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LARGE-SCALE TERTIARY STRIKE-SLIP DISPLACEMENTS
RECORDED IN THE STRUCTURE OF THE TRANSDANUBIAN RANGE

Zoltan BALLA* and Antonina DUDKO**

Two main epochs of intensive tectonism have been distinguished in the Transdanubian Range. The
first of them occurred in the Middle Cretaceous and resulted in a synclinal structure bent in the northeast
together with accompanying thrust slices. This old structural pattern has been used as a marker system in
the analysis of the tectonism of the second epoch which took place in the Oligocene-Miocene. Three
stages of this young tectonism have been established as follows: 1) dextral shear of the southeastern mar-
gin of the Transdanubian Range domain in the Oligocene (appr. 30-22 Ma B.P.); 2) S-shaped bending of
all structures in the Early-Middle Miocene (appr. 22-14 Ma); 3) sinistral shear and compression in the
Middle Miocene (appr. 14-12 Ma).

These features have been correlated with synchronous kinematic processes of the Alpine-Car-
pathian-Pannonian realm as follows: T’ with the removal of the northwestern Carpatho-Pannonian
domains from the Alpine realm; 2’ with the collision of the clockwise rotating southeastern Carpatho-
Pannonian domains with the northwestern Carpatho-Pannonian domains, and with the push of the latter
towards the north; ‘3” with the clockwise rotation of the southeastern Carpatho-Pannonian domains
resulting in the sinistral shear of the contact zone with the northwestern Carpatho-Pannonian domains,
and with the partial drag of the northwestern Carpatho-Pannonian domains resulting in thes inistral
shear of their interiors. A check of the consequences of the regional kinematic modelling in the
Transdanubian Range, i.e. in a well-studied area, has revealed consistency of local tectonic features with
the regional model

Keywords: Transdanubia, Oligocéne, Miocene, bending, strike-slip faults, shear, syncline, models, kine-
matics

1. Introduction

The Oligocene-Miocene development of the Alpine-Carpathian-Pannonian
region has recently been studied by kinematic modelling [Ba11a 1985, 1986, 1987].
It would be of interest to test the consequences in a well-studied area like the
Transdanubian Range. The goal of this work comprises (1) selection of important
and reliable tectonic data with their primary interpretation, (2) synthesis of the data
selected in geological maps and in a uniform picture of kinematic features and (5)
correlation of the picture obtained with the kinematics of the Alpine-Carpathian-
Pannonian realm.

2. Selection and primary interpretation of data

All data on the tectonics of the Transdanubian Range (for review, see Table I)
can be gathered into two groups: data on the tectonics of the whole Range (regional
tectonics); data of its parts (local tectonics).

*Eotvos Lorand Geophysical Institute of Hungary, Budapest, POB 35, H-1440, Hungary
“ Hungarian Geological Survey, Budapest Népstadion Gt 14, H-1142, Hungary

Manuscript received (revised version): 16 June, 1988
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2.1. Regional tectonics ofthe Transdanubian Range

Three main features will be discussed here (see Table I, A): the synclinal struc-
ture, the bending of all structures, and the Tertiary tectonism.

The synclinal structure of the Transdanubian Range is expressed in the general
arrangement of pre-Cenozoic formations. The Palaeozoic basement with its Per-
mian cover crops out in the southeast. Here and in the northwest it has been drilled
in two continuous strips which border the Mesozoic formations from both sides.
The axial zone of the syncline is marked by Jurassic and Cretaceous sediments while
the limbs consist of Triassic rocks which predominate in the Range (Fig. 1). This
picture is well-known in the Bakony Mts. and in the Vértes Hills. Further continua-
tion of the synclinc in the Gerecse Hills, however, has only been suspected, and that
in the Pilis Mts. and Buda Hills has never been assumed.

When we turn to the question of the age of the Bakony syncline we should
mention the following facts: Permian-Neocomian sediments form a continuous se-
quence; the first disconformity appears at the base of the Aptian, and the second,
more expressed discontinuity is observable at the base of the Albian (Fig. 2); the
Senonian complex lies as a posttectonic cover. Consequently, the Bakony syncline
started forming in the Aptian and terminated in the Turonian.

The bending of all structures in the northeast was established by Szentes
[1934], although marks of the structural deviation had already been observed pre-
viously [Schafarzik 1884; Ferenczi 1926]. Instead of gradual bending (Fig. 3),
Wein [1976] assumed a sharp change in strikes (Fig. 4) which occurred in the
Middle Cretaceous. The similar direction of the Senonian dykes discovered in the
last few years on both the straight (Velence Hills) and rotated (Buda Hills) sections
(Fig. 3) confirms Wein’s views on the age of the change in strikes while abundant
field observations on the position and drilling data on the arrangement of Triassic
beds (Fig. 5) support Szentes’s opinion on the gradual bending. There are no data
on separating folding and bending in time. It is important to point out. however,
that in the northeast the thrust structures are bent as well, therefore, they should
also be regarded as Middle Cretaceous in age and cannot be separated from the
fold structures in a genetic sense.

Two aspects of the Tertiary tectonism will be discussed here: (i) the arrange-
ment of sediments and (ii) the displacements along the faults. The general arrange-
ment of sediments of Eocene (Fig. 6) and Oligocéne (Fig. 7) age is almost the same

Fig.l. Geological sketch of the Transdanubian Range. Base map: Fulep [1984] (simplified). Frames of
Figs. 5, 12, 13, 16, 20 and 29 as well as profiles of Figs. 9, 10 and 11 indicated

1 abra. A Dunantlli-kdzéphegység foldtani vazlata. Alaptérkép: Fulep [1984], egyszer(sitve.
Feltlintettik az 5., 12., 13,, 16, 20. és 29. dbra korvonalat, valamint a 9., 10. és 11. 4bra szelvényvonalat.
1— paleozoikum; 2 — tridsz; 3—jura és kréta; 4— paleogén; 5— neogén és kvarter;
6 — a szinklindlis tengelye

Pue. 1. CxemaTuyeckas reonormyeckas kapta 3ajyHainckoro cpefHeropbs, no dwonény
[Fulep 1984], c ynpouweHuamu. O603HaueHbl KOHTYpbl puc. 5 12, 13, 16, 20 1 29, a Takxe
npocgunm puc. 9, 10 11
1 — naneosoil; 2 — Tpuac; 3 — topa umen; 4 — naneos3oii; 5 — HeOreH u
4eTBEPTUYHbIA OTAeN; 6 — OCb CUHKNWHaNM
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Fig. 2. Stratigraphic sketch of the Cretaceous of the Transdanubian Range,
after Csaszar and Haas [1983]

2. &bra. A Dunéantlli-kdzéphegység vazlatos kréta rétegsora, Csaszar - Haas [1983] nyoman.
1— nyilttengeri mészk6; 2— nyilttengeri marga; 3 — partkdzeli marga; 4 — sekélytengeri mészké;
5 — sekélytengeri marga; 6 — lagunalis agyagos marga; 7 — flis; 8 — nyilttengeri iszapké;
9 — sekélytengeri homokkd; 10 — csdkkent sdsvizi és édesvizi széntelepek; 11 — édesvizi homokkd;
12 — bauxit; 13— konkordancia; 14— diszkordancia; 15— facies atmenet; 16 — bizonytalan kapcsolat

Puc. 2. CxemaTuueckas cTpaTurpagmyeckas KonoHka 3afyHaiickoro cpegHeropbs, no
Yacapy u Xacy [Csaszar-H aas 1983]

1 — nenarnyeckue U3BECTHAKWU; 2 — Menarnyeckme meprenn; 3 — npubpexHble
meprenun; 4 — MeNKOBOAHbIE U3BECTHAKN; 5 — MeNKOBOfHbIE Meprenn; 6 — naryHHble
rMUHUCTBIE Meprenun; 7 — (auw; 8 — nenarnuvyeckme aprunanTtel; 9 — MenKOBOJAHbIEe
necyaHukun; 10 — 3anexu CONOHOBATOBOAHbIX VM MPECHOBOAHbIX yrneid; 11 —
NPecHOBOAHblIe NeCYaHWKU; 12 — 6OKCUTbI; 13 — cornacHoe 3aneraHue; 14 —
Hecornacue; 15 — daymanbHblii nepexod; 16 — HescHas CBA3b

Fig. 3. Bending of the Transdanubian Range structures, after Szentes [in Vigh and Szentes 1952.], with
Senonian dykes, after Dudko [1984]. Horvath and Odor [1984], Horvath et al. [1985]. Dykes shown
out of scale but in the correct position

3. &bra. A Dunantili-kdzéphegység szerkezeti hajlata, Szentes [Vigh - Szentes 1952 Jnyoman, szenon
kézettelérekkel, Dudko [1984 ], Horvath-O dor [1984], Horvath et. al. [1985] nyoman.
A teléreket méreten kivill, de helyes csapassal tiintettiik fel. 1— mezozoikum; 2 — paleozoikum;
3 — fels6kréta telérek: a— megfurt, b — feltart

Puc. 3. CTpyKTYpHbIl n3ru6 3agyHaiickoro cpefHeropbs, no CeHtewy [Vigh-Szentes 1952], ¢
CEHOHCKMMU falikamu, no [yako [Dudko 1984], Xopsaty n Ogopy [Horvath-O dor 1984],
Xopeaty u ap. [Horvath et al. 1985]. [laiikm HaHeceHbl BHe MacLiTaba, HO C COXPaHEHUEM

npocTupaHuii
1 — wme3030/1; 2 — mnaneo3oii; 3 — BepxHemenoBble faiikn, a — MO CKBaXWHam, b —
Ha NoBepxHOCTH
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Fig. 4. Break in the structural strikes of the Transdanubian Range, modified after Wein [1977J

4. &bra. A Dunéantali-k6zéphegység szerkezeti csapastorése, Wein [1977] nyoman, mddositva.
1— tektonikus hatér; 2 — feltolédés; 3— eltolédas; 4 — altalanos csapésirany

Puc. 4 CTpyKTypHbIli n3noM 3afyHaiickoro cpegHeropbs, no BeiiHy [Wein 1977], ¢
N3MEHEeHUAMM
1 — TeKTOHWYEeCKUIN KOHTaKT; 2 — B36poc; 3 — cABur; 4 — obLllee npocTupaHme

in spite of an erosional event between them. On the other hand, the Miocene sedi-
ments display a completely different picture (Fig. 8). The displacements along faults
have been analysed by restoring the base of Oligocene or Miocene sequences in
three geological sections (Figs. 9-11). In the situation restored, i.e. after the com-
pensation of post-Oligocene or even post-Miocene (?) displacements, the pre-
Miocene movements seem to have played a subordinate role. Based on this the
Palaeogene tectonism can be regarded insignificant in both aspects: the first re-ar-
rangement of sediements and the first significant displacements only occurred in
the Miocene.

Consequently, two main revolutions took place in the tectonic development of
the Transdanubian Range: 1 — folding+thrusting and bending in the Middle
Cretaceous; 2 — structural re-arrangement in the Neogene. In the further discussion
Middle Cretaceous structures will only be used as markers in the analysis of the

young Tertiary tectonism.



Fig. 5. Subsurface geological map of the northeastern Transdanubian Range. Base maps: Csaszar et al.
[1978], Gidai et al. [1980] Szabo et al [1982).Dips taken from Fulep [1958] Gidai et al. [1980], Jasko
[1957b, 1957c], S61yom [1953], Végh-Neubrandt[l1960). For location, see Fig 1 Frame of Fig. 18 indi-
cated

5. &bra. A Dunantili-kozéphegység EK-i részének aljzattérképe. Alaptérképek: Csaszar et al. [1978],
Gidai et al. [1980], Szabo et al. [1982]. D6lésadatok: Fulsp [1958], Gidai et al. [1980], Jasko [1957b,
1957c], Sé1yom [1953], Véghné [1960] térképérdl. Helyzetét 1 az 1. dbran. Feltlintettiik a 18. dbra
korvonalat. 1—jura és alsokréta; 2-5 — fels6triasz: 2— dachsteini mészkd, 3— mészkd és dolomit,

4 — f6dolomit, 5 — karni marga és kovas rétegek; 6 — kdzépsétriasz diploporas dolomit; 7 — alsoétridsz;
8 — rétegddlés; 9 — képz6dményhatar

1 — TeKTOHWYECKMI KOHTaKT; 2 — B3bpoc; 3 — caBur; 4 — obLee npocTupaHue

Puc. 5. Teonorvnyeckas kKapta ¢pyHaameHTa CB yacTu 3agyHaiickoro cpegHeropbs, no Yacapy
n ap. [Csaszar et al. 1978], mgaun un gp. [Gidai et al. 1980], Ca6o u gp. [Szabé et al. 1982].
JnemMeHTbl 3aneraHua B3aTbl u3 pabot Proncna [Fulsp 1958], Mmgan n gp. [Gidai et al. 1980],
Awko [Jasks 195717, 1957c], LLoiioma [S61yom 1953], BerHe [Véghné 1960]. MonoxeHune cMm. Ha

puc. 1L O6o3HauyeH KOHTyp puc. 18
1 — iopa v HWKHUIA men; 2-5

— BEpXHUI Tpuac: 2 — fAaxWTeRHCKNIA N3BECTHAK, 3 —
M3BECTHAKN W JONOMUTbI, 4 — rNaBHbI LONOMUT, 5 — KapHUiiCKMe Meprenun u
KPEMHWCTble NOPOAbl; 6 — cpefHWii TpUac: AMNNOMNOPOBLIA AONOMUT; 7 — HUKHUIA TpUac;

8 — nageHue cnoes; 9 — reonOrMYecknini KOHTaKT



Fig. 6. Arrangement of the Eocene formations of the eastern Transdanubian Range area. Outcrops taken
from Franyo [1968], Jambor et al. [1966], Szentes [1969],Szentes and Bojtos-Varrék [1964],
Szentes and Rénai [1966]. Boundaries of Eocene formations modified from Bernhardtand Lantos
[1982] and Dudko et al. [1988] using drilling data

6. abra. Eocén képz6dmények elterjedése a Dunantuli-k6zéphegység K-i részén. Kibavasok: Franyo
[1968] Jambor et al. [1966], Szentes [1969],Szentes - Bojtosné [1964], Szentes - Roénai [1966]
nyoman. Eocén képz6dmények hatérai: Bernhardt- Lantos [1982] és Dudko et al. [1988] nyoman,
farési adatok alapjan modositva. 1-2 — a felszinen: 1— eocénnal iddsebb, 2 — eocén képz&dmények;
3-7 —eocén: 3— liledékes kdzetek, 4 — vulkani-lledékes kézetek, 5 — vulkanitok,

6 — vulkanitok foltokban, 7— szubvulkani testek; 8 — f6bb kainozoos térések; 9 — a budai facieshatar

Puc. 6. PacnpocTpaHeHue 30LeHOBbIX 06pa3oBaHMil B B yacTn 3afyHaliCKOro cpefHeropbA.
KoHTYypbl BbIX040B N0 ®paHbo [Franys 1968], AM60py u ap. [Jambor et al. 1966], CeHTewy
[Szentes 1969], CeHTewy u BENTEWHC [Szentes-B 6jtosné 1964], CeHTewwy n PoHau
[Szentes-R 6nai 1966]. KoHTypbl 30LeHOBbLIX 06pa3oBaHnii No BepHxapATy u JlaHToWwy
[Bernhardt-Lantos 1982] n yako v gp. [Dudko et al. 1988], ¢ yToUHeHUAMMN N0 6YpPOBbIM

LaHHbIM
1-2 — Ha nosepxHocTu: 1 — po3oueHOBbie 06pa3oBaHnsd, 2 — 3o0ueH; 3-7 — 3oueH: 3
— 0Caj0uYHble NopoAbl, 4 - BYNKAaHOTeHHO-0CaAO04YHbIe NOPOAbl, 5 — By/nKaHU4Yeckue
nopoasl, 6 — BYNKaHWUTbI B NATHax, 7 — cy6BynKaHMYeckue Tena; 8 — rnaeHeliwune

KailHO30lcKMe pasnombl; 9 — bBypgaiickas aumanbHaa rpaHunua
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Fig. 7. Arrangement and thickness of the Oligocéne formations of
the eastern Transdanubian Range area. Outcrops taken from
Franyo [1968], Jambor et al.[1966] Szentes [1969], Szentes and
Bojtos-Varrok [1964], Szentes and Rénai [1966]. Boundaries of
Oligocene formations modified after Bihari et al. [1978] and
Korpas [1981] using drilling data

7. bra. Oligocén képz&dmények elterjedése és vastagsaga a
Dunéntuali-kdzéphegység K-i részén.

Kibavéasok: Franyé [1968], Jambor et al. [1966], Szentes [1969],
Szén ies-B 6jtosné [1964], Szentes-R 6nai [1966] nyoman.
Oligocén képz&dmeények hatérai Bihari et al.[1978] és Korpas
[1981] nyoman furasi adatok alapjan modositva. 1-2 — a felszinen:
1— oligocénnal id6sebb,

2— oligocén képz6dmények; 3 — f6bb kainozoos tdrések;

4 — a kiscelli agyag formécié Ny-i hatéra;

5 — a budai facieshatar; 6 — az oligocén uledékek vastagsaga

Puc. 7. PacnpocTpaHeHue M MOLLHOCTb O/IMTOLEHOBLIX 06pa-
30BaHuii B B vactu 3agyHaiickoro cpegHeropba. KoHTypbl
BbIXOA0B — Mo ®paHbo [Franys 1968], Am6opy u gp. [Jam-
bor et al. 1966], CeHTewy [Szentes 1969], CeHTewy U BENTEW-
He [Szentes-B 6jtosné 1964], CeHTewy n  PoHau
[Szentes-R 6nai 1966]. KOHTYypbl 01MTOLEHOBbLIX 06pa3oBa-
HUA —no Bbuxapu n gp. [Bihari et al. 1978] n Kopnawy [Kor-
pas 1981] ¢ yTOUHEHMUAMMN MO 6YPOBbLIM AaHHbIM

1-2 — Ha noBepxHOCTW: 1 — poonuroueHoBble o06pa-
30BaHuA, 2 — onuroueH; 3 — rfnaBHelWwmne KaiiHO30MC-
Kne pasfnombl; 4 — 3anafjjHas rpaHuua pacnpocTpaHeHus
CBUTbl KUWLENbCKUX FNUH; 5 — bypaiickaa dauunanbHas
rpaHuua; 6 — MOLWHOCTb ONINTOLLEHOBbLIX OTN0XEHWNI



Fig. 8. Arrangement and thickness of the Lower-Middle Miocene
(Ottnangian-Badenian) formations of the eastern Transdanubian
Range area. Outcrops taken from Franyé [1968] Jambor et al.
[1966], Szentes and Bojtos-Varroék [1964], Szentes and Roénai
[1966]. Boundaries of Miocene formations modified after Bihari
et al. [1978] using drilling data

8. abra. Also-kdzépsémiocén képzédmények elterjedése és
vastagsaga a Dunantuli-kdzéphegység K-i részén. Kiblvasok:
Franyo [1968], Jambor et al. [1966], Szentes [1969], Szentes-
Bojtosné [1964], Szentes-R 6nai [1966] nyoman. Miocén
képz6dmények hatarai Bihari et al. [1978] nyoman, farasi adatok
alapjan médositva. 1-3 — a felszinen: 1— miocénnal idésebb, 2 —
miocén Uledékes képz6dmények, 3 — miocén vulkanitok; 4 —
f6bb kainozoos tdrések; 5— miocén iiledékek vastagsaga

Puc. 8. PacnpocTpaHeHne 1 MOLHOCTb HUXKHE-CPejHeEMMOLLe-
HOBbIX 06pa3oBaHuii B B yacT 3afyHaiickoro cpefjHeropbs.
KoHTypbl BbIX0goB — no ®paHbo [Franys 1968], Amb60opy n
ap. [Jambor et al. 1966], CeHTclwy [Szentes 1969], CeHTewy u
BéNnTéwHe [Szentes-B sjtosné 1964], CeHTewy n PoHan [Szen-
tes-Ro6nai 1966]. KOHTYpbl MWOLEHOBbLIX 06pa3oBaHNini — no
Buxapn u gp. [Bihari et al. 1978], ¢ yTouyHeHusmMn no 6y-
POBbIM flaHHbIM

1-3 — Ha nosepxHocTu: 1 — pomuoLEeHOBble 06pasoBa-
HUA, 2 — MUWOLEHOBbIE OTNOXEHUA, 3 — MUOLEHOBbIE
BY/NKaHWTbI; 4 — rnaBHelilune KalHO30/CKWe pasnombl; 5

— MOLWWHOCTb MUOLLEHOBbLIX OT/IOXEHWUA

PEST

Pre - Miocene formations

Miocene sediments on the surface
Miocene voicanites

Principal Cenozoic faults

Thickness of Miocene sediments
500
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Fig. 9. Geological cross-section of the Iszkaszentgydrgy bauxite deposit (A), after Szantner [1982], and
restoration of the Oligocene/Eocene boundary (B) with minor adjustment (C). For location, see Fig. 1

9. ébra. Az Iszkaszentgyorgyi bauxitel6fordulas foldtani szelvénye, Szantner [1982] nyoman (A), az
oligocén/eocén hatér visszaallitasaval (B) és apr6 igazitasokkal (C). Helyzetét 1 az 1. dbrén
1— tridsz aljzat; 2 — bauxit; 3 — eocén; 4 — oligocén; 5 — pannéniai-kvarter; 6 — torés; 7 — mélyflras

Puc. 9. Feonornyeckuini paspes no 60KCUTOBOMY MeCTOPOXAeHUO cKaceHTabEpAb, NO
CaHTHepy [Szantner 1982) (A), c BOCCTaHOBMEHMEM rpaHuMLbl 0NMroLeHa c soueHom (B) nc
menkumu nonpaskamu (C). MonoxeHne cMm. Ha puc. 1
1 — TpuacoBblil hyHAAMEHT; 2 — 6GOKCUTbI; 3 — 30UEeH; 4 — O/IMTOLEH; 5 —
NaHHOHCKO-4eTBEPTUYHbIE OTNIOXKEHNA; 6 — pas3noMm; 7 — OypoBas CKBaKMHa
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Fig. 10. Geological cross-section of the Many coal deposit (A), after Sas et al. [1977] and restoration of
the Miocene/Oligocene boundary (B) with minor adjustment (C). For location, see Fig. 1

10. a&bra A Manyi k6szénel6fordulas foldtani szelvénye, Sas et al. [1977] nyoman (A) a miocén/oligocén
hatér visszadllitasaval (B) és apr6 igazitasokkal (C). Helyzetét 1 az 1 dbran. | — tridsz aljzat;
2 — eocén; 3 — oligocén; 4 — miocén; 5 — pliocén-kvarter; 6 — torés; 7— mélyfiras

Puc. 10. Teonornyeckuii paspes no yrofibHOMy MeCcTopoXxaeHuto MaHb, no Law u gp. [Sas et
al. 1977] (A), c BOCCTAHOB/NEHWEM rpaHULbl MUOLEHA C onuroueHom (B) u c Menkumm
nonpaskamu (C). MonoxeHune cm. Ha puc. 1
1 — TpuacoBblil hyHAAMEHT; 2 — 30UeH; 3 — ONNTOUEeH; 4 — MWUOLEH; 5 —
NANOLEH-YeTBEPTUYHbIE OTNOXEHUA; 6 — pasnom; 7 — 6ypoBas CKBaXUHa
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i km

1 Triassic

basement Eocene Oligocene Fault 5  Borehole

Fig. 11. Geological cross-section of the Dorog coal deposit (A), after Balint et al. [1984] and restoration
of the Oligocene/Eocene boundary (B) with minor adjustment (C). For location, see Fig. 1

11. &bra A Dorogi készénel6fordulas féldtani szelvénye, Balint et al. [1984] nyoman (A), az
oligocén/eocén hatar visszaallitasaval (B) és apr6 igazitasokkal C). Flelyzetét 1 az 1 abran
1— triasz aljzat; 2— eocén; 3— oligocén; 4 — torés; 5 — mélyfaras

Puc. 11. Meonornyeckmnii paspes no yrofbHOMy MecTopoxaeHuto Lopor, no banuHT u ap.
[Balint et al. 1984] (A), C BOCCTaHOBNEHWEM TFpaHuLbl 0/IMroLeHa ¢ 30LeHOM (B) U c Menkumu
nonpaskamu (C). MonoxeHue cm. Ha puc. 1
1 —TpunacoBblii PyHAaMeHT; 2 — 30uUeH; 3 — onuroueH; 4 — pasnom; 5 — 6ypoBas
CKBaXKMHa
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TECTONIC FEATURES

Synclinal structure
Bending of Mesozoic structures
Tertiary tectonism

AREAS

Bakony Mts.

Vértes Hills

Gerecse Hills

Pilis Mts.

Buda Hills

Balatonfé
Velence area

OBJECTS

syncline axis

Litér thrust
Telegdi-Roth line
Vérpalota depression
Bénta line

Inota line

Iszkahegy block
Bakonykuti thrust
Berhida depression
syncline axis

thrust continuation
Vértessoml6 fault
Triassic strips
Jurrasic-Cretaccous
syncline axis

Cstcs Hill

Cslcs Hill area
Palaeogene in the NE

synclinc axis

Lower Carnian
syncline axis

Buda line

Palaeogene beds
Nagykovacsi fault
granite massif
granite belt

Eocene volcanites
Polgardi depression

Balia - Dudko

A. RfcGIONALTECTONICS

OBJECTS OR EVENTS

Bakony Mts., Vértes Hills

Gerecse Hills, Pilis Mts., Buda Hills
sediment re-arrangement

main faults

B. LOCALTECTONICS

PECULIARITIES

250-70°

SW-NE, southeast-vergent
W-E, dextral strike slip, 4-6 km
W-E, asymmetric trough

W-E, no horizontal offset?
listric fault

overthrust

W-E, dextral strike slip

listric fault

overthrust

wedge-like unit

SW-NE, southeast-vergent
N-S, asymmetric trough
230-50°

in the SE foreground

W-E, sinistral strike slip, 6 km
W-E, gentle arc

complex structure

W-E, gentle arc

Ladinian Diplopora Dolomite
W-E faults, sequence repetitions
W-E faults, strike slips
concentric extension, rejuvenated bending
NW-SE, further bending
elevation towards the SE

strip towards the Cstcs Hill
NW-SE

elevation towards the SE

facies boundary

no horizontal offset
dislocations (compression?)
W-E, dextral strike slip, 14 km
core of a pericline structure
NE-SW, S-shaped strip

W-E, dextral strike slips
SW-NE, asymmetric trough
overthrust along the NW margin

AGE

Aptian-Turonian
pre-Senonian
Miocén
Neogene

AGE

Aptian- Turonian
Aptian-Turonian?
Lower-Middle Miocene
Aptian-Turonian
Lower-Middle Miocene
Middle Miocene
Aptian-Turonian
Lower-Middle Miocene
Middle Miocene

Aptian-Turonian
Lower-Middle Miocene

Aptian-Turonian
Aptian-Turonian
Aptian-Turonian

Tertiary
Tertiary
Aptian-Turonian
Tertiary

Aptian-Turonian
pre-Eocene
Palaeogene

Neogene

Lower-Middle Miocene
Middle Miocene

Table I. Selected data on the tectonics of the Transdanubian Range

/. tablazat. Véalogatott tektonikai adatok a Dunantuli- kdzéphegységhél

Ta6nuua l. BbIGOPOUHbIE AaHHbIE N0 TEKTOHUKE 3ayHANCKOro cpejHeropbs
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2.2. Local tectonicfeatures in the Transdanubian Range

Local tectonic features will be discussed (see Table I, B) separately for
orographical units (= Mts. or Hills). In the Bakony Mts. the axis of the syncline
strikes in a 250-70° direction (Fig. 1). Along the southern limb of the whole
Bakony syncline or, more exactly, along the Balaton Highlands, a thrust-slice struc-
ture is traceable.

Recently Mészaros [1980a, 1980b, 1982, 1983, 1985; Mészaros and Téth
1981] called attention to transverse strike-slip faults in the Bakony Mts. The most
important fault of this type is, undoubtedly, that first described by Telegdi Roth
[1935: the Bakonybél-Véarpalota line] and now known as the Telegdi-Roth line’
(Fig. 12). It is traceable from the west over a distance of 40 km up to the Varpalota
depression — which is the best studied Miocene depression in Hungary.

Fig.12. A fragment of the geological map of the Bakony Mts., after Csaszar et al. [1985], with the
Telegdi-Roth line, subdivision of the Aptian-Cenozoic omitted. For location,
see Fig. 1 Frames of Fig. 13. and profile of Fig. 14. indicated

12 4&bra Részlet a Bakony-hegység foldtani térképéhdl, Csaszar et al. [1985] nyoman, a Telegdi-Roth
vonallal; elhagytuk az apti-kainozoos képz6dmények felosztasat. Helyzetét 1 az 1 abran. Feltlintettiik a
13. 4bra korvonalat és a 14. dbra szelvényvonalat. 1— apti-kainozoikum; 2 —jtra-neokom;

3-5 — felsétriasz; 3 — dachsteini mészkd, 4 — fédolomit, 5 — karni marga; 6 — kdzépsétriasz;
7 — alsétriasz; 8 — kiblvas; 9 — torés; 10— foldtani szelvény; 11 — képz&dményhatér

Puc. 12. ®parmeHT reonornyeckoil KapTbl BakoHbCKuX rop, no Yacapy u gp. [Csaszar et al.
1985], c 0603HaueHueM nuHUKM Tenergu-PoTa; pacuseHeHWe anTCKO-KaiHO30MCKNX
OTNOXEeHUN ynyueHo. MonoxeHune cM. Ha puc. 1. O603Ha4YeHbl KOHTYp puc. 13 n npodunb

puc. 14
1 — anT-kallHO301; 2 — topa-HeoKoM; 3-5 — BepxHUil Tpuac: 3 — pAaxWTeRHCKKUiA
N3BECTHAK, 4 — TrNaBHbI JONOMUT, 5 — KapHuiickue meprenun; 6 — cpeaHuii Tpuac; 7
— HWXKHWIA Tpnac; 8 — BbIXOAbl Ha MOBEPXHOCTb; 9 — pasnom; 10 — reonoruyeckunii

paspes; 11 — reoflorMyecknini KOHTaKT
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While in the Bakony Mts. proper the straight shape of the Telegdi-Roth line
implies strike-slip origin and the dextral offset can be estimated to be 4-6 km (see
Fig. 12), in the western Vérpalota depression no offset is suspectable along the
Banta line which continues the Telegdi-Roth line towards the east. Further in this
direction the Inota line appears somewhat southerly. Along it, the arrangement of
pre-Cenozoic formations implies a dextral offset of about 3 km (Fig. 13A). Align-
ment of the Banta and Inota lines, however, is impossible without assuming sig-
nificant displacements or deformations in the zone between them. Just here ends
the wedge-like Iszka block which seems to be rotated anti-clockwise relative to the
surroundings. Compensation of this rotation and of the dextral offset along the
Inota line (Fig. 13B) results in the alignment of the Balaton Highlands thrust struc-
ture with that at the back of the Iszka block [RAINCSAK 1980], i.e. in the absence of
any strike-slip displacement along the Banta line. In the resulting picture the Inota
line is not the continuation of the Banta line, and these lines are divided by the
western end of the Iszka wedge.

The situation restored (Fig. 13B) means that the 4-6 km dextral offset along

the Telegdi-Roth line s.s. (see Fig. 12) disappears in the western Varpalota depres-
sion, most probably merging in thrust structures which accompany the Litér-
Bakonykauti thrust zone from the northwest. In other words, this remaining (after
the restoration) strike-slip displacement is synchronous with the overthrusts along
the southern limb of the Bakony syncline and it most probably occurred in the Mid-
dle Cretaceous. The Inota line situated beyond (i.e. east of) the thrust-slice struc-
ture seems to have arisen much later than the Telegdi-Roth-Banta line, in connec-
tion with the removal of the Iszka wedge.

Fig. 13. The Varpalota depression and its surroundings. For location, see Figs. 1or 12
A) Subsurface geological map of pre-Tertiary complexes. Base maps: for exposed areas, Csaszar et al.
[1985], for covered areas, Raincsak [1980]
B) Situation after the restoration of the Iszka wedge. Northeastern Bakony Mts. left undeformed, and in-
significant sinistral offsets not compensated

13. &bra. A Varpolatai-medence és kdrnyezete. Helyzetét 1 az 1. vagy 12. b abran
A) A harmadiddszak-el6tti képz6dmények felszinének foldtani térképe. Alaptérképek: kiblvasi
korzetekre - Csaszar et al. [1985], fedett terliletekre - Raincsak [1980]. 1-3 — fels6tridsz:
1— dachsteini mészké, 2 — f6dolomit, 3— karni marga; 4 — kozépsébtriasz; 5 — alsétriasz; 6 — perm;
7— metamorf aljzat; 8 — ismeretlen aljzat; 9 — képzédményhatar; 10 — feltol6das; 11 — torés;
12 — kibavas; 13 — mélyfiras;
B) Az Iszkahegyi-ék visszadllitasa utani allapot. A Bakony EK-i részét nem deformaltuk s a kisméret(i
balos elmozdulasokat nem kompenzaltuk. 1— &tfedés a rekonstrukciéban; 2— az A abra kerete, eltolva

Puc. 13. BapnanoTaiickas BnaguHa 1 ee OKpecTHOCTMW. MonoxeHue cMm. Ha puc. 1 umm 12b

A) Feonorunyeckas KapTa MOBEPXHOCTW AOTPeTUYHbIX 06pa3oBaHmnii, no Yacapy v ap.

