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ANALYSIS OF THE STRIPPED GRAVITY MAP OF THE PANNONIAN 
BASIN 

(Figs. 2) 

A b s t r a c t : The s t r ipped gravi ty m a p of the P a n n o n i a n Basin was 
cons t ructed to obtain a be t t e r u n d e r s t a n d i n g of the anomalous gravi ty 
effects of the p re -Te r t i a ry ba semen t of this region. The paper deals 
w i th brief charac te r ize of the gravi ty field of this m a p and geological 
and geophysical i n t e rp re ta t ion of the source of the most impor t an t g ra 
vity anomal ies . The image of the gravi ty field of t he s t r ipped m a p of 
the P a n n o n i a n Basin can be divided into two main ly p a r t s : t he n o r t h -
-wes te rn one and sou th -eas te rn one. The signif icant ver t ical and /or 
deep densi ty boundar i e s (l inear zones of d i s tu rbed cha rac te r of gravi ty 
field) observable ma in ly in the NE-SW to ENE-WSW, NW-SE and N - S 
direct ions were specified. 

P C 3 I O M C : flM Sojiee rjiydoKoro noni-iinam-iji aHOMajibiioro ccbcpeKTa rpa-
BHTaniiOHHOro nojiH flOTpeTHHHoro cbyH^aMeHTa naHHOncKoro 6acceiÍHa Suna 
nocTpocHa OTKpbiTaíi Kapra CHJIM Tsi>i<ec™ 3TOH oSjiacTH. TlpeflCTaBJieHa 
KpaTKa;i xapaKxepiiCTiiKa noji;i CJIJIM Tsi>KecTii n reojiorMHecKO-reocpii3HHec-
Kasi HHTepnpeTaiiMsi npimi-iH OCHOBHHX aHOMajiHii noun CHUM TajKecTii. Xa-
paKTep nojia OTKPHTOII KapTbi cmibi Tii>KecTii MOKHO B npnHiu<ine paa/jejiMTb 
Ha flBe rJiaBHbie nacTii: ceBepo3anaflHyK> M íoro-BOCTom-iyio. Bbmejieiibi Tai<-
>i<e n BbipasiiTeJibHbic BepTiiKajibHbie n Hai<noHHbie rpaHimbi njiOTnocTHbix 
KOHTpaCTOB (30HbI JlHHeflHblX B03MymeHMM nOJISI CllJlbl TflttCCCTIl), npOHBJIHlO-
miixcsi rjiaBHWM ôpa30M, B Hanpa.BJieiiMiix CB-P03 BnJiorb ;;o BCB-3I03, 
C3-IOB n C-IO. 

Introduction 

In general, a str ipped gravity map represents Bougue r s anomalies corrected 
by the gravity effect of near-surface inhomogeneities, i.e. it shows the effects 
of anomalous masses located deeper. 

The construction of the stripped gravity map of the Pannoniam Basin (the 
procedure is elaborated in detail in the paper by B i e l i k , 1986) was st imu
lated by the fact its basement is almost completely covered with Tert iary 
sediments the thickness of which reaches even 7,000 m in certain places. The 
map of Bouguer 's anomalies was corrected by the gravity effect of Ter t iary 
sedimentary-volcanic complexes. In the region of the Vienna Basin only by 
the Neogcne sediments because its basement is made of the Inner as well as 
Outer Carpathians. The relative density according to which the differential 
densities were computed was 2.67 Mgnr : l . The scheme of the result stripped 
gravity map of the Pannonian Basin is shown in Fig. 1. The Yugoslav par t 
is not incorporated into this map because no sufficient quality and quanti ty 
gravimetric data were available from this par t of the Pannonian Basin. Howe
ver, the gravity effect of the sedimentary filling was computed from the whole 
terri tory of the Pannonian Basin ( B i e l i k , 1. a ) . 

