-coal prospecting
in the Molasse Zone of Upper Austria (area: Sigharting-Taufkirchen)

1— sand; 2 — clayey marl; 3 — gravel; 4 — crystalline basement; 5 — apparent resistivity
versus depth curve of EM sounding; 6 — fault; 7 — crystalline basement from reflection
seismics

2. abra. Geofizikai mélységszelvény — a reflexids szeizmika és az EM szondazasok eredményei
— és a Bouguer-anomalia 6sszevetése barnak6szén-kutatas soran felmeril6 szerkezetfoldtani
problémak megoldasara Fels6-Ausztria molasz 6vezetében. (Kutatasi terilet:
Sigharting-Taufkirchen)

1— homok; 2 — agyagos marga; 3 — kavics; 4 — kristalyos aljzat; 5— EM szondazashol
kapott latszélagos ellenallas-mélység gorbe; 6 — vetd; 7 - reflexios szeizmikabdl kapott
kristalyos alaphegység felszin
Puc. 2. ConocTaBneHue rny6MHHOro reoM3nyeckoro paspesa no pesynbTataM CencMopasBefKu
MeTOZOM OTPaXXEHHbIX BOJH W 3/IEKTPOMArHUTHOrO 30HAMPOBaHUS ¢ aHOManusamu byre ans

peLleHnst CTPYKTYPHO-TE0I0rMYECKMX NPO6/eM, BOSHUKAKOLUX B XOAe paboT Ha Gypble yram
B MONaccoBoil 30He BepxHeit ABCTpuun (palioH pa6oT: CurrapTUHr-TayhKUpXeH)

1— Necku; 2 — TFANHUCTbIE Meprenu; 3 — raneuyHnukn; 4 — KpUCTaNNNYecKnii hyHaamMeHT;
5 — KpWBas 3aBUCMMOCTY KaXXyLLLerocst CONpOTUBAEHUS OT FY6UHbI, MOMyYeHHas No AaHHbLIM
3M1EKTPOMArHUTHOrO 30HANPOBAHNS; 6 — pPa3foM; 7 — MOBEPXHOCTb KPUCTaNINYECKOro
(hyHAaMeHTa Mo ceiicMopasBefjke METOAOM OTPaKEHHbIX BO/H

Four marker horizons (A ,B, C, D) can be recognized in the electromagnet-
ic soundings; the upper (B) and the lower (C) boundary of a low-resistivity layer
overlying the conglomerate. Judging from electric well-logs the Badenian clays
are of the lowest resistivity (2-3 fim), while the resistivity of the conglomerate
ranges between 100 and 450 fim, depending on the cementing material. The
Hauptdolomite may have even higher resistivities, although the resistivity of the
fissured parts does not differ from that of the breccia. Numerous exploratory
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drillings prove that the waterbearing rock complex (i.e. the conglomerate and
the fissured dolomite) is by no means equally permeable. Therefore, the changes
in apparent resistivity are of hydrological importance. It should be mentioned,
however, that in many cases strong structural effects appear on the sounding
curves and mask the inductive effects caused by lithological changes. The
apparent resistivity decrease observable on the lowermost part of curve Oa-4
is caused, for instance, by the fault between Od-4 and Oa-1 and not by
lithologic changes of the basement.

The faults — such as that in Fig. 3 — were found by correlating the
characteristics of the transformed sounding curves. This was done since reflec-
tion seismic measurements could not be performed due to reasons of environ-
mental protection.