[Csaszar et al. 1985] ona o6HaXeHHbIX palioHOB M no PaliHuaky [Raincsak 1980] - ans
nepeKkpbITbIX

1-3 — BepxHUil Tpuac: 1 — paxwTelHCKNIA N3BECTHSAK, 2 — T/aBHbI AONOMUT, 3 —
KapHuiickue meprenn; 4 — cpefHuin Tpuac; 5 — HUXHUIA Tpuac; 6 — nepmb; 7 —
mMeTaMopuyecknii hyHAaMeHT; 8 — HeW3BECTHbI hyHAaMeHT; 9 — reonornyeckuii
KOHTakT; 10 — B36poc; 11 — pasnom; 12 — obnacTb BbIX0LOB; 13 — OypoBas CKBaXXUHa

B) CwuTtyauus nocne BoccTaHoBAeHUA Mckaiickoro knmHa. CB yacTb BakoHbCKMUX rop
ocTaBfeHa 6e3 gehopmaunii, Menkme NeBOCTOPOHHME CMELLEHUS He CKOMMEHCUPOBaHbI
1 — nepekpbITUE B PEKOHCTPYKLUN; 2 — KOHTYP puc. J1 B CMeLeHHOM MOJI0XEHUN
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Along both the Banta and Inota lines subsidence and overthrust in the Miocene
occurred [KOKAY 1956, 1968, 1976, 1985j. kokAY [1976] related the Miocene sub-
sidence to the ,,downthrust” (Fig. 14) but the same factual material allows us to con-
nect subsidence with lystric faults and to relate overthrust to its termination
(Fig. 15). Overlaps in the situation restored (Fig. 13B) indicate that the extension
and subsidence in the Varpalota depression were due to the removal of the Iszka

Fig. 14. Geological section across the Inota line, first version. For location, see Fig. 12
A) Present situation, after Kokay [1976]
B) Situation after the rigid compensation of thrusts; Badenian deposits on elevated block as well as Sar-
matian and Pannonian sediments omitted

14. 4bra. Foldtani szelvény az Inotai-vonalon &t, els6 valtozat. Helyzetét 1 a 12. abran
A) Mai allapot Kékay [1976] nyoman
B) A ratol6dasok merev visszaallitsa utani allapot; elhagytuk a szarmata és a pannon, valamint - a
kiemelkedésekr6l - a badeni tledékeket. 1— pannon; 2 — szarmata; 3— felsébadeni; 4 — als6badeni;
5 — kérpati; 6 — ottnangi; 7 — alséottnangi; 8 — eocén; 9 — tridsz; 10 — sztratigrafiai hatar;
1 — torés; 12 — mélyfaras

Puc. 14. Teonornyeckuniti paspes yYepes MIHOTalicKyt0 NUHWUIO, BapuaHT nepBblid. M010XeHUE CM.
Ha puc. 12
A) CoBpeMeHHas cuTyauus, no Kokain [Kékay 1976]
B) CwuTyaLms nocne >XecTKoro BOCCTaHOBEHMA B36POCOB; CapMaTCKMe M MaHHOHCKUC, a ¢
NOAHATUN W BafleHCKME OTNOXEHUA YNyLLeHbl

1 — naHHOHCKME OTNOXEeHUs; 2 — capMaTCKue OTNOXeHUA; 3 — BepxHebajeHCKue
OTNOXEHUA; 4 — HMXKHebaJeHCKMe OTNOXeHNA; 5 — KapnaTCKue OTN0XeHus; 6 —
OTTHAHICKNe OTNOXEHUA; 7 — HUXHEOTTHaHICKMe OT/IOXeHUsd; 8 — 30UeH; 9 —
Tpnac; 10 — cTpaTurpamyeckunii KOHTaKT; 11 — pasnom; 12 — 6ypoBas CKBaXuHa



Fig 15. Geological section across the Inota line, second version. For legend, see Fig. 14
A) Present situation in our interpretation. All data are the same as in Fig. 14. Insert in the bottom right
angle of C indicated
B) Situation after the rigid compensation of thrusts; Sarmatian and Pannonian sediments omitted
C) Situation after the rigid compensation of the subsidence along listric faults; Lower Badenian deposits
on elevated blocks as well as Upper Badenian sediments omitted. Insert demonstrates the style of the
present complex structure of the tectonic zone

15. abra. Foldtani szelvény az Inotai-vonalon at, masodik valtozat. Jelkulcs a 14. abran
A) Mai éllapot sajat értelmezésiinkben. Minden adat ugyanaz, mint a 14. dbran. Felt(intettiik a C jobb
als6 sarkaban levd kivagat kdrvonalat
B) A ratol6dasok merev visszaallitdsa utani allapot; elhagytuk a szarmata és pannon tledékeket
C) A lisztrikus torések menti besiillyedés merev visszaéllitasa utani allapot; elhagytuk a felsébadeni,
valamint — a kiemelkedésekr6l —az als6badeni ildedékeket. A kivégat a tektonikus 6v mai bonyolult
szerkezeti jellegét mutatja be

Puc. 15. Teonorunyeckunii paspes yepes MHOTANCKY NMHUIO, BapuaHT BTOPOI. Y CNIOBHbIE
0603HayYeHunsa cM. Ha puc. 14
A) CoBpeMeHHasa CUTyauusa B Halleil nHTepnpeTauuun. Bce gaHHble Te e, YTO W Ha puc. 4.
O603Ha4yeH KOHTYp Bpe3Ku B NpaBoM HUXHem yrny C
B) Cutyaumsa nocne XecTKOro BOCCTaHOBNEHUSA B36POCOB; capMaTCKue M MaHHOHCKMKe
OTNOXEHUS YNYLLEHbI
C) CwuTyauusa nocne XecTKOro BOCCTaHOBMEHNA ONYCKaHW BAONb NNCTPUYECKNX COPOCOB;
BepXxHebafleHCKMe, a C NOAHATUIA N HKHebaJeHCKMe OTNOXeHUS ynyuieHbl. Bpeskoii
[EMOHCTPUPYETCH CNOXHOCTb COBPEMEHHOW CTPYKTYpPbl 30HbI pa3nomMoB
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wedge. The Berhida depression south of the Varpalota depression may have been
generated during the same process due to the deformation of the areas situated
south of the Iszka block (see overlaps here in Fig. 13B).

In the Vértes Hills the axis of the syncline strikes in a 230-50° direction (Fig. 1)
manifesting 20° anticlockwise rotation relative to the Bakony Mts. We link this rota-
tion with that of the Iszka Block (see Fig. 13B) and conclude that the rotation
boundary between the Bakony Mts. and Vértes Hills separates the Iszka block from
the Bakony Mts.

Restoration of the Iszka-Vértes block relative to the Bakony Mts. (Fig. 16) re-
quires gradual deviation of the eastern ending of the latter and compensation for
the extension within young wedge-like depressions. This allows us to connect the
generation of these depressions with the Vértes rotation. In the situation restored
the Litér-Bakonykiti thrust continues towards the east. Its further continuation
is to be expected beneath the southern foreland of the Vértes Hills towards the
northeast.

The geological boundary of the Gerecse Hills with the Vértes Hills is traceable
along the Vértessomld fault which manifests sinistral displacement of about 6 km
(Fig. 5). The general picture of the strata dips as well as the arrangement of Triassic
lithological units outlines a gentle structural bend while the distribution of Jurassic
and Lower Cretaceous formations displays a complex picture (Fig. 5) as in the
Bakony Mts. As yet there is no tectonic interpretation. In the first approximation,

Fig. 16. Bakony-Vértes junction area and its surroundings. For location, see Fig. 1. Frame of Fig. 13
indicated
A) Subsurface geological map of pre-Tertiary complexes. Base maps: for exposed areas, Csaszar et al.
[1985], for covered areas, Raincsak [1980]. ‘Csakber. depr.” = Csakberény depression
B) Situation after the restoration of the VVértes Hills. Northeastern Bakony Mts. deformed and even insig-
nificant sinistral offsets compensated

16. abra. A Bakony és a Vértes csatlakozasi 6ve és annak kornyezete. Helyzetét 1 az 1 &bran.
Feltuntettik a 13. 4bra korvonalat
A) A harmadidészak el6tti képz6dmények felszinének foldtani térképe. Alaptérképek: kibavasi
korzetekre - Csaszar et al. [1985], fedett terlletekre - Raincsak [1980].
1—jura-neokom; 2-4 — fels6triasz: 2 — dachsteini mészk8, 3 — fédolomit, 4 — karni marga;
5 — kozépstdridsz; 6 — alsétriasz; 7— perm; 8 — metamorf aljzat; 9— ismeretlen aljzat; 10— kiblvas;
11 — bauxittelep; 12 — képz&dményhatar; 13 — feltol6das; 14— torés; 15— mélyfuiras.
B) A Vértes visszaallitasa utani allapot. A Bakony EK-i részét deformaltuk s még a kisméretii balos
elmozdulésokat is kompenzaltuk. 1- atfedés a rekonstrukcidban; 2 - az A abra kerete, eltolva

Puc. 16. CouneHeHne BaKOHbLCKMUX W BepTelICKMX Top M ero OKpPecTHoCTu. NMonoXxeHne cM. Ha
puc. 1. O603HayYeH KOHTYyp puc. 13
A) Teonornyeckas kapTa NOBePXHOCTU JOTPeTUYHbIX 06pa3oBaHuii, no Yacapy u.ap.
[Csaszar et al. 1985], gns 06HaXeHHbIX paiioHOB U no PaiiHuaky [Raincsak 1980] - gns
nepeKkpbITbIX
1 — lopa-HeoKoM; 2-4 — BepxHuWii Tpmac: 2 — [axWTeAHCKUIA U3BECTHAK, 3 —
rnaBHbIA JONOMUT, 4 — KapHUiickne meprenn; 5 — cpegHuii Tpuac; 6 — HWXKHWIA TpKac;
7 — nepmb; 8 — meTamopUUeCKUiA DyHAAMEHT; 9 — HEW3BECTHbI PyHAaMeHT; 10 —
o6nacTb BbIX0AoB; 11 — 6OKCMTOBaA 3anexb; 12 — reonornyecknii KOHTakT; 13 —
B36poc; 14 — pasnom; 15 — 6ypoBas CKBaXKuHa
B) Cutyauusa nocne BocctaHoBneHMa BepTewckux rop. CB yacTb bakoHbCKMX rop
feopmupoBaHa, 1 faxke HebobLIMe NEBOCTOPOHHME CMeLLeHUS CKOMMEHCMPOBaHbI
1 — nepeKkpbITUE B PEKOHCTPYKLUMN; 2 — KOHTYP pUC. A B CMELeHHOM MOJI0OXKEHUN
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Jurassic and Lower Cretaceous turn towards the north apart from the gentle Trias-
sic bend indicating an S-shaped bend of the axis of the syncline. This would be ex-
plainable by assuming sinistral strike slips (Fig. 17). Because of the complexity of the
superimposed young structure and absence of any structural markers the W-E
directed strike-slip faults can only be suspected in an indirect way (see below).

©

Fig. 17. Sketch to illustrate origin of the situation in
the western Gerecse Hills

17. abra. A nyugatgerecsei rajzolat keletkezési vazlata

Puc. 17. Cxema BO3HWUKHOBEHWUA CTPYKTYpPHOTO
pucyHka B 3 yactu epeyelickux rop

In the southeast, Cslcs Hill (Fig. 18A) is built up of dolomite which has been
regarded as Ladinian Diplopora Dolomite on the basis of all direct investigations
[Oravecz 1961; Vegh-Neubrandt 1981] but assumed to be Carnian Main
Dolomite on the basis of regional considerations (CSAszAR et al. 1978; szabos et al.
1982]. West of Csucs Hill, Gord Hill is built up of Main Dolomite with Carnian
fauna [vicH 1914]. Bituminous limestone debris on the southern slope has been
thought to have originated from the base of the Carnian [Oravecz 1961]. The
sparse network of the boreholes west and north of Cstcs Hill allows us to assume
the continuation of the Lower Carnian horizon in this direction, i.e. between Goéré
Hill and Csucs Hill as is expected on the basis of stratigraphic considerations if the
dolomite of Csucs Hill is really Ladinian in age (Fig. 18B). Configuration of the
strips composed of Lower Carnian beds south of Cstcs Hill (Fig. 18A) would be ex-
plainable by assuming large offsets (Fig. 18B) which may equally be due to sinistral
displacements, south-dipping normal faults or south-vergent overthrusts. Similar
displacements would serve as an explanation for the appearance of Ladinian beds
again in the north, on csucs Hill (Fig. 18B). Finally, Lower Carnian beds are trace-
able towards the west along the southern marginal fault in boreholes and do not
wedge out in this direction.

In the northeast, mostly Palaeogene sediments of increased thickness are
developed while Triassic and Jurassic crop out in small ranges striking in a W-E
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direction. The whole area transitional to the Pilis Mts. is mostly covered by
Palaeogene sediments. This may be due to the concentric extension along the exter-
nal zone of the structural bend (Fig. 19). Hence, the curvature of the bend of
Mesozoic structures, which arose in the Middle Cretaceous (see 2.1.), in the area
discussed probably increased in the Cenozoic, and this resulted in the break-up of
the Transdanubian Range between the Gerecse Hills and Pilis Mts. In the Pilis Mts.
further bending of all structures is observable (Fig. 20). North of the wide Norian
(partly Rhaetian?) Dachstein Limestone strip, older (Carnian) sediments crop out.
They possibly form the opposite limb of a syncline. Jurassic in the core of the
syncline only occurs in the northwest probably indicating uplift of the axis in a SE
direction. In the south, beyond the strip of the Carnian (partly Norian)? Main
Dolomite, a deeper — in a stratigraphic sense — horizon of bituminous limestone
(lowermost Carnian: weIN 1977) crops out in small exposures. In the west-
northwest direction the Lower Carnian strip may be continued just towards the
northern foreland of Cstcs Hill.

In the Buda Hills the structural rotation relative to the Bakony Mts. extends
90° clockwise (Fig. 20). In a SW-NE direction, across the whole Buda Hills a sharp
Palacogene facies boundary (see in Fig. 6) is traceable. Northwest of this have
developed continental, lagoonal and shallow-marine deposits while southeast of it
there are basinal sediments. This is a facies boundary that has long since been well-
known. HORUSITZKY [1943] explained it in terms of a southvergent Palaeogene
overthrust which divides different facies types of the Triassic. Szentes [1958] and
WEIN [1976,1977] presented geological maps for the Buda Hills which differ only in
detail and agree in the absence of indications of significant displacement of the Tri-
assic along the Palaeogene facies boundary. Moreover, Wein interpreted bound-
aries of the latter as facial transitions with no tectonics along them. Nevertheless, a
large strike-slip along this boundary (‘Buda line’) is supposed [BALDI 1982; BALDI
and BALDI-BEKE 1985]. This concept, however, lacking new geological maps and
ideas concerning the structure of the Triassic is not convincing.

The arrangement of Middle and Upper Triassic sediments points to the exist-
ence here of a large syncline with an axis which strikes in the NW-SE direction and
elevates towards the southeast (Fig. 20). This elevation is recorded in the arrange-
ment of Triassic beds in the bottom of the Palaeogene depressions (fragments of
Palaeogene sediments have often been preserved here at high altitudes), i.e. it is
pre-Eocene in age. In the same SE direction the Palaeogene beds become more dis-
turbed, their dips frequently achieving 30-40° which sharply contrast with the usual
3-5° dips in the northwestern foothills of the Bakony Mts., Vértes and Gerecse
Hills and even east of the latter. Disturbance of Palaeogene beds reflects, perhaps,
post-Palaeogene compression which was responsible for the rejuvenated elevation
of the area.

Along the northern margin of the Nagykovéacsi basin in the north, a west-east
striking fault borders these structures. Along this Nagykovécsi fault, the Norian
Dachstein Limestone in the core of the Buda syncline contacts with the Ladinian
Diplopora Dolomite. Various contours of the Ladinian dolomite have been
presented (Fig. 21) but when regarding the spatial distribution of Diplopora (see
Figs. 21B and D) and the general structural situation, one finds Szentes’s version
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Fig. 19. Sketch to illustrate concentric extension in the northeastern Transdanubian Range

19. 4bra. A Dunantuli-kézéphegység EK-i részén fellép6 koncentrikus tagulés vazlata

Puc. 19 Cxema BO3HWKHOBEHWS KOHLEHTPUYECKOT0 pacTsxeHus B CB yacTu 3agyHalickor o
cpefHeropbs

Fig. 18. Geological structure of the southeastern foreground of the Gerecse Hills. For location, see Fig. 5
A) Subsurface geological map, after Szabo et al. [1982], simplified (the network of faults omitted) and
completed by drilling data not used in constructing the map and by indication of Ladinian dolomite of

Csucs Hill (Cs incircle in the map) and of Lower Carnian beds on the southern slope of Géré Hill
(G incircle in the map), both after O ravecz [1961]
B) Structural interpretation of data presented. Note: In most cases Main Dolomite (Carnian) and
Diplopora Dolomite (Ladinian) have not correctly been distinguished in boreholes

18. dbra. A Gerecse DK-i el6terének foldtani szerkezete. Helyzetét 1 az 5. 4bran
A) Aljzattérkép Szabé et al. [1982] nyoman, egyszer(sitve (a toréshald elhagyva) és az eredeti térkép
szerkesztésében nem hasznalt flrasokkal, valamint a Cslcs-hegy (a térképen Cs kérben) ladini
dolomitjaval és a Goré-hegy (a térképen G korben) D-i lejtéjének alsdkarni képz6dményeivel
(mindkett6 O ravecz [1961] nyoman) kiegészitve

B) A bemutatott adatok szerkezeti értelmezése. Megjegyzés: az esetek tébbségében bizonytalan a (karni)

fédolomit és a (ladini) diploporas dolomit elkiilonitése a farasokban. 1— karni-néri: f6dolomit;
2 — alsékarni: mészkd, marga, kovas dolomit; 3 — ladini: diploporas dolomit; 4 — kiblvas;
5 — szerkesztett hatar (A); 6 — sztratigrafiai hatar (B); 7— f6vetd;
8 — az A térkép hatéarainak szerkesztéséhez felhsznalt mélyfarasok; 9-1 it — tovabbi, dolomitot (9), ill.
mészkdvet vagy margat (10) harantolt flrasok

Puc. 18. Feonoruyeckas cTpykTypa tOB thopnaHga epeyeiickux rop. MonoxeHune cM. Ha
puc. 5
A) Teonoruveckas kapta pyHgameHTa, no Cabo un ap. [Szabo et al. 1982], ¢ ynpouieHuamm
(ceTb pa3nomoB ynylueHa), 40NONHEHHAA CKBAXWHaMWU, He UCNO/b30BAHHbLIMU MpK
COCTaBNeHUN MePBMYHON KapThl, a TakXKe AONOMWTaMU NafMHCKOTO Apyca Ha rope Yyu (Ha
KapTe —Cs B KPY>KO4Ke) M NOPOAaMN HMKHEKAPHUIACKOTO MOABAPYCA HA HOXKHOM CKIOHE
ropbl Fope (Ha KapTe GB KpYyXO0U4Ke), B 060Mx cfyyasx, no gaHHbiM OpaBeua [Oravecz 1961]
B) CTpyKkTypHas nHTepnpetauns npeacraBieHHbIX AaHHbIX. [puMedvaHue: pasfeneHue
[0NOMUTOB Ha AMNNONOPOBbLIE (NaAUHCKWUE) U FNaBHble (KapHWiliekne) no CKBaXnHam B
60NbLINHCTBE CNYyYaeB He HAfEeXHO
1 — KapHWIiCKWiA 1 HOPWIACKMIA sipyca: TNaBHbIA AONOMUT; 2 - HWXKHEKApPHUIACKUIA
NoAbAPYC: U3BECTHAKW, MEPrenun, KpeMHUCTbIe AONOMUTLI; 3 — NagUHCKUA apyc:
[MNNOMNOPOBbLIA A0NOMUT; 4 — 06nacTb BbIXOA0B; 5 — OTCTPOEHHbIN reonornyeckuii
KOHTaKT (A); 6 — cTpaTurpaduyeckunii KoHTakT (B); 7 — rnaBHbIii c6poc; 8 — 6ypoBble
CKBaXXWHbl, UCNOMb30BaHHbIe B COCTaBNeHUMN KapTbl A; 9-10 — panbHeilne CKBaXMUHbI,
BCKpbIBLWIME A0n0MUTHI (9) unn meprenu (10)
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(Fig. 21C) most acceptable (see Fig. 20). The sharp stratigraphic change is accom-
panied by a sharp change in the general strike direction (Fig. 20), both of them sug-
gesting large-scale dextral displacement along the Nagykovécsi fault (Fig. 22). The
offset along it is estimated to be 14 km, and the axis of the Buda syncline seems to
be the westerly displaced continuation of the axis of the Pilis syncline.

The Balatonf6-Velence area in the south is the only area with fundamentally
new factual material [Duako 1988a, 1988b], Carboniferous granites exposed in the
Velence Hills are limited in the east and form the core of a periclinal structure
(Fig. 23) which involves Palaeozoic, Permian, Lower and Middle Triassic forma-
tions. At the same time, granites are traceable in boreholes a long way towards the
southwest forming a continuous belt which is of characteristic S-shape on the map
(Fig. 23). Gentle bending even of the granite body of the Velence Hills is
presumably based on the change of the Late Eocene (to Early Oligocéne?)
palaecomagnetic directions (Fig. 24).

The Eocene volcano-sedimentary formation east and south of the Velence
Hills is displaced by west-east directed dextral strike-slip faults (Fig. 23). North,
west and southwest of the Velence Hills, occurrences of this formation are
restricted to narrow and deep depressions whose stratigraphic columns are easy to
correlate (Fig. 25); therefore, they may have been separated due to later move-
ments.

Miocene sediments fill in the deep and narrow Polgardi depression which fol-
lows the rotated section of the Balaton-Velence granite belt. The reflexion seismic
profile across it and the borehole columns (Fig. 26) reveal structure and stratig-
raphy close to those of the Varpalota depression (Fig. 15A). Consequently, the his-
tory of the basin formation was probably the same (see Figs. 15B-C). On the basis
of this similarity uniform kinematics (Fig. 27) can be supposed for the whole
Balatonfé-1szka area in which all Cenozoic basins are related to the Vértes rota-

Fig. 20. Subsurface geological map of the Pilis Mts. and Buda Hills constructed using Balogh’s [1961],
Ferencz’s [1953], Heged(is’s [1951], Sikabonyi’s [1952], Szentes’s [1958] and Wein’s [1977] maps and
drilling data. For location, see Fig. 1. Frame of Fig. 21 indicated

20. &bra. A Pilis- és a Budai-hegység aljzattérképe Balogh [1961], Ferencz [1953]. Heged(is [1951],
Sikabonyi [1952], Szentes [1958] és Wein [1977] térképei nyoman, farasi adatok felhasznalasaval
szerkesztve. Helyzetét 1 az 1. dbran. Feltiintettiik a 21. 4bra kérvonalat. 1— jara és alsékréta;
2-4 — fels6triasz: 2 — dachsteini mészkd, 3 — fédolomit, 4 — kovas és bitumenes rétegek;

5— diplop6réas dolomit (ladini); 6 — rétegdélés; 7— térképezett képzédményhatar;

8 — kovetkeztetett képz6dményhatar; 9— az értelmezés hatara; 10— paleogén facieshatar

Puc. 20. Feonoruyeckas kapta yHfameHTa Bygaickux n MUANLLCKUX Top, N0 faHHbIM
Banora [Balogh 1961], ®epeHua [Ferencz 1953], Xereawowa [Hegedis 1951], LUnKa60HbM
[Sikabonyi 1952], CeHTelua [Szentes 1958] u BeiiHa [Wein 1977] u ¢ ncnonb3oBaHneM 6ypoBbIX
LaHHbIX. MonoxeHue cMm. Ha puc. 1. O603HavYeH KOHTYp puc. 21
1 — opa M HUXHBbIA Men; 2-4 — BepxHWIA Tpuac: 2 — p[axXWTeRHCKUIA U3BECTHAK, 3 —
rNaBHbI AONOMUT, 4 — KpPeMHUCTble U GBUTYMWUHO3HbIe MOPOAbl; 5 — AWNNONOPOBLIiA
[ONOMUT (NafWMHCKWIA); 6 — nafeHue cnoes; 7 — OTKAaPTUPOBAHHbIN Fe0N0TNYeCcKuii
KOHTaKT; 8 — npejAnonaraeMblil reonorn4yecknii KOHTakT; 9 — KOHTYp WHTepnpeTauum;
10 — caumanbHas rpaHuua naneoreHoBoro sospacra
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Fig. 21. Versions of the geological map of the north-western Buda Hills. For location, see Fig. 20

21. ébra. Valtozatok a Budai-hegység ENy-i részének féldtani térképére. Helyzetét 1 a 20. &bran.
1— diplopora leletek; 2 — rétegd6lés; 3— kainozoikum; 4 — dachsteini mészkd; 5 — mészkd és
dolomit; 6 — fédolomit; 7— bitumenes marga; 8 — dolomit &ltalaban; 9 — diplopdras dolomit

Puc. 21. BapuaHTbl reonornyeckoit kaptel C3 yacTu Bypaiickux rop. MonoxeHue cMm. Ha

puc. 20
1 — nNyHKTbl HaxofoK Agunnonop; 2 — najeHue cnoes; 3 — KaillHo30M; 4 —
[axXWTeRHCKNA N3BECTHAKN; 5 — W3BECTHAKW W JONOMUTbI; 6 — rNaBHbIA JONOMUT; 7 —

GUTYMUHO3HbIE Meprenu; 8 — A0NOMUTLI BoOGLe; 9 — AUMAONOPOBLIA AONOMUT
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Fig. 22. The Nagykovécsi fault. Schematic subsurface geological map. Simplified from Fig. 20

22. &bra. A Nagykovacsi-torés. Vazlatos aljzattérkép: a 20. dbra egyszerdisitett valtozata.
1—jlra; 2 — néri dachsteini mészkd; 3 — karni fédolomit; 4 — alsékarni kovas és bitumenes rétegek;
5 — ladini diplopdrés dolomit; 6 — képz6dményhatér; 7 — torés; 8 — a szinklinalis tengelye;

9 — mélyfiras
Puc. 22. HagbkoBauyuHCKU pa3nom. CxemaTuyeckas reoformyeckas Kkapta yHpameHTa:
YNPOLLEHHbIA BapuaHT puc. 20
1 — 1opa; 2 — HOpUIACKMIA ApycC: AaxWTEAHCKUIA N3BECTHSAK; 3 — KapHUUCKMIA sipyc:
rNaBHbI JONOMUT; 4 — HUXKHEKAPHWIACKUIA NOAbAPYC: KPEMHUCTbIE U BUTYMUHO3HbIE
OTNOXEeHNA; 5 — naguHCKWIA Apyc: AUNNONOPOBbLIA AONOMUT; 6 — Te0nornyeckui
KOHTaKT; 7 — pasnom; 8 — 0Cb CUHKNMHanu; 9 — 6ypoBas CKBaXuHa

dort. The filling of the Mdr and Csakberény depressions is of Late Oligocene or
Early Miocene age, and the subsidence was of subsequent type (see Fig. 26). The
filling of the Véarpalota, Berhida and, probably, Polgérdi depressions is of Ottnan-
gien-Badenian age, and the subsidence was of synchronous type (see Fig. 15). Com-
pression, as a later event, was probab'y independent of the rotation.

2.3. Summary of the tectonics

Previously, the old (Middle Cretaceous) synclinal structure of the
Transdanubian Range was only clear in the west (Bakony Mts. and Vértes Hills).
On the basis of the arrangement and position of Triassic and Jurassic beds, this
syncline has been traced through the Gerecse Hills and Pilis Mts. into the Buda
Hills, and the bending of this syncline together with associated thrust structures has
been cleared up in accordance with Szentes’s [1934) ideas [ViGH and Szentes
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1952]. Analysis of the disturbances in the general picture has led to the discovery of
young rotations and large-scale strike-slip displacements in both directions. The
Tertiary age of these movements is supported by considerations on the regional tec-
tonics of the Transdanubian Range and by direct observations in the Balatonfd-
Velence area.

Formerly, faults of NW-SE and SW-NE directions were regarded most impor-
tant, and N-S striking faults were assumed to play an additional role in the Gerecse
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Fig. 23. Subsurface geological map of pre-Miocene formations of the Balatonf6-Velence area, after
Dudko et al. [1988], modified and completed. Frames of Figs. 24 and 27, boreholes in Fig. 25 and profile
of Fig. 26 indicated

23. abra. A Balatonfé-Velence kdrzet miocén el6tti képz6dményeinek térképe, D udko et al. [1988]

nyoman, maddositva és kiegészitve. Feltlintettiik a 24. és 27. dbra kdrvonalat, a 25. bra frasait és a
26. abra szelvényvonalat. 1— a 14. ill. 26. dbra szelvényének helyzete; 2— mélyfaras; 3— eocén kiblvas;

4 — az eocén elterjedési hatara; 5— eocén vulkéni-iledékes dsszlet; 6 — eocén vulkani dsszlet;
7 — a Dunantuli-kdzéphegység dsszleteinek tektonikai hatara; 8 — eltolédas; 9 — informaci6hatar;
10 — harmadkorindl idésebb kibuvas; 11 — képz&dményhatar; 12 — kozépsd-felstriasz;
13 — perm-alsétridsz; 14 — perm-tridsz; 15— paleozoos palak; 16 — granit
Puc. 23. KapTa fomuoLeHOBbIX 06pa3oBaHuii paiioHa banaTtoHé-BeneHue, no AyaKo u ap.

[Dudko et al. 1988] ¢ n3MmeHeHMAMMN U fjononHeHUAMKU. O603HAUYEHbI KOHTYpPbl puUc. 24 1 27,
CKBaXWHbl puc. 25 n npoguns puc. 26

1 — nuHun npoduneid puc. 14 n 16; 2 — 6ypoBas CKBaXMHa; 3 — BbIXOAbl 30LeHa; 4 —

KOHTYp pacnpocTpaHeHWs 30uUeHa; 5 — BYNKAHOTEHHO-0Caf04YHbIi KOMNNEKC 30LeHa; 6

— BY/NKAHOTEHHbI KOMMNEKC 30LeHa; 7 — TeKTOHWYecKas rpaHulia pacnpocTpaHeHus

KOMMEKCOoB, cnaratlwmx 3agyHaickoe cpefHeropbe; 8 — cABUr; 9 — KOHTYp Hanuuusa

UHpopmaymmn; 10 — BbIXOAbl AOTPETUYHbIX 00pa3oBaHnil; 11 — reonorMyYeckuii KOHTaKT;

12 — cpepHunii-BepxHWiA Tpmac; 13 — nepM-HWXHWIA Tpuac; 14 — nepmb-Tpuac; 15 —
naneosoiickme cnaHubl; 16 — rpaHuThI

Fig. 24. Late Eocene palaeomagnetic directions of the granite body in the Velence Hills, after M arton E.
[1986]. Figures indicate serial numbers of sites. All rotations given relative to the 328-148° direction (site
No. 12). For location see Fig. 23

24. &bra A velencei granittest fels6eocén paleomagneses irdnyai Marton E. [1986] nyoman. Feltiintettiik
a mintavételi helyek sorszamait. Minden elfordulést a 328-148° iranyhoz (12. sz. mintavételi hely)
viszonyitottunk. Helyzetét 1 a 23. dbran. 1-2 — paleomégneses elfordulasok:
1— éramutat6 jarasaval ellentétes, 2 — 6ramutato jarasaval egyez6; 3 — a hajlat tengelye;
4 — harmadid@szaki képz6dmények; 5 — pala; 6 — gréanit

Puc. 24. T1034He30LEeHOBbIe ManeoMarHnTHble HaNnpaBNeHNA BeneHLeiiCKUX rpaHUTOB, Mo
MapTOH [Marton E. 1986]. O603Ha4YeHbl HOMepa NYHKTOB oT6opa npo6. Bce NoBOpPOTHI
OTHeCeHbl K HanpaBfieHuto 328-128° (NyHKT I. 12). MonoxeHue cm. Ha puc. 23
1-2 — naneomarHWTHble MOBOPOTbI: 1 — MPOTWB YacOBOW CTpPeNkn, 2 — MO 4acos
cTpenke; 3 — ocb u3rnba; 4 - TpeTUYHbIe OTNIOXEHUA; 5 — cnaHubl; 6 — rpaHuThl
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Fig. 25. Correlation of the Eocene sequences in the grabens of the Balatonf6-Velence area after
Dudko [1988b|. For location of the boreholes, see Fig. 23

25. é&bra. Eocén rétegsorok parhuzamositasa a Balatonf6-Velence kérzetben Dudko [1988b] nyoman. A
faraspontok a 23. bran lathatok. 1— pannonjai iiledékek; 2-7 — fels6eocén: 2 — andezit tufa,
3— konglomeratum, 4 — homokkd, 5 — agyag, 6 — marga, 7— mészkd; 8-9 — paleozoikum:
8 — diabaz, 9— pala; 10— tektonikusan igénybevett szakasz

Puc. 25. Koppensyus 30LeHOBbIX pa3pe3oB B paiioHe BanaTtoHdc-BeneHue, no AyaKo [D udko
1988b]. Mon0XeHNe CKBaXUH CM. Ha puc. 23

1 — nNaHHOHCKME OTNOXEHUN: 2-7 — BEPXHUI 30LeH: 2 — aHfe3UToBble Ty(bl, 3 —
KOHrnomMmepartbl, 4 — MecyaHWKW, 5 — rAUHLI, 6 — Meprenn, 7 — WN3BECTHAKU; 8-9 —
naneosoii: 8 — puabasbl, 9 — cnaHubl; 10 — 30HA TEKTOHUYECKUX HapyLueHui

area, all of them with prevailingly vertical offsets. Newly established faults of the
Gerecse-Pilis area, probably with large-scale strike-slip movements, are of nearly
W-E direction. So, both the old (Middle Cretaceous) and young (Tertiary) struc-

tures have been put in a new light, and this requires a new synthesis of the facts
revealed.
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Fig. 26. Geological section across the Polgardi depression. For location, see Fig. 23

26. d&bra. A Polgardi-medence foldtani szelvénye. Helyzetét 1 a 23. bran
A) Migralt reflexiés szeizmikus szelvény, M ajkutn [1985] nyoman
B) Foldtani értelmezés, Dudko [1988b] nyoman, médositva és kiegészitve.
1— szarmata-pannéniai; 2— ottnangi-badeni; 3 — sztratigréfiai hatar; 4 — torés

Puc. 26. Meonorunyeckunii paspes MonbrapAuMHCKoi BnaguHbl. MonoXeHue cM. Ha puc. 23
A) Ceiicmuyeckuii npoguns MOB ¢ murpayueid, no MaikyTy [Majkuth 1985]
B) Tleonoruyeckas nHTepnpertauus, no Ayako [Dudko 1988b], ¢ U3MEHEHUAMU 1
[OMNONHEHUAMM
1 — capmaTcKuii U MaHHOHCKWIA fipyca; 2 — OTTHAHICKUIA 1 6afeHcKuii apyca; 3 —
cTpaturpamyecknini KOHTakT; 4 — pasnom
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Fig. 27. Movement pattern and subsidence processes connected with the Vértes rotation in the Balatonfd
area (see also Figs. 13 and 16). For location, see Fig. 23

27. abra. A Balatonf6 mozgasai és siillyedései a VVértes elfordulasaval kapcsolatban
(I. még a 13. és 16. abrat). Helyzetét 1 a 23. dbran. 1— mozdulatlan terilet; 2— elfordult teriilet;
3 — lesiillyedt teriilet; 4 — lisztrikus vetd; 5 — siillyeddkhatér; 6 — eltolodas;

7 — fiatal stillyedék hatara; 8 — mozgésirany

Fuc. 27. CMeLLeHns nonyckaHWsa B palioHe BanaToH(é B CBA3M C MOBOPOTOM BepTeluckux rop
(cm. Takxe puc. 13 n 16). MonoxeHne cm. Ha puc. 23
1 — HenopjBuXHas obnacTb; 2 — noBepHyTasa o6naet; 3 — onyuieHHasa obnactb; 4 —
NUCTPUYECKMIl cbpoc; 5 — KOHTYp BMaguHbl; 6 - CABUT; 7 — KOHTYpP MONOAOIA
BNafiuHbl; 8 — HanpaB/ieHUe CMeLeHns
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3. Synthesis of data

On the basis of the selection and primary interpretation of data two kinds of
syntheses will be carried out: (i) construction of a static picture, i.e. of a geological
map, and (ii) elaboration of a dynamic picture, i.e. estimation of the main kinematic
events and of their succession. Based on these two kinds of synthesis we will restore
the situation before each main kinematic event. The results of this kinematic
modelling are expected to influence the geological map.