* RNDr. M. B i e l i k , Institute of Geophysics of the Centre of Geoscience Re
search, Slovak Academy of Sciences, Dúbravská cesta 9. 842 28 Bratislava. 
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It is only na tura l tha t the construction of the stripped gravity map required 
ra ther extensive work. The degree of knowledge of the s tructures and density 
conditions of the Ter t iary is substantial ly different in various parts , and 
consequently, this means the final map has a different accuracy degree in va
rious zones. Despite all this wc are convinced the stripped map of the gravity 
field of the Pannonian Basin will be a contribution to the research of the 
s t ructure and development of this important Inner Carpathian region. The 
knowledge gained from the analysis of the gravity field of the stripped map 
supplements and enriches the results of the geologic and geophysical in terpre
tations of the Pannonian Basin published in the papers of S t e g e n a (1964), 
R e n n e r — S t e g e n a (1965). S t e g e n a — G é c z y — H o r v á t h (1975), 
B o c c a l e t t i et al. (1976), M a h e l ' (1978). I b r m a j e r (1978). S c l a t e r 
et al. (1980), H o r v á t h — R o y d e n (1981). B a l i a (1982. 1984). C e c h 
(1982), R o y d e n — H o r v á t h — R u m p l e r (1983). P o s p í š i l — V a s s 
(1983), M e s k ó (1983), H o r v á t h (1984), N i k o l a y e v (1984), S t e g e n a 
— H o r v á t h (1984), C e c h — Z e m a n (1985). F u l ô p ct al. (1968) and 
many others. 

Anomalous gravity zones 

The obtained results are summarized into the scheme of basic s tructures of 
the gravity field of the Pannonian Basin and its vicinity (Fig. 2). 

The whole area of the Pannonian Basin is characterized by a significant 
gravity field. Its values are within the range of 0 to 1,000 ^ms"2. The max imum 
is achieved roughly at the boundary among Hungary, Roumania and Yugo
slavia. North to it the so called West Carpathians min imum (reaching even 
—600 | Ums") and westwards the zone of negative anomalies (to —900 ^ms"2) 
lie. A belt of ra ther insignificant positive anomalies ( + 250 ,ums~2) stretching 
from Sankt Polten to Ostrava is wedged between them. All zones a re mutual ly 
separated by zero isoanomalies. 

The image of the gravity field of the stripped map of the Pannonian Basin 
can be divided into two parts from the regional point of view: the nor th-
-western one and south-eastern one. The nor th-western one spreads nor th-
-westwards from the Central Hungar ian line (defined according to B r e z s -
n y á n s z k y and H a a s , 1986) and reaches the fringe of the Eastern Alps 
and West Carpathians. Its nor th-eas tern end is in the area of the Slánské 
vrchy Mts. The gravity mean values are substantial ly lower compared to the 
south-eastern part . The south-ears tern par t lies to the south-east from the 
mentioned Central Hungar ian line. In the east it is demarcated with the 
East Carpathians and Apusens. Besides the anomalies in the directions of 
NE-SW and ENE-WSW anomalies with their axes oriented NW-SE and N-S 
can be observed there. 

Fig. 1. Scheme of the stripped gravity map of the Pannonian Basin. 
Explanations: 2 — boundary between the stripped gravity map and Bouguer's ano
malies. 
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With respect to the gravity character further part ia l (local) anomalous zones 
can be specified in both of them. In general they are characterized by rela
tively positive or negative values of the gravity field. The notions relative 
positive (negative) values of the gravity field designate such values that are 
higher (lower) than the mean value of gravity in the area of the Pannonian 
Basin. This value is approx. 500 /urns'-. Their probable cause will be explained 
later. 

T h e n o r t h-w e s t e r n p a r t 

Two relatively positive and two relatively negative anomalous zones appear 
as two separate local areas of the gravity field of the north-western p a r t : 

The first — relatively positive — one extends roughly on the terr i tory of t h e 
D a n u b i a n Basin and Kisalfôld Lowland. It may be demarcated with the 
contour line r u n n i n g approximately over K ô r m e n d — G y o r — P u k a n e c — T r e n 
čín—Bratis lava. The anomaly direction is NE-SW and the ampl i tude of the 
gravity field achieves the values of approx. 700 ^ms" 2 . 