Drillnole 20m North

Oa-6 Oa 4 1 Oa-3 Oa-2
Ro=7.2 Ro=6.1 4.7 4.5
E "o
G s
(2)! )
3
— - 1L A =
Y 7~ Fe
--------- rr 1
P
-500 -500
O Distance in m 400
[30C0] Conglomerate Dolomite

Fig. 3. Interpretation of EM soundings carried out in the Vienna Basin for water prospecting
1— apparent resistivity versus depth curve of EM sounding; 2 - fault; A, B, C. D —
correlated horizons of resistivity contrast

3. abra. A bécsi medencében vizkutatasi céllal végzett EM szondazéasok értelmezése
1 - EM szondazashdl kapott latszélagos ellenallas-mélység gorbe; 2 — vetd; A. B, C, D
korrelalt ellenallasvéltozas

Puc. 3. MiHTepnpeTauus AaHHbIX 31€KTPOMAarHMTHOTO 30HAMPOBaHWA B BeHCKol BnaguHe npu
TVAPOre0IorMUYecKnX U3bICKaHUAX

1  KpuBas 3aBUCUMOCTM KaXYLLerocs COnpoTMBAEHWUA OT rNy6OuHbI, NOMyYeHHas N0 faHHbIM
3NEeKTPOMarHMTHOro 30HAMPOBaHUA; 2 — pasnom; A, B, C, D cKoppenupoBaHHble
N3MEHEHUS CONPOTMBEHNS
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4. Water prospecting in the region of Bodenbauer

Water prospecting is illustrated by the profile of Fig. 4, which was chosen
from the results of the measurements performed in a narrow, mostly 300 m wide
valley near Bodenbauer, at the southern foot of the massif of Hochschwab/
Northern Calcareous Alps.

Some drillings indicated 200 m Quaternary thickness underlain by Triassic
limestone and dolomite and Werfenian shale. The seismic refraction measure-
ments performed in 1971 mapped a refracting horizon with a velocity of about
3000 m/s (not indicated in Fig. 4), which was initially interpreted as the upper
boundary of Werfenian beds at a depth of about 90 m. Judging from the hole
drilled later, however, this horizon proved to be within the moraine.

togr X \Wwe

Fig. 4. Geophysical depth section of water prospecting carried out in an inner-Alpine valley
1 gravel; 2 — silt; 3— glacial rocks (moraine); 4 — Werfenian beds; 5 — apparent
resistivity versus depth curve of EM sounding; 6 — refractor

4. abra. Bels6-alpi volgyben végzett vizkutatas geofizikai mélységszelvénye
1— kavics; 2 — iszap; 3 — moréna hordalék; 4 — Werfeni pala; 5 — EM szondazashdl
kapott latszélagos ellendllas-mélység gorbe; 6 — refraktald hatérfeliilet
Puc. 4. Tny6uHHbI reotunsnyeckunii paspes no ruaporeonornyeckum paboTam, BbIMOMHEHHbIM
B OJHOW M3 anbMUACKMX LONNH

1— ranevyHukmn; 2 — wnbl; 3— MOPEHHbIE OTNOXEHUS ; 4 — BepteHCKMe cnaHubl ; 5 — KpuBas
3aBMCUMMOCTU KaXyLUerocs conpoTMBAEHUS OT rNy6uHbI, NoAyYeHHas No AaHHbIM
3/1EKTPOMArHMTHOr0 30HAMPOBaHUSA; 6 — oTpaxaroLas rpaHuua



EM soundings in water- and brown-coal prospecting... 109

Because of the small width of the valley, neither refraction seismic nor dc
sounding crosslines could use a spread ensuring the necessary penetration.

Investigations continued in 1987, when reflection seismics was used to
clarify the structure of the supposed synclinal zone, while electromagnetic
frequency soundings were aimed at providing lithological data on the sediments
filling the valley. Clay layers and gravel with clayey cementing were of primary
hydrological importance. The depth of penetration of the frequency soundings
was set between 70 to 140 m.

As can be seen in Fig. 4, a resistivity decrease occurs within the moraine,
this was interpreted as a consequence of higher clay content. The difference
between the depth to the silt layer in the drillhole and in sounding curve H6 (see
Fig. 4) is not more than 10 per cent. This important marker horizon could be
mapped throughout the whole area.

5. Prospecting for deep aquifers in Southeastern Steiermark (Kaindorf)

In the region of South-eastern Steiermark, investigations with the purpose
of water prospecting have been carried out with varying success for a long time
for detecting deep-seated, thin sand layers. The maximum exploration depth
was 300 m, because at greater depths higher water temperatures can be expected.
In the course of the project, high frequency reflection seismics and electromag-
netic frequency soundings were combined.