3.1. Thegeological map

In constructing the geological map we used the most recent materials (see
Table I1) and as many drilling data as possible. Our working scale was 1:200,000 but
the publication scale is 1:500,000; this does not allow us to display the boreholes.
Our map has been constructed for the area with exposed pre-Miocene formations
and with a comparatively dense network of boreholes. Except for the southwest
where the western Bakony Mts. have been omitted we stopped constructing the
map in the areas with insufficient drilling data. Furthermore, we have omitted all
formations above the first disconformity (i.e. beginning with the Aptian, see Fig. 2)
and displayed first of all the old, Middle Creataceous, fold-thrust structure dis-
membered by young, Tertiary faults. In tracing these faults, we have taken into ac-
count the arrangement and the shape of the exposures of pre-Cenozoic complexes,
furthermore, the topography of the earth’s surface and of the pre-Cenozoic base-
ment and, finally, the arrangement and the thickness variations of Eocene (Fig. 6),
Oligocene (Fig. 7) and Miocene (Fig. 8) formations.

In the Bakony Mts. and Balaton Highlands, which are much better exposed and
much better studied than other areas, we constructed a new picture of the fault net-
work in order to display the real character of the structure. In all other areas we
neglected as many transversal faults as possible because of uncertainties in their
mapping. Hence, the geological map is a simplified reflection of existing structures
which are probably of the same character as in the west but cannot be displayed in
the same way because of insufficient data.

On the subject of the Vértes Hills, our map is a simplified version of previous
maps. In a tectonic sense, the only principal problem arises with the continuation of
the double-sliced structure of the Balaton Highlands (’Litér thrust’) in the Vértes
Hills area. As for the Gerecse Hills, Pilis Mts. and Buda Hills our map gives a com-
pletely new interpretation of available data. Our map for the Velence-Balatonfd
area is a developed version of that recently constructed [Dudko et al. 1988].

The most problematic is the area situated within the Vértes-Gerecse-Pilis-
Buda arc. On the basis of the arrangement of the Eocene sediments (Fig. 6), the
Vértessomld fault seems to be continuously traceable into the Nagykovacsi fault
(Fig. 28A). Consequently, the two ends of the same fault exhibit strike-slip displace-
ments of opposite sense: sinistral in the west (Vértessomld) and dextral in the east
(Nagykovacsi). This fact necessitates the assumption of a new tectonic phenomenon
which compensates the difference between the offsets, i.e. 20 km. Although there
are various ways of solving this problem (Fig. 28B), the most convenient is the as-
sumption of a 20 km dextral displacement along a SW-NE striking fault located
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TRANSDANUBIANRANCE
1978 ° 1100000
1981 1:200,000

BAKONY
1085 1 50,000
1968 1:200,000
1980 1 50,000
1969 1.200000
1966 1:200,000

VERTES
1939 1 80,000
1953 1 50,000
1964 1200,000
166 1200000

GERECSE
1958 1 50,000
180 1 25000
1939 1 80,000
1943 1:150,000
1957 1 38,000
157 1 33,000
1961 1:140000
153 1 50,000
1964 1:200,000
1982 1 25000

PILIS
1961 1 10,000
1953 1: 20,000
1980 125000
1051 133,000
1966 1:200,000
1943 1:150,000
1957 1 3800
1957 1 38,000
161 1:140000
1952 160,000
158 150000
1964 1:200,000
1977 125000
BUDA
1966 1200000
1943 1150000
1961 1140000
1958 L 50000
1964 200,000
1977 1 25000

+ o+ 4+

+ o+ o+ o+

+ + +

+ +

+

+ 4+ o+ o+

Vértes

Gerecse
Gerecse
Gcreesc-Pilis-Duda
Bakony

Pilis
Vértes
Pilis-Buda
Pilis

Pilis-Buda
Vértes
Vértes-Pilis-Buda

Gerecse

Buda
Gerecse-Buda

Gerecse
Gerecse-Buda

Buda
Vértes-Gerecse-Buda
Buda

Pilis

Gerecse-Pilis
Gerecse-Pilis

Pilis
Vértes-Gerecse-Pilis
Pilis

Table II. List of materials used in construction of the geological map

1. tAblazat. A foldtani térkép szerkesztéséhez felhasznalt anyagok jegyzéke
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Fig. 28. The Vértessomly6-Nagykovacsi fault. For location, see Fig. 29
A) The geological basis. Outcrops taken from Jambor et al. [1966], Szentes and BON0B-vVarrsk [1964];
subsurface geology after csaszar et al. [1978], see also Figs. 5, 18 and 22
B) Some models for interpretation. Offsets taken from the geological map (A)
C) Origin of the present situation in the frame of the dextral shear model in B.

28. abra. A Vértessomly6-Nagykovacsi torés. Flelyzetét 1 a 29. abran.
A) A foldtani alap. Kibavasok: Jambor et al. [1966], Szentes-B 6jtosné [1964] nyoman; mélyfoldtan:
Csaszar et al. [1978] nyoman, 1 még az 5.. 18. és 22. abrat. 1— kiblvas; 2 — torés; 3— eocén;
4 —jlra; 5-7 —felsétridsz: 5 — dachsteini mészkd, 6 — fédolomit, 7— karni marga és kovas rétegek;
8 — ladini diplopéras dolomit
B) Néhany értelmezési modell. EImozdulédsok: a foldtani térképrél (A). 1— tagulas; 2 — dsszenyomas;
3 — balos nyirés; 4 — jobbos nyiras.
C) A mai allapot létrejotte a B jobbos eltolédasi modelljének keretében. 1— jobbos nyiras;
2 — meghajlés; 3 — balos nyiras

Puc. 28. BepTewwomnoiicko-HafgbKoBauYMHCKNIA paznom. MonoxeHne cM. Ha puc. 29
A) leonornyeckas ocHoBa. KOHTYpbl BbIX040B —no AM6opy u ap. [Jambor et al. 1966],
CeHTelwy un BéiTélwHe [Szentes-BonxjSNE 1964]; rny6uHHas reonorus —no Yacapy u gp.

[Csaszar et al. 1978], cm. TakXe puc. 5, 18 n 22

1 — o6nacTb BbIXOAOB; 2 — pasnoMm; 3 — 30ueH; 4 — topa; 5-7 — BepxHuii Tpuac: 5
— [axWTeNnHCKNA N3BECTHAK, 6 — TrNaBHbI LONOMUT, 7 — KapHUicKne Meprenu u
OUTYMWHO3HbIE OTNOXEHNA; 8 — NafWHCKUIA AUNNONOPOBLIA JONOMUT
B) HekoTopble BapuaHTbl MHTepnpeTauuu. CMelleHns —no reonoruyeckoii kapte (A)
1 — pacTaxeHue; 2 — cxaTue; 3 — neBOe CKanbiBaHWe; 4 — npaBoe CKanblBaHWe

C) BO3HMKHOBEHME COBPEMEHHOI CUTyaLun B pamKax BapuaHTa C MPaBOCTOPOHHUM
cMelleHneM B B: 1- npaBblil caBuUr; 2 - u3rn6; 3- nesblil cABUT
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somewhere between the Vértes and Velence Hills and turned into the Nagykovacsi
fault. The situation obtained can be understood in terms of three successive events
(Fig. 28C).

The compensating dextral strike-slip fault is traceable from the northwestern
rim of the Buda Hills into the north-western foreland of the Velence Hills. In the
area situated between this Zamoly fault and the Buda Hills, drilling data display at
least two repetitions of the north-dipping Triassic stratigraphic sequence which can
be interpreted in terms of two south-vergent overthrusts (Fig. 29). The more
southerly one is correctable with the continuation of the Litér-Bakonykuti thrust

Fig. 29. The geology of the Z&moly fault. Subsurface geology constructed on the basis of drilling data.
Geological boundaries corrected by restoring the strike-slip displacements. For location, see Fig. 1
Frames of Figs. 28 and 32 indicated

29. é&bra. A Zamolyi-torés geolégiaja. Az aljzattérkép flrasi adatok alapjan késziilt. A foldtani hatarokat
az eltol6dasok visszaallitasaval korrigaltuk. Helyzetét 1 az 1 abran. Feltiintettiik a 28. és 32. dbra kdrvona-
lat. 1-3 — fels6tridsz: 1— dachsteini mészkd, 2 — fédolomit, 3— karni marga; 4 — kozépsétriasz;
5 — als6triasz; 6 — perm; 1— paleozoikum; 8 — gréanit; 9 — kiblvas; 10— képzédményhatar;
11 — torés; 12 — feltolédas; 13 — mélyfaras

Puc. 29. Teonorus 3amoiickoro pasnoma. Kapta gyHAameHTa cocTaBieHa no 6yposbiM
faHHbIM. ["eonornyeckne rpaHunLbl CKOPPeKTUPOBaHblI B COOTBETCTBUM C BOCCTAHOBIEHNEM
caBuroB. MonoxeHne cM. Ha puc. L O603HaUYeHbl KOHTYpbl puc. 28 n 32

1-3 — BepxHWii Tpuac: 1 — paxwTeAHCKUIA U3BECTHAK, 2 — TAaBHbIA gofnoMnT, 3 —
KapHuiickue meprenun; 4 — cpefHuiA Tpuac; 5 — HWXKHWIA Tpuac; 6 — nepmb; 7 —
naneosoii; 8 — rpaHuTbl; 9 — o6nacTb BbIX0A0B; 10 — reonorMyecknini KOHTakT; 11 —

pasnom; 12 — B36poc; 13 — 6ypoBas CKBaXKuHa
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while the northern overthrust is expected to continue west of the Nagykovacsi
basin, then, in the southern foreland of the Gerecse Hills. That is why here (see Fig.
18A) south-vergent overthrusts are chosen to explain the arrangement of Triassic
formations. Continuation of this overthrust is to be expected within the unusually
wide strip of the Main Dolomite in the southern Gerecse Hills and in the Vértes
Hills. The simplest graphic solution of the problem with the further continuation of
the intra-Vértes overthrust is its joining the bend of the Bakonykuti overthrust
north of the Iszka block (Fig. 29).

The resulting geological map (Fig. 30) reflects all tectonic features selected in
the previous section (Table I). In tracing strike-slip faults and geological contours in
the areas covered by young sediments and poorly elucidated by drilling data we use
kinematic modelling results (see in section 3.3.)

3.2. Kinematicfeatures

Five kinds of kinematic features have been established: dextral shear, sinistral
shear, extension, compression and bending of structures formed previously
(Table I11).

Some kinematic features of different type are synchronous: (1) Sinistral strike
slip along the Banta line, dextral strike slip along the Inota line, extension in the
Véarpalota depression and rotation of the Iszka block reflect general bending of
structures (see Fig. 27). (2) Extension in the Dorog area was generated by the bend-
ing (Fig. 19). The latter may be complementary with that in the Iszka area but not
necessarily. Independently of this problem, using the model for the concentric
(parallel) folds in a horizontal plane (Fig. 19) we can suppose compression in the
core of the bend. Uplift of the Velence Hills area perhaps reflects this compression.

In other cases a certain succession of kinematic features is observable: (1) The
history of the Z&moly, Nagykovacsi and Vértessomlo faults (see Fig. 28C) outlines

FEATURE GBECT DORECTACE CHDUEDACGE
dextral shear ~ Telegdi-Roth line Middle Cretaceous? _
Inota line Early-Middle Miocene 22-14 Ma
Nagykovacsi fault Oligocene-Mioccnc 30-22 Ma
Zamoly fault Oligocenc-Mioccne 30-22 Ma
Balatonfd-Velcnce Eocene Oligoccne-Miocenc 30-14 Ma
sinistral shear Banta line Early-Middle Miocene 22-14 Ma
Vértessomld fault Oligocenc-Mioccne 14-12 Ma
extension Vérpalota depression Early-Middle Miocene 22-14 Ma
Berhida depression Early-Middle Miocene 22-14 Ma
I'olgardi depression Early-Middle Miocene 22-14 Ma
Mér depression Miocene 22-14 Ma
Csakbcrény depression Miocene 22-14 Ma
Dorog coal basin Miocene 22-12Ma
compression Vérpalota depression Middle Miocene 14-12Ma
Polgardi depression Middle Miocene 14-12 Ma
southern Buda Hills Miocene 22-12 Ma
bending Zamoly fault Early-Middle Miocene 22-14 Ma
Vcrtes-1szkahegy rotation Early-Middle Miocene 22-14 Ma

Note: 'Direct age’ inferred from local data (1.2.) and ‘deduced age’ from the regional analysis (2.2.)

Table'lll. Kinematic features and their ages
/11. tablazat. A kinematikai jelenségek és koruk

Tabnuua Ill. KnHemaTuyeckve sBneHus u ux sospact



Fig. 30. Geological wap of the eastern Transdanubian Range area. |. Present situation. Materials used in
the construction listed in Table Il

30. &bra. A Dunantlli-kdzéphegység K-i részének foldtani térképe. 1. Mai allapot. /1 szerkesztéshez
felhasznalt anyagokat a Il. tAblazatban soroltuk fel. 1-3 — eocén: 1— vulkéani-tledékes 6sszlet,
2 —vulkanitok, 3— vulkanitok foltokban; 4 — képz&ddményhatar; 5 — kozéps6kréta feltolodas;
6 — torés; 7—jura és alsokréta; 8-11 — fels6tridsz: 8 — dachsteini mészkd, 9 — mészké és dolomit,
10— fédolomit, 11 — margas és kovas rétegek; 12— kozépsétriasz; 13 — alsotriasz; 14— perm;
15— permnél id6sebb metaszedimentek; 16 — karbon granit

Fuc. 30. Teonorvyeckas Kapta BOCTOYHOW yacTu 3afyHaiNCcKOro cpefHeropbs.
I. CoBpemeHHas cutyauus. Matepuanbl Ans COCTaBAeHWA nepedyuncneHbl B Tabn. Il

1-3 — 3oueH: 1 — BYNKAHOreHHO-0Caf04YHbIi KOMNNEKC, 2 — BYNKaHWUTbI B NATHaX;
4 — reonornyeckunii KOHTakT; 5 — cpefHemMenoBoii B3bpoc; 6 — pasnom; 7 — topa 1
HWXKHWIA men; 8-11 — BepxXHU Tpuac: 8 — paxIITEAHCKNIA M3BECTHAK, 9 — W3BECTHAKMN U
gonomutsl, 10 — rnaBHbI fONOMUT, 11 — MeprenncTbie ¥ KPEMHUCTbIE OTNOXEHUSA;
12 — cpepHuii Tpuac; 14 — nepmb; 15 — ponepMckue meTaMopqu30BaHHble OT/IOXKEHUS;

i 16, — KamMeHHOYro/ibHble TPaHuThI

in'LL.
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the following succession: dextral shear — bending — sinistral shear. (2) The struc-
ture and position of the Varpalota and Polgardi depressions (see Figs. 13, 15, 26
and 27) implies the following succession: bending-related extension — compression.

When using bending as a marker to correlate these two successions we can
regard ‘dextral shear — bending+extension’ as the beginning of the entire succes-
sion. In this case the temporal relationships between the sinistral shear and com-
pression at the end of the succession remain unclear. Because of insufficiency in in-
formation on relationships between various kinematic features we should take into
account the possibility of their unrevealed combinations.

The age of kinematic features cannot, in general, be established in a direct way.
We consider the filling of depressions to be the most reliable indicator of the age of
the movements. There are two general possibilities (Fig. 31): (A) The subsidence

reLy

Fig. 31. Depressions as indicators of displacements
A) Subsidence after sedimentation
B) Subsidence coeval with sedimentation
Numeration = successive events; in A: 1— initial situation after sedimentation, 2 — situation after
subsidence, 3 — situation after erosion; in B: 1— initial situation before sedimentation, 2, 3, 4 — succes-
sive stages of sedimentation and subsidence. Broken line: in A.1 and B.I — future normal fault,
in A.2 — future erosion surface, in B.3 and B.4 — previous accumulation surface

3L 4bra. Siillyedékek mint elmozdulasok indikatorai
A) Uledékfelhalmozadas utani siillyedés
B) Uledékfelhalmozodassal egyidejii siillyedés
Sorszdmozas = egymasutani események; az A-n: 1— kiindulasi allapot az tiledékfelhalmozédas utan,

2 — bestllyedés utani allapot, 3 — lepusztulas utani allapot; a B-n: 1— kiindulasi allapot az tiledékfelhal-
mozédas el6tt, 2,3,4 — a slillyedés és tiledékfelhalmozddas egymas utan kovetkezd szakaszai. Szaggatott
vonal: az A.l-en és B.I-en — leend6 vet6dés, az A.2-INM — leend6 lepusztulasi felszin,

a B.3-on és B.4-en — korabbi felnalmozddasi térszin. 1 — aljzat; 2 — medenceiiledék

Puc. 31. BnaguHbl B KA4eCTBE UHAMKATOPOB CMELLEHWIA
A) OnyckaHua nocne ocafKoHaKonaeHus
B) OnyckaHus oHOBPEMEHHO C 0OCafiKOHAKOMNeHNEM
Hymepauua —nocnefoBaTesibHble co6bITUA; B Al 1- UCXOfHAA CUTyalusa nocne HakonaeHus
0CafikoB, 2 - CUTyauusa nocne onyckaHuit, 3 - cuTyauns nocne geHypauuu; B B: 1- ncxogHas
cUTyauna nepej HakonneHuem ocafkos, 2, 3, 4 - nocnefoBaTeNbHble CTaAUN OMYCKaHWUA u
ocafikoHakonneHus. MpepbiBucTas nuHua: B Al n B.1 - 6yaywuii cépoc, B A.2 - 6yaywas
fleHyfaLnoHHasa NoBepxHOCTb B B.3 1 B.4 - npexHAs akKyMynsuMOHHasa NOBEPXHOCTb
1 — (yHAaAMeHT; 2 — OT/IOXXEeHUsA BNaguH
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took place after the sedimentation, and the filling is the result of the preservation of
sediments during the later erosion. In this case the palaeogeography recorded in
sediments is independent of the shape of the depression. (B) The subsidence was
accompanied by sedimentation, and the filling arose synchronously. In this case the
facies and thickness arrangement is controlled by the shape of the depression.
Keeping in mind the necessity of distinguishing between these alternatives we start
analysis with the youngest depressions and then pass over to older and older.

The Biidajend depression clearly postdates both dextral and sinistral displace-
ments (Fig. 32). Strike-slip faults are not reflected in its isoline pattern while the
same faults are recognizable east and west of the Budajen6é depression. Its
stratigraphic sequence comprises Oligoceéne, Miocene and Pliocene sediments.
Oligocéne beds are certainly older than the subsidence [KORPAS 1981] while Mid-
dle Miocene to Pliocene (Sarmatian-Pannonian) sediments are synchronous with it
IJASKO 1943]. There are no data on the Middle Miocene (Badenian) palaeo-
geographic pattern of the Budajené depression but it is clear that strike-slip dis-
placements ended in the Miocene.

The Vérpalota, Berhida and Polgérdi depressions have been related to the Vértes
rotation (Fig. 27). In their stratigraphic sequences the subsidence is recorded in
Lower (Ottnangian) and Middle (Karpathian to Badenian) Miocene facies pattern;
accordingly, these basins are of synchronous type (see Fig. 31B), i.e the Lower and

14 km;
Nagykovacsi
fault

Fig. 32. The Budajend depression presented in isolines of the topography of the pre-Cenozoic basement.
Fragment of Csaszar et al.’s [1978] map. For location, see Fig. 29

32. é&bra. A Budajendi-medencea kainozoikumnal id6sebb képzédmények domborzataban. Csaszar et
al. [1978] térképének részlete. (Helyzetét 1 a 29. 4bran)

Puc. 32. BypaiicHélickas BnafnHa B penbede NOBEPXHOCTM [OKaHO30MCKMX 06pa3oBaHUii.
dparmeHT KapTbl Yacapa u gp. [Csaszar et al. 1978]. MonoxeHne cM. Ha puc. 29
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Middle Miocene beds accumulated during the subsidence. In the Late Badenian (?)
and Early Sarmatian a compressional event took place in all three depressions in
question probably indicating a change in the kinematics. Upper Sarmatian and Pan-
nonian sediments clearly postdate this compression (see Fig. 15A). Consequently,
the Vértes rotation, i.e. the bending, could have taken place in the Early-Middle
Miocene and ended before the Early Sarmatian (Late Badenian?).

The Mor and Csakberény depressions may also be related to the extension that
took place during the Vértes rotation (see Fig. 27). Their filling comprises Eocene
and Oligocene sediments with no record of the present shape of the depression.
Consequently, these depressions are of subsequent type (see Fig. 31A) , and the
only statement concerning the age of the basin forming is that the subsidence took
place after the Oligocéne.

The Palaeogene depressions of the Gerecse area probably reflect further bending
of Mesozoic structures (see Fig. 19). It is an old question whether they are of sub-
sequent or synchronous type; recently, however, more and more scientists accept
the idea of their subsequent origin [KORPAS 1981; kKAzMER 1984]. Accordingly, the
secondary bending could have taken place in the Miocene (latest Oligocene?).

The Eocene formations of the Balatonf6-Velence area were affected by dextral
strike slips (Fig. 33), and the basins are most probably of subsequent type (see
Fig. 24 and note constant thicknesses of correlated sequences in random borehole
columns).

Fig. 33. Dextral shear recorded in the arrengement of the Eocene depressions in the Balatonf6-Velence
area. Simplified from Dudko’s [1988b] map

33. &bra. Jobbos eltol6das tiikrozédése a Balatonfé-Velence korzet eocén medencéinek elrendez6désé-
ben. Dudko [1988b] térképe nyoman, egyszer(isitve

Puc. 33. OTpaxeHne npaBbIX CABUTOB B Pa3MeLLeHUN 30L,eHOBbIX BNaguH paiioHa
BanatoH(pé-BeneHue. Mo kapte Ayako [Dudko 1988b] ¢ ynpouweHnsmu
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From these data, it can be concluded that compression took place in the Late
Badenian (?) to Early Sarmatian (appr. 14-12 Ma B.P.) while bending took place in
the Early-Middle Miocene (appr. 22—24 Ma B.P.). Judging from its lower and upper
age limits (lower = Eocene formations, see Figs. 23 and 33; upper = bending, see
Fig. 28), dextral displacements seem to have occurred in the Oligocéne (and in the
earliest Miocene?). Lower and upper age limits for the sinistral shear (lower =
bending, see Fig. 28; upper = the Budajend depression, see Fig. 32) put it in the
same time span as the compression in question, i.e. these features were nearly
synchronous. Consequently, at least three kinematic events can be distinguished:
dextral shear, bending and sinistral shear + compression. Based on the succession
and age of principal kinematic events we pass over to the modelling of former situa-
tions.

3.3. Kinematic modelling

The aim of modelling is to restore situations before each of three kinematic
events. The restoration results in transformed geological maps. Since the amount of
erosion during the time spans modelled cannot accurately be determined there is
no other way than extrapolating the present erosion level into the past. In other
words, all transformed geological maps display the present surface, and this ob-
viously results in contouring errors. Errors in areas covered by Palaeogene sedi-
ments are due solely to insufficiency in data. Areas without Palaeogene sediments
where errors due to erosion may appear are of various types. In the Buda Hills and
Pilis Mts. Palaeogene sediments in spots are wide-spread even at high altitudes
demonstrating that the structural pattern at the base of the Palaeogene almost
equals that in present geological maps. A similar situation can be assumed for the
Gerecse and even the Vértes Hills. Notable erosional errors may appear in areas in-
side the Vértes-Gerecse-Pilis-Buda arc where the contouring is least exact owing
to insufficiency in drilling data. We therefore hope that the use of the erosion sur-
face of pre-Cenozoic formations in its present form will not result in additional er-
rors.

In the first step, the situation before the sinistral shear and compression will be
restored. It may be related to the Middle Miocene (appr. 14 Ma B.P.).

The only fault with a confirmed and considerable sinistral offset is the
Vértessomld line along the Vértes/Gerecse boundary (see Fig. 8). On the basis of

the arrangement of Eocene sediments it is traceable far to the east (see Fig. 28). A
similar configuration of Eocene sediments (see Fig. 6) is observable some 15 km to
the north. In view of this analogy as well as of the pre-Cenozoic outcrop configura-
tion (Fig. 30) and of the pre-Cenozoic basement topography another strike-slip
fault is located along this northern strip. It follows the southern boundary of the
Dorog Eocene and, further west, is expected south of Tata. The eastern continua-
tion can be assumed towards Szentendre. The general arrangement of Eocene sedi-
ments in this area arose before Oligocéne although the strike slips along controlling
faults may have occurred later. No other faults of this type required in the. model
(see Fig. 17) are traceable. It is possible that north of the Vértessomlo-Zsdmbék
fault one or more strike slips of the same direction are present but because of the
lack in tracing criteria they are not displayed on the map.
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While the offset along the Vértessomld fault is directly determinable from the
map there is no basis for exact determination of the offset along the northern fault.
We consider the difference in position of the western limit of the Kiscellian Clay
(Early-Middle Oligocene) north and south of the line (Fig. 7) to reflect a post-
Oligocene sinistral strike slip of about 10 km along the line and we accept this value
in the restoration.

Compression is directly recorded in the overthrusts along the northern rim of
the Varpalota and along the NW rim of the Polgardi depressions. A zone of
Badenian compression has recently been established along Lake Balaton and fur-
ther on towards the northeast [Balla et al. 1988]. The magnitude of the compres-
sion, however, cannot be estimated although it could hardly be significant in view of
the absence of highly disturbed Miocene beds in the whole area.

Taking into account all the above considerations we can only regard the situa-
tion restored (Fig. 34) as a first approximation. In the reconstruction the Bakony
Mts. together with the geographical elements have been kept immobile, and all res-
torations have been carried out relative to them. No constraints exist for moving the
northernnmost unit towards the east during the restoration. Its position has been
chosen on the basis of general alignment (i) of Jurassic-Cretaceous strips in accord-
ance with the model (Fig. 17) and (ii) of the western boundaries of the Kiscellian
(Middle Oligocene) clays [see in korPAs 1981] north and south of the fault. There
is no information on the position of the Velence-Balaton granite belt before dis-
placements, that is why it is not shifted. The uncertainties adversely affect further
reconstructions.

In the second step the situation before the bending will be restored. It may be
related to Early Miocene (appr. 22 Ma B.P.). Based on the S-shape of the structures
two bends should be straightened: the ’lower’ in the southwest and the ‘upper’ in
the northeast.

The lower bend is directly reflected by the deviation of the granite belt along
Lake Balaton towards the northeast around the eastern end of the lake. As the
Vértes rotation reflects the same bend (see Fig. 27) the straightening of the lower
bend should be extended from the Bakony-Vertes junction (see Figs. 13B and 16B)
to the Balatonf6-Velence area on the basis of the general movement pattern
(Fig. 27).

The upper bend is clearly expressed in the Zdmoly-Nagykovécsi arc (see Fig. 28)
and is suspected in both the configuration of the ending of the granite belt in the
Velence Hills (see Fig. 23) and in the Eocene palaeomagnetic directions (see
Fig. 24). The Zamoly line approaches the granite belt in the Velence area and,
straightening the granite belt, on the one hand and the Bakony-Vértes and
Zamoly-Nagykovacsi bends on the other, separately results in a gap between them
which wedges out towards the southwest. A corresponding compression is im-
probable in the Miocene, therefore, additional deformations or displacements are
needed to close the gap.

In this relation it is of importance that the Velence granite body has only suf-
fered slight arching since the Eocene and it has not rotated significantly relative to
the Bakony Mts. — as can be concluded from palaeomagnetic data [MARTON E.
1986, Marton E. and Marton p. 1983]. Accordingly, the Velence granite together
with the Buda Hills and areas situated between them on the southeastern flank of



Fig. 34. Geological map of the eastern Transdanubian Range area. Il. Situation before the sinistra! shear.
Restored by kinematic modelling

34. abra. A Dunantuli-k6zéphegység K-i részének foldtani térképe. Il. Balos nyiras el6tti allapot. Kinema-
tikai modellezéssel szerkesztve. 1-3 — eocén: 1— vulkani-iledékes dsszlet, 2 — vulkénitok,
3 —vulkanitok foltokban; 4 — képz&dményhatar, 5 — kozéps6kréta feltolddas;
6 — torés; 7 —jura és alsokréta; 8-11— fels6tridsz: 8 — dachsteini mészkd, 9 — mészkd és dolomit,
10 — fédolomit, 11 — margas és kovas rétegek; 12 — kozépsbtriasz; 13— alsotriasz; 14 — perm;
15 — permnél id6sebb metaszedimentek; 16 — karbon granit.

Puc. 34. Teonornyeckas kKapTa BOCTOYHOI 4YacTu 3afyHaiickoro cpegHeropbs. Il. Cutyauus
[0 neBbIX cABuros. CocTasneHa NMyTeM KMHEMaTU4YeCKOro MoAennpoBaHus
1-3 — 30ueH: 1 — BYNKAHOTEHHO-0CAA0YHbI KOMNAEKC, 2 — BYNKaHWUThbI, 3 —
BY/NKaHWTbl B NATHax; 4 — reonormyeckas rpaHuua; 5 — cpegHemMenosoi B3bpoc; 6 —
pasnom; 7 — topa v HWKHUIA men; 8-11 — BepxHUi Tpuac: 8 — paxwTelnHCKWI
N3BECTHAK, 9 — W3BECTHAKW W fonomutsl, 10 — rnaBHbIA AONOMUT, 11 — Meprenucrbie
N KPEMHWCTbIE OTNOXeHUs; 12 — cpefHuit Tpuac; 13 — HWKHUIA Tpuac; 14 — nepmb;
15 — ponepmckue mMetaMopn30BaHHble OTNOXEHUA; 16 — KaMeHHOYrONbHble FPaHUThbI
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the Zamoly fault can be regarded as a tectonic wedge which moved as a rigid body
during the bending. Lower Triassic beds drilled within the granite belt on the
western shore of the Lake Velence may mark a west-east directed southern bound-
ary of the wedge. Because of lack of data on the internal structure of the granite
belt south of this boundary the behaviour of this belt can only be described in terms
of ductile deformation although the real process obviously involved relative dis-
placements of rigid blocks along faults.

In modelling the situation before the bending of the granite belt, three con-
straints have been taken into account. First, the southeastern boundary of the
granite belt has been located in the straight continuation of the Balaton section of
the same boundary; second, it has been accepted that the stretching of the granite
belt took place along its northwestern boundary which acted as the southwestern
continuation of the Zamoly fault, and, third, the Velence granite has been kept with
no rotation on the head of the granite body. Restoration of the shape of the granite
body resulted in nearly north-south oriented eastern boundary of the granites and
in the elimination of dextral offsets between the Lovasberény and East Velence as
well as between the East Velence and Kapolndsnyék Eocene (see Fig. 33). These
dextral strike slips appeared to be connected with the removal of the VVelence-Buda
wedge towards the northeast along the Zamoly line which acted as a sinistral strike
slip on the other side of the wedge. An analogous process can be supposed along
the fault between the Képolnasnyék and Dinnyés Eocene.

Straightening of the Zamoly-Nagykovacsi fault (see Fig. 28) requires compen-
sation of the extension in the areas north of the Vértessomlo-Zsambeék line and
especially in the Dorog area. This extension is well recorded in the thickness ar-
rangement of the Oligocene sediments (see Fig. 7). Equivalent compression in the
core of the bend (see Fig. 19), i.e in the Velence-Balatonf6 area, may serve as an
explanation for the total absence of Palaeogene sediments in the southeastern
foreground of the Bakony Mts. and Vértes Hills (see Figs. 6 and 7) due to uplift and
erosion in the Early Miocene. On the basis of above considerations the synthetic
map (Fig. 35) has been constructed.

In the third step, the situation before the dextral displacements will be re-
stored. It can be related to the Early Oligocéne (appr. 30Ma B.P.). The alignment of
Triassic formations across the Nagykovacsi fault was the basis of the restoration.
Because of various deformations required in the previous steps of modelling sig-
nificant changes in tracing the assumed geological boundaries have been made, al-
ways in harmony with available drilling and superficial data. That is why contours in
some places differ from those in partial studies (Figs. 13, 16, 18, 22, 27, 28 and 29).

In the situation restored there is no alignment between the axes of the Buda
and Pilis synclines. This may be due to the existence of an unrevealed strike slip of
NW-SE direction along the SW border of the northwestern Pilis Mts. Because of
the absence of any convincing information on the structure of the surrounding
basinal areas we see no possibilities for tracing this fault.

It is worth mentioning that the simple rigid restoration of the Eocene volcano-
sedimentary complex of the Balatonf6-Velence area (Fig. 36A) was carried out in
the previous step of modelling. Taking into account the possibility of internal shear
for the areas south of Lake Velence (Fig. 36B) and the uncertainties in determining
the primary arrangement of the Balatonbozsok, Urhida and Lovasberény depres-



Fig. 35. Geological map of the eastern Transdanubian Range area. Ill. Situation before the bending.
Restored by kinematic modelling

35. abra. A Dunéantuli-k6zéphegység K-i részének foldtani térképe. I1l. Meghajlas el6tti allapot.
Kinematikai modellezéssel szerkesztve
1-3 — eocén: 1— vulkani-uledékes dsszlet, 2 — vulkénitok, 3 — vulkénitok foltokban;

4 — képz6dményhatar; 5 — kozéps6kréta feltolédas; 6 — torés; 7 — jara és alsokréta; 8-11 — fels6-
tridsz: 8 — dachsteini mészk8, 9 — mészké és dolomit, 10 — fédolomit, 11 — margas és kovas rétegek;
12 — kozéps6tridsz; 13 — alsbtriasz; 14 — perm; 15— permnél id6sebb metaszedimentek;

16 — karbon granit

Puc. 35. Meonornyeckas KapTta BOCTOYHOI 4acTu 3apyHaiickoro cpegHeropbs. Ill. Cutyayus
40 n3rnba. CocTtas/ieHa NyTeM KMHEMaTMYeCKOro MOJennpoBaHus
1-3 — 3oueH: 1 — BYNKaHOTeHHO-0CAA0YHbI/i KOMMNNEKC, 2 — BYNKaHWUTHI, 3 —
BY/NKaHWUTbI B NATHax; 4 — reonoruyeckas rpaHuua; 5 — cpefHeMenoBoii B36poc; 6 —
pasnom; 7 — topa U HUXHWIA men; 8-11 — BepxHuUii Tpuac: 8 — paxwTenHcKui
N3BECTHAK, 9 — W3BECTHAK W fonomMuTbl, 10 — rnaBHbIi gonomuTt, I — Meprennctblie un
KPeMHUCTbIe OTNIOXeHNA; 12 — cpedHuit Tpuac; 13 — HWXKHUNA Tpuac; 14 — nepmb;
15 — goncpmMcKne MeTamopun3oBaHHble OTNOXEHNSA; 16 — KaMEeHHOYTrOJibHble FPaHuThl
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sions (Fig. 36C) and of the East-Velence Eocene field (Fig. 36D) we can conclude
that no convincing criteria for the correct reconstruction exist. The same is true for
the granites. That is why this whole area has been left with no changes in the syn-

thetic map (Fig. 37) and possibilities for its restoration will be discussed in a
regional frame.