The other — relatively negative — one is again oriented NE-SW. Its loca
tion is in a good compliance wi th the mounta in ranges of Bakony, Vertés, 
Gerecse, Pilis, Borzsóny. The gravity values are within the interval of approx. 
250—450 ( Ums_-. 

The third — relative gravity depression — one spreads approximately in the 
terr i tory demarcated by Gyôngysô, Tokaj. Zemplín and Šafárikovo. Two mini-
m u m s may be specified in it. The first one lies in t h e zone of Eger, t h e second 
one 10 km from Zemplín, i.e. in the places neovolcanites emerge to the surface 
in the Biik and Matra . Zempléni-Hegység Mountains respectively. Both are 
separated with a positive gravity saddle probably caused by thicker Middle to 
Upper Triassic shallow water carbonate formations in the zone of Biik. 

The fourth — ra ther insignificant gravity elevation — one with two maxi
m u m s achieving more than 600 ^ m s ' 2 . Demarcated roughly with the isoanomaly 
550 (ums~-. 

T h e s o u t h-e a s t e r n p a r t 

Three local zones are distinguished in it. The first one is m a d e of the rela
tive depression of the gravity field (200—500 | U ms") spreading over the area 
among the communities of Madaras . Kecskemet. Dunaujváros and Szenta. 

Fig. 2. A scheme of essential structures of stripped gravity map of the Pannonian 
Basin. 

Explanations: 1 — gravity elevation of the Pannonian Basin; 2 — West Carpathian 
gravity low; 3 — positive anomalies of the south-eastern part of Bohemian Massif; 
4 — gravity depression of the Eastern Alps; 5 — relative elevations of the gravity 
field in the Pannonian Basin; 6 — maximums of the relative elevations of the gra
vity field in the Pannonian Basin; 7 — relative depression of the gravity field in 
the Pannonian Basin: 8 — minimums of the relative depression of the gravity field 
in the Pannonian basin; 9 — density boundaries; 10 — zones of maximum gravity 
gradients; 11 — zones where the character of anomalous field is disturbed; 12 — 
boundary between the stripped gravity map and Bouguer's anomalies. 
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Its centre is approximately between the Mecsek and Villány Mts. and the 
axis has an approximately N-S direction from the Yugoslav—Hungarian 
border. However, it should be noted the isoanomalies t u r n into NE-SW to 
W-E direction in the n o r t h e r n fringe of t h e zone. 

The second zone is the most significant and typical anomalous zone covering 
the largest area in the specified eastern par t of the gravity field. Besides this 
it represents t h e "most intensive' ' gravity elevation in the terr i tory of the 
whole P a n n o n i a n Basin. An evidence of this are t h e gravity values achieving 
almost 1,000 (ums~2. Its major par t extends in the southern par t of Hungary 
reaching also t h e terr i tory of Roumania and Yugoslavia. It may be divided 
into two sub-parts : the n o r t h e r n and southern ones. In the nor thern one the 
anomalies have an exclusively NE-SW (and/or ENE-WSW) direction while 
in the southern one it is NW-SE. 

The th i rd — relatively positive anomalous zone — covers the terr i tory of 
t h e Transcarpath ians Depression. The direction of the anomalous zone is 
NW-SE. Two separate m a x i m u m s can be distinguished. The first one (700 (tlms~2) 
is at the border of the CSSR and Hungary. The other one (having a smaller 
area) can be observed nor th to Beregov. Its ampli tude is 650 urns - 2. 

L i n e a r f a u l t z o n e s o f t h e g r a v i t y f i e l d 

According to P 1 a n č á r et al. (1977) the l inear fault zones of t h e gravity 
field represent vertical and/or skew density boundary in different depths. They 
are manifested either by the zones of m a x i m u m gradients or the zones of 
disturbed character of field. The boundaries may characterize fault systems 
as well as neotectonic joints of various geologic formations wi th different den
sity or geologic s t ructure. 

In the studied zone of the P a n n o n i a n Basin and its wider vicinity l inear 
fault zones observable mainly in the NE-SW to ENE-WSW direction (desig
nated with t h e letters (A), NW-SE (B) and N-S (C) in t h e work) were speci
fied. The manifestat ion of density boundaries in various other directions 
is not so significant and frequent. 