Reflection seismics provided a relatively good resolution of the alternating
Tertiary sand-clay complex (Fig. 5) but in the lack of exploratory drillings no
information was available to identify water-bearing sand layers. The task of EM
soundings was to distinguish between the high-resistivity sand and conductive
clay layers in the 150-300 m depth range.

In order to convert TWT into depth, the interval velocities obtained from
the velocity analysis were used. The basement of the Tertiary sediment is at
depths between 600 and 700 m (see the reflection horizon marked with a broken
bold line in Fig. 5). Electromagnetic frequency soundings were performed at
different places with different transmitter-receiver separations, thus with dif-
ferent penetration depths. The results are plotted in the seismic depth section
of Fig. 5. The reflectors are marked with bold lines, the resistivity interfaces
appearing in the electromagnetic frequency soundings are marked with thin
lines. The three layers of low resistivity indicated by letters A, B, C can be
interpreted as clay. These markers could be determined along the whole length
of the profile (about 7 km). The lowermost resistivity interface D indicates the
upper boundary of a resistive layer.

It is worth mentioning that in lack of any borehole the seismic depth values
are subject to uncertainties due to the uncertainties of the velocity determina-
tions. The errors of electromagnetic depth can be estimated to be about 10 per
cent within the depth range of investigation (2<L/#<3, where H is the ap-
parent depth, L is the separation between transmitter and receiver).
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Fig. 5. Comparison of reflection seismic horizons and correlated electromagnetic interfaces
(water prospecting in Southeastern Steiermark, area: Kaindorf)

1— correlated EM resistivity contrast; 2 — reflectors; 3 — fault; 4 — separation of EM
sounding; 5 — apparent resistivity value of the transformed sounding curve at the reference axis

5. &bra. Reflexios szeizmikus reflektald feliiletek és korrelalt elektromagneses réteghatarok
egybevetése (vizkutatas DK Steiermarkban, kutatasi teriilet: Kaindorf)

1— korrelalt EM ellenallasvaltozas; 2 — reflektalofeliletek; 3 — vet6;
4 — frekvenciaszondazas adé-vevé tavolsaga; 5 — a transzformalt gorbe referenciatengelyen
felvett latszolagos ellenallas értéke

Puc. 5. ConocTaB/ieH/e 0TpaXatoLLMX CEACMUYECKMX 1 CKOPPENMPOBaHHBIX 3N1€KTPOMArHUTHbIX
rpaHuy, (rmgporeonormyeckme nsbickaHua B KOrosoctouHoi LUTupun, paiioH pa6boT: KaiHgopd)

1— cKoppennpoBaHHbie M3MEHEHUS COMOPTUBAEHMA MO JaHHBLIM 371EKTPOMArHUTHOTO
30HAUPOBAHMS ; 2 — OTpaXaloLine rpaHuLbl ; 3 — pasnom ; 4 — paccTosiHWe MexXay AaT4YMKOM
1 MPUEMHUKOM NPU YaCTOTHOM 30HAMPOBAHUU; 5 — 3HAYEHUs KaXyLLEerocs cornpoTUBAEHUS,
CHATble C ONOPHON 0CM Npeobpa3oBaHHON KPUBOIA
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EM SZONDAZAS ALKALMAZASA A VizZ- ES BARNAKOSZEN-KUTATASBAN.
ESETTANULMANYOK

FARKAS L, KARDEVAN P, REZESSY G., CH. SCHMID, SZABADVARY L., F. WEBER

Viz- és barnak@szén kutatas soran felmeriil szerkezetféldtani problémak elektromagneses
szondazasok alkalmazasanal torténd megoldasi lehet6ségét vizsgaljuk a dolgozatban olyan esetek-
ben. amikor az EM mérések kiegészitik vagy helyettesitik a szeizmikus mérést. Bemutatjuk, hogy
az eltemetett vetdk sikeresen detektalhatok EM modszerrel, amely még a reflexiés szeizmikat is
helyettesitheti a sekély kutatasban. Kedvezd esetben a litologia szelvény menti valtozasara vonatko-
z6 informéciot is kaphatunk az EM szondazasokbdl. Ezt azonban szerkezeti hatadsok erdsen
akadalyozzak. A vezet6képes agyagrétegek detektalasa EM szondazasokkal értékes hozzajarulas
a szeizmikus adatokhoz a legtdbb vizkutatasi feladatban.