Fig. 36. Versions of the restoration of dextral strike slips in the Balatonf6-Velence area
A) Rigid restoration of the Eocene volcano-sedimentary formation
B) Versions of plastic restoration of the Eocene volcano-sedimentary formation
C) Versions of fitting the Balatonbozsok, Urhida and Lovasberény depressions
D)Versions of fitting the depressions (C) and the East-Velence Eocene field

36. é4bra. Valtozatoka Balatonf6-Velence kdrzet jobbos elmozdulasainak visszaallitasara
A) Azeocén vulkéani-iledékes 6sszlet merev visszaallitdsa
B) Vaéltozatok az eocén vulkani-iledékes 6sszlet képlékeny visszaallitasara
C) Vaéltozatok a Balatonbozsoki-, Urhidai- és Lovasberényi-medence illesztésére
D) Valtozatok a medencék (C) és a keletvelencei eocén mez6 illesztésére

Puc. 36 BapuaHTbl BOCCTaHOB/EHWNS NpaBblX CABUTOB paiioHa banatoH(é-BeneHue.
A) XKecCTKoe BOCCTaHOBJ/IEHWE 30L,EHOBOW BYNKAHOTEHHO-0CaJ04YHO TONLLM
B) BapuaHTbl NNacCTUYHOTO BOCCTAHOBNEHUS 30L,EHOBO BYNKaHOFEHHO-0CaA04YHON TONWM
C) BapuaHTbl CTBIKOBKM banaToOH60XO0KCKOW, Y pxuaaickoit n JloBaw6epeHbCKON BNaguH
D) BapuaHTbl CTbIKOBKM BnagnH (C) M BOCTOYHOBENEHLLEACKOTO 30LEeHOBOr0 Nons



Fig. 37. Geological map of the eastern Transdanubian Range area. IV. Situation before the dcxtral shear.
Restored by kinematic modelling

37. &bra. A Dunantuli-kdzéphegység K-i részének foldtani térképe. 1V. Jobbos nyiras el6tti allapot.
Kinematikai modellezéssel szerkesztve. 1-3—eocén: 1— vulkani-uledékes 6sszlet, 2— vulkanitok,
3 —vulkanitok foltokban: 4 — képz6dményhatar: 5 — kdzépsdkréta feltolodas: 6 — toreés:
7 —ijura és alsokréta: 8-11 — felsétridsz: 8 — dachsteini mészkd, 9 — mészké és dolomit, 10 — fédolomit,
11 — margas és kovas rétegek; 12— kozépsétridsz; 13 — alsotriasz; 14— perm;
15— permnél id6sebb metaszedimentek; 16 — karbon gréanit

Puc. 37. Teonornyeckas kapTa BOCTOYHOW YacTu 3agyHaiickoro cpegHeropbs. IV. Cutyauus
f0 npasblX cAuros. CoctasieHa NyTeM KMHEMATUYECKOr0 MOJENNPOBaHUA
1-3 — 3oueH: 1 — BY/NKaHOreHHO-0Caf04YHbI KOMMNEKC, 2 — BY/KaHUTHI,

3 —BYNKaHWUTbLI B NATHax; 4 — reonoruyeckas rpaHuua; 5 — cpegHemenoBoil B36poC;
6 — pasznom; 7 — topa M HUKHUI Men; 8-11 — BepxHWii Tpyuac: 8 — pAaxwTeRHCKUiA
N3BECTHAK, 9 — M3BECTHAKMN 1 gonomuTsl, 10 — rnaBHbIA AonoMuT, 11 — mMeprenncTble
W KPEMHWCTblE OTNOXeHUs; 12 — cpeaHuii Tpnac; 13 — HWXHWIA Tpuac; 14 — nepms;
15— poncpMckuc metTamopdu3oBaHHble OTN0XEHNSA; 16 — KaMEHHOYTrO/NbHbIE TPaHUTBI
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4. Correlation with the Oligocene-Miocene kinematics of the
Alpine-Carpathian-Pannonian realm

Three stages of the Oligocene-Miocene tectonic history of the Transdanubian
Range have been revealed: 1) dextral shear of the southeastern margin in the
Oligocéne (and Early Miocene?), 2) S-shaped bending of all structures in the
area between Lake Balaton and the Danube River in the Early-Middle
Miocene, 3) sinistral shear in the Middle Miocene. They can be correlated with
kinematic features in the wide surroundings by means of comparison with
synchronous events.

4.1. Dextral shear in the Oligocéne

The Oligocene is the time of the removal of the Transdanubian Range domain
from the Alpine realm [KAZMER and KOVACS 1985.]. This removal requires dextral
displacement of the Bakony domain relative to the Southern Alps [KAZMER 1984]
and serves as a general explanation for the dextral shear of the southeastern margin
and foreland of the Transdanubian Range. The question is, however, which is the
trace of this displacement. According to KovACS’s [1983] and KAZMER’s [1984]
primary ideas [see also in KAZMER and KOVACs 1985, furthermore, in KAZMER
1986] the Balaton line bears the total dextral offset of about 450-500 km. The east-
ern continuation of this line is, however, ambiguous, and this sole fact is sufficient
to create doubts.

The problem of the eastern continuation of the unit removed from the Alpine
realm has been left open [KAZMER and KOVACs 1985] although it is not less impor-
tant than the problem of the western end. There are two principal possibilities for
the eastern end of the moving unit (Fig. 38).

Fig. 38. Models for an escaping domain

38. abra. Egy kinyomaédé egység modelljei

Puc. 38. Mogenu nbbkumatoweroca 61oka
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When regarding the Réba and Balaton lines to be rigid boundaries of the
moving unit one can only find the wedge model to be acceptable. East or northeast
of the Buda Hills, however, there are no proofs of large-scale (several hundreds of
km) Oligocene displacements or of a wedge which progresses towards the east and
necessarily suffers deformations along the strike. Hence, the blunt-body model
seems to be more probable even in the first approximation.

In this case the convergent boundary in the east can only be located in the
Magura zone of the West Carpathians. Since the Pieniny Klippen belt cannot be
crossed by any Oligocene kinematic boundary, the Magura convergent boundary is
only traceable into the intra-Carpathian area through ,,gates”: along the Botiza nap-
pes (Maramure8) in the east and through the Vienna basin in the west (Fig. 39A).
This means that the southern boundary of the moving unit should be located within
the Maramureg-Szolnok flysch bell and the northern boundary should be assumed
somewhere in the Alpine/Carpathian junction area (Fig. 39A). Consequently, both
the Réba and the Balaton lines are situated inside the moving unit and not on its
boundaries.

The problem of the Réaba line and of the northern transcurrent boundary has
been discussed elsewhere [Bar1a 1988b] and is beyond the topic of this work
though a discussion of the southern transcurrent boundary would be important as a
means of understanding the role of the Balaton line and the structural pattern of
the southeastern margin and foreland of the Transdanubian Range.

According to the structural pattern and to the abundant Permian-Mesozoic
palaecomagnetic data [Marton E. and Marton P. 1983; Marton E. and E 1ston
1985], in the Bakony Mts. and in the Balaton Highlands there are no significant
deformations which could have resulted in relative rotations of different blocks.
This whole area can be regarded almost or totally rigid during the Tertiary tec-
tonism, and the total offset of the dextral displacement relative to the Alpine realm
can be measured between this Bakony-Balaton domain and the Southern Alps.
When considering the shape of all domains in the northeastern continuation of the
Bakony-Balaton domain (Fig. 39) we can state that all of them have southwestern
tails, the same being true for the Bakony-Balaton domain. Based on the general
tendencies we assume the Buzsak Permian-Triassic to continue the Seregélyes tail
of the Buda domain [Ba11a et al. 1988].

We restored the pre-Cenozoic image of the Alpine-Carpathian realm
(Fig. 39C) on the basis of Senonian palaeomagnetic directions keeping all domains
in their present contours and fixing the DAV line to the Northern Calcareous Alps,
the Raba and Balaton lines to the Bakony Mts. and the Pusteria-Gailtal (=
Periadriatic = PA) line to the Southern Alps. Between these lines wedge-like gaps
(= hatched areas) appeared which reflect a pressing out of the East Alpine/West
Carpathian and South Alpine/Middle Transdanubian (= south of the Bakony Mts.)
domains. The system of southwestern tails of all North Pannonian domains is pos-
sibly related to the pressing out of the Alpine realm accompanied by dextral shear
in the Oligocéne. In the hypothetical situation restored the formations, now form-
ing the tails, should be gathered into the southern continuations of the correspond-
ing domains.

This conclusion gives the basic idea for the restoration of the southeastern mar-
gin and foreland of the Transdanubian Range. This basic idea comprises gathering



Fig. 39. Kinematics of the blunt-body model
A) Sketch to illustrate the position of the Pieniny Klippen belt and of the DAV-Ré&ba and Periadriatic
(PA) - Balaton lines
B) The system of southwestern tails
C) Sketch to illustrate the situation before the removal of the Bakony unit from the Alpine realm,
simplified after Balla [1988a]

39. &bra. A tompatest-modell kinematikaja
A) A Pieniny Szirtdv, valamint a DAV-Réba- és a Periadriai (PA) - Balaton-vonal helyzete (vazlat).
1— a targyalt tektonikai vonalak; 2 — mas fontos tektonikai vonalak
B) A DNy-i nydlvanyok rendszere
C) A Bakonyi-egység alpi tertiletérél valé kinyomddasat megel6z6 allapot (vazlat, Balla [1988a] nyoman,
egyszer(isitve)

Puc. 39. KnHematuka Tynoro tena
A) TonoxeHue MNMbeHUHCKOW Y TecoBO 30HbI, a Takxe [JAB-Pabckoli n Mepuagpnatnyecko
(pa)-BanaToHCKOW NUHWIA
B) Cwucrtema torosanafHblX XBOCTOB
C) CwuTtyauus fo BbXaTus BakOHbCKOW eAnHULLI U3 Anbnuiickoii o6nacTu; cxema no banna
[Balla 1988a], ¢ ynpouieHAMu
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all granites up to the Buzsak area into a simple body of elliptic shape and all Per-
mian-Mesozoic complexes of the Seregélyes-Buzsadk zone into the southeastern
continuation of the Buda syncline, i.e. east of the granite body restored (Fig. 40). In
the reconstruction Lake Balaton and the Danube River have been kept in rigid con-
nection with the Bakony domain.

Consequently the East Velence pericline [Dudko 1988a], implying that
granites of the Balaton-Velence zone mark the core of an anticline which cor-
responds to the Bakony-Vértes syncline, probably arose in two distinct deformation
stages as follows: 1 — during the clockwise bending of the Pilis-Buda structures
relative to the Bakony-Vértes structures in the Middle Cretaceous; 2 — in the
course of the dextral shear of the southern margin of the Velence-Buda formations
in the Oligoceéne. Discussion of the problem, that in the Middle Cretaceous the pre-
viously formed syncline was bent or the bending occurred synchronously with the
folding and thrusting, is beyond the scope of this work. Notwithstanding, the situa-
tion restored (Fig. 40) approximately corresponds to that which existed during the
Senonian, Palaeocene and Eocene when the Transdanubian Range domain was still
inside the Alpine realm, before the removal towards the east but after the Middle

100 km

V. -Velence

Sv - Sagvar

NB - North Buzsak
Dinny - Dinnyés

Ser -Seregélyes

EOUS

Eocene volcanites
Middle Triassic
Lower Triassic
Permian

Granite
Palaeozoic

Fig. 40. Sketch of the Velence-Buda area at the Oligocene/Eocene boundary

40. abra. A Velencei- és a Budai-hegység korzetének vazlata az oligocén/eocén hatar kornyékén.
1— eocén vulkénitok; 2 — kozéps6tridsz; 3 — alsétridsz; 4 — perm; 5 — grénit; 6 — paleozoikum.

Fuc. 40. Cxema okpecTHoOCTeli BeneHueiickux n byfaiickux rop NnpuMepHO Ha rpaHuue
0NIUTOLeHa C 30LEHOM
1 — 30UeHOBbIe BYNKAHWUTbI; 2 — cpefHuii Tpuac; 3 — HWXHWIA Tpuac; 4 — nepm; 5
— rpaHnTbl; 6 — naneosoi
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Cretaceous tectonism. The Velence-Dinnyés volcanic formations of Late Eocene
(to Early Oligocéne?) age primarily formed a west-east elongated area; the present
NNE-SSW elongation of this area arose solely because of dextral shear and cor-
responding clockwise rotation around the Velence granite body in the Oligocene.

It can be supposed that the east-directed motion of the Bakony-Buda unit
resulted in the compression along its strike and in an increase of the curvature of
the Veértes-Gerecse-Pilis-Buda arc (see Fig. 19) generated in the Middle
Cretaceous (see. 2.1.). This process cannot be separated from the later bending of
the same type (see in 4.2.) that is why the whole effect has been related to the lat-
ter.

4.2. Bending in the Early-Middle Miocene

The Early-Middle Miocene (appr. 22-14 Ma B.P.) is the time of the collision of
the South Pannonian domain with the North Pannonian domain and of the anti-
clockwise rotation of the North Pannonian domain because of its push by the clock-
wise rotating South Pannonian domain from the south [Balla 1985]. The anti-
clockwise rotation of the whole North Pannonian domain has been recorded in its
palaeomagnetic directions [MARTON E. and MARTON P. 1983] and in the syn-
chronous folding and thrusting of the Outer West Carpathians [KRS and Roth
1979; KRS et al. 1979]. The collision and push would serve as a general explanation
for the compression during the time span in question. The bending, however, re-
quires something more than a simple compression, viz. transversal sinistral shear
(Fig. 41A). Conditions for such a shear existed in the early stages of the collision
when the imaginary continuation of what was then the western but is now the
northwestern boudary of the South Pannonian domain (Fig. 41B) could have lain
somewhere between Lake Balaton and the Danube River being fixed to the
Bakony-Balaton area in the situation restored. Compression could have occurred
first of all east of this imaginary line (see Fig. 4 1A). The well-known dislocations of
the Buda Palaeogene disappearing towards the northwest, i.e. further from the ac-
tive compression, may be related to this process although the angular disconformity
between the Miocene and Palaeogene has not been ascertained.

West of the line above, viz. south of Lake Balaton, convergence between the
North and South Pannonian domains took place from the earliest Miocene, how-
ever, its traces have only been established for the Badenian — although earlier
Miocene compressive structures are probable in the areas situated somewhat fur-
ther south [Bat11a et al. 1988]. In an eastern direction these structures cease east of
the Danube River [BALLA 1988h].

Summarizing, the kinematic model elaborated for the whole Carpatho-Pan-
nonian realm [Ba11a 1985], offers a plausible explanation for the young bending of
the Transdanubian structures including bending of the Balaton-Velence granite
belt and of the Vértes-Buda area. The direction of movement of the blocks in the
Bakony-Vértes junction area (Fig. 27), furthermore, the direction of the shear of
the granite belt required for its stretching during the bending and, lastly, the
removal direction of the Velence-Buda wedge are in harmony with the direction of
the Early-Middle Miocene push in the rotation history of the Carpatho-Pannonian
realm [Bat1a 1985].
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Fig. 41. The origin of the S-shaped bends
A) Sketch of the transversal shear
B) Regional kinematics at 20 Ma B.P., simplified and completed after Bal1a [1985]

41. &bra. Az S-alaku hajlatok eredete
A) A haréantnyiras vazlata
B) Regionalis kinematika 20 milli6 évvel ezel6tt. Bal1a [1985] nyoman, egyszer(sitve és médositva
1— a Balatonfé-Velence teriilet; 2— mozgasi irany; 3— a késébbiekben felemésztett teriilet

Puc. 41. MpoucxoxaeHneb-o6pasHbiXx U3rM608
A) Cxema nonepeyHoro ckasnbiaHus
B) PernoHanbHas kuHemaTuka 20 MaH. neT Ha3af. Mo bBanna [Balla 1985], ¢ ynpoweHusmu u
N3MEHEHUAMM
1 — paiioH banaToH(é-BeneHue; 2 — HanpasieHue cMeleHus; 3 — o06nacTb,
ncyesarollan B AanbHenwem
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4.3. Sinistral shear in the Middle Miocene

The Middle Miocene (appr. 14-12 Ma B.P.) is the time of the continuing clock-
wise rotation of the South Pannonian domain. The North Pannonian domain had
finished its anticlockwise rotation while the convergence between the South and
North Pannonian domains west of the Danube River was in progress. Gradually
sinistral shift became the dominant process. This provides a plausible explanation
for the sinistral shear of the Transdanubian Range as recorded in strike-slip dis-
placements of W-E direction in the Gerecse-Pilis area (Fig. 42). The blocking of
the northwestern unit (= North Pannonian + Inner-1-Central West Carpathian
domains) in the northeast is an important condition of this process.

5. Conclusions

The tracing of an old (Middle Cretaceous) bent syncline together with accom-
panying longitudinal overthrusts along the whole Transdanubian Range appears to
be a fruitful method of structural investigation. Analysis of the position of Tertiary
depressions has resulted in the dating of the main tectonic events. Kinematic
modelling, i.e. restoration of the situations before these events and the correspond-
ing corrections in the interpretation of data has led to the construction of a new
geological map and to a new concept of the tectonic history of the Transdanubian
Range. This tectonic history has been correlated in detail with the Oligocene-
Miocene kinematics of the Alpine-Carpathian-Pannonian realm, and the essence
of the Oligocéne and Early Miocene history of the southeastern foreland of the
Transdanubian Range has been revealed on the basis of the regional kinematics.

The dismembering of the Transdanubian Range due to subvertical displace-
ments along the faults, which strike in the N-S to NW-SE direction, has been con-
nected with processes which postdate all large-scale strike-slip displacements within
the Transdanubian Range. A kinematic interpretation of these movements could be
given in a special work.

O Fig. 42. Sketch to illustrate the origin of the sinistral shear in the Gerecse area. Modified after Balla
[1987]

42. abra. A Gerecse-vidéki balos nyiras eredete (vazlat), Balla [1987] nyoméan, mddositva
1— alpi front; 2 — Pieniny Szirtdv; 3 — karpati front; 4 — ENy-i szerkezeti egység; 5— Gerecse;
6— a DK-i szerkezeti egység szélének Gtja (15-10 milli6 év kdzott); 7— az ENy-i szerkezeti egység
hatara; 8 — az ENy-i egység mozgasat blokkol6 teriilet

Puc. 42. TponcxoxpaeHue neBoro ckansiBaHWs B paiioHe [epeueiickux rop (cxema), no banna
[Balla 1987], ¢ MU3MEHEHUAMMU.

1 — ¢poHT Anbn; 2 — TbeHUHCKaA YTecoBas 30Ha; 3 — (poHT Kapnat; 4 —
CeBepo-3anafiHas CTPYKTypHasa efuHuua; 5 — [epede; 6 — cref nepemeLieHuns kpas
KO ro-BOCTOUYHOW CTPYKTYPHOW eanHnLbl; 7 — KOHTYp CeBepo-3anafHoi CTPYKTYpHOIA

efnHULM; 8 — o6nacTb, 6N0KMpOBaBLLAs ABMXKeHNe CeBepo-3anafHuii eguHmMLbI
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NAGYMERETU HARMADIDOSZAKI ELTOLODASOK
ADUNANTULI-KOZEPHEGYSEG SZERKEZETEBEN

BALLA Zoltan és DUDKO Antonina

A Dunantali-kdzéphegységben két f6 id6szakban Iéptek fel erételjes tektonikai mozgasok. Az elsé a
kozéps6kréta, amikor a szinklinalis szerkezet kialakult és EK-i részén meghajlott a kiséré ratolédasokkal
egyltt. Ezt az id6s szerkezeti képet markerként hasznaltuk a masodik, oligocén-miocén koru tektonizmus
elemezésében. Ezen utébbin belil az alabbi harom szakaszt kilonboztettiik meg: 1) a Dunantili-
kozéphegységi egység DK-i peremének jobbos nyirasa az oligocénben (kb. 30-22 m. éve), 2) valamennyi
szerkezet S-alaki meghajlasa az als6-kézéps6miocénben (kb. 22-14 m. éve) és 3) balos nyirds és
Osszenyomodas a kozépsémiocénben (14-12 m. éve).

Ezeket a jelenségeket az aldbbi médon korrelaltuk az Alp-Karpat-Pannon régié azonos korl
kinematikai folyamataival: az ‘I -et az ENy-i Karpat-Pannon egység alpi teriiletrél val6 kinyomédasaval, a
2-6t az 6ramutatd jarasaval egyez6 iranyban elforduld DK-i Karpat-Pannon egység ENy-inak
litkozésével és az utobbi E felé nyomasaval, végil a ‘3-at a DK-i Karpat-Pannon egység éramutatd
jarasaval egyez§ iranyu elfordulasaval, amely az ENy-i Karpat-Pannon egység szegélyének és — részleges
elvonszoléas kovetkeztében — belsd részeinek a balos nyirasat eredményezte. A regiondlis kinematikai
modellezéssel levont kovetkeztetések ellendrzése a Dunantali-kdzéphegységben, azaz egy jol
tanulmanyozott korzetben, a helyi tektonikai jelenségek dsszhangjat bizonyitja a regionalis modellel.

TPETUYHbIE CABUTU BOJIbLLION AMMANTY 4bl
B CTPYKTYPE 3AAYHAWNCKOIO CPEAHEIOPbA (BEHIPUA)

3onTtaH BANNA, AHToHnHa Y OKO

B 3apyHaiicKom cpefiHeropbe MHTEHCUBHbIE TEKTOHWYECKME ABUXKEHNA UMENN MEecTO B fBe
rnaBHble anoxu. MepBas W3 HUX —cCpefHWIA Men, Korfa obpa3oBanack CUHKAMHaNbHaA CTPYK-
Typa, KoTopas 6bl1a M30rHyTa Ha CeBEPO-BOCTOKE BMECTE C COMPOBOXAaLW My B3bpocamu. 3 ra
[LpeBHAA CTPYKTypa NCNonb3oBanach B Ka4eCTBE MapKepHON CUCTEMbI MPU U3YUYEHUN TEKTOHWN3-
Ma BTOpOWi, ONNTOLEHOBO-MWONEHOBOI 3Noxu. B npegenax nocnefHei BbigeneHbl cnegyroLine
Tpu atana: 1- npaBoe ckanbiBaHWe OB okpauHbl 3afyHaiiCKOro cpefHeropbs B ONUTOLEHe
(npumepHo 30-22 MAH. NeT Hasafg), 2 - S-06pa3Hblil N3rnb Bcex CTPYKTYpP B paHHEM-CpPeAHEM
MuoLleHe (NpUMepHO 22-14 MNH. neT Hasaf) WU 3 - NeBOe CKaNbiBaHWE U CXaTue B CpefHEM MMUO-
ueHe (NnpumepHo 14-12 MAH. neT Hasag).

Bce aTu aBneHUs 6b11n CKOppennpoBaHbl € 0JHOBO3PACTHLIMU KMHEMATUYECKUMU NpoLiec-
camu B Anbnuiicko-KapnaTcko-MaHHOHCKOM permoHe: ,1” - ¢ BbDXKMMaHUEM ceBepo3anajHoii
KapnaTto-lMaHHOHCKOW efgunHuLbl U3 Anbnuiickoii obnactu, ,,2” - cO CTOIKHOBEHMEM HOTOBOC-
To4yHoW KapnaTto-lMaHHOHCKOW efuHULbI, NOBOPaYMBalOLLEics N0 4acoBOW CTpenke, C CEBEPO-
3anafiHoOl W c oTTankWBaHMeM nocnefHeli K ceBepy, HakoHel, ,,3” - C NOBOPOTOM OTOBOCTOY-
Hoil KapnaTo-MaHHOHCKOW efMHULbI MO Y4acOBOW CTpenKe, NPMBEALIMM K IEBOMY CKanblBaHWIO
OKpauH ccBepo3anajHoi efuHWLbl U —B CBA3WM C YaCTUYHbLIM yBAeKaHWeM nocnefjHeri —Tak
Xe 1 ee BHYTpPeHHUX obnacTeid. MpoBepka BbIBOAOB, NOMYYEHHbIX MO PErMOHaNbHOMY KMHEMa-
TWYECKOMY MOAeNMpoBaHuio, B 3afyHaliCKOM cpefHeropbe, T0-eCTb B XOPOLIO M3YYEHHOM pa-
ioHe, CBNAETENbCTBYET O COOTBETCTBUW NIOKANbHbIX TEKTOHUYECKUX ABNEHWUI pernoHanbHoOM

Mogenu.
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DEEP REFLECTION SEISMIC PROFILE 598
IN THE SOUTHWESTERN PART OF THE TRANSCARPATHIAN DEPRESSION

Libor VEJMELEK* and Cestmir TOMEK*

The paper presents results and an interpretation of seismic reflection Profile 598, which was
recorded in the same way as common industrial profiles but with an extended recording time of 12
seconds. The line is situated in Eastern Slovakia and extends across the Zemplin Hills to the Transcar-
pathian Depression in a SW-NE direction. The Moho was detected as a relatively sharp seismic boundary
at a depth of about 26 km. NE dipping reflections, suggesting deformation of the crust-mantle boundary,
are probably the consequence of crustal extension. Seismic results in the Zemplin Hills area, together
with other geophysical and topographical data, allowed the position of the boundary fault to be located
on the WSW side of the Zemplin Horst. A detailed interpretation of the Neogene sedimentary fill-up is
not possible because of the absence of boreholes along the profile and the disturbing influences of sur-
rounding geological structures (e.g. buried volcanic bodies). Determination of the sedimentary basin floor
is also ambiguous because seismogeological conditions are unfavourable. Interpretation results are in
agreement with opinions on the dextral pull-apart origin of the Transcarpathian Depression presented by
RoYDENet al. [1983 ]

Keywords: Transcarpathian Depression, Zemplin Horst, deep seismic profiling, geophysical data, Moho
discontinuity

1. Introduction and geologicai setting

The results of two deep-crustal reflection profiles across the West Carpathians
have recently been presented [TOMEK et al. 1987 J For greater detail, we have also
recorded several shorter profiles using standard oil-exploration recording
parameters, but with recording times of 12 s and greater. In this paper initial results
from one of those profiles are presented, a 26 km long reflection traverse from the
Zemplin Hills to the Transcarpathian Depression (line 598, Fig. 1).

In the Zemplin Hills area the profile passes through Late Palaeozoic rocks of
Zemplin-Mecsek type, which are not encountered elsewhere in the West Car-
pathians [GRECULA and EGYUD 1977 ]. The Transcarpathian Depression forms the
promontory of the Pannonian Basin, extending northeastward into the Carpathians.
Its geology was described by RUDINEC et al. [1981] as well as buricA [1982]. The
filling of the Transcarpathian Depression has been thoroughly interpreted by
MORKOVSKY et al. [1986]. In its northeastern part the profile extends past the
buried Malcice body formed by andesite volcanic products of the Lower Sarmatian
age [SLAVIK 1972]. The body was encountered in Malcice-1 borehole and has been
mapped by aerial geophysical surveys and by measurements along adjacent seismic
reflection profiles [Morkovsky et al. 1986].

* Geofyzika Brno, POB 62, 612 Brno, Czechoslovakia
Manuscript received (revised version): 28 November, 1988
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Fig. 1. Location of seismic line 598
1— Neogene volcanites; 2— Neogene to Recent sediments; 3— Mesozoic (Triassic)
of the Zemplin Hills; 4 — Palaeozoic (Carboniferous-Permian) of the Zemplin Hills; 5— borehole

1 &bra. Az 598 sz. szeizmikus vonal helyszinvazlata
1— neogén vulkanitok; 2— tiledékek neogéntél recensig; 3— a Zempléni-hegység mezozoikuma
(tridsz); 4 — a Zempléni-hegység paleozoikuma (karbon-perm) 5 — mélyfiras

Pue. 1. MnaH cutyauun npodunsa Ne 598 celicMopasBeakm
1- HeoreHoOBble BY/NIKaAHUTbI; 2- HEOFeH-4YeTBEPTUYHbIE OTN0XEHNA; 3- Me3030i (Tpuac)
3eMNANHCKUX rop; 4 - naneos3oit (Kap6oH-nepmMb) 3eMNANHCKUX FOp; 5- CKBaXuHa

There are two different tectonic units in the territory studied: the Transcar-
pathian Depression and the so-called Zemplin Inselberg, formed by sediments of
Late Palaeozoic and Triassic age (Fig. 1). The Transcarpathian Depression acquired
its present shape during the Late Badenian to Pannonian episode of rapid sub-
sidence, synsedimentary normal faulting (with strike-slip component), and immense
volcanic activity [Durica et al. 1978]. The basement belongs to the Palaeo-Alpine
and Meso-Alpine edifice of the Carpathians and its maximum depth is about 6 km.
The whole depression east of the Presov-Tokaj Mts. is characterized by high heat
flow, positive regional gravity and high fluid pressure in the sediments, caused by
dehydration during recent metamorphic recrystallization.

The Zemplin Horst is a significant morphologic feature on the SW side of the
Transcarpathian Depression. The rocks exposed on the horst are primarily
Stephanian sediments [Grecula and Egyud 1977]. The sediments are of deltaic
and neritic origin, containing arkoses and black shales along with coal seams.
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Sedimentation continued gradually into the Permian, when continental to lagoonal
facies with acid volcanites were developed. The relationship between Permian and
Lower Triassic rocks (conglomerates, sandstones and quartzites) is uncertain. The
geological history of the Zemplin Hills area, according to GRECULA and EGYUD
[1977], parallels the tectonic development of the Mecsek Mts. (Hungary) and the
Recifa zone of the Getic nappe in Banat (Romania).

New geological mapping and boreholes revealed an imbricated thrust tectonic
pattern of the Late Palaeozoic age in the Zemplin Horst area. The system of par-
tially overthrust slices forms a nappe-like structure (the Zemplin nappe), which was
thrust from the NNE to the SSW [GRECULA and EGYUD 1977]. Geomorphological-
ly, the Zemplin Hills are an intricate horst structure rising from the surrounding
lowland [Kvitkovic in Cechovic et al. 1963]

2. Data

Because of the complicated terrain in the Zemplin Hills area, the slalom-line
profiling method was chosen, with a dynamite source split-spread configuration,
and 24-fold CDP coverage. Recording was done with a DFS-1V, 48-channel digital
system. The recording time was 12 s, with a 2 ms sampling interval. The results of
processing by an RDS 500 computer using the seismic software package Geomax is
the unmigrated time section shown in Fig. 2. The two-way time of 12 s represents a

Fig. 2. Unmigrated time section of Profile 598 2. &bra. Az 598 sz. vonal id6szelvénye
Puc. 2. BpemeHHOW pa3pe3 BgonbL npoguns Ne 598
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depth of 30 to 36 km, the Moho discontinuity in the study area is assumed to be at a
depth of less than 30 km [Mayerova et al. 1985]. The upper part of the section to
the two-way time of 4.2 s was processed into a migrated time section (Fig. 3)
suitable for interoretation of the sedimentary basin fill.

Within the upper crust (approx, to 5 s) the seismogeological conditions are
most favourable in the area of Neogene sediments. Regarding the deeper structure,
the conditions are better in the southwestern part of the profile owing to a thinner
sedimentary cover and hence a smaller seismic attenuation. Side reflections from
the slopes of the Malcice volcanic body also considerably devalue the useful signals
in the northeastern part of the section (Figs. 2 and 3).

The velocity distribution was derived from well shooting from boreholes in the
vicinity of the profile (Tr-21 in the Zemplin Hills area, Tre-5, Tre-6 and Ma-1 in
the Neogene area, Fig. 1). For greater depths, the velocity curves derived from well
shooting were consecutively extrapolated assuming a layer velocity of 6000 ms” 1

Results of ground measurement of the vertical component of the magnetic
field to the scale of 1:25,000, detailed gravity measurement (also 1:25,000) and
topographic maps of the area of interest to the scales of 1:25,000 and 1:100,000
were used to construct the AZ, the Ag and the terrain relief along the profile

(Fig. 4), as well as a topographic scheme of the study area (Fig. 5). On the gravity

(nT>

relief

Fig. 4. Curves of [1Z, Ag and the topography along seismic line 5¥8

4. abra. Az 598 sz. vonal AZ, és Ag gorbéje, valamint topografiaja

Puc. 4. Kpusble AZ 1 Ag, a Takxe penbed Bfonb npodunsa Ne 598
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Tig. 5. Topographic scheme with the location of seismic lines 1and 598
1— elevation less than 100 m a.s.l.; 2— elevation between 100-200 m a.s.l.;
3 — elevation more than 200 m a.s.l.; 4 — state frontier

5. abra. Topogréafiai vazlat az 1sz. és 598 sz. szeizmikus vonallal
1— magassag < 100 m tsz. f.; 2— magassag 100-200 m tsz.f. kozott; 3 — magassag >200 m tsz. f;;
4 — 3llamhatar

Puc. 5. Tonorpaguueckas cxema ceiicmuueckux npoguneid No 1 n 598
1- BbicoTbl < 100 M Han yp. mops; 2 - BbicOTbl 100-200 M Hag yp. Mops; 3 - BbiCOTbl > 200 M
Haj yp. Mops; 4 - rocyfapcTBeHHasa rpaHuua

map (Fig. 6) the Zemplin Hills are manifested by maximum gravity values, while the
Neogene depression exhibit decreased gravity values. A local positive anomaly, with

its centre 2 km to the SE of km 20.5, is due to the andesites of the Malcice volcanic
body.
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Fig. 6. Gravity map with locations of boreholes and seismic Profile 598
6. &bra Gravitécios térkép a mélyflrasok és az 598 sz. szeizmikus vonal feltlintetésével

Puc. 6. KapTa rpaBuTaynoHHbIX aHOManuii ¢ 0603Ha4YeHneM 6YpOBbIX CKOAXUH U
celicMuyeckoro npodguns Ne 598

3. Discussion

The sediments of the Transcarpathian Depression occur from km 7.5 to the
end of the profile. Neogene sedimentary layers are very distinct on the seismic sec-
tion (Fig. 3). The division of basin fill into stratigraphic stages (Fig. 8) is only in-
tended to show general orientation because of the absence of deep boreholes along
the profile. The seismic picture of sedimentary horizons is disturbed by side reflec-
tions from the slopes of the Malcice volcanic body. Because of unfavourable seis-
mogeological conditions (insignificant acoustic impedance contrast between base-
ment and overlying sediments), and the lack of boreholes penetrating the whole
sedimentary complex, the determination of the basin relief is ambiguous. Moreover,
owing to anomalously increased heat flow values - 105 mW m'~ according to
Cermak [1968] - in the deeper parts of the basin, the Neogene sediments are
metamorphosed almost into the green schist facies [DURICA et al. 1979]. That is
why there is little difference in acoustic impedance at the sediment-basement con-
tact. Our interpretation is based on an abrupt change in the character of the reflec-
tion pattern, and on data from crossing profile 585 [LUKASOVA et al. 1985]. The
depth of the basin gradually increases to approx. 3600 m at km 15 (approx 2 s in
time section in Fig. 3). It cannot be followed farther as the useful signal interferes
with strong side reflections from the Malcice volcanic body. At around km 24,
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where the depth is assumed to be greatest, the basement may be indicated by reflec-
tions at about 3.2 s. These events can be particularly well recognized in the migrated
time section (Fig. 3). The calculated depth here is approx. bLLl) m.

Up to km 18 the sedimentary fill below 200 ms is characterized by the dipping
of layers to the NE, presumably caused by large subsidence. The layers above
200 ms are horizontal. Considering the data from the nearest boreholes, it can be
assumed that the horizontally situated sediments are Pannonian and younger.
Within the sedimentary fill there are numerous minor synsedimentary faults,
revealed by interruptions of reflections and by diffracted waves (Fig. 7).