NMPUMEHEHWE 3/TEKTPOMAITHATHOIO 30HAVPOBAHWA 4714 NMONCKOB
1 PASBEAKW MOA3EMHbLIX BOA U BYPbIX YT JIEN. KOHKPETHbBIE NMPUMEPbBI

nN. ®APKALL, M KAPAEBAH, I PESEWN, X. WUMWA, N. CABAABAPW, ®. BEBEP

BcTaTbe paccMaTpMBalOTCs BOMPOCHI PeLLEHUs CTPYKTYPHOre0nornuecknx npo6iem, Bo3HM-
KaloLLyX Npu NpoBeAeHNM MOWUCKOB 1 Pas3BeAKM MOA3EMHbLIX BOA U GypbiX Yrnei, nyTem npumeHe-
HUS 9N1EKTPOMArHUTHBIX 30HAMPOBAHUI B TAKMX CyYasiX, KOr/a 3/1eKTPOMarHUTHbIMU U3MepPeHNs-
MU IOMONHAETCA WM 3aMeHsieTcs ceiicMopasBesika. MokasaHo, YTo Norpe6eHHbIe PasnoMbl MOryT
GblTb YCMELLIHO BbISBAEHbI 91EKTPOMArHUTHBIM METO0M, KOTOPbINA Npu Manorny6uHHbIX UcCneo-
BaHUAX MOXET 3aMEHUTh flaxe celicMopasBeaKy MEeTO[0M OTPAXEHHbIX BONMH. B 61aronpuaTHoM
Ccyyae no fJaHHbLIM 371eKTPOMArHUTHOTO 30HAMPOBAHMS MOXHO NOMYYUTb MH(OPMALIMIO MO INTO-
NOTNYECKO M3MEHUMBOCTY BAO/b NPOGUNENi, YeMy OJIHAKO CEpPbe3HO NPENsATCTBYHOT CTPYKTYPHble
3(h(heKTbl. BbIBNEHWE TVHUCTLIX MayeK BbICOKOW MPOBOAUMOCTM MPK 3NEKTPOMArHUTHOM 30HAU-
poBaHMW AaeT CYLLeCTBEHHbIV BKNAJ K JaHHbIM CelicMopa3BeaKn B 6ONbLIMHCTBE 3aa4 M1Maporeo-
NOTMYECKOro Tuna.
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Geophones 1 GHz Transducers
Single Channel Recorders Generators RESISTIVITY
Dynasource Energy System Various PSU's ABEM Terrameter
Buffalo Gun Energy System Additional Cables ABEM Booster
Distance Meters. BGS 128 Offset Sounding System
MAGNETICS SVGS 256 Offset Sounding System
GRAVITY lenner Array
G-856X Portable Proton Magnetometers
G-816 Magnetometers Model "D" Gravity Meters
G-826 Magnetometers Model “G" Gravity Meters

G-866 Magnetometers

In addition to rental equipment we currently have equipment for sale. For example ES2415, ES121 OF,
EMI16/16R, G-816, G856. G826/826A1. equipment spares

NOTE: Allied Associates stock a comprehensive range of equipment spares and consumables and
provide a repair £t maintenance service.

We would be pleased to assist with any customer's enquiry. Telephone (0582) 425079

Place your order through our first agency in Hungary.