In the Zemplin Hills area, Late Palaeozoic rocks rise to the surface around km
2.5 and between km 4 and 7.5 (Fig. 1). These outcrops are separated by a graben
filled with Neogene sediments which are well indicated by gravity data (Figs. 4 and
6). By gravity modelling, the depth of the graben was estimated at about 500 m,
which corresponds to the two-way time between 450 and 500 ms. In the time section
(Fig. 2) however, the structure is not observable. At times over 600 ms diffracted

SW NE
10 : 10
© ®

Fig. 7. Line drawing derived from the unmigrated time section of Profile 598. Diffracted waves are
marked with dashed lines

7. &bra. Az 598 sz. vonal migralatlan id6szelvényébdl nyert vonalrajz. A diffraktalt hullamokat szaggatott
vonal jel6li.

Puc. 7. LLITpUX0BOI pUCYHOK, NONYYEHHbI MO BpeMeHHOMY pa3pe3y npoguns Ne 598 6e3
murpaummn. BonHel anddpakunn 0603HaveHbl MYHKTUPOM
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waves appear, suggesting an almost vertical discontinuity (Figs. 2 and 7). Similar but
more distinct waves are observed in a corresponding position on parallel reflection
line 1 (Fig. 5). The recording time used on this profile was 3 s, which corresponds to
a depth of 7-8 km. A comparison with the terrain relief (Fig. 5) shows that the inter-
preted fault represents the main tectonic boundary of the Zemplin Horst to the
SW. Regarding its linear course and nearly vertical dip, it can be assumed that it is a
strike-slip fault.

The boundary between the Palaeozoic rocks and the crystalline complex en-
countered in borehole ZD-8 (6 km to the SE of Profile 598) at the depth of 1310 m
[Egyud 1982] cannot be observed in the time section. Up to the time of 13 s
(depth of approx. 3400 m), besides the diffracted waves, weak SW-dipping reflec-
tions prevail (Figs. 2 and 7). Apparently, the seismic pattern here is influenced by
tectonic disturbances of rocks rather than by their lithology. However, the complex
tectonics of the Zemplin Hills area in the whole range of the upper crust was con-
firmed, but a more detailed determination of internal structure is not possible. The
prevailing SW dipping reflections in the Zemplin Inselberg do not agree with the
nappe structure with thrust planes dipping ENE as interpreted by Grecuta and
Egyud [1977]. The NE margin of the hérst has a more complicated structure than
the SW margin, with faults extending into the basement beneath the sedimentary
basin (indicated by the groups of diffracted waves in the range from km 7.5 to 15 at
times from 1sto 5s- Figs. 2and 7).

The lower crust, represented by the time range from approx. 5 to 85 s, is
manifested by numerous, medium to strong fragmentary seismic events. A remark-
able feature in the seismic section is a series of rather strong reflections from the
beginning of the profile up to km 9 at times between 8.6 and 9.2 s (Figs. 2 and 7). It
is assumed that these are reflections from the Moho discontinuity, a relatively sharp
seismic boundary with the thickness of the transition zone of about 15 km (Fig. 8).
The interpreted depth of about 26 km and the character of the reflections are in
close agreement with results of deep seismic reflection profiling on adjacent Hun-
garian territory [POSGAY et al. 1981]. From km 9 up to the end of the profile reflec-
tions from the Moho do not appear, presumably as a consequence, of energy loss
due to the greater thickness of neogene sediments.

NE-dipping reflections appear between 7.5 and 9.5 s in the time section (km 4
to 17, Fig. 7). After migration and depth conversion, these events appear to be as-
sociated with a disturbance of the Moho. The relationship of dipping events on the
bottom of the crust to the tectonics of the study area can only be speculative. It is
possible that these events are related to an extension which resulted in crustal thin-
ning and basin subsidence. This thinning is evidently due to a large extension during
the last 16 Ma (Badenian-Recent), with prevailing extensional deformation in the
Badenian and Sarmatian.

4. Conclusion
The main result concerning the deep structure of seismic line 598 is the deter-

mination of the Moho depth of about 26 km in the Zemplin Hills area. This rela-
tively small crustal thickness can be explained as a consequence of extension and as-



30 a b
KM

I KM
Fig. 8. Schematic depth section of Profile 598
a— interpreted reflections; b — presumed boundaries; ¢ — zone of the Moho discontinuity;
N — Neogene; K — Karpathian; B— Badenian; S— Sarmatian; P — Pannonian; PL — Pliocene;
Q — Quaternary; 1— the WSW boundary fault of the Zemplin Horst;
2 —dipping reflectors from the Zemplin Hills; 3— reflectors in the upper crust in the area of the
Zemplin Hills; 4 — reflectors in the basement of the sedimentary basin;
5 — zone of dipping reflectors in the lower crust reaching the crust-mantle boundary

8. abra. Az 598 sz. vonal vazlatos mélységszelvénye
a — értelmezett reflexiok; b — feltételezett képz6dm

ényhatérol'.; c— a Mohorovicic diszkontinuitas
zoénaja; N — neogén; K — karpati; B — badeni; S— szarmata; P — pannon; Pl — pliocén;

Q — negyediddszaki tiledékek; 1— a Zemplémi-sashérc NyDNy-i hatarvet6je; 2— meredek délést
reflexiok a Zempléni-hegységhél; 3 — reflexiok a Zempléni-hegység fels6 kérgéb6l; 4 — reflexiok az
tiledékes medence aljzatabdl; 5 —a kéregkopeny hatérig lenydlé meredek délés( reflexiok

Puc. 8 Cxematuuyeckuii paspes npoguns Ne 598 no rnybuHe,

a- WHTepnpeTUpyemble OTpaxKeHus; b - npegnonaraemble reonorMyeckne rpaHuLLbl; ¢- 30Ha
Moxoposuuunya; N - HeoreH; K- kapnatckuii apyc; B - 6ageHckuit apyc; S- capmatckuii
Apyc; P - naHHOHCKUIA apyc; PL- nanoueH; Q - Y4eTBEPTUYUYHbIe 0TNOXeHUA; 1- c6poc,
orpaHvymBalLWnii 3eMnanHckue ropsl ¢ KOKO3; 2 - KPYTOHAKNOHEHHbIE OTPaXeHUs U3
3eMNANHCKNX Top; 3 - OTPaXXeHMUA 13 BepXHel YacTu Kopbl 3eMNAUHCKWUX Fop;

4 - oTpaxeHUs n3 hyHAaMeHTa BNagMHbl, 3aN0NHEHHOW ocafKaMu; 5- KPYTOHAKNOHEHHN
OTpaXKeHns, onyckatoLlmecs A0 rpaHuLbl Kopa-MaHTus



Deep reflection seismic profile... 16

sociated basin subsidence, especially in the Badenian to Sarmatian ages. As for the
lower crust structure, profile 598 contains no significant new information.

Results of interpretation of seismic line 598 are in agreement with contem-
porary views on the origin of the Transcarpathian Depression as presented by
Royden et al. [1983J). According to these authors this basin is a pull-apart basin and
its development is associated with slip along a system of dextral faults. Movements
had the greatest intensity in the Badenian to Sarmatian ages. Crustal thinning to
26 km, and possibly failure on the crust-mantle boundary, as suggested by dipping
events on the seismic section, is also in agreement with this idea.

The fault restricting the Zemplin Hills in the WSW seems to belong to the fault
system mentioned above. If so, it may also have been active till recent times. From
that point of view, the Zemplin Hills are a hdrst structure formed in a transten-
sional tectonic regime.
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KEREGKUTATO SZEIZMIKUS REFLEXIOS SZELVENY A KELET-SZLOVAKIAI MEDENCE
DELNYUGATI RESZEN

Libor VEJMELEK és Cestmir TOMEK

Az 598 sz. szeizmikus reflexios szelvényt a rutin ipari felvételezéssel azonos médon mértiik, azzal a
kilonbséggel, hogy a rogzitési id6t 12 s-re terjesztettiik ki. A vonal a Zemplén-hegységben indul és atszeli
a kelet-szlovakiai medencét délnyugat-északkelet iranyban. A Mohorovicic hatarfeliiletet viszonylag éles
szeizmikus hatarként érzékeltik 26 km mélységben. A kéreg-kopeny hatar deformécidjara utald
északkeleti d6lés reflexiok valészinlileg kéregextenzié kovetkezményei. A Zemplén-hegység teriiletének
szeizmikus adatai, valamint geofizikai és topogréafiai adatok lehetévé tették a Zemplén sasbérc NyDNy-i
hatarvet6jének meghatarozasat. A neogén (ledékes feltdlt6dés részletes elemzése nem lehetséges
szelvény menti farélyukak hianyaban. Tovabb neheziti az értelmezést a kérnyez6 eltemetett vulkani testek
zavar6 hatdsa. Az iledékes medencealjzat meghatarozdsa szintén bizonytalan a kedvezétlen
szeizmogeoldgiai viszonyok miatt. Az értelmezés dsszhangban van Royden et al. [1983] véleményével a
kelet-szlovakiai medence jobbos széthlzasos eredetérél.

MPO®UJIb CEI7ICMOPASBE,D,KI4 METOAOM OTPAXEHHbIX BO/IH 3EMHOW KOPbI
HOrO0-3ANMAAHOUN HACTW 3AKAPIIATCKOI O MNMPOIrMBA

Nu6op BEMMENEK, Yectmup TOMEK

B paboTe paccmaTpmBaloTCa pe3ynbTaTbl M MHTepnpeTaunsa npodunsa 1598 celicmopasBefku
MeTOAOM OTpaXeHHbIX BOMH. I3MepeHns BLONb Npodunsa 6bi1n NpoBeAeHbl MO CUCTEME Cepuii-
HbIX W3MEepeHWiA, NPUHATLIX Ha MPOWU3BOACTBE, C €ANHCTBEHHbIM OTNIMYMEM, 3aK/OYaBLIMMCS B
TOM, 4YTO BpeMms 3anucu 6bi10 paclnpeHo o 12 cek. JInHUA npoduna HaunmHaetTca B 3eMNANH-
CKMX ropax u nepecekaet BocTtoyHo-CnosalKyto BhnajuHy B HanpasNeHWW C toro-zanafa Ha
cenepo-BocToK. MoBepxHOCTb MOX0OpOBMYMYE OTMeYanacbCpanHMTeNbHO Pe3Koil ceiicMnYecKoi
rpaHuuei Ha rny6uHe 26 kM. OTpaXKeHUs, HaKNOHEHHble K CeBEpPO-BOCTOKY, CBMAETENbCTBY-
10T 0 fedhopmauuy rpaHnLLbl KOpbl C MaHTUel W, NOBUAMMOMY, NPeACTaBNAT cO60i pesynbTat
pacTaXeHUs Kopbl. [laHHble celicMopa3BefKn Mo TeppuTopun 3eMNANHCKUX TOp, a Takxe reo-
(husnyeckas ntonorpapuyeckas nHopmaumna obecneymnn BO3MOXHOCTb onpesesieHns noso-
XXeHus cbpoca, orpaHuyMBaroLLero 3eMnanHCKUin ropct ¢ 3k03. [eTanbHblii aHanM3 npouecca
3ano0NHeHNa BNajuHbl ocafikamun Obll HEBO3MOXEH W3-3a OTCYTCTBUA CKBAXWH BLONb NMPodu-
na. flanee, nHTepnpetayna 3aTpyAHanach BClefCTBUE MOMEX OT NOrpebeHHbIX BYKaHUYECKNX
Ten B6aK3N oT npounsd. PyHAamMeHT BNajuH NPocnexunBsanca TakXe HeO4HO3HAYHO B CBA3M
CHebNaronpuUATHLIMU CECMOreonornyeckuMuy ycnosuamu. MIHTepnpetaumnsa Haxo4MTcs B COr-
nacuu ¢ TOYKOI 3peHUst Royden et al. [1983] o Tom, uTo BocTouHO-CnoBalkas BnaguHa BO3HUK-
Na no cxeme pacTsHXXEHUA € NpasbIM CABUTOM.



GEOPHYSICAL TRANSACTIONS 1989
Vol. 35. No. 1-2. pp. 77-99

NEOGENE VOLCANISM OF THE NYIR REGION (NE HUNGARY) AS
REVEALED BY INTEGRATED INTERPRETATION OF THE LATEST
GEOPHYSICAL DATA

Eva KILENYI*, Ivan POLCZ* and Zoltan SZABO*

Oil exploration of the NE corner of Hungary is hindered by the buried volcanics found practically
in all boreholes of the area. Determination of the type, position, age, etc. of the volcanic bodies may
influence our understanding of the oil potentials of the area. The seismic survey of 1986 provided much
better quality material than ever before. We could separate the volcanic tuffs from the subvolcanic bodies
thus providing a basis for gravity and magnetic modelling. The anomaly maps show integrated effects
making some of the small-size volcanic bodies unrecognizable. A filter test provided two map series
resulting in good correlation of seismic-, gravity- and magnetic data. Starting from the known shape and
position of the source, the density differences, susceptibilities and inclinations could be determined.
Comparing radiometric ages and magnetostratigraphy, it was found that there were two cycles of volcanic
activity separated in time by 1-2 Ma, the second marking the latest intensive tectonic events of the form-
ing of the Pannonian Basin.

Keywords: Pannonian Basin, Neogene volcanism, reflection seismic survey, gravity modelling, magnetic
modelling, radiometric age

1. Introduction

The existence of intensive palaeovolcanic activity in the Nyir region has long
been known from both the geomagnetic map and boreholes. Seismic reflection
prospecting, started in 1969, was hindered by the volcanic cover, energy being un-
able to penetrate it. To assess the hydrocarbon potentials of the area the most im-
portant question was whether any source rock could be expected below the volcanic
tuffs. Geoelectric measurements, first tellurics combined with dipole equatorial
soundings [Nemesi et al. 1,981], and later with the magnetotelluric method [Nemesi
et al. 1987], provided some information by classifying the area into three types: (i)
no volcanics present, (ii) low-resistivity formation (marine sediments) below vol-
canic cover, and (iii) volcanics immediately on high-resistivity basement (Mesozoic
carbonates or crystalline basement) [Nemesi et. al. 1986].

Boreholes were always sited on the top of structural highs, finding volcanic tuff
and no sign of hydrocarbons. None of the boreholes reached the basement of
the volcanic series. One of the latest such boreholes was Necs-1, in the south-
western corner of our present area, which penetrated nearly 3000 m of the volcanic
formations and stopped in them at a depth of 4008 m. Lithological descriptions of

the cores show a gradual transition of a stratovolcanic series — starting with tuffs
dominating and giving way to lavas dominating — into a subvolcanic body described
as diorite.

*Eo6tvos Lorand Geophysical Institute of Hungary, POB 35, Budapest H-1440
Manuscript received: 7 February, 1989



Radiometrie ages determined on samples from boreholes and outcrops in the
Nyir region scatter between 10 and 15 Ma [Table /,,Széky-Fux et al. 1987]. Data
showing ages younger than 10 Ma are regarded false, caused by Ar loss. If K/Ar
ages from the cited paper are plotted in three classes using the following time inter-
vals: 18-14 Ma, 13-11 Ma and 11-10 Ma, respectively, the trend is obvious, vol-
canics becoming younger towards the NE (Fig. 1).

Another time scale is at our disposal for determining the approximate age of
the volcanites: the polarity-time scale (Fig. 2). In spite of all efforts the exact timing
of the Pannonian (s. str.) stage is still a matter of controversy but its beginning is
mostly put somewhere between 11 and 12 Ma. We can see in Fig. 2 that in the 10.3—
115 Ma time range reversed polarity dominates.

The reflection seismic survey of 1986 meant a definitive change in quality com-
pared to former ones. Starting from the seismic profiles we tried to match all avail-
able geophysical and geological data to delineate an interpretation concerning the
origin and evolution of the volcanic activity. In addition, methodological considera-
tions inadvertently led to some new solutions.

Fig. 1. Boreholes of northeastern Hungary with K/Ar ages determined on cores of volcanic rocks [after
Széky-Fux et al. 1987]. Age of rock samples: 1— 8-11 Ma, 2— 11-13 Ma, 3— 14-18 Ma

1 dbra. EK-Magyarorszag mélyfurasai a vulkani magmintakon végzett K/Ar kormeghatarozasi adatokkal
[Székyné Fux et al. 1987 nyoman]

Puc. 1 CkBaxKuHbl BocTouHoW BeHrpuu c pesynbtatamu onpegeneHunii Bospacta
Kanuin-aproHoBbIM MeTOAOM [0 Széky-Fux et al. 1987]
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Table /. K/Ar age of samples from northeasten Hungary [after SZEKY-Fux et
al. 1987].

. tablazat. EK-Magyarorszagi k6zetmintak K/Ar kor adatai [Szekyné Fux et al. 1987
nyoman)

Tabnuua |. Kanuiti-aproHoBble Bo3pacTa ropHbix nopofg CeBepo-BOCTOUHOW BeHrpum
[no Széky-Fux et al. 1987]

No.  Locality, rock Examined 0 . K/Ar age 1Average age
fraction K% * Atrad A0R vl (Ma) (Ma)
Lel6hely, kézet Vizsgalt % (nom3/g) K/Ar kor Atlag kor
frakcio (mill, év) (mill, év)
MyHKT oT60pa, nopofga Wcenepyemasn K/Ar Bo3pacT, CpepgHuit
thpakums MIH. neT BO3pacT,
MJH. net
665. Kisljszallas EK-1 biotite 6.60 081 4.772-10"6 185+0,7 1 18.34+0 47
1664-1682 m rhyolite 027 4.614-106 17910 J 77 77
666. Kisujszallas EK-1 biotite 190 047 1.367-10"6 18.4+0.8
1863-1880 m rhyolite feldspar 736 086 5.190-10"6 18.0+0.7 ]

047 5.170-10"6 18.0+0.8 > 18.13+0.44
feldspar 204 060 1.466-106 18.4+0.8 J

497. Kistjszallas-1 biotite 483 0.10 2.746-10"6 14.6+2.0
1614-1617 m rhyolite tuff feldspar 125 022 6.484-HI'7 133%0.9
031 6.068-10"7 12.4+0.8
496. KisUjszallas-13 biotite 588 035 3.603-10"6 15.7+0.8
1765-1770 m rhyolite tuff
881. KisUljszallas-13 bulk rock 242 052 1.280-10"6 13.6+0.6
1905-1909 m andesite
738. Nyirmartonfalva-1 bulk rock 263 057 1.391-10™ 135+0.8 1 13.740.6
932-935 m 064 1432-106 139+0.6 T
andesite biotite 691 039 4571w0'% 16.9+08 1 171405
056 4651 w106 17.2+0.7 * A
834. Nadudvar-13 biotite 562 026 4.201-10"6 191+1.2 )
1605.5-1607.0 m rhyolite tuff 0.16 3.970-10"6 18114 V 178+2.1
biotite 554 015 3294-106 152+13 | e
feldspar 065 009 3.153-107 125+15 "'
662. Nadudvar-9 biotite 574 026 3.972-10" 17.7+1.1 \
1612-1617.1 m rhyolite tuff 024 3.844-10'¢ 171+11 7 174%0.8
feldspar 047 015 2.921-10"7 16.0+13 1
736. J6zsa-2. 1633-1637 m biotite 6.05 014 3823-106 162+1.6 1 165+0.9
rhyodacite 0.27 3.938-10"" 16.7+1.0 i R
676. Nyirmartonfalva-1 biotite 698 079 4.342-10'H 15.9+0.7 1
716-721 m rhyolite 0.80 4.278-10" 15.7+0.7 _F 15.8+0.5
feldspar 071 012 4.183-10"7 152+ 18 |
348. Nyirmértonfalva-1 bulk rock 531 057 3.303-10'6 159+08 1 16.040.6
2183-2184 m rhyolite 051 3.318-10"6 16.0+0.8 J R
836. Jozsa-3 1326-1331 m biotite 6.29 024 3.596-10"6 14.6+0.9

rhyodacite tuff
M30. Penészlek-3 1272.5-1290.5 m biotite 6.27 011 3.492-106 143*1.38

rhyolite tuff
1131. Penészlek-3 1255.0-1272.5 m biotite 6.26 039 3.666-10"" 15.0+0.7

rhyolite tuff
1132. Pencszlek-3 1332.0-1342.0 m biotite 6.00 026 3.417-10" 146+09

rhvolite tuff
1092. Pencszlek-7 1276.0-1285.0 m biotite 579 0.14 3.03810"%6 134+14

rhyolite tuff
1091. Penészlek-15 1303.0-1306.0 m plagioclase 051 0.26 2.728-10"7 13.8%0.9

rhyolite tuff
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1135.
1126.

537.

495

542.
733.
349.

817.

1133.

506.

816.

508.

835.

669.

578.

575.
565.
569.
568.
570.

Locality, rock

Lel6hely, kézet

MyHKT 0T6Opa, Noposa

Penészlek-18 1734.0-1737.0 in |
rhyolite tuff

Nyirabrany-1 1435.0-1440.0 m
rhyolite tuff

Kaba E-4

1520-1525 m rhyolite tuff

Hajduszoboszl6-9
1375.0-1377.5 m
rhyolite tuff

Hajddszobosz16-22

1448-1450 m rhyolite tuff
BalmazUjvaros-3 1216-1219 m
propylitizeci amphibole andesite
BalmazUljvaros-5 1415-1418 m
andesite

Hajdibdszormény-2
1526,5-1527.5 m andesite
Penészlek-17 1745.0-1750.0 m
andesite

Balmazujvaros-4
1227-1231 m
rhyolite tuff

HajdUbdszormény-1
1000.0-1001.7 m rhyolite tuff

Néadudvar-5

1930-1932 m

propvlitized andesite
Nédudvar-7 1875.0-1875.5 m
andesite

Nédudvar-2 1725-1730 m
baked rhyolite tuff

Gelénes-1
631 m
tuff

Gel-1.942.5 m tuff

Gel-1. 1265 m ash tuff
Gel-1. 1324 m ash tuff
Gel-1. 1378 m ash tuff
Gel-1. 1407 m ash tuff

Kilényi - Polcz - Szab6

Examined

fraction J K% !40Apr\rad
Vizsgalt %
frakcid
Viccrnemyemas
thpakLus
biotite 311 1034
biotite 560 031
biotite 641 0.39
0.15
biotite 611 0.32
0.23
feldspar 052 021
biotite 462 013
0.18
biotite 484 0.10
feldspar 059 041
biotite 576 0.23
feldspar 049 0.19
bulk rock 2.87 0.26
bulk rock 2.67 0.66
0.77
bulk rock 275 0.56
bulk rock 252 0.28
bulk rock 239 051
231 0.60
biotite 5.64 0.28
biotite 558 0.50
feldspar 263 044
feldspar 3.78 0.70
biotite 391 o021
feldspar 050 0.35
0.33
bulk rock 2.60 041
0.52
bulk rock 3.05 0.43
biotite 433 012
biotite 5.65 0.09
0.13
0.12
0.15
feldspar 035 011
feldspar 108 0.43
bulk rock 350 0.39
bulk rock 2.69 0.30
bulk rock 220 0.36
bulk rock 140 0.20

40ﬂrrad

(nomalg)

1941 m) ™
3.285-104

3.423 <10~
3.412 miO~f
3.573-10'6
3.599-106
2431 w0 7
2691 miO 1l
2.527-10'6
3.042-10"6
43161-0 7
3.056 -10 6
2.303-10 7
1.659-10 6

1.684-10
1.746-10 N
1.624-10~6

1.231-10"6
1.179-104"
1.110-10~6
2.548-10-6
2.720- 10 »
1.251.10-6
1.839-10-6
1.801 =10-6
2.157-10-7

1.029-10"6
0.962-10-6
0.982- K™
1.102- KI'é

1.818-10-6

2.583' 10-6
2.499'10-6
2.229' 106
2.403'10"6
1.422-10 7
4.376-10"7
1.946-10"6
1.336-10"
1.147-10n
0.383m0 7

K/Ar age
(Ma)

K/Ar kor
(mill.év)

K/Ar BO3PACT,

M/H. NeT

15.9+0.9
15.0+0.8

137208 4
13.6+11 J
15.0£0.9 "1
151+ 10 )
120£0.7 j
14.9+1.4
140+ 1.0
161+ 18
18.7+1.1
13.6+0.9
12.0+0.9
148+ 10

Sl

155+0.9
16.1+0.8
151+0.7

o

126+0.7
12.6+0.6
123405
115+0.6 4
12520.7 1
122+0.6 j
125206 >
11.0+0.7
11.0£0.5

10.4+0.6 )
9.7¢0.5 >
9.740.5 J
9.240.5

111+1.3

11.6+ 18
113+ 12
101+1.2
10.9+ 12
105+1.4 J
10.4+0.6
143+0.7
12.8+0.7
13.4+0.7
172+1.2

B o=, =

Average age

(Ma)

| Atlag kor

(mill.év)
niA
MAH. NeT

13.7+0.7

15.0+0.7

144+0.8

15.8+0.6

121+0.5

9.9+0.5

11.0+0.6
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No. i Locality, rock

576.

577

815.

737.
730.

461.

462.

284.

724.

320.

350.

818.

346.

679.

680.

678.

170.

176.

971

088.

Lel6hely, kézet

MyHKT oT6opa, nopofga

Gel-1. 1639 m rhyolite
tuff

Gel-1. 1959.2-1962.2 m
obsidian

Gel-1. 1955-1997 m
rhyolite tuff

Barabas, quarry, rhyolite
Barabéas-1 B-1. 78 m,
rhyolite tuff

Tarpa, quarry, lower
dacite

Tarpa, quarry, upper dacite

Nagysz6ll6s, Feketehegy
piroxenandesite
Nyiregyhaza-1
2543.5-2546.5 m
rhyolitic propylite
Nyiregyhaza-1
2162-2164 m dacite
Nyiregyhaza-1
2000-2005 m rhyolite
Kisvarda (thermal well)
1152 m rhyolite
Hajdlnanas-1
1997-2000 m rhyolite
Komoroé-1
1883.72-1833.3 m
andesite

Komor6-1
2395.3-2395.7 m
propylitic dacite
Komoroé-1
2438.3-2438.7 m
dacitic propylite
Nagyecsed-1
1109-1110.5 m andesit
Nagyecsed-1

3017-3019 m propylitic andesite

Nagyecsed-1
4000.0-4000.8 m epidote
diorite

Hajd(inanas-2

1545-1546 m piroxene andesite

Examined
fraction

! Vizsgalt
frakcié

WNcenepyemas
thpakuma

biotite
feldspar

feldspar
bulk rock

feldspar

bulk rock
bulk rock

bulk rock
bulk rock
bulk rock
bulk rock
feldspar
feldspar
bulk rock
feldspar
feldspar
bulk rock
bulk rock
bulk rock

bulk rock

bulk rock

bulk rock

bulk rock
bulk rock

bulk rock

bulk rock

K %

2.35
0.44

0.70
119

2.05

2.73
244

2.10
2.00
2.10
183
183
0.42
0.68
2.48
0.50

0.52
2.63

3.87

2.72

145

281

176

1.69

0.33

0.81

40, !
Arrad

0.17
0.20
0.60
0.50
0.03
0.04
0.22
0.29
0.44
0.33

0.60
0.36
0.50
0.15
0.49
0.57
0.09
0.14
0.50
0.16
0.15
0.36
0.12
0.25

0.62
0.42
0.60
0.50
0.46
0.69
0.24
0.31
041

0.11

0.27

40Arrad
(nonAg)

1.355-10'6
1.962-10“7
2192-10 7
3.368 HO"7
3.912-10 7
3.892-HI'7
5.644-10 7
5.457-10'7
1.200-10"6
1.066-10"6

8.690-10"7
8.215-107
8.584'10"7
8.529-107
7.016-10"7
7.182-10'7
2.240- KI'7
3.517-10'7
9.686-10"7
1.991 wHI'7
2.111-10 7
1101 - 10>
1121 .10"N
1.146-10"6

1.641-10-6
1.799-10 6
1.273-10

1.288-106
6.816- HI'7
1231 -HI6
1.222-10""
7.699-10"7
6.739-10 7

1.870-10"7

4.106-10"7

K/Ar age
(Ma)

K/Ar kor
(mill, év)

K/Ar Bo3pacrT,

M/H. net

14.7+1.2
115+1.3
12.8+0.8
12.3+0.8
8.4+3.2
8.4+30
6.9+0.5
6.8+£0.5
11.3+ 05
11.2+0.6

10.6+0.5
10.4+0.6
10.4+0.5
10.4+0.8

9.9+0.5
10.0+0.5
13.7£1.6
13.3+x11
10.0+0.4
10.2+0.8
10.4+0.8
10.7+0.8
10.9+0.8
10.0+0.7

10.9+0.8
11.9+0.7
12.0+0.5
121 +0.5
121+0.6
11.2+0.6
111+0.8
111+0.7
10.2+0.6

145+1.5

13.0+0.8

>

1

B IS

R VAR

G- e
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Average age
(Ma)

; Atlag kor
(mill, év)

CpepaHuit
BO3pacrT,
MAH. neT

12.2+1.0

8.4+2.1

6.9+0.4

10.5+0.3

135+0.9

10.3+0.6

10.8+0.6

11.4+0.7

121+0.4

11.2+0.5
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Fig. 2. Polarity-time scale [after Harland et al. 1982]

Timt  Polarity sub-  Epochs
(Ma  Chrons chrons
1 2. dbra. Magneses polaritas-id6 skala
1- ir f'e'i'esm [Hartand et al. 1982 nyoman]
2- or
Puc. 2. WWkana nonsapHocTb-BpeMs [no HARFAND et al. 1982]
3- 2A
, N Plio-
2 32 —
3.3 |
5-3r
61 JA T
3B r-—-—--
7- % i
4r I
8-
5 ;
10-
2. Seismic data
11- M
RA SAlf— m The seismic survery of 1986 is comprised of 361
12 oM rar— 1 km of explosion seismics (Fig. 3). For the inter-
RAr RN pretation 185 km of former VIBROSEIS*
13- 5AAr------- " profiles were reprocessed in 1987. The quality of
30 @ explosion profiles was much higher, though for
14- 3ACr-------- L. constructing maps the VIBROSEIS® profiles
>AD had to be used with equal weight. But in our
' L paper all time sections illustrating the topic are

taken from the 1986 survey.

The most striking discordance in all seismic sections is the boundary between
Pannonian marine sediments and underlying volcanics consisting mainly of acidic
and intermediate volcanic tuffs. Typical of these latter, is the high energy, chaotic
reflection pattern fsee Fig. 4). Inside the thick volcanic complex one can delineate
another surface — in most cases not reflecting — separating another reflection pat-
tern, the one which is practically reflection free. Following these characteristics in
all reflection profiles a series of grotesque-shaped bodies could be delineated, fit-
ting the ideas one forms of subvolcanic bodies.

® CONOCO trademark
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Fig. 3. Location map of the seismic survey of 1986
3. dbra. Az 1986. évi szeizmikus mérések helyszinvazlata

Puc. 3. MnaH cuTyaymmn celicmopassegkn 1986 r.
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Necs-1

Fig. 5. Migrated time sections: a) Me-8/86, b) Me-9/86 (for legend see Fig. 4)

5. dbra. Migrait id6szelvények: a) Me-8/86, b) Me-9/86
1— medencealjzat (mezozoos vagy idésebb); 2 — szubvulkani intruzid, vagy
vulkani kozpont; 3— pannonjai (iledékek és miocén vulkanitok hatéra; 4 —az A szeizmikus szekvencia
fels6 hatara; 5— a H szeizmikus szekvencia fels6 hatara;
6 — a C szeizmikus szekvencia fels hatara; 7 — ralapol6das; 8 — als6 elvégzédés;
9— fels6 elvégz6dés

Puc. 5. BpemeHHble pa3pesbl
a) Me-8/86, b) Me-9/86
1- hyHAaMeHT (Me3030MCKMIA unn 6onee ApeBHUI); 2 - cyBBYNKaHMYeckas UHTPY3UA Uau
BY/IKAHWYECKMNIA LLeHTP; 3 - KOHTAKT NaHKOHCKUX OTNOXEHWUA M MUOLEHOBbLIX BY/IKAHUTOB;
4 -BepXHUI KOHTaKT cemiicMuyeckoit efuHuLbl A; 5 - BEPXHUIA KOHTaKT ceniicMuueckoi
eAnHNLbI B; 6 -BEpXHUI KOHTaKT CemiicMnyeckoi efuHuubl C; 7- Haneranue c
BbIKIMHUBAHNAMMU; 8 - HUXKHEE 3aMblKaHue; 9 - BepxHee 3aMblKaHue
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Most of these bodies are covered by a thick blanket of volcanic tuffs which is
overlain by the Pannonian marine series. In profile Me-9/86 (Fig. 5/b) we can sec
another type of subvolcanic body emerging: the narrow steep forms intrude into the
marine sediments, the main body has several branches all looking very much like
dykes.

Profile Me-9/86 facilitates the estimation of the age difference between the two
volcanic bodies of different origin. With this aim, let us see what can be deduced
from seismic stratigraphy. The deepest marine sequence (A) onlaps the — probably
eroded — surface of the volcanic hills. Signs of erosion are not trivial everywhere,
but at some places, as in profile Me-12/86 (Fig. 4), it is. Sequenced, starts to fill up
the deepest parts of the Méatészalka basin (Fig. 6) and gradually diminishes towards
the south until the last member wedges out on the flank of the volcanic hill in the
southern end of the profile. At the top of sequenced, signs of toplap can be seen
(Fig. 5/b) marking a short time interval of sea-level drop. The second sequence (),
characterized by extremely good reflections both in energy and continuity, onlaps
the elevations of sequence A, and the same volcanic hill on which sequence A
wedges out. Sequence C — most probably a deltaic sequence, at least on the north-
ern end of the profile — uniformly covers all former sediments. The change of
character northward from the top of the volcanic intrusion refers to environmental
transition from delta plain to prodelta. This suggests that the immediate surround-
ing of the intrusion was originally more elevated, the listric faults above it marking
the collapse of a higher dome. Both from structure and stratigraphy one can deduce
that the intrusion must have happened around the time marked by the boundary
between sequences B and C.

The uniform cover of sequence C can be regarded as Upper Pannonian lake-
marsh-lacustrine sediments [BERCZI and Phillips 1985]. From seismic data two
maps were constructed: a contour map of the Sarmatian-Pannonian boundary
(Fig. 6) and a combined map showing the contours of the Mesozoic (or crystalline)
basement and the top of those magmatic bodies which can be regarded either in-
trusive or stratovolcanic but of lavas dominating (Fig. 7). The deep parts of the
migrated time sections suffer from increasing unreliability — caused by decreasing
signal-to-noise ratio. Yet one feature seems to be quite certain: in the zones of mag-
matic intrusion the basement disappears, as if dissolved by the upsurging magma.

3. Gravity and magnetic data

Verification of the seismic interpretation can be expected from gravity and
magnetic modelling. The schematic Bouguer anomaly map of the area (Fg. 8)
shows a regional minimum, all local effects appearing as secondary anomalies. The
geomagnetic DZ map (Fig. 9) is somewhat similar: the integrated effect of near-
lying volcanic bodies gives a composite anomaly map smothering the individual
anomalies.

To improve on both gravity and magnetic anomaly maps, a humerical filter test
was carried out with a band-pass filter and a high-pass filter [MESKO 1967, 1968].
The resulting maps are presented in Figs. 10, 11, 12 and 13. It is obvious that the
high-pass filter of k =6 provided the best resolution by enhancing the anomalies
corresponding to the narrow instrusion of profile Me-9/86 (Fig. 5/b).



Fig. 13. Filtered AZ-anomaly map, k = 6. Positive anomalies — continuous lines, negative
anomalies — dashed lines. Contour interval: 2 nT

13 d&bra. Szlirt AZ-anomalia térkép, k =6. Pozitiv anomaliak folytonos, negativ anomaliak szaggatott
vonallal jel6lve. Szintvonalkéz: 2nT

Fuc. 13. KapTa ocTtaTouHbix AZ-aHorv”iiii, k = 6. [M0N0XUTeNbHble aHOMaANN 0603HaYEHbI
CNNOWHBIMU, OTPULATENbHbBIE — NYHKTUPHLIMU NUHUAMU. CeyeHUe U3ONUHUIE — 2 HT



Fig. 12. Filtered AZ-anomaly map, k = 7-4. Positive anomalies — continuous lines, negative
anomalies — dashed lines. Contour interval: 2nT

12. bra. Sz(irt AZ-anomalia térkép, k -1-4. Pozitiv anomaliak folytonos, negativ anomaliak szaggatott
vonallal jelélve. Szintvonalkdz: 2nT

Puc. 12. KapTa ocTaTOYHbIX "-aHOManui, K = 7-4. TTONOXUTENbHbIE aHOMAaNNN 0603HAYEHbI
CNNOWHBIMW, OTPULATENbHbIE — MYHKTUPHBIMU NUHUAMMK. CedyeHUe U3ONUHUA —2 HT



Fig. 11. Filtered gravity anomaly map, k - 6. Positive anomalies — continuous lines,
negative anomalies — dashed lines. Contour interval:!). 1mGal

11. &bra. Sz(rt gravitaciés maradékanomalia térkép, k = 6. Pozitiv anomaliak folytonos, negativ anomali-
ak szaggatott vonallal jel6lve. Szintvonalkdz: 0,1 mgal

Puc. 11. Kapra oCTaTOUYHbIX TpaBUTaLMOHHbIX aHoManuin K = 6. MoNoXNTeNbHble aHOMannmn
0603HayYeHbl CNNOWHBLIMU, oTpuuaTeNbHble — NYHKTUPHBIMU AUHUAMKU. CevyeHUe U30NUHUU
—0,1 mran



Fig. 10. Filtered gravity anomaly map, k = 7-4. Positive anomalies — continuous lines, negative
anomalies — dashed lines. Contour interval: 0.1 mGal

10. &bra. Sz(rt gravitacios maradékanomalia térkép, k =1-4. Pozitiv anomalidk folytonos, negativ
anomalidk szaggatott vonallal jelélve. Szintvonalkéz: 0,1 mgal

Fuc. 10. KapTa 0CTaTOYHbIX FpaBUTaLNOHHbIX aHOManuin, Kk = 7. TTONOXUTENbHbIE
aHoOManmmnm 0603HayYeHbl CNNOWHBLIMWA, OTPpULLATENbHbIE — MYHKTUPHbIMU AnHuAMHKU. CeyeHune
n30nuHNUn —0,1 mran



Fig. 9. AZ-anomaly map. Positive anomalies — continuous lines, negative anomalies — dashed lines
. Contour interval: 10nT. 1— line of model calculation

9 dbra. [l Z-anomalia térkép. Pozitiv anomalidk folytonos, negativ anomalidk szaggatott vonallal jelolve.
Szintvonalkdz: 10nT. 1— modellszamitas helye

Fuc. 9 Kapta aHomanuit AZ. NMonoxuTenbHble aHOMannn 0603Ha4YeHbl CIOLWHbBIMK,
oTpuuatenbHble — NYHKTUPHBIMWU AHUAMU. CeyeHne M30NNHUIA — 10 HT
1- npodunb MONenbHbIX pacyeTos



Fig. 8 Bouguer anomaly map. Horizontal shading: negative anomalies, vertical shading: positive
anomalies, with growing density - increasing negative and
positive values. Contour interval: 1mGal. 1— line of model calulation

8. dbra. Bouguer-anomalia térkép. Vizszintes vonalkazas negativ, fligg6leges vonalkéazas pozitiv
anomalidkat jel6l, a vonalkazas slir(isége névekvs anomalia értékekkel ndvekszik. Szintvonalkdz: 1mgal
1— modellszamitéas helye

Fuc. 8. KapTa aHomanuii Byre. FOpM30HTaNbHON LITPUXOBKON 0603HAUYEHbI OTpuULLaTe/bHbIE,
BEPTUKANbHOW —MON0XNTENbHbIE aHOMaNUN, rycToTa LWTPUXOBKN BO3pPacTaeT C YCUIEHNEM
aHomanwuii. CeyeHne n3onnHUn — 1 mran
1- nponab MOfENbHbIX pacyeToB



7. &bra. A mezozoos (vagy id6sebb) aljzat szintvonalas mélységtérképe (vékony vonalak) kombinalva a
vulkani testek felszinének mélységszintvonalaival (vastag vonalak). Szintvonalkdz: 250 m. Normal
magnesezettségl testek folytonos vonallal, forditott magnesezettségii testek pontozott vonallal jelélve



I’'uc. 6. KapTta nofowBbl MaHHOHCKMX (S. |.) OTNOXEHWIA B M30NUHUAX BpeMeHU. CeyeHne
n3onuHnii —0.1 cek
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For forward modelling the unfiltered data had to be used. Numerical model
calculations started from fixed shape and position; the variables being density dif-
ferences and susceptibility and inclination, respectively. Locations of model
calculations are marked on the Bouguer anomaly- and the AZ-anomaly map. The
models providing the best fit are presented in Figs. 14 and 15.

The density differences resulting from the modelling are realistic: the tuff caps
of the volcanic bodies provide lower density than the overburden (An =-0.1 —
-0.2 t/m3) except for profile Me-12, most probably because of the distorting effect
of the regional anomaly. The volcanic bodies (either stratovolcanic with lavas
dominating or subvolcanic intrusions) could be modelled by a positive density dif-
ference varying between 0.25 and 0.45 t/m3, reflecting the ratio of lavas. The base-
ment shows the most uniform density difference of +0.50--—-h0.55 t/m3.

The magnetic modelling provided susceptibility- and inclination values — both
of which can be regarded as rough approximations only. Inclination influences
the horizontal shift of the anomaly, while susceptibility affects its amplitude. The

Fig. 14. Gravity model calculations, density differences in t/m3. 1— observed anomaly;
2 — calculated anomaly

14. dbra. Gravitaciés modellszamitasok, strliségkiillonbségek t/m3-ben. 1— mért anomaliak;
2 — szamitott anomaliak

Puc. 14. PacueT rpaBMTaLUOHHbIX MOJeNeil, pa3HOCTM MIOTHOCTEN - B T/Ky6. M
1- aHOManun U3MepeHHble; 2 - aHOMaNnn pacyeTHble
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susceptibilities are rather low for andesitic sources (k =0.0010 — 0.0028 cgs =
12.6-10"— 35.2* 10™ SI), but not absurdly low. This seems to back the presump-
tions of the sources being centres of stratovolcanoes. The tuff caps are non-mag-
netic. For shifting the anomalies to the proper place, in most cases 1= 110° was
needed, which — in the present Held of 63.5° — can mean reversed polarity,
although the near-lying igneous bodies disturb each other’s magnetic field. In
profile Me-7, where a single body is the source, 1=63.5° provided the best shift.

The main problem of both models is the distorting effect of the regional field.
The filtered anomaly maps separate the local and regional fields but the anomaly
values of the residuals become distorted by the computation. Thus they are not
suitable for modelling. A qualitative method of estimating both normal and
reversed polarity of the magnetic source is to determine the direction of the neces-

Fig. 15. Geomagnetic model calculations, susceptibilities in cgs. 1— observed anomaly; 2 — calculated
anomaly (dotted lines mark anomalies where the inclination value used for computation produced misfit)

15. dbra. Magneses modellszamitasok, szuszceptibilitas értékek cgs-ben. 1— mért anomaliak.
2 — szamitott anomalidk (pontozott vonallal egy nem j6 illeszkedést eredményezé inklinaciéval
szamitott gorbét jeldltiink)
Puc. 15. PacyeT reoMarHMTHbIX MoAenei, 3Ha4eHNs BOCNPUMMYNBOCTH - B COS
1- aHOManun N3MepeHHble; 2 - aHOManuu pacyeTHble (MYHKTUPHOW NMHMeR 0603HaueHa
KpuBas, paccymTaHHas Npu HakNOHeHWU, He obecneymBatoLLleM YAOBNETBOTUPENbHOW
CXO04MMOCTK)
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sary shift. As the shape and position of the source is known from seismics, this pro-
cedure is acceptable. The filtered anomaly maps can then be used to refine this ap-
proximation. Thus we cannot provide a definite inclination value, only a classifica-
tion of the volcanic bodies according to their polarity. In this way we can classify all
volcanic bodies appearing in the seismic sections and not only those where model
calculations were carried out. The result is presented in Fig. 7 by drawing the con-
tours of the normal polarity sources with continuous and the reversed polarity sour-

ces by dotted lines.

4. Interpretation

Seismic stratigraphy of Eastern Hungary has been studied by several authors
[Pogacsas - VOLGYI 1982, Késmarky et al. 1982, Mattick et al. 1985]. Most of
these studies relate to one or two deep wells; for correlation of lithostratigraphy
and seismic stratigraphy, the 5842 m deep Hdéd-1 well is generally used. The deepest
part of the lithostratigraphic column is represented by Badenian argillaceous marl
and aleurite. Deposits of considerable thickness of Badenian (or Sarmatian) marine
sediments only appear in the deepest subbasins (in Hod-1 from 5164 m till 5842 m
bottom-hole depth), otherwise they form a thin (maximum 200 m) cover on the
basement. The seismic character of this sequence is not uniform and is affected by
tectonic events. Therefore — in the absence of any borehole penetrating Badenian
marine sediments in our study area — it is extremely difficult to decide by seismic
stratigraphic means whether the marine sediments of the deep Matészalka basin
belong to the Badenian or to the Pannonian. As timing of the volcanic intrusion of
profile Me-9/86 (Fig. 5/b) is very important, we have to try to integrate all available
information to determine the age of the sediments it intruded. The Komoro-I
borehole — the only one in NE Hungary penetrating the Mesozoic basement — is
far to the north from our present area (see Fig. 1). There, below 1328 m of
Pannonian-Quaternary sediments and 1872 m of volcanic tuffs, a 341 m thick layer
of Badenian argillaceous marl was found above Middle Triassic limestone and
dolomite. Thus we cannot exclude the possible presence of Badenian sediments.

In profile Me-9/86 (Fig.5/b), the deepest seismic sequence marked by A, can be
followed till near the southern end, where it onlaps the elevation connected to the
volcanic intrusion of Nagyecsed, which consists mainly of volcanic tuffs. K/Ar age
determinations on the Nagyecsed cores provided ages around 11 Ma, which sig-
nifies upper-most Badenian or lower-most Pannonian. Thus the sediments overly-
ing this volcanic complex cannot be older than Pannonian. If we still do not want to
accept that all marine sediments belong to the Pannonian, we ought to divide seis-
mic sequence A into two. In profile Me-9/86 there is no sign of a sequence bound-
ary. In profile Me-8/86 (Fig. 5/a) which traverses the deepest part of the Méatészalka
basin, there is an angular unconformity between 2.0 and 21 sec. The 300 ms thick
sequence of partly high-energy reflections and partly a reflection-free zone, may be
regarded as a separate seismic sequence and classified as older than Pannonian. If
by similarity this is transferred to profile Me-9/86, it would result in transposing
members 1 and 2 of sequence A into the Badenian. Even with this reduced thick-
ness, the volcanic intrusion penetrated a 700 ms (—1400 m) thick Pannonian
complex.
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Studies of the Pannonian basin with the methods of basin analysis [Horvath
et al. 1986, Pogacsas et al. 1988] provided rates of subsidence and sediment
accumulation. Estimated values for this latter — compaction included — are
0.5-1.0 mm/year. The 1400 m thick Pannonian sediments thus indicate 1.4-2.8 Ma
between the two volcanic cycles. This result is in accordance with the K/Ar age
determinations (Table 1and Fig. 1) which found 8-10 Ma old rocks in the boreholes
of Gelénes and Kisvarda and in the outcrops of Tarpa and Nagysz6llés along the
Soviet-Hungarian border.

The overall trend of the age of volcanism becoming younger and younger
towards the northeast is even backed by the change of polarity from normal to
reversed (Fig. 7). The 8-10 Ma old volcanic activity not constrained to a small area
proves that even in the Lower Pannonian tectonic forces were still active in the
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ANYIRSEG NEOGEN VULKANIZMUSA A LEGUJABB GEOFIZIKAI ADATOK TUKREBEN
KILENYI Eva, POLCZ Ivén és SZABO Zoltan

A nyirségi kutatast hatranyosan befolyasol6 neogén vulkani testek jellegének, sztratigrafiai helyzeté-
nek megismerése segitséglinkre lehet a teriilet kéolaj- és foldgaz-perspektivitasanak értékelésében. Az
1986. évi szeizmikus reflexiés mérések minden korabbinal jobb minéségli szelvényeket eredményeztek.
Ezeken elvalaszthatok a tufak a szubvulkani testekt6l, ezaltal megnyitva az utat Gjszer(i gravitaciés és mag-
neses modellszamitasokra. Az anomalia-térképeken némely kisebb haté nem ismerhet6 fel, ezért az dssze-
tett hatok szétvalasztasara sz(irés kisérletet végeztiink. A két anomalia-térképsorozat mar lényegesen jobb
korrelaciét biztosit a szeizmikus szelvényekkel. A szeizmikaval meghatarozott hat6 alakzatokbdél és mély-
ségekbdl kiindulva meghataroztuk a s(ir(iség-kilénbségeket, illetve a szuszceptibilitas- és inklinacio érté-
keket. A radioaktiv kormeghatarozasi és magnetosztratigrafiai adatok 0sszevetésébdl arra a kovetkezte-
tésre jutottunk, hogy a vulkénitokat két, egymastél 1-2 millié évvel elvalasztott vulkani ciklus hozta létre,
amasodik a Pannon medencét kialakité legfiatalabb tektonikai mozgasokhoz kapcsolddva.

HEOIEHOBbIN BY/IKAHW3M
HbWPCKOI'O PEFMOHA (BOCTOYHASA BEHIPUA)
B CBETE NOCNEAHNX TEOPUSNYHECKNX JAHHbBIX

9sa KWNEHbW, NBax MOJbL, n3ontaH CABO

Mo3HaHne xapakTepa W cTpaTurpamyeckoro MnosoOXeHNs HeOreHOBbIX BYNKaHUYeCKUX
TeN, oKasblBaloLWMUX Heb61aronpuAaTHOE BAWAHWUE Ha MPOBEfEHME reonorpasBefilouHbiX paboT u
HbMpCKOM pernoHe, MOXeT 0Ka3aTbCs MOMIe3HbIM NPU OLEHKEe He)Tera3oHoCcHOCTW. B 1986-om
rogay ceiicmopasBefjka MeTO4OM OTPaXEHHbIX BOMAH fana Npouau nydwero, 4em Korga-nn6o
npexfe, Kkayectsa. Ha HUX MOXHO OTAENUTb TydPbl OT CYyOBY/NKaHWYECKUX Ten, obecneynsas
BO3MOXHOCTb pacyeta HOBOTO TuMa Mo ONpejeneHnto rpaBUTaLMOHHbIX U MarHUTHbLIX BO3MY-
LatoLmx Ten. Ha kapTax aHoOManuii HeKOTOpble U3 HeGONMbLINX TeN YXe He pacno3HalTCcs, No3-
TOMY MpPOBEAEHbl 3KCMEPUMEHTbI MO UAbTPALUN C Le/blo pa3feNeHnsa CAoXHbX Ten. Mony-
YeHHble Cepun KapT aHOManuil 06Hapy>XWBalT CUNLHO YNYUYLlEeHHYI0 KOppenauuto ¢ ceicmu-
YyeckMMu npotmnamu. Micxoas n3 Mopthonormnyecknx 0cobeHHocTen n rny6uHbl 3aneraHna Bo3-

MYLLAIOLLMX Te/l, N0 faHHbIM CelicMMpa3sBefKu, 6biin onpesfeneHbl pa3HOCTU NIOTHOCTENA, a Tak-
e 3HAUEHUS MAarHUTHOW BOCMPUUMUYMBOCTU W HAKNOHEHUS. TyTeM CONOCTaBNeHUs AaHHbIX
Mo paAronornyeckoMy BO3pacTy UMarHUTOCTpaTurpauyeckux cjenaH BbIBOA O TOM, Y4TO BY /-
KaHWTbl BO3HUKIW B XOfe ABYX LUMK/IOB, pa3feneHHbIX NepepbiBOM AAUTENbHOCTbIO B 1-2 MJIH.
NeT, MpUYeM BTOPOI M3 HUX CBA3aH C Haubosee MOMOALIMU TEKTOHUYECKUMU ABUXEHUSAAMM,
othopMuBLWIMMK TTAaHHOHCKYIO BMafuHY.
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FAULT SYSTEM DYNAMICS AND SEISMIC ACTIVITY-
EXAMPLES FROM THE BOHEMIAN MASSIF AND THE WESTERN
CARPATHIANS

Vladimir SCHENK*, Zdenka SCHENKOVA and Lubomil POSPISIL"

Two fault systems have been investigated from the viewpoint of their long- and short-term dynamics.
The following features have been studied: character of the geological development of the systems during
the Late Tertiary and Quaternary, geological evidence of horizontal and vertical movements of structural
blocks; crustal movements, remote sensing data (lineaments determined from satellite images), data on
seismic activity, gravity and magnetic anomalies. They were found to confirm horizontal displacements
along the lineaments investigated. Both their direction and position were determined.

Keywords: seismic activity, satellite images, wrench-fault tectonics, seismotectonics, geodynamics,
Bohemian Massif, Western Carpathians.

1. Introduction

The mechanism of rock fracturing depends on the stress and strain conditions
in the Earth’s crust and Upper Mantle. In our paper attention is given to geological
and geophysical features, to remote sensing data and to seismological investigations
of selected areas, thus contributing to identifying new fault systems in the upper
part of the Earth’s crust with characteristics common in strike-slip faults. Therefore
Anderson’s [1951] and Moody and Hirr’s [1956] theories on wrench-fault tec-
tonics can be applied, in which the dominant motion of one block relatively to the
other is horizontal and the fault planes are essentially vertical.

The term wrench fault is a translation of the German word blatt, originally used
by Ssuess [1885], and is synonymous with the terms strike-slip fault and transcurrent
fault. Some concepts of wrench-fault dynamics have been developed by Anderson
[1951], Kennedy [1946], Hdbbért [1951], Hafner [1951], Billings [1954],
Moody and Hill [1956]. Anderson [1951] outlined the fundamental concept of
rock fracturing. The planes of actual shear do not coincide with the planes of maxi-
mum shear stress, but lie closer to the axis of maximum compressive stress and far
from the angle of shear. Hdbbért [1951] indicated that although this angle
depends on the properties of the materials, a good average for rocks is ap-
proximately 31 +2 degrees. Hafner [1951] emphasized that the orientation of the
stress ellipsoid was variable. Many observations of tectonic faulting (normal-,
thrust- and wrench faults) can be explained by the orientation of the stress ellip-
soid. Moody and Hill [1956] extended the works on faulting of Anderson [1951],

* Geophysical Institute, Czechosl. Acad. Sei. Bocni 11/1401, 14131 Praha 4-Sporilov, Czechoslovakia
Geofyzika, Jecné 29a, 61246 Brno 12, Czechoslovakia
Manuscript received (revised version): 20 May, 1989
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Hafner [1951] and Habbert [1951] by developing the hypothesis that folds,
thrust faults and wrench faults could be generated as a result of the movement
along a large wrench fault.

A hypothetical wrench-fault system determines 1st-, 2nd- and 3rd-order wrench
faults with their corresponding drag folds [Moody and Hirr 1956]. This model was
applied to two sites in Czechoslovakia to explain movements of blocks. The first site
belongs to a relatively old Variscan structure of the Bohemian Massif, the other to
young structures of the Western Carpathians. Both structures were affected by the
latest Alpine orogeny.

2. Data and method of interpretation

Some systems of lineations were distinguished in the Bohemian Massif and in
the Western Carpathians on Landsat images [Doktor and Graniczny 1982,
Pospisil et al. 1986]. According to geophysical and geological data [Malkovsky et
al. 1974, Kiinec et al. 1985], some horizontal displacements along these systems
can be supposed although subsequent vertical movements mask their features. The
lineations are located in seismoactive areas. Along these lineations a lot of evidence
of wrench-fault tectonics can be found.

The lineaments detected in satellite images were drawn into the map of linea-
tions and compared to the occurrences of earthquakes, geological data and results
of geophysical measurements. In this way we obtained independent data for
delineation and verification of the interpreted boundaries and information on their
geodynamic activity. As to the geological data, we focused our attention on the pat-
tern of the known fault systems — on the jointed crush belts, on the regions with
manifestations of gravity tectonics, on the directions and orientations of axes of
sedimentary basins, as well as on their development in time and space.

From the viewpoint of geomorphology we were mainly interested in the orien-
tations of ridges and valleys, in the pattern of the river network and in the erosion
forms of the tectonic systems. Gravity and magnetic maps or rather some types of
their derivatives, the map of vertical density contacts [Linsser 1967], the map of
horizontal gradients as well as other types of derived maps appeared to be suitable
material for geodynamic studies. A comparison of lineaments with the results of
palaecomagnetic studies contributed to the definition of the types of the tectonic
boundaries.

The comparison of the lineation map with the map of earthquake epicentres
[Schenkova et al. 1979, Karnik et al. 1984], i.e. the correlation of some inter-
preted boundaries with earthquake occurrences is presented. In order to obtain
some information on the dependence of seismic energy attenuation in the broader
vicinity of earthquake foci and its relationship to the geological structure, we
analyzed the known macroseismic fields [Eds: PROCHAZKOVA and KARNIK 1978].

It is known that the asymmetry of macroseismic fields of earthquakes discloses
the directions of decreased seismic energy attenuation. An anomalous decrease of
seismic energy with distance can be accounted for by the structure of the area: if
waves propagate parallel to structural directions, they are less attenuated than if
they propagate across these directions. To enhance such directions some macroseis-
mic fields were processed in the following way: in twelve (30 degree angles) radial
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directions starting from the earthquake epicentre (Fig. 1) the radii Ri corresponding
to the same attenuation were read. This means the distances of the isoseismal from
the epicentre Ri where i = 1,2...12, were obtained and by averaging them, the
mean radius, R, of the given isoseismal was calculated. Then by a simple subtraction
(Ri-R) we obtained positive or negative deviations from the mean radius R. The
average of the positive deviations are illustrated in circular direction diagrams and
drawn in the tectonic maps, the relations between the intensity deviations and struc-
tural elements were observed in all the diagrams. The elongation of the deviations
gives the direction in which a smaller attenuation of energy takes place.

Fig. 1 Graphical determination of directions of lower seismic energy attenuations around an earthquake
epicentre from the asymmetric shape of its isoseismal field
a) example for,the isoseismal of 5°, b) direction is expressed by positive value RrR

1 4bra. A foldrengés epicentrumok kérili kisebb csillapitasi irdnyok grafikus meghatarozasa
az izoszeiztak aszimmetrikus alakjabol
a) az 5-0s izoszeiztara kidolgozott példa, b) a szerkezeti iranyt az (Ri-R) pozitiv értékei tikrozik

Puc. 1. Ipadmyeckoe onpefeneHne HanpaBneHWNi i MUHUMaNbHOTO 3aTyXaHUa BOKPYT
3NULEHTPOB 3eMNEeTPACEHN N0 aCUMMETPUYHOCTU U30CEIACT.
a) Mpumep, pa3paboTaHHbIA N7 U30CEACTbI 5, b) CTPYKTYypHOE_HanpaBneHue oTpaxaeTca B
NONOXMUTeNbHbIX 3HavyeHnax (Ri -R)

3. Hronov-Porici fault system (Bohemian Massif)
3.1 Geological characteristics

The Hronov-Porici tectonic system (Fig. 2, E) is about 20 km long and runs in
the NW-SE direction and separates the Intra-Sudetic depression (Fig. 2 ¢) from
the Krkonose piedmont basin (Fig. 2, b). The main fault is an overthrust
[MalkovskY et al. 1974; Ed.: TASLER 1983] and forms the NE boundary of the
Hronov-Porici trough. The fault zone lies between two tectonic systems: the Main
Sudetic fault (Fig. 2,B) bounds it in the north and the Luzice- Jilovice system (Fig.
2,A) in the south.

The Main Sudetic fault is of Variscan age and is probably connected with the
Asturian movements [Oberc 1972]. It lies crosswise to the main tectonic units of
that age, e.g. in relation to the axis of the flexure of the Eastern Krkonose, to the
northern edge of the Variscan intrusion of Krkonose Granite and to the Asturian
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Fig. 2. Tectonic sketch and earthquakes of the Hronov-Pofici fault system
1— fault; 2— horizontal displacement; 3— direction of lower seismic energy attenuation;
4 — earthquake epicentre and its intensity; A — Luzice-Jilovice fault;
B — Main Sudetic fault; C — Vrchlabi lineament; O — Nova Paka lineament;
E — Hronov-Pofici fault zone; a — Krkonose Mts.;
b — the sub-Krkonose piedmont; ¢ — Intra-Sudetic depression

2.. dbra. A Hronov-Pofici térésrendszer tektonikus vazlata és foldrengései
1— torés; 2— horizontalis elmozdulas 3 — csokkent szeizmikus csillapitasi iranyok;
4 — foldrengés epicentrum és intenzitas értékek; A — Luzice-Jilovice torés; B — f6 Szudéta torés;
C — Vrchlabi lineamens; D — Nova Paka lineamens; E — Hronov-Pofici tdréses ov;
a — Krokonose helység; b — szub-Krkonose el6tér; c — Intra-Szudéta stillyedék

Puc. 2. TekToHMYecKas cxema 1 3emneTpsaceHns XpoHOBCKO-MOPUYCKON CUCTEMbI Pa3noMOB.
1 —pa3nombl; 2 —ropu3oHTanbHOE CMeleHne; 3 —HanpaBNeHns MUHUMaNbLHOTO
CeNCMNYEeCKOro 3aTyxaHus; 4 —anuLeHTPbl 3eMNeTPACEHUA 1 3HAYEHWNA UX MHTEHCUBHOCTMK;
A —Jlyxunuko-Munosuukuii pasnom; B —r nasHblii CyaeTckuii pasnom; C — Bpxnabekuit
nuHeaMmeHT; D —HoBa-lMakckuil nuHeameHT; E — XpoHoBCKO-Iopuyckas 30Ha pa3sioMOB;
a — KapkoHoluckue ropbl; b— dopnaHg KapkoHowckux rop; ¢—BHyTpucygeTckuii npormo

and Laramide structures in the surrounding basins. Therefore the Main Sudetic
fault could be assumed to be connected with tension and in principle, to gravity tec-
tonics. Some segments of the Main Sudetic fault probably came into existence as a
result of tangential stresses parallel to it (strike-slip fault), which caused the flexural
slope of the Eastern Krkonose to be formed. OBERC [1972] proved that after the
Main Sudetic fault was formed, movements took place many times along it and that
the fault was accompanied by numerous smaller shifts of different age. Movements
along the Main Sudetic fault were still going on in the Tertiary Age.
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The Luzice-Jflovice fault zone (Fig. 2, A) belongs to the most significant sub-
hercynian normal faults of NW-SE direction in the Bohemian Massif. In some
parts, the faults have a reverse character of movements [MISAR et al. 1983]. Even
though horizontal movements have not been geologically documented along the
fault zone, some authors assume their existence [Balatka et al. 1983, Zeman
et al. 1983]. The evidence of these movements can be found in geophysical maps
and remote sensing data. The Luzice-Jdevice fault zone is assumed to have a deep-
seated character. Changes of directions in the courses of rivers and axis orientations
of young anticlines show that the fault must have also been active in the Tertiary
Age [zeman et al. 1983]. Extensive effusions of Neogene basalts are observed in
the whole zone between the Sudetic faults and the Luzice-Jflovice zone.

We presume the wrench tectonics model [Moody and Hill 1956] to be valid
for the explanation of the origin and the present mobilitiy of the Hronov-Porici
fault zone. In consequence of the horizontal movements on the above-mentioned
pair of wrench fault systems (Main Sudetic and Luzice-Jflovice), we presume that
at bifurcations, a system of transcurrent faults of the 2nd order originated (Nova
Paka and Vrchlabi). These are distinctly discernible in satellite images.

3.2. Seismological data

The movement of the blocks along the Hronov-Porici wrench-fault system first
gave rise to a flexure and later to an overthrust of the constituent blocks with
respect to each other. The existence of these movements is corroborated not only
by the presence of the gravity and magnetic anomalies in the places of block faults,
but also by the distribution of the earthquakes in this area.

In respect to the recent seismic activity [Prochazkova and Karnik 1978,
Schenkova and Karnik 1988], the Hronov-Porici fault zone is one of the most
active in Bohemia. The last recorded shocks of November 21, 1979 (10 = 5° MSK),
and of May 7, 1984 (i = 4.5° MSK), testify to continuous tectonic movement along
this fault system. The earthquake epicentres lie south of the fault on the Nova Paka
lineament (Fig. 2JD). They apparently involved even the strongest earthquake in
Bohemia this century on January 10, 1901, the epicentre of which was between
Trutnov and Néchod, and with macroseismic effects as much as 7° MSK. Another
strong earthquake occurred on January 31,1883, in the valley of the Upa river
(10 = 6.5° MSK). The origin of this can be associated with the Nova Paka tectonic
zone. The macroseismic fields of earthquake shocks are mostly elongated in the
direction of the Krkonose Mts., i.e. in the NW-SE Sudetic direction. The focal
depths determined by macroseismic observations vary from 5 to 15 km.

3.3 Seismotectonic and geodynamic analyses

Since no fault plane solutions that would allow the main directions of faults to
be determined exist in this region, we analysed the shape of the isoseismals as
described in Chapter 2, to determine the tectonic directions.
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The asymmetry of the macroseismic field of the January 10, 1901 shock, ex-
hibits two directions of decreased seismic energy attenuation with distance (Fig. 2):
a) direction NW-SE corresponding to the orientation of the local structures, deter-

mined from the isoseismals of the near field;

b) direction approximately E-W reflecting the structural conditions of a broader
vicinity of the shock, determined from the isoseismals of the far field.

Both these directions coincide with the previously determined faults; the
former coincides with the orientation of the Hronov-Pofici fault and the latter with
the orientation of the 2nd-order sinistral wrench faults (Nova Paka and Vrchlabi
lineaments).

If we analyze the data from the point of view of wrench-fault tectonics [mooDY
and Hirr 1956], it seems that the pressure is still active, rejuvenating the faults in
the Hronov-Pofici fault zone (Fig. 3) from time to time. Since a recent movement
along the Ohfe rift is assumed to have a divergent character [Kopecky 1979], we
can suppose the pressure is acting in the E-W direction. Under such conditions the
Luzice-JOovice and the Main Sudetic faults are considered Ist-order wrench faults,
and the Nova Paka and Vrchlabi lineaments can be considered as 2nd-order wrench
faults. The Hronov-Pofici fault, as an overthrust, balances the compression caused
by the uplift, the movement and rotation of the Krkonose Mts. block to the SE, and
the movement of this block between the Novd Paka and Vrchlabi lineaments. In
both cases, the character of the movements along these lineaments could be con-
sidered as sinistral strike slips. It is also confirmed by the deformation of river cour-
ses and by the orientation of young anticlines.

Fig. 3. Schematic block diagram of movements along and around the Hronov-Pofici fault zone
+: elevation; -: depression; for other symbols see Fig. 2.

3. &bra. A Hronov-Pofici toréses v menti és koriili mozgasok véazlatos blokkdiagrammja
+:kiemelkedés; sillyedék; egyéb jeldléseket lasd a 2. abran.

Fuc. 3. CxemaTuuyeckas 6/710K-guarpamma cMmeleHuii Bonb XpOHOBCKO-MOpuYeKoii 30HbI
pasnomMoB M B ee OKPECTHOCTAX
+ :MoAHATME; - : Npornb; npoyne o603Ha4YeHNsA CM. Ha puc. 2
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4. Revlca fault system (Western Carpathians)

4.1 Geological characteristics

KUBINY [1962] assumed the Revuca fault system (Fig. 4) to be of Variscan age.
According to BUINOVSKY [1979] it is a dextral strike-slip fault accompanied by a
system of secondary faults oriented perpendicularly to the main displacement direc-
tion, and is active from time to time even in the Quaternary. The dextral displace-
ment of the Lubochna Crystalline Massif was inferred from its erect position on the
north side, from longitudinal faults that reach as far as the Krizna nappe (K), from
the tectonic contact of the Lower Cenomanian-Neocomian complexes with the
granitoid core, and from the straight line of the Revuca river valley, which is typical
of large displacements. The Revdca fault system (Fig. 5, Fl) is located between two
major tectonic elements; the Myjava-subTatra (F) [Janku et al. 1984] and the
Hron (G) tectonic zones [K1inec et al. 1985, Pospisit et al. 1986]. These two zones
are plotted in Fig. 4., too, and marked by the same letters. Both are regarded as
horizontal displacements.

The Myjava-subTatra tectonic zone represents a significant lineament that in-
fluences the distribution and position of the fundamental blocks in the Western
Carpathians. For instance, the Klippen belt starts west of Vienna, runs NE in the
basement of the Vienna basin as far as the Myjava-subTatra lineament near the
town of Kuty [JIRICEK 1978, KOCAK et al. 1973], then it turns into the direction of
this lineament (i.e. the ENE direction) and after approximately 40 km it resumes
the original direction. In this part, an intensive vertical gradient of recent crustal
movements was observed (the southern block of the Vienna basin subsiding—
Kvitkovic and Vanko 1980). A similar distance can be observed between
elevated crystalline blocks of the Little Carpathians, the Povazsky Inovec Mts., and
the Little Fatra. The results of Muska and VOZAR [1984] furnished a new sig-
nificant fact. They found distinct differences in the palaeomagnetic directions
within Palaeozoic complexes of the Tatrides [ANDRUSOV 1965]. These differences
can be observed along both the Myjava-subTatra and the Hron lineaments (Fig. 5).