To place an order, we request the ”
information listed in the box below. ELCGO Ilumgl{SOS tLl.?_\derO

H - 1145 Budapest Hungary
PHONE: 36-1-1637-438

1 Customer name FAX: 36-1-1637-256
(a maximum of 36 characters) . Orden must be placed and prepaid with ELG .
2. Cu;tqmer representative SOETWARE
3. Shipping address for Geophysical and
4. Mailing or billing address Hydrogeological
(if different) Data Interpretation,
5. Telephone, Telex or Fax number Processing & Presentation

6. Method of shipment

715 14th Street m Golden, Colorado 80401 USA m (303) 278-9124 FAX: (303) 278-4007
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Mapping:
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Cartographic work: O. Kolackovsky (Geofyzika Brno, Bratislava branch)

PUBLISHED BY: EOTVOS LORAND GEOPHYSICAL INSTITUTE OF HUNGARY

BUDAPEST 1989

Feldbacn m

eifcnft
w.Y
50 100 km
J 1
Mapping:
© A. KROLL, P. STEINHAUSER, F WEBER for AUSTRIA.
© A.SUTORA, M.BIELIK; C~D J. SEFARA, R.VELICH; © J. BODNAR ;
© I-DOSPISIL, R.VELICH for CZECHOSLOVAKIA.
© ateam led by B. BARDOCZ; C®) A. PINTER ; (E) S. MAJOROS ; L. NEMESI J O

by M. KASSA Ij; © E . KILENYI - Z. SZABO; a team led by J. RUMPLER for HUNGARY.

KURKIN, J.MIKUSKA;

a team led

WIEN

my,.

[y

20

[ry

K
L

4000
30 35

N

“rv00-

45

17°
twaldov
>411 elo
L
m3wWA  0°?700MQOMNQON
W ffy~-NV/4-HIKo '
p . @ /\
)
ARAfijgOVvA
GG" VA
"ftotajuw'o
HK-B~
1242~
JA25
3378 M
— L |
Bor-bghj- T2 1
157. J K \
A X
(168 K2 -
Di-7\ \
.S6j1 145, -608 T
1502 73 -179>
K16)
708 T
N
. Pu2 PCdTQ Y
¢ Nszk-
« Mer-2
anizsa — oooE—
/
KX NPat-VAjan
-, Kut-1
* Csok-1
mToX™
GBK-5
* Barcs N - e« Dar-1K
—3626 P~ =2814 PCm
1PCm
50 km

18

/ Komafrorh

-186 /

V/AX60PCi

o Pét-1
-283T

+3038 Pg

* Mk-3

80 Pz

valeTtArT M AN
*AKBIWT

-390 PCm
« Ecs-6a



Ruzom”™eré

Ro™nava
Y \ V'V )
M7/l
snameny
Tarna-1
2992 M
/117*5 E
#1724 E.
SAPE Jaszberény X.C-J080J-
A
o/ Y »Nu-7 .
.JJmVv_ e —1838JH
wW -0 1 T
* NU-6
*1406 M
r M "N tox Wl
,0<?7~7
* Déva-2" I((omadi-
-262&fcm ((O : Vy]
outcrops of pre-Tertiary basement
j‘IO
contour lines (a.s. l. in Cm])
-1060/di",
e Org-t / J ST
* GaterNi
9K2 ««$
4500
Felgyd-2"—
TVS'POm
/
boundary of Upper Cretaceous - Paleogene flysch zone
Contours follow basement of flysch
*1902 T)Y~”
-
/ KISkU 2564 K2 [+"C1 »NEZ'V elevation a.s. . in Cm3
«Jhu-4 —iKjhaD-4 -144A4 011528 PN. identification of borehole T age of basement
PmENy-
1302 T
mb DNyi
A Domb-D identification of borehole
> xu VL
fluzsa-1 o]
*271211 -? identification of borehole with
elevation less than 120 m
L_I OLI \ depth to basement in borehole without both identification and age
(a/b. s.l.in [m])
NOTICE:

Common signs of basement stratigraphy by degree of knowledge are used

Nevertheless, both for granitoides of unknown age( and F for outer

Carpathian flysch (Pg-K) are accepted.

MH TATI 89-43



	005-006
	007-014
	015-036
	037-048
	049-066
	067-079
	081-092
	093-102
	103-111