The Hron tectonic zone [Doktor and G raniczny 1982, Krinec et al. 1985] is
of essential importance in the formation of the gravity nappe in the Low Tatra area
(Fig. 6). The change of the axes of gravity anomalies accompanying Tertiary depres-
sions (in Fig. 5 from west to east: Piestany bay — i, Topolcany bay-Béanovce depres-
sion — g-h, Bacurov depression — 1) and of the gradients of positive gravity
anomalies of the Little Carpathians, the Tribec Mts., and the Branisko Mts. are the
main manifestations of the Myjava-subTatra and Hron tectonic zones, the latter
being traced up to the flysch belt [Pospisit et al. 1986]. The earthquake occurrences
along the Hron tectonic zone give evidence that the boundary is active even today.
In the section between the towns of Bansk& Bystrica and Brezno, bounded by the
Revica and the Myto-Tisovec faults (Fig. 5 9 and 7), the focal depths reached
10 km. Based on the fault plane solutions, the character of movements was found to
be horizontal displacement [POSPISIL et al. 1985], and it can be assumed that it was
a right-lateral strike slip.
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There is indirect evidence of the Myjava-subTatra and Hron tectonic zones in
the map of the Western Carpathians [FUSAN et al. 1971], e.g. the faults or fault
zones in the Danube-Raba basin, which mainly strike NE-SW and bound the base-
ment structural elements, turn to the ENE-W SW direction corresponding to the
gravity data [Ibrmajer 1964]. Moreover, in the area between the two fault zones,
the thick series of the Central Carpathian Palaeogen sediments is preserved under
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Miocene sediments [FUSAN et al. 1971, 1987]. The importance of these lineaments
in the Western Carpathians is further confirmed by recent seismic activity along

these lines.
4.2 Seismological data

The data on the occurrence of strong earthquakes [BOUCEK 1987,
Prochazkova and Karnik 1978, Schenkova and Karnik 1988] in Central
Slovakia (Fig. 4) mostly come from an earlier period so that the epicentres of some
shocks around the Revlca fault system might be inaccurate. Nevertheless, it can be
shown that except for the earthquakes confined to the Verona-Semmering-Vah
lineament in the Western Carpathians [SCHENK et al. 1985, BUDAY et al. 1986], a
large number of the earthquakes in Central Slovakia are confined to the surround-
ings of the Revica fault system. The strongest earthquake in the region between
the Western Carpathians and the Little Fatra occurred near Zilina (Jan. 15,1858,
| = 7.5°- 8° MSK) at a depth of approximately 12 km. The region afflicted by this
shock was elongated in the northwest direction, covered an area of 66 000 square km
and reached as far as Moravia.

The earthquakes originating in Central Slovakia are bound to the area of the
broader surroundings of the town of Banska Bystrica. To a certain extent, their oc-
currence can be correlated with the region of the intersection of the Revica fault
system and the Hron tectonic zone. The most interesting, and in fact unclarified, is
the strong shock of June 5, 1443 (8° - 9° MSK), which caused serious damage in a
large area. In contemporary writings a shock felt in Hungary, Moravia, Poland,
Bohemia and Austria is mentioned. From the fragmentary information available, its

Fig. 4. The Revdca tectonic system
1 — crystalline complexes; 2 — Palaeozoic sediments; 3 — Mesozoic complexes;
4 — Central Carpathian Paleogene; 5— Neogene sediments and volcanites;
6 — vertical density contact; 7 — fault; 8 — earthquake epicentre; FIT— High Tatra;
LT — Low Tatra; GF — Great Fatra; CHv — Choc Mts.; LD — Liptov depression;
Lin — Lubochna crystalline block; Td — Turiec depression; SHv — Staré Hory tectonic window;
K — Krizna nappe; F — Myjava-subTatra linemanent; G — Hron lineament

4. dbra. A Revuca tektonicai rendszer
1— kristalyos 0sszletek; 2— paleozoos liledékek; 3— mezozoos 6sszletek;

4 — bels6-karpati paleogén iiledékek; 5— neogén liledékek és vulkanitok; 6 — fiigg6leges siir(iséghatar;
7 — torés; 8 — foldrengés epicentrum; HT — Magas-Tatra; LT — Alacsony Tatra; GF — Nagy Fatra;
CHv — Lipt6i Magura,' Ld — Lipt6i sulllyedék; Lm — Lubochna kristalyos tdmb;

Td — Turéczi stillyedék; SHv — dhegyi tektonikus ablak; K — Krizsna takaré;

F — Miava-szubTétra lineamens; G — Garam lineamens

Puc. 4. PeBylLcKasa TeKTOHMYECKaa cucTema.
1 —kKpucTanamyeckne KOMNAEKCbl; 2 — Naneo3oiickme 0TNOXEHNA; 3 —Me3030/CKMe TONLWH;

4 —ueHTpanbHO-KapnaTCcKne naseoreHoBble OT/I0XEHUSA; 5 —HEOreHOBbIE OTNOXEHUA 1
BY/IKAHUTbI; 6 —BepTUKaNbHbIe NNOTHOCTHbIE TPaHULLbI; 7 — pa3foMbl; 8 —3MULEHTPSI
3emneTpsiceHnii; HT —Bbicokue Tatpbl; LT — Huskune Tatpsl; G F- Benukue ®datpbl; CHv —
lopbl ,,Xo04u”; Ld —/IunToBCcKas BnaguHa; Lm —J1t060XHUHCKNIA KPUCTaNNNYECKNUA Maccus;
Td — Typueuckaa BnaguHa; SHv— TekToHM4Yeckoe okKHO ,,CTape Xopu”; K —nokpos
KpmxHs; F —Musscko-MoaTaTpaHCKuii nuHeaMmeHT; G — XPOHCKWIA NMHeaMeHT
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position cannot be determined with sufficient accuracy, however. Its location was
most probably in the broader neighbourhood of Banska Bystrica [KARNIK et al.
1984]. The depth of this earthquake is estimated to be at 25 km. Its origin could be
bound to the Hron tectonic zone, since some other earthquakes (1855, 1862) of an
intensity of 6° - 6.5° MSK are also found on this zone between Banskéa Bystrica and
Lubietova. The focal depths of the earthquakes of this region vary within a range of
4-12 km.

The earthquake occurrences (Figs. 4, 5 and 6) can be associated with the
weakened points of the Hron and Myjava-subTatra tectonic zones, especially where
the Revlca fault system crosses them. Even though we know of 18 earthquake
shocks in the area under investigation, the lack of direct recordings did not allow us
to determine the fault plane solution for any of them. Nevertheless, the available
seismological material did enable us to determine the directions of decreased seis-
mic energy (Fig. 6). Use was made of the isoseismal maps known for some of the
mentioned shocks, all of them being in the southern part of the area investigated.
The analysis shows that in the valley of the Hron river, E-W or actually ENE-W SW
directions prevail. Their coincidence with the direction of the Hron tectonic zone is
very good [POSPISIL et al. 1986].

4.3 Seismotectonic and geodynamic analyses

In addition to the data on earthquake occurrence, we utilized the results of
gravity and magnetic measurements of this area [Obernauer 1980], and the cor-
relation of seismological data with lineations determined from satellite images

Fig. 5. Earthquakes and tectonic blocks in the Western Carpathians
1— Pieniny klippen belt; 2— crystalline complexes;
3 — overthrust; 4 — axes of the post-Palaeogene anticlines [Mahel’ 1974); 5 — fault;
6— gravity nappe; 7 — strike-slip fault; 8— earthquake epicentres; 9 — axis of gravity low;
F — Myjava-subTatra lineament; c — Hron lineament; H— Reviica fault zone;
I — Verona-Semmering-Véah tectonic zone; 1 — Mjyto-Tisovec fault zone;
a— Little Carpathians; b — Povazsky Inovec; c— Low Tatra; d — Tribec Mts.; e — Branisko Mts.;
f — Vienna basin; g— Topolcany bay; h — Banovce depression; i — Piestany bay; j — Little Fatra;
K — Krizna nappe; 1— BacUrov depression

5. abra. Foldrengések és tektonikai témbok a Nyugati-Karpatokban 1— Pieniny szirtdv;
2 — kristalyos Osszlet; 3— feltolédas; 4 — poszt-paleogén antiklinalisok tengelyei [Mahel’ 1974]
5 — tdrés; 6 — gravitacios takard; 7 — eltolédas; 8 — foldrengés epicentrum;
9— gravitaciés minimum tengelye; F — Miava-szubTatra lineamens; G — Garam lineamens;
H — Revlca vet6zona; | — Verona-Semmering-Véag tektonikai zéna; J — Tiszolc-Vamos lineamens;
a — Kis-Karpatok; b — Inovec; c — Alacsony Tatra; d — Nagy-Tribecs; e — Branyiszké hegység;
| — Bécsi medence; g— Topolcsanyi 6bol; h — Ban siillyedek; i - Pdstényi 6bol; j - Kis-Fatra;
K — Krizsna takaré; / — Turdci sullyedék

Puc. 5. 3emneTtpaceHuns n TeKToHnYeckue 610kmn 3anagHbix Kapnart.

1 —30Ha MNMbEHUHCKNUX YTECOB; 2 —KPUCTaNINYeCKne KoMnaekcol; 3 —B36pocsl; 4 —ocu
nocnenaneoreHoBbIX aHTUKANHaNen [Mahel 1974]; 5 —pa3nombl; 6 —rpaBuMTaLUOHHbIE
NMOKPOBbI; 7 —CABUTK; 8 —3NULEHTPbI 3eMNETPACEHNIA; 9 —oCU FpaBUTaLMOHHbIX
MUHUMYMOB; F — MusaBcko-lMoaTaTpaHCKUil NuHeaMeHT; G — XPOHCKUI NnuHeaMeHT; N —
PeByLckas 30Ha pa3nomoB; | —TekTOHMYeCcKas 30Ha BepoHa-3emMmepuHr-Bax; / —
MuTo-TucoBeuckas 30Ha pa3nomoB; a — Manble Kapnatbl; b — MHoBel,; ¢ —HwU3kne TaTpbl;
d — 'Tpubey; e —ropbl bpaHucko/ —BeHckuit b6acceiiH; g - Tononb4YaHbCKUI 3anuB; h —
BaHoBlecKkas BnaguHa; i — MewTAHCKUIA 3anuB; j — Manble ®aTpbl; K —NOKPOB KpUMXHS;
| —bBauyposckas BnaguHa
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Pig. 6. Dynamics of the Revica fault system
1— gravity nappe [Klinec et al. 1985]; 2— central zone of Pol’ana volcanoes;

3 — wrench fault of the Ist-order; 4 — faults; 5 — direction of the Ist-order seismic energy attenuation;
6 — earthquake epicentres; for other symbols see Fig. 5

6. abra. A Revlca vet6rendszer dinamikaja.l — gravitacios takaré [Kiinec et al. 1985];
2 — a polyanai vulkanok kozpontja; 3— elsérend( eltol6das; 4 — vetd;
5 — csokkent szeizmikus csillapitasi irdnyok; 6 — foldrengés epicentrum; egyéb jel6léseket lasd
az 5. dbran

Puc. 6. lnHamunka PeByLeKO 30HbI pa3noMOB.

1 —rpaBuTaLNOHHbIe NOKPOBbI [Kiinec et al. 1985]; 2 —ueHTpanbHasa 30Ha MoNAHCKOrO
BYy/NKaHa; 3 —rnasHble CABUTUN; 4 —pas3foMbl; 5 —HanpasfieHUs MUHUMAaNbHOTO
CelCMNYEeCKOro 3aTyxaHusa; 6 —anuueHTpbl 3eMNNeTPACeHUN; Npoyne 0603HaYEHNA CM. Ha
puc. 5

[Pospisil et al. 1985.]. It appears that contrary to previous interpretations, we can
include in the dextral transcurrent system even its broader surroundings, i.e. even
the tectonic zone that bounds the crystalline basement of the Great Fatra on the
east side. According to gravity data the zone continues to the southwest as far as the
western margin of the Staré Hory tectonic window [Andrusov 1965]. All the inter-
preted tectonic elements manifest themselves in the gravity field by sharp gradients.

It is understandable that an analysis of the tectonic history cannot account for
the entire development in time and space of the study area. The character of faults,
however, suggests the probable stress conditions that must have existed in a given
area. A palaeographic analysis of the Tertiary development of the area revealed the
uplift of the Low Tatra region with respect to its surroundings until the Pliocene
Age [Klinec et al. 1985]. In the last period, this uplift accelerated as a consequence
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of the horizontal movements of the Carpathian blocks along the faults of ENE-
WSW direction [JANKU et al. 1984, pospisiL et al. 1985]. These faults are buried
and seated under Tertiary sediments in the crystalline basement. On the surface,
only fragments of these faults can be detected (e.g. Strdzovské vrchy Mts., High

Tatra, Vienna basin etc.).

Fig. 7. Dynamics of Recent tectonic movements of the central part of the Bohemian Massif
1— Ist-order wrench fault; 2— 2nd order wrench fault; 3 — earthquake epicentres;
4 — tectonic zones (for symbols see fig. 2)

7 abra. A recens tektonika dinamikéja a Cseh-masszivum kézépsé részén
1— elsérend eltolédas; 2— masodrendi eltolédas; 3 — foldrengés epicentrum;
4 — tektonikai zéna; egyéb jeldléseket lasd a 2. dbran

Puc. 7. AvHamMuKa COBPEMEHHOW TEKTOHUKM B LLeHTPanbHOM YacTu Yelckoro maccuea.
1 —rnaBHble CABUTU; 2 —BTOPOCTENEHHbIE CABUTU; 3 —3NULEHTPbI 3eMNeTpsaceHnit; 4 —
TEKTOHMYECKUE 30HbI; Mpoune 0603HaYeHMA CM. Ha puc. 2

5. Discussion

The seismotectonic and geodynamical analyses of the investigated areas of the
Bohemian Massif and the Western Carpathians are based on the following
presumptions:

a) the existence of a Central European rift system [K.OPECKY 1979], which
originated due to mass movement on the lithosphere-astenosphere boundary;

b) the rift system played a decisive role in the neotectonic development of the
Bohemian Massif and partly of the Western Carpathians [pospPisiL and VASS

1984, Fig. 7];
c) individual parts of the rift system are limited by deep-seated fault zones; in the
case of the Ohfe rift these are the Odra and Danube lineaments [pospisiL and

VASS 1984].
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According to these presumptions, the main direction of block movement in
Bohemia during the Neogene Age was E-W (Fig. 7). Its origin is attributed to
opening up of a branch of the Central European rift system — the Ohfe rift. Since
at that time in the Bohemian Massif Variscan tectonic zones already existed — the
Main Sudetic and the Luzice-Jilovice fault systems — extensive vertical as well as
horizontal movements occurred along rejuvenated faults that balanced the ac-
cumulating stress in the Earth’s crust during the Upper Tertiary and Quaternary
Ages. The movement of the Bohemian Massif towards the east brought about, in
the near-surface parts of the Earth’s crust, the action of tensile forces. The orienta-
tion of these forces in the marginal belts of the moving block does not substantially
differ from the direction of the pressure forces acting at its front.

In the Neogen Age this movement affected the geodynamics of the Western
Carpathians. Thus the origin of some of the main transcurrent fault zones in the
Western Carpathians can be explained by the Ohfe rift. But while in the marginal
parts of the Bohemian Massif sinistral movements may be observed (Main Sudetic
fault, Luzice-Jilovice fault), in the western part of the Carpathians transcurrent
lineaments with dextral movements can be found (Myjava-subTatra tectonic zone,
Hron tectonic zone). The evidence of these movements can be traced in the
palaeogeographical maps of the Neogene — orientation of basins, sediment types
[Senes 1982] — and in palaecomagnetic data [Muska and Vozar 1984].

It is characteristic of both regions under investigation that pairs of tanscurrent
faults originated that controlled and strongly affected the dynamics of the adjoining
blocks. The pairs of parallel Ist-order faults with similar movement regularly give
rise to 2nd-order faults. Thus the space between the Ist-order faults is segmented
into a number of blocks.The character of movements on the 2nd-order faults is then
the resultant of the difference of the movements along the Ist-order faults. The
2nd-order faults balance the movement differences on the Ist-order faults, which
often leads to a rotation of the blocks between the Ist-order faults. In both regions
these features can be observed in the form of intensive uplifts and extensive over-
thrusts. Gravity and magnetic data support these conclusions.
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VETORENDSZEREK DINAMIKAJA ES A SZEIZMICITAS OSSZEFUGGESE - PELDAK A CSEH
MASSZIVUM és a nyugati KARPATOK TERULETEROL

Vladimir SCHENK, Zdenka §CHENKOVA
és Lubomil POSPISIL

Két vetérendszert vizsgaltunk hosszu és rovid id6tavon haté mozgasuk szempontjabdl. A kovetkez6
jelenségeket tanulmanyoztuk: a vetérendszerek késé harmad- és a negyedid6szaki féldtani fejlédésének
jellege: szerkezeti blokkok vizszintes és fiigg6leges mozgasainak foldtani bizonyitékai; kéregmozgasok;
tavérzékelési adatok (mihold felvételekkel meghatérozott lineamentumok); a szeizmikus aktivitas adatai;
gravitacios és magneses anomalidk. A jelenségek mind azt timasztottak al4, hogy vizszintes elmozdulasok
zajlottak le a vizsgalt lineamentumok mentén, amelyek iranyat és helyzetét is meghatéaroztuk.

B3AMMOCBA3b MEXAY ANHAMWKOW CUCTEM PA3PbIBOB N CENCMNYHOCTbIO
- MPUMEPBI N3 YHELLCKOI0O MACCUBA N3AMAOHBLIX KAPIMAT

Bnagumup WWEHK, 3genka LWUEHKOBA u Tio6omun NMOCHNLWNA

[iBe cMCTeMbI paspbiBHbIX HapyLeHWUi GbiM U3yUeHbl C TOUKWU 3PEHUs LBUXKEHWUA MO HUM
33 KOPOTKWUIA W ANNHHLIA NPOMEXYTKM BpeMeHW. M3yuanuch crefyloline sBNeHUs: XapakTep
reos0rM4YecKoro pa3BUTMs CUCTEM Pa3pbiBHbIX HapyLlleHU B MO3AHETPETUYHOE W YeTBEPTUY-
HOe Bpems; reonoruyeckue [0KasaTeNbCTBA TOPU3OHTANbHbLIX W BEPTUKANbHbIX CMELLeHWii
CTPYKTYPHbIX G10KOB; KOPOBble ABWXEHUS; faHHble AUCTAHLUMOHHLIX HabNoAeHUi (NnHea-
MEHTbI. BbISIBIEHHbIE MO KOCMUYECKUM CHUMKaM); FpaBUTaLWOHHbIE W MAaTHUTHbLIE aHOMaNNu.
BcemMu 3TUMM IBNIEHUSMU NOATBEPXAAeTCs, YTO BAO/b PACCMATPUBAEMbIX IMHEAMEHTOB UMeU
MEeCTO FOPM30HTa/bHbIe CMELLeHUs, HanpaBeHHOCTb U MPUYPOUYEHHOCTb KOTOPbIX TakXe 6bl-
NN YCTaHOBEHBI.
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A COMPILATION OF PALEOMAGNETIC RESULTS FROM HUNGARY
Ernd MARTON* and Péter MARTON**

To facilitate access to and promote the use of palaeomagnetic results that have originated in Hun-
gary over the last two decades, a comprehensive list is presented of those palaeomagnetic results obtained
on fully oriented field samples. The results are listed — whereever possible — for localities in order to
demonstrate the degree of consistency, both in space and time, of the tabulated palacomagnetic directions.

Keywords: Palaeomagnetism, Hungary, Mesozoic, Palaeozoic, Tertiary

Introduction

A fair amount of palaeomagnetic results have originated from Hungary during
the last two decades. A good part of the data has been published in international
journals which are easily accessible to the scientific community whereas some are
available in journals only of local or regional circulation. In addition, a further
amount of data can be traced only with difficulty in various unpublished reports of
the Eo6tvos Lorand Geophysical Institute of Hungary and the E6tvos University,
Budapest.

To facilitate access to and promote the use of all these palaeomagnetic data we
present a comprehensive list of all palaeomagnetic results which have hitherto been
obtained on fully oriented field samples from Hungary. The aim, however, is not
only one of convenience. In presenting these results we should also like to
demonstrate the consistency, both in space and time, of our data. To achieve this,
we list the results for localities rather than sites.

As regards a locality we follow Tarting [1983] who suggests that this term be
used when the palaeomagnetic result represents a time average of the ancient
geomagnetic field. If the time average covers a sufficiently long interval then all
kinds of short-term variations of the Earth’s magnetic field are eliminated. A single
lava flow, a thin dyke, or a sedimentary layer are commonly regarded as point read-
ings of the geomagnetic field of the past. These are called sites and a minimum of
three is required to give a locality. Site means are tabulated, however, when the
above conditions for locality are not fulfilled. These are the rhyolite at
Sarszentmiklos and the monchiquite at Pakozd (Fig. 1).

* Eotvos Lorand Geophysical Institute of Hungary, POB 35. Budapest, H-1440

**Geophysics Department, Edtvos University, Kun Béla tér 2. Budapest, H-1083
Manuscript received (revised version): 14 March, 1988
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Fig.l. Geological sketch of Hungary. Numbering of regions in accordance with tabulated data:

1 Transdanubian Central Range, 2. Biikk Mountains, 3. Aggtelek-Rudabanya region, 4 .Uppony Hills,
5. Szendrd Hills, 6. Mecsek Mountains, 7. Villany Hills. Within each region, the results are arranged in
order of geological age, starting from the Palaeozoic. The results from the Tertiary volcanics are
compiled separately: 8. Balaton Highlands, 9. Velence Hills, 10. Mecsek Mountains, 11. Négrad Hills,
12. Zemplén Mountains, 13. Matra Mountains, 14.Cserhat Hills, 15. Bérzsony-Dunazug Mountains.
Site means for Tertiary volcanics and localities in loess are marked by letters: a— Pakozd, monchiquite;
b — Sérszentmiklés, rhyolite; c — HédmezG6vasarhely, loess; d — Mende, loess; e — Paks, loess.
Legend for outcrops: | — Palaeogene sedimentary rocks; 2 — Tertiary volcanics;

3 — Mesozoic sedimentary rocks; 4 — Mesozoic eruptive rocks; 5 — Palaeozoic sedimentary rocks;

6 — Palaeozoic granite; 7 — gneiss, crystalline schist

1 4bra. Magyarorszag foldtani vazlata
A terliletek szdmozasa a tdblazat sorrendjét koveti, egy teriileten belil a paleozoikummal kezdéd6en a

foldtani kor a rendez6 elv. A harmadkori vulkanitok kiilén szerepelnek. Harmadkori vulkénitok és

16szmintak helyi atlagait bet(ikkel jeldltik: a— Pakozd, moncsikit; b — Séarszentmiklés, riolit;
¢ — Hoédmezdvasarhely, 16sz; d — Mende, 16sz; e — Paks, 16sz. A foldtani térkép jelmagyarazata:

1— paleogén iiledékes kézetek; 2— harmadkori vulkanitok; 3— mezozoos iiledékes kézetek;

4 — mezozoos kiomlési kézetek; 5 — paleozoos iledékes kézetek; 6 — paleozoos granit;
7 — gneisz, kristalyos pala

Pue. 1L Teonornyeckas cxema BeHrpuu.

Hymepauus permoHoB COOTBETCTBYET MOC/ef0BaTeNIbHOCTM Tabnuy. BHYTpu permoHos
faHHble NPUBEJEHbI MO reosI0rMYecKoMy BO3pPacTy. TpeTUUHble BYIKAHUTbI HaHECEeHbI
OTAENbHO. YCpeAHEeHHbIe 3HaYeHUA TPETUYHbIX BY/IKAHUTOB 1 NecoB 0603Ha4YeHbl OyKBamu:
a —Mako3pa, MOHUNKNT; b — LLllapceHTMuUKAOW, pnonuT; ¢ — Xoamesésaluapxeit nec; d —
MeHge, nec; e —TlakKT, nec.

OG03HaYeHMs Ha re0Nornyeckoii KapTe:

1 —ocajoyHble NOPOAbl NaNeoreHOBOro BO3PacTa; 2 — TPeTUYHbIe BYNKAHUTHI; 3 -
0cafi0uHble NMOPOAbl Me3030/MCKOro Bo3pacTa; 4 — BY/NKaHWTbI Me3030/CcKOro Bo3pacTa; 5 —
naneo3oiickve ocajoyHble NOPoAbl; 6 —Naneo30nCcKuii rpaHunT; 7 — rHeiic,
KpUCTannmyeckuii cnaHed,.
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Explanatory notes to the palaecomagnetic data list (Table I.)

Column 1 gives the geographical name of the sampling locality and its
geographical coordinates, latitude and longitude, to two decimal figures. The mean
position of geographically distributed sites is given by one-decimal figures
(e.g.Velence Hills, andesites; Balaton Highlands, basalts).

Column 2 gives the type of rock and the isotope or geological age, the latter
being abbreviated according to the Cambridge geologic time scale, 1982.

Column 3 contains the number of collecting site(S) and the number of
samples(jV) on which results are based. Where a dash is put in the place of S, it
means that the sample was taken from a single site.

Columns 4 and 5 contain an estimate of the mean direction of magnetization
before and after tectonic correction. Of the two pairs of data, usually the tectonical-
ly corrected values are compiled. Nevertheless, showing both pairs side by side
seems to be useful.

The palaesomagnetic direction before tectonic correction gives an idea of the
stability in time of the natural remanence. A magnetization significantly different in
direction from that of the present geomagnetic field at the sampling place must be
an ancient remanence though not necessarily a primary one. A comparison between
uncorrected and corrected means shows the effect of the tilt correction on the
coeval directions, i.e. from our list the improvement or increase of the scatter on
restoring the rocks to the horizontal position can be deduced.

Tectonic correction is not always applied; it is tacitly assummed that it is not
needed or its application is meaningless (e.g. one of the secondary components in
Salféld Permian siltstone)

Columns 6 and 7 give Fisher’s precision parameters, k and A95, the circle of
confidence at the 95 % level [Fisher 1953]. The statistical parameters are com-
puted using the number of independently oriented samples, except when the num-
ber of sites is indicated in column 3. In this case the statistics is based on the latter.

Of the two commonly calculated parameters it is A95 which is widely used to
estimate the reliability of a palaeomagnetic observation. We particulary wish to call
attention to k, the precision parameter. However large the scatter of the directions
may be, A95 can be made very small by enlarging the data base. Improving/:, on the
other hand, requires thorough cleaning of the characteristic remanence of all secon-
dary components; this being an important requirement if we wish to trace fast and
relatively small tectonic changes — as is the case in the Mediterranean area.

It is obvious, however, that the best cleaning procedure is powerless to produce
large k when the intensity of the natural remanence is close to the noise level of the
best measuring instruments. An example cited from our list is the Albian Limestone
from the Transdanubian Central Range.

Columns 8 and 9 give the latitude and the longitude of the pole corresponding
to one pair of diections in columns 4 and 5. When tectonic correction is not needed,
the palaeomagnetic pole is of course calculated from the remanence direction in
the present geomagnetic coordinates; when the tilt correction is meaningless, for
the rock was obviously remagnetized in the Earth’s present magnetic field, no pole
is listed. Some poles in the list are based on uncorrected palaecomagnetic déclina-
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tion-inclination in spite of the obvious and measurable tilts at the sampling loca-
tion. This is to indicate that we interpret the remanence as secondary in relation to
the deformation responsible for the tilts.

Column 10 shows whether the result was obtained by thermal (Th) or alternat-
ing field (AF) cleaning, and at what temperature (Centigrade) or peak field (Tesla).
Some directions are not the measured vectors but the subtracted ones during clean-
ing. These are marked bysv.

Column 11 contains the references and, occasionally, remarks concerning the
age or the polarity of the magnetization. For reasons of simplicity and brevity, refer-
ence to work by the first author is made as E. Marton despite the originals that may
give this author’s name differently.

Table I: List of palaeomagnetic results
S — number of sites; N — number of samples; kK — precision parameter; A95 — radius of the circle of
confidence at the 95 per cent probability level; D — declination; cD — declination, corrected:
1— inclination; cl — inclination, corrected; sv— subtracted vector. For age abbrevations see
HARLANDet al. [1982]

. tAblazat. Magyarorszégi paleoméagneses eredmények
S— mintavételi helyek szdma; N — mintak szdma; k — pontosséagi paraméter; A95 — konfidencia kor
sugara 95 %-os val6szin(iségi szinten; D — deklinacié; cD — deklinacié d6léskorrekcié utan;
I — inklinaci6; cl — inklinacié d6léskorrekcié utan; sv— kiilonbség vektor. Kor roviditéseket lasd
Harland et al. [1982]

Tabnauua i. BeHrepckue naneoMarHuTHbIE pe3yibTathl.
S —uuncno mecT HabnwaeHnit; N —uncno o6pasLoB; K —napaMeTp To4HOCTU; A95 —
OKPYXHOCTb KOHDUAEHLUN Ha YPOBHE BepoATHOCTU 95%; D — peknuHauus; cD —
[eKnuHauua nocne KOppekuumn nafgeHus; | —uHKNnHauns; cl —uHKNuHayusa nocne
KOPPEeKLUMN NafeHns; sV — BEKTOP BblYMTaHHbIN.
O603Ha4YeHNs BO3PACTHbIX €UHUL, CM. Hartand et al. [1982].
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1 2 7 4 5
Locality rock type S/N B 1
geogr. coord. age cd cl
Nlat. Elon.

Transdanubian Centra] Ranged) ,/Palaeozoic
Polgardi limestone 4/22 112 -36
47.05 18.27 grey,B

Sukoré granite -/9 152 35

47.23 18.53  grey,C2 - -

Sukord granite -/13 143 31
47.25 18.57 pink,C2 - -

Sukoré granite -/5 153 29
47.23 18.55 grey,C2 - -

Pakozd granite -11 140 39
47.22 18.55 pink,C2 - -

Sukoré granite  -/8 132 16
47.24 18,57  grey,C2 - -

Sukoré granite -/13 158 -30
47.24 18.57 dyke,C2 - -

Sukoré granite -n 155 -69
47.24 18.58 apiite,C2 - -

Sukoré granite -/5 168 -65
47.24 18.58 red,C2 - -

Sukoré diabase -/6 148 -60
47.24 18.58 c? - -

Sukoré granite -/4 144 -24
47.25 18.55 dyke, red,£2 - -

Kisfaludpuszta granite -/5 316 26
47.20 18.45 dyke, red,C2 - -

Kisfaludpuszta granite  —/© 299 29
47.20 18.45 aplite,C2 - -

Sagi major granite -1 144 -44
47.25 18.51 c2 - -

Szabadbattydn  sandstone -/4 47 48
47.14 18.34 grey,C2 17 60
Szabadbattydn  sandstone -/4 10 51

47.14 18.34 grey,C2 2 24

17

26

82
82

A95
A95

22.3

14.3

19.0

25.9

5.4

4.3
4.3

10.2
10.2

Pole

Nlat Elan

29

23

20

73

287

236

227

236

250

236

316

291

285

252

261

278

264

Clean

Th300-
550

Th525-

Th525-
550

Th525-
550

Th525-

Th525-

550

Th>500

Th>500

Th>550

AF0.18

Th;525

Th>500

AF0.03-

0.05

AF0.03

Th575-

600

Th350-
600

Ref.
Remark

Marton E. unpublished;
metamorphic, Mesozoic
magnetization ?

Marton E. 1984,1986a

Marton E. 1984,1986a

Marton E. 1984,1986a

Marton E. 1984,1986a

Marton E. 1984,1986a

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,19E6a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1984,1986a;
remagnetized,30 Ma ?

Marton E. 1985
unpublished

Marton E. 1985
unpublished
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5

Transdanubian Central Range,Palaeozoic cant.

Badacsonyodrs
46.80 17.47

sal fold
46.80 17.57

Balatonalmadi
47.15 18.02

Balatonaracs
46.96 17.87

Balatonfiired
46.95 17.83

KSvagaors
46.83 17.62

Transdanubian Central Range ,Triassic

Balatonfiired
46.97 17.33

Csopak 1.
46.95 17.90

Csopak Il.
46.95 17.90

Felsflors
47.08 17.93

Felsflérs
47.08 17.93

Transdanubian Central Range,Jurassic

Bakony-
csernye I.
47.30 18.17

Bakony-
csernye Il.
47.30 18,10

siitstone
red,Pl

siitstone
red,P2

siitstone
red,F2

siitstone
red,P2

siitstone
red,P2

siitstone
red,P2

marl,grey
Tl

mari,grey
Lad-Crn

marl,grey
Lad-Crn

limestone
grey, firs

limestone
grey,Lad

limestone

red.Plb

limestone
red,Plb

-/6

-/11

-/9

-/20

-/29

/9

=/8

»/12

-

a5

733

-/51

7

81
79

302
347

336
342

323
332

323
319

322
307

301
293

309
310

320
315

328
314

302
303

306
304

310
291

281

299

291
302

24
-11

47
52

5 R

58

62

©

& &

24
-8

47
24

8 R

33

83

62
41

8 8

57

24 13.9-
24 13.9

7.9
7.9

®R

124 4.7
123 4.7

125 4.6

125 4.6

46 7.7

21 7.B

21 7.8

25 5.7
25 5.7

53 7.1
53 7.1

113 4.9
113 4.9

80 5.0
80 5.0°

165 4.0
165 4.0

12 24.0
12 24.0

30 14.3
30 14.3

2.6

47 8.9
47 B.9

3

46

42

35

40

28

42

119

269

266

303

280

287

297

286

Th700

TW150-
650sv

TV300-
475
Th300-

575sv

Th575

ThS00

ThNRM-

525sv

Th400-
500sv

Th400-
500sv

Th500

TV500

Th200

Th400-

500

ThaQo-
500

T450

TM450

Marton

E. & Elston

in press

Marton

E. 9 Elston

in press.secondary

rem. ?

Marton

E. Y. Elston

1985;secondary rem.?

Marton

E. 9 Elston

1985,sec. rem. ?

Marton

E. Elston

1985,sec. rem. ?

Marton

E. Y. Elston

1985,sec. rem. ?

Marton
1983

Marton
1983

Marton
1983

Marton

Marton

Marton
Marton

Marton
Marton

X Marton 1981,

Y Marton 1981,

Y. Marton 1981,

Y. Marton 1983

Y. Marton 1983

et ai. 1980,
S Marton 19S3

et al. 1960,
Y Marton 1983



A compilation ofpalaesomagnetic resultsfrom Hungary

2

3

4

Transdanubian Central Range,Jurassic cont.

Tardas
47.65 1B.47

Tata
47.63 18.32

Lokat
47.20 17.87

Bakonycsernye
47.30 18.10

Labatlan
47.71 18.56

arkat
47.08 17,65

Harskat
47.15 17.80

Varosifid
47.13 17.65

Tardos
47.65 18.45

Lokat
47.21 17.83

Stimeg
46.97 17.30

Stimeg
46.97 17.30

Harskat
47.16 17.79

Borzavar
47.27 17.62

Transdanubian Central Range.

Stimeg
46.96 17.26

Labatlan
47.73 18.50

Borzavar
47.27 17.83

limestone
red,Pib

limestone
red, /1

limestone
red,J1

limestone
red,Toa

limestone

red, Toa-Baj

limestone
grey,Baj

limestone
red,
Bai-Sth

limestone
grey,J3

limestone
grey,Tth

limestone
grey,Tth

limestone
grey,Tth

limestone
grey,Tth

limestone
grey,Tth

limestone
grey,Tth

limestone
grey,Ber

limestone
VIg-Hau

limestone

grey,
VIg-Hau

-Ib 312
310
-/10 317
770
-/21 27?
288
-/15 279
295
-/53 308
293
-/10 300
314
-/30 304
307
-/6 91
256
-/11 267
278
-/14 249
264
/42 329
260
-/39 i
270
-/106 262
254
/63 269
262
,Cretaceous
»/56 312
977
=/10 299
290
-8 258
263

57

57

47

52

25

37

8 &

42
52

17
42

37

-36

32

-33

&8

8 &

31

39

42

40
40

72
72

& &

72
76

& 8

2?
29

88

10.7
10.7

5.7
5.7

8.0
8.0

5.8
5.8

4.0
4.0

33.4
17.4

9.0

9.0

8.0

77

4.1
4.1

7.9
7.9

9.2
9.2

13.7

o ©o
© ©

8.8
8.8

52

68

32

39

41

16

23

14

10

17

29

291

/75

296

296

291

269

276

320

300

308

297

301

312

308

294

290

310

Th400

Th500

Th450

Th450

Th450

Th400-

ThoOO-
600

Th520-

Th560

Th500

Th545

Th500

Th400-

500

THA400-

V500

Th400-

TH525-
625

10
Marton * Marton 1981,
1983

Marton i. Marton 1981,
1983

Marton k Marton 1981,
1983

Marton et al. 1980,
Marton 2 Marton 1983

Marton k Marton 1982
unpublished

Marton k Marton 1983

Marton t Marton 1983

Marton & Marton 1983;
corr. overturned pos.

Marton k Marton 1983

Marton A Marton 1981,
1983

Marton, E. 1982

Marton k Marton 1983

Marton E. 1985b

Marton, E. 1986b

Marton, E. 1986b

Marton,E. 1982

Marton X Marton 1983

Marton  Marton 1983

Marton k Marton 1983

123
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Transdanubian Central Range,Cretaceous cont

Borzavar I. limestone -/6 271
<7.27 17.B3 grey,Apt 275
Borzavar Il. limestone -/U 290
47.27 17.83 grey,Apt 294
Vértessonlyo limestone -/7 239
47.50 18.37 grey,Apt 285
arkat limestone -/8 309
47.10 17.65 grey,Alb 308
Olaszfalu limestone -/9 297
47.23 17.90 grey,Alb 300
Jasd limestone -/22 284
47.28 18.03 grey,Alb 292
Halimba marl,red -/10 305
47.05 17.55 Cmp-Maa 312
Magyarpoiany marl,grey -/5 314
47.18 17.56 Cmp-Maa 320
Bakonyjaké marl,grey 2/8 347
47.22 17.58 Cmp-Maa 330
Tapolcéra marl,grey 2/11 145
47.27 17.53 Cmp-Maa 133

Transdanubian Central Range,Paleogene

Bant mari,gi‘ey 4/14 312
47.40 18.36 Eo2 312

Bikk Mts (2

Nagyvisnyd schist -/4 255
48.13 20.45 grey,C -
Nagyvisny6 limestone -/4 75
48.14 20.45 grey,C -
Tar(ifo limestone -/6 295
48.12 20.45 grey,C -
Nagyvisnyo limestone -/8 103
48.12 20.44 grey,C 129
Nagyvisnyd limestone -/5 129

48.12 20.44 grey.C 164

42
43

42
a7

27

83

25

S8 854

By

57

57
=54

83

a4

74

62

59

52

88

R BB

NN

75

29

S

24
24

& &

9.4
9.4

7.4
7.4

16.0
10.3

15.8
15.8

15.8
15.8

11.5
11.5

11.0
11.0

14.0
8.9

10.4
2.1

8.4
8.4

9.6
9.6

36.5

19.2
19.2

20.2
20.2

52

302

292

299

269

235

289

281

277

275

285

281

ThbOO- Marton i Marton

550 1983

Th500 Marton k Marton

Th500  Marton 3 Marton

1983

Th400- Marton k Marton

500

TN250- Marton i Marton

350

Th300- Marton i Marton

500

Th500 Marton i Marton

Th500 Marton i Marton

Th150- Marton i Marton

200

Thi50- Marton i Marton

300

AF0.02 Méarton,E.
Th400

AF0.0l- Marton,E.

0.02

AF0.02 Marton,E.

AF0.01- Marton,E.

0.025

Th300  Marton,E.

Th300  Marton,E.

1987

1978

1978

1978

1979

1979

1981

1983

1983

1983

1983
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1 2 3
Blikk Mts, cant.
Nagyvisnyo limestone -n
48.U 20.48 grey,C
Nagyvisny6 limestone -/5
48.13 20.42 c2
Nagyvisnyl sandstone -/10
4815 20.42 red,P2
Nagyvisnyu iimestane -/13
48.13 20.42 black,P2
Nagyvisnyu schist -1b
48.11 20.48 variegated
p
Malyinka limestone -1b
48.13 20.50 grey,C
Malyinka limestone -/4
48.12 20.52 grey,C
Malyinka limestone -/9
48.12 20.51 grey,C
Malyinka limestone -/3
48.12 20.52 grey,C
Gerennavar limestone -/5
48.09 20.43 olihhic, Tr?
Hol16k& dolomite -/9
48.09 20.44 Tr?
Rérebiifok limestone -/9
48.08 20.43 cherty,Tr?
Omassa limestone -Ib
48.10 20.54 P
Omassa schist -1b
48.10 20.54 dolomite
Trl
Omassa dolomite -/7
48.11 20.57 Tr
Eger, Wind sandstone -/75
47.88 20.38 late Oligo-
early Mio-

cene

303

294

323

317
327

321

26

264

218

151

BE Bs

16

332
324

282
282

316
329

343
340

72

20
52
47
62
9

74

67

14

110 <24
105 -48

23
23

88w

GG 88 RR go

o

32
32

123
123

BB

20

30.0
30.0

33.9
33.9

10.3
10.3

9.9
6.8
6,8

24.4

18.3

27.4
27.4

20.4
20.4

18.3
18.3

27.3
27.3

20.8
20.B

13.6
13.6

39.0
39.0

2.1
2.1

8.3
8.3
14.2

14.2

3.7
3.7

Th300-

Th450-

500

71250-
475

NRH
TM350
AF0.05

Th200

AFO.OT

Th100-

AFO.0I

Th350-

THA50

Th450

Th400-
500

Th450

AFO.05-

0.1

Th300-

500

Th300-

450

AFO,04-
0.05

Marton,E. 1979

Marton,E. 1979

Marton,E. 1984

unpublished

Marton,E. 1979,
unstable from :
0.05T on:

Marton,E. 19791

negative fold '

Marton,E. 1973

Marton,E. 1979

Marton,E. 1979

Marton,E. 1979

Marton,E. 1979

Marton,E. 1979

Marton,E. 1979

Marton,E. 1979

Marton,E. 1978

Marton,E. 1979

Marton,E. 1979

Marton,F. 1983

125



Aggtelek-Rudabanya area )

Silice nappe

Perkupa
48.47 20.69

Szin
48.50 20.67

Perkupa
48.47 20.69

Josvafo
48.4B 20.56

Josvafo
48.48 20.56

Josvafo
48.48 20.56

Josvafo
48.48 20.56

Josvafo
48.48 20.56

Derenk
48.62 20.67

Bédva nappe

Martonyi
48.50 20.78

Telekesvolgy
48.43 20.70

Szérhegy
48.47 20.72

Tornaszent-
andrés
48.53 20.79

Bedel 1&banya
48.44 20.64

Laszipuszta
48.44 20.64

Bédvalenke
48.54 20.81

sandstone
red,Trl

mari
grey,Trl

mari,
variegated
Trl

limestone
grey,Trl

dolomite,
grey,Ans

dolomite,
grey,Ans

dolomite
grey,Ans

limestone
white,Ans

limestone
red,Nor

dolomite
grey,Ans

limestone
red,Lad

dolomite
Ans

dolomite
grey,Ans

limestone
grey,Lad

limestone
variegated
Nor

limestone
variegated
Lad-Crn

-/6

5/32

-/12

-/10

-/21

E. Méarton - P. Marton

105 -20
103 -14

17.6
17.6

BB

256 +20 49 9.7
255 +10 32 12.0

304 +%4 24 16.9

292 431 26 13.4

309 +78 28 10.6

308 +27 38 9.0

284 +58
269 +49

10,4
10.4

a &

291 +24 37 10.0
277 +22 37 10.0

19 -4 13.2

300 +40 15 18.2
282 +43 15 18.2
259 439 25 155
284 +61 40 12.2

305 31 59 7.3
317 +28 59 7.3

278 +33 5.9

25 +31 47 9.9

277 +61 47 9.9

301 +#47 93 7.0

9.1
9.1

265 +62
302 +35

88

3B 83 41 7.6
39 +8 41 7.6

147 +47 27 6.2
47 +50 27 6.2

27

35

21

26

38

41

34

29

35

60

50

106

305

286

270

312

293

299

314

262

297

318

263

280

120

Th670-
680

Th525-

Th500-
525

Th500-

525

Th250-

Th350

Th450-

500

Th400-
500

Th250-
450

Th300-

Th400

Th400

Th150-
250

Th250-
500

Th525

Th300

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in préparation

Marton et al.
in préparation
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Aggtelek-Rudabanya area cont.

(lartonyi nappe
Nagyrednek
volgy limestone -/5
48.47 20.77 grey,
Lad-Crn
Torna-
szentandras limestone -/11

48.51 20.79 grey,Crn
Rakaca-
Becskehéza limestone -/7

48.53 20.84 grey,Nor

Bédvaraké paraautochthon

Bodvaraké limestone -1b
48.51 20.78 olistolith,
fins-Lad
Bddvarako wff & -/8
48.51 20.78 shilt,
Lad
Bodvaraké dolomite -/15

48.51 20.78 Ans-Lad

Uppony Hills (@) Devonian

Dédestapolcsény schist -/3
48.18 20,47
Uppony limestone -Ib

48.21 20.40  grey

Uppony schist -/4
48.21 20.40
Uppony limestone -/5
48.21 20.40 with

diabase

wff

Szendrfl Hills (5) Devonian

Szendrfl schist, -1b
48.38 20.75 black

Szendrfl,
Castle hill cryst. -/8
48.40 20.73 limestone

N

303
305

106

a7

312
315

326
208

284
233

245
227

273
254

g R

202
180

-4

+76
+56

+8
+20

+80

52

NIIN]

& ®

37

4 1.7

157 3.7
157 3.7

58 8.0

427 3.2
427 3.2

28 10.7
28 10.7

26 7.7
26 7.7

55 16.7
55 16.7

8.9
8.9

8 3

2.1
2.1

88

18.8
18.8

B &

n 21.0
n 21.0

37 9.2

15 258

22 70

37 261

78 164

Th350-

Th250

Th400-
515

Th300

Th400

Th400

AF0.03

AFO.1

AF0.0B

Th300

AF0.08

AF0.02

AFO.1

127

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton et al.
in preparation

Marton,E. 1978

Marton,E. 1978

Marton,E. 1978

Marton,E. 1978

Marton,E. 1978

Marton,E. 1979
degree of anisotropy
10-20 7.
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Szendrfl Hills cont.

Rakacaszend schist -/4 222 83 18 22.0 TW300 Marton,E. 1978
48.45 20.85 with 158 45 18 22.0

limestone

lenses
Rakacaszend schist -/4 179 60 21 20.4 AF0.025 Marton,E. 1978
48.46 20.87 with 143 35 21 20.4 Th350

limestone

lenses
Rakacaszend cryst. -/6 128 49 45 10.1 AF0.01 Marton,E. 1978
48.46 20.85 limestone 138 18 45 10.1 Th200
Csakanykat sandy -/3 253 72§45 165 Th400  Marton,E. 1979

schist 310 50 23 16.5
Rakaca cryst -/4 106 54 18 22.6 AF0.005i Marton,E. 1978
48.45 20.90 limestone 132 22 18 22.6
Mecsek Mountains (6),Palaeozoic
Moragy granite -/11 182 14 28 8.8 37 1% Th300- Marton E. 1960,
46.22 18.63 365Ma,U/Pb - - 500  1986a
Uveghuta granite -/7 188 15 26 12.1 36 189 Th450 Marton E. 1980,
46.21 18.57 365Ma, U/Pb - - 1986a
Lochmalom granite -/4 190 30 12 27.2 27 188 Th300- Marton E. 1980,
46.12 18.47 365Ma, U/Pb - - 550  1986a
Erdftsmecske granite -/5 19 20 8 25.8 31 177 Th300 Marton E. 1980,
46.18 18.50 365Ma, 11/ - - 1986a
Kismoragy granite -/5 194 -2 14 21.0 43 179 TM300- Marton E. 1980,
46.23 18.63 365Ma, U/Pb - - 550  1986a
Ofalu serpent-  -/8 183 31 n 21,5 27 1% Th400 Marton E. 1986a
46.22 18.49 inite, Pz
Kismoéragy aplite -/5 99 40 19 18.3 10 8 Th400- Marton E. 1980,
46.24 18.62 280Ma,Rb/Sr 600  1986a;remagnet lzed

in Cretaceous
Kisméragy aplite -/5 92 51 25 158 21 &4 Th400  Marton E. 1980,
46.24 18.62 280Ma,Rb/Sr 1986a; remagnetized
in Cretaceous

Egédpuszta siltstone -/48
46.10 18.00 red, PI 187 -18 14 5B 53 183 ThI50 Kotasek et al.,1969
Egédpuszta siltstone -/11 167 -20 3H 6.1 Th525  Marton E, k Elston,

46.10 18.00 red,Pl 185 -10 3B 6.1 49 19 1985
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2

3

Mecsek Mountains, Palaeozoic cont.

Bada
46.10 18.1»

siltstone
red,Pl

Mecsek Mountains,Mesozoic

Abaliget
46.14 18.11

Magyaregregy

46.21 18.31

Magyaregregy
46.25 18.31

Magyaregregy
46.21 18.31

Zobak
46.18 18.30

Moragy area
46.2 18.3

Eastern Mecsek
46.2 18.3

Eastern Mecsek
46.2 18.3

limestone
grey,Tl

limestone

grey,
Tth-Ber

limestone
grey,
Tth-Ber

limestone

grey,
Tth-Ber

limestone

grey,
Tth-Ber

alkali-
volcanics,
K1

alkali-
volcanics,
K1

alkali-
volcanics,
KL

Villany Hills (7),Mesozoic

Villany
45.87 18.45

Mariagyud
45.87 18.25

Mariagyud
45.87 18.25

Harkany
45.37 18.23

limestone
variegated
Tr3

dolomite
grey,Tr3

limestone
red,J3

limestone
pink,J3

-/17

10/41

6/50

11/?

-/5

-/6

-/5

188

170

240

28
348

98
32

27
17

A

9
a7

25

*j%

-31
o

& &

R &

37

57

g g

9
47

26

88

27
57

25

T9
32

B

28

~

~ B

109

9.8
9.8

16.4
16.4

24.6

33.0

24.5
24.5

29.1
29.1

25.9
25.9

9.3

27.2
33.6

14.6
18.7

5.3

14.3

7.0
7.0

9.6
9.6

52

62

24

62

72

59

75

78

212

175

224

170

171

107

256

205

Th500

Th500

Th500

Th500-

575

Th500

Th400-
500

Th300-
600

AF3»-
5»

ThS00

Th525

AF,
Th525

Th525

129

Marton E. & Elston,

1985

Marton E. 1986a

Marton E. 1986a

Marton E. 1986a

Marton E. 1986a

Marton E. 1986a

Marton E. 1984;
includes 2 aplite
magnetized in
Cretaceous

Marton and Marton
1970, Marton,E. 1984,
1986a

Dagley k Ade-Hall, 1971

Marton,E. 1981

Marton,E. 1981

Marton & Marton 1978

Marton K Marton 1978
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Villany Hills cont

Harsany
45.86 18.40

Beremend
45.79 18.40

limestone -/5
grey,J3

limestone -/5
grey,Kl

Tertiary volcanics

Transdanubian Central Range (8)

Balaton
Highlands
46.9 17.4

Balaton
Highlands
46.9 17.4

Balaton
Highlands
46.9 174

Balaton
Highlands
46.9 17.4

Velence

Hills @
47.2 185

basait 10/-

3.0-2.511a,
K/Ar

basait 11/-
5.0-3.0Ma,

K/Ar

basait 8/-
PIIQ-
Pleistocene

basait 5/-
Plio-
Pleistocene

andesites 8/40
30 Ma,K/Ar

Mecsek Mountains Uo!

Komlé
46.19 18,27

Négrad
Hills ill)
48.2 19.9

Zempien
Mountains (12)
48.4 215

Zemplén
Mountains (12)
48.4 21.5

indesits 3/33
21 HafK/Ar
basalt 3/-
Pliocene
andesite
rhyolite, 20/-

mid-Miacene

andesite 10/~
rhyolite
mid-Miocene

E. Marton - P. Marton

1 0 3 4.0
34 69 31 14.0 67
23 52 5 10.4
15 53 55 10.4 74

175 -59 32 6.9 8

e «2n 88

183 -65

15 52 238 5.0 153

10.6 60

59 65 =L LLiL 51

180 -62 16 329 8

339 69 25 6.6 76

352 66 10 8.6 85

80

123

226

a1

72

254

202

316

298

AF,
Th525

AF

3%

3%

AF0.04
Ths25

AF

Marton S Marton 1978

Marton k Marton 1978

Marton,E. 1985a
normal polarity
only

Marton,E. 1885a
reversed polarity
only

Dag ley b Ade-Hali
1970; reversed
polarity only

Dag ley it Ade-Hall
1870;normal
polarity

Marton,E. 1986a

Marton 3 Marton, 1969,1970
Marton, E. 1986a
Dagley & Ade-Hall,1971

Marton  Marton, 1970

Marton ti Marton, 1972

Dagley  Ade-Hall
1971



A compilation ofpalaesomagnetic resultsfrom Hungary 131

1 2 3 4 5 6 7 B 9 10
Matra andesite  16/- 2 jo 29 6.9 74 194 AF Marton it Marton, 1970
Mountains (13) rhyolite - - - - Marton, E., 1981
47.8 20.0 mid-Miocene
Cserhat
Mountains (14) andesite 5/- 182 -60 45 41 84 183 AF Marton & Marton, 1970
48.0 19.5 mid-Miocene - - - - reversed polarity only
Borzsony- andesite Marton a Marton,1971
Bunazuo Mts<l5) dacite 84/- 1 60 20 3.5 8 1% AF Ando et al.,1977
48.0 14.0 rhyolite Th Balia & Marton, E. 1960

mid-Miocene

Fakozd (! monchiquite -/10 334 43 33 S.5 Th.500 Marton,E. 1986a
47.22 18.55 60 fia,K/Ar - - - -

Sarszent-
iiukios ibi igninbrite -/12 315 * 3 6.7 AF0.03- Marton,E. 1982
4fc.87 13.63 16 Ma.K/Ar “ - - 0.05 unpublished
Loess
Hodmez6-
vasarhely (i infusion  -/40 s " T 69 AF0.03 Marton, P. et al.
46.38 20.33 loess 348 55 13 6.9 76 245 1979

Pie(1>
Mende id) loess B 5/41 350 60 25 4.6 AFO.04 Marton, F. 1979a
47.43 19.42 fossill 350 60 it 46 80 251

soil ,Pi(D
Paks (el loess a 11/42 4 52 6.4 Aru.U4 Marton, P. 1979

BB

46.62 16.87 fossil 4 P2 6.4 87 142
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MAGYARORSZAGI PALEOMAGNESES MERESEK EREDMENYEI
MARTON Erné és MARTON Péter

Az elmult két évtized alatt magyarorszagi k&zeteken meghatérozott paleomagneses irdnyok
elérhetéségét és felhasznalasat megkdnnyitendd, listat készitettlink, amely Osszefoglalja a teljesen
orientalt mintdkon kapott paleomagneses megfigyeléseket. Az iranyokat — ahol csak lehetett —
mintavételi pontokra adtuk meg azért, hogy a paleoméagneses meghatarozasok id6beli és térbeli
egyezGségét szemléltessik.

PE3Y/IbTATbI MANTEOMATHUTHbBIX U3MEPEHWUW B BEHIPUW
OmMé MAPTOH un Metep MAPTOH

B uensax o6aeryeHns OCTYNHOCTU W UCNO/b30BAHUSA AaHHbIX O NaNeOMarHUTHBIX Hanpas-
NeHUsX, onpefeneHHbIX B MOCAeAHMe [Ba AeCATUNeTUS Ha NpoGax Nopof C BEHrepcKoi Tep-
pUTOpPWUM COCTaBNEH CMUCOK, COAepXaliuii faHHble U3MepeHUid, NOAYYEHHbIX MO MOJHOCTbIO
OpPUEHTUPOBaHHLIM 06paslam. HanpaBneHUs - N0 BO3MOXHOCTU —YKa3aHbl N0 AUCKPETHbLIM
TOYKAM, C Lie/bl0 BbISIBIEHWUS NPOCTPAHCTBEHHOIO U BPEMEHHOr0 COBMajeHMs naneoMarHuT-
HbIX ONpeAeneHuii.
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FILTERED GRAVITY ANOMALY MAP OF HUNGARY

Zoltan SZABO*

The gravity survey of Hungary started in 1901 with E&tvds’s torsion balance measurements. The re-
gional gravity survey of the country (appr. 1.2 station/ km") was completed in 1979, and its data system is
stored in a gravity database. For filtering, a data system of Bouguer anomalies corrected by <7=2.4 t/nv
was used. The resulting map is of the derivative type, suitable for structural analysis. As a possible inter-
pretation we present a gravity lineament map. The pattern and the directions of the lineaments make it
possible to delineate structural units.

Keywords: gravity anomalies, regional anomalies, base network, gravity surveys, filtering, numerical fil-
ters, tectonic units, Hungary

1. Introduction

The gravity survey of Hungary was begun in the winter of 1901, when Lorand
EGtvos carried out torsion balance measurements on the frozen Lake Balaton. Till
1950 torsion balance measurements were still widespread although gravity meter
surveys had already begun in 1937, but their accuracy did not match today’s
demands. Facsinay, in order to connect surveys of different areas, established a
network of gravity bases of 168 base stations covering Transdanubia.

The gravimeter surveys providing acceptable accuracy started in 1950, when
two Heiland GSC-3 gravity meters of £0.03 mGal accuracy were purchased by
ELGI. The only problem with them was that because of the size of the instrument
and weight of its accompanying battery, a special car was needed for transportation.
This disadvantage greatly affected the station-distribution of the reconnaissance
survey, since the observation lines had to be placed along motorable roads.

As soon as modern gravity meters were put to work in 1950, planning and field

work of the first- and second-order gravity base networks began. The establishment
of these networks had two aims: to obtain a regional gravity map of the country
within a short time, and to make it possible to insert all local maps into a unified
system.
g To fulfill the first aim, the base stations were placed far from inhabited areas in
order to avoid the effect of the sorrounding buildings. As it turned out later, this
decision was not so succcsful, because the base stations, lacking suitable protection,
decayed within 20-30 years.

*E6tvos Lorand Geophysical Institute of Hungary, POB 35, Budapest H-1440
Manuscript received: 19 June, 1989



The first order gravity network comprised 16 stations. The gravity meters were
transported by aeroplane. The distribution of the base stations was governed by the
reading range of the instruments (max. 120 mGal) and the airports at our disposal.
The base station at Budapest-Ferihegy airport — with its gravity value determined
in the Potsdam system — was the reference point for the measurements.

The second-order base network was set up along roads and contained 493 sta-
tions; the distance between the stations was 10-20 km [Facsinay - Szilard 1956].
Field work on the second-order base network with the Heiland GSC-3 No. 40
gravity meter finished in 1955. The preliminary processing was completed in 1956,
the final adjustment finished off in 1959 [Szilard 1959, Renner 1959] with a
mean error of + 0.029 mGal. After the repeated survey of the first-order base
network in 1970, it transpired that because of the non-linearity of the instrument
the network has a 1 mGal distortion. Simultaneously with the base networks, the
reconnaissance survey of the whole country was started. This work was completed
in 1978.

2. Construction of the regional Bouguer anomaly map

The intensive prospecting for raw materials in the 60s necessitated a regional
gravity map of the country. The base networks set up in the 50s served as bases for
the construction of the map. The map was constructed to a scale of 1:50,000 and the
data of the torsion balance surveys collected since the turn of the century were also
used for its construction. Calculating the Ag isolines from horizontal gradients, a
linear interpolation was used. The characteristics of the map were the followings:
Potsdam system; the normal value of gravity was calculated on the ground of
Cassinis’ formula of 1930; for the Bouguer correction <7=2.0 t/m3 density was used.
The topographic effect was computed within a circle of 22 km radius. The contour
interval was 1.0 mGal.

On the basis of the above described maps, F. Kovacs (Geophysical Exploration
Company) was the first to attempt to construct a residual anomaly map of the
country to a scale of 1:200,000. Bouguer anomalies were read in a regular 1 km grid
and filtered with Meskd’s band-pass filter of a=7-4 [MESKO 1965, 1966]. These
parameters were successfully used in practice for local surveys.

As computers became wide-spread it proved expedient to store data on
punched cards and to establish a gravity database. As soon as the reconnaissance
survey was finished in 1979, all data belonging to it (120,000 stations) were input
into a gravity database.

With this gravity database it became possible to construct a unified Bouguer
anomaly map. Our starting point in the construction of the map was the Potsdam
system corrected by -14 mGal; the theoretical value of gravity was determined on
the basis of Helmert's formula of 1901. The Bouguer and cartographic corrections
were calculated with <7=2.4 t/m3. This choice was made because of the following
reasons:

a) Density determinations on areas of Tertiary stratovolcanos gave a o =2.4 t/m'’
average.

b) On plains i is less than 2.4 t/m3 but because of the small difference in eleva-
tion, the application of a density bigger than the real one does not cause any consid-
erable distortion.
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c) Rocks on the surface with o bigger than 2.4 t?m (limestone, dolomite, granite)
represent the basin floor, so the Bouguer anomalies, though distorted, reflect the
effect of the basement.

For constructing the filtered gravity map, first the Bouguer anomalies were
calculated in the irregular grid as described above. Then data were interpolated to
a regular grid of s=800 m grid interval by a spline interpolation method. For
filtering the data set we again used Meskd’s k= 7-4 filter matrix.

The isoanomaly map (Enclosure 1) was also constructed by computer from the
filtered data system. The results were plotted to two scales: 1:100,000 and 1:500,000.

3. Methodological considerations

To study the character of the filtered map we set up the histogram of the
anomalies. It had been found previously [PiNTER-STOMFAI 1979] that changing the
parameters of filtering results in maps of different types: residual, derivative or in-
termadiate. Residual anomaly maps give a flat histogram, while derivative-type
maps have sharp frequency maximum in the vicinity of 0 anomaly. The anomaly fre-
quency distribution of our map indicates its derivative type (Fig. 1).

While in basin areas Bouguer anomaly maps regularly contain depth informa-
tion, maps of the derivative type primarily comprise structural information. To en-
hance this information, lines of maximum gradient, which we called gravity linea-
ments, were also computed. On the deepest parts of the basin the gradients of the

Fig. 1. Characteristic histograms of filtered anomalies
a) on highlands
b) on lowlands

I. abra. A sz(irt anomaliak jellegzetes eloszlasi gorbéi
a) dombvidéken
b) sikvidéken
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c) Rocks on the surface with o bigger than 2.4 t/n® (limestone, dolomite, granite)
represent the basin floor, so the Bouguer anomalies, though distorted, reflect the
effect of the basement.

For constructing the filtered gravity map, first the Bouguer anomalies were
calculated in the irregular grid as described above. Then data were interpolated to
a regular grid of s=800 m grid interval by a spline interpolation method. For
filtering the data set we again used Meskd’s k= 7-4 filter matrix.

The isoanomaly map (Enclosure 1) was also constructed by computer from the
filtered data system. The results were plotted to two scales: 1:100,000 and 1:500,000.

3. Methodological considerations

To study the character of the filtered map we set up the histogram of the
anomalies. It had been found previously [PINTER-STOMFAI 1979] that changing the
parameters of filtering results in maps of different types: residual, derivative or in-
termadiate. Residual anomaly maps give a flat histogram, while derivative-type
maps have sharp frequency maximum in the vicinity of 0 anomaly. The anomaly fre-
quency distribution of our map indicates its derivative type (Fig. 1).

While in basin areas Bouguer anomaly maps regularly contain depth informa-
tion, maps of the derivative type primarily comprise structural information. To en-
hance this information, lines of maximum gradient, which we called gravity linea-
ments, were also computed. On the deepest parts of the basin the gradients of the

Fig. /. Characteristic histograms of filtered anomalies
a) on highlands
b) on lowlands

7. bra. A szlirt anomaliak jellegzetes eloszlasi gorbéi
a) dombvidéken
b) sikvidéken
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gravity field are so small, that in such parts we had to complete our map with
manually constructed lineaments, based on the steady direction of the isolines.
W hen interpreting the gravity lineaments as structural lines, the following criteria
must be kept in mind:

1) The map from which we start out is of a derivative type.

2) The sites of sharp vertical density contrasts are at the same time structural lines.
3) There are no sharp horizontal density contrasts within the basin fill.

The reliability of the structural interpretation of the gravity lineament map
depends on whether the above criteria are fulfilled or not. In our case we think that
these conditions are met with acceptable approximation.

Comparing the gravity lineament map (Fig. 2) with the pre-Tertiary basement
contour map [KilENYI-Rumpler 1987], one can see that in the areas of outcrops
and where depths to basement do not exceed 2000 m, strikingly sharp structural
lines exist; in the areas of deeper basins, where the gravitational effect of the base-
ment is masked by the overlying sediments, the tracing of the structural directions is
less reliable. We must mention, however, that different structural directions do not
necessarily indicate different geological formations.

4. Structural interpretation

On the grounds of lineament directions we tried to delineate structural units
(Fig. 3). Characterization of patterns is extremely difficult and highly subjective, as
in forming a pattern, many different effects take part, like basement topography,
tectonization of the basement, volcanism, erosional forms in areas of outcrops etc.
Therefore in geologically similar conditions differing patterns may occur, because of
the different dominating effects. The best example is provided by the comparison of
young Miocene volcanic areas.

The Zemplén-Tokaj area of NE Hungary (6) is characterized by a disordered
(random) distribution of weak, short gradients, reflecting most probably the
erosional forms of the volcanic mountains and hills. Somewhat similar pattern can
be recognized in the Bérzsény-Dunazlg Mts (2), but there a dominating radial pat-
tern is superimposed on the weak volcanic texture. Conspicuously different is the
pattern of the Mé&tra Mts. (4), which is also built up from Miocene volcanics. There
the circular and radial pattern originating from the volcanic processes dominates.

The most impressing feature is the WSW-ENE oriented, elongated zone (7)
cutting the area of Hungary into two halves. In the NE part its northern boundary is
rather ambiguous. It is therefore marked by dashed line. In the structural maps of
Hungary constructed in the near past, this zone (or rather its southern border) is

Fig. 2. Gravity lineaments with dip directions
1— first-order, 2 — second-order, 3 — third-order lineament

2. é&bra. Gravitacios lineamensek a,,d6lési” irany felt(intetésével
1— elsérendl, 2— méasodrend(i, 3— harmadrend(i lineamensek

Puc. 2 T'paBUTALNOHHbIENVNHEAMEHTHI.
HaHeceHbl HanpasfieHusa ,noacTuna”.
JlnHeameHTbl: 1- nepsoro, 2- BTOporo, 3- TpeTero paspajga
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called the Mid-Hungarian Megatectonic Line. In determining this line the filtered
gravity anomaly map played an important role, but several other pieces of geologi-
cal evidence also prove the conclusions concerning the difference between the
northern and southern halves. As to the character of the tectonic movement along
this zone, it is already supported by seismic profiles, that horizontal displacement of
considerable distance took place in the Upper Cretaceous to Late Miocene time
span.

No wonder that some of the most widely known structural lines clearly appear
in this map, viz., the Raba line (1), the Darné zone (5), or the Didsjend dislocation
zone (3), as some sort of earlier gravity maps contributed to their recognition.

In the southern half, some units of strikingly different pattern can be recog-
nized. The pattern characterizing the Mecsek Mts. and Villany Hills (12) with the
Mecsek’s Mesozoic volcanics, extends the hilly area deep into the Danube-Tisza in-
terfluve. The Drava Basin (11) appears with sharp contrast and similarly, the deep
basins of the Great Hungarian Plain (10). The most problematic is the central part,
the two wedges next to the Mid-Hungarian zone (8 and 9). Their gravity lineament
pattern is different from each other and from the neighbouring areas, but we do not
want to take a stand on any interpretation possibility regarding the meaning of this
phenomenon in the structural sense.

Our aims with this paper were nothing else but to draw attention to the filtered
gravity anomaly map and its manifold application possibilities.
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Fig. 3. Structural units delineated by gravity lineaments

3. &bra. A gravitacios lineamensek alapjan elkiilonithetd szerkezeti egységek

O Puc. 3. CTPYKTYpHble eAUHULbI ONpejensieMble Ha OCHOBE TPaBUTALMOHHbLIX TMHEAMEHTOB
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MAGYARORSZAG SZURT GRAVITACIOS ANOMALIA TERKEPE

SZABO Zoltan

Magyarorszag gravitaciés felmérése 1901-ben Eo6tvds torzids-inga méréseivel vette kezdetét, és a
regionalis felmérés (kb. 1,2 4llomas/km2) 1979-ben fejez6détt be. A mérési adatokat gravitacios adat-
bankban taroltuk. A szlrés alapjaul a s =2,4 t/m3 sr(iségértékkel korrigalt Bouguer-anomalia
adatrendszer szolgalt. A szlirés eredményeként derivalt jellegli térképet kaptunk, amely els6sorban
szerkezeti értelmezésre alkalmas. Ennek érdekében a sz(irt térkép alapjan elkészitettik a gravitaciés
lineamens térképet. A lineamensek eltérd iranyitottsdga nagyszerkezeti egységek elkiilonitését teszi

lehet6vé.

KAPTA OT®U/IbTPOBAHHbIX MTPABUTALIMOHHbBIX AHOMAJINI BEHIPUN

3ontaH CABO

paBupa3BefoUYHble CbeMKU B BeHrpuun Havyanucb B 1901 rogy C U3MepeHusaMu, npoBefeH-
HbIMW J1. OTBewW TOP3NOHHbLIM MasTHUKOM. PernoHanbHble rpasmMpasBefiouyHble UCCef0BaHUA
3aKOoHYuMnuch B 1979 rogy (c Npu6AU3NTENbHOW TYCTOTON cTaHUMA 1,2 Ha KM™). [,aHHble u3Mme-
peHuns XpaHATCA B 6aHKe rpaBUTALMOHHbLIX AaHHbIX. OCHOBOW (uAbTpauMm cayxmna cuctema
[aHHbIX aHOManuit byre, Nofy4YeHHbIX ¢ NNOTHOCTbIO 2,4 T/M4 B pesynbTaTe punbTpayum 6bi-
Na nofiyyeHa KapTa NPoOU3BOAHOI0 XapakTepa, KOTopas MOXEeT CyXUTb B NepByt0 o4Yepefb, oc-
HOBOW CTPYKTYpPHOW MHTepnpeTauuu. Ha ocHOBe KapTbl OTPUAbTPOBAHHbIX aHOManuii 6bina
cocTaB/eHa KapTa rpaBUTalMOHHbIX IMHEaMeHTOB. Pa3Has HanpaB/iieHHOCTb IMHEaMEHTOB MNo-
3BOJIAET BbIAENNTL rN06anbHble CTPYKTYPHbIE eUHULLLI.
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