F a u l t z o n e s i n t h e N E - S W a n d E N E-W S W d i r e c t i o n 

The Al l inear fault zone forms a significant density boundary between the 
NW and SE p a r t of the P a n n o n i a n Basin. It extends approximately from Len-
dava along t h e southern fringe of the Balaton Lake towards Mezôcsát and 
it is in a very good compliance with course of t h e line designated as the Central 
H u n g a r i a n S t r u c t u r e Zone by B r e z s n y á n s z k y and H a a s (1986). 
Its eventual continuation in the NE direction from Mezôcsát is not clear for 
it is shielded by a significant gravity elevation extending from the terr i tory 
of t h e East Slovakian Lowland. 

A significant A2 density boundary runs across Hungary, Czechoslovakia and 
Poland. In the terr i tory of Hungary it may be observed along t h e Raba river, 
in Czechoslovakia it extends over Kolárovo, Pukanec, P o p r a d and continues 
over t h e villages of Krosno and Sanok in Poland. In the terr i tory of Hungary it 
runs in the terr i tory of the Raba fault line. In the CSSR it m a y be observed 
in the terr i tory interpreted by F u s á n — I b r m a j e r — P l a n č á r (1979) 
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as the Vepor deep-seated fault. The manifestat ion of this zone is m a d e more 
complex due to the presence of the Kolárovo gravity anomaly in the Danubian 
Lowland. 

In the south-eastern par t of t h e P a n n o n i a n Basin the A3 zone turning 
gradually in the W-E direction in its nor thern par t can be observed. The A4 
linear fault parallel with it is probably the reflection of the Békés fault line. 

The north-western fringe of the basin is demarcated by a significant zone 
of the m a x i m u m gradient (A5). In the zone of Trenčín it joins the klippen zone. 
In the south-western direction it continues to the Dinar ide zone. To the nor th-
-west of it another A6 linear zone manifested by a significant damage of field 
character extends. 

L i n e a r f a u l t z o n e s i n t h e N W-S E d i r e c t i o n 

When analyzing the density boudaries of the given direction by means of the 
str ipped gravity map their manifestat ion was more significant compared to 
the m a p of Bouguer's anomalies. 

The Bl and B2 zones run across the whole terr i tory, i.e. they can be observed 
not only in the Pannonian Basin zone but also in the West Carpathians wi th 
a continuation to the Bohemian Massif. The Bl failure manifestat ion is obser
vable very well in the area demarcated with the Št iavnica—Přerov deep-
s e a t e d fault and its most southern par t w h e r e it forms a significant density 
boundary between the gravity elevation at Socodor and the depression with 
a center at the village of Battonya. Its effect is even more hidden approxi
mately between the Al and A2 transverse fault lines. The B2 zone extending 
at the connecting line roughly from Matzen along the D a n u b e t h r o u g h Székes-
fehérvár to Subotica is observable very well. 

The B3 zone is accompanied with the significant m a x i m u m gradient of a 
substantial width. Its axis extends approximately in the area the klippen 
zone. It forms the NE boundary of the P a n n o n i a n Basin. The B4 zone runs in 
parallel with it. In t h e zone of the East Slovakian Lowland its manifestat ion 
is superimposed with a significant gravity elevation. 

Other two l inear elements of the field of the NW-SE direction r u n through 
Miskolc (B5) and Kormend (B6). 

L i n e a r f a u l t z o n e of t h e N-S 

This direction of fault zones in the str ipped gravity m a p is m a d e of wide 
belts (up to 50 km) of field character damage. The first of them (CI) runs 
from the eastern p a r t of the Bohemian Massif to the Vienna Basin and conti
nues along the joint of the P a n n o n i a n Basin with the Eastern Alps further 
to the south up to the Kôrmend area. 

The second one (C) extends from the kl ippen zone between Žilina and 
Dolný Kubín to Hungary and probably continues further to Yugoslavia. Its 
manifestation is more significant in the area of the P a n n o n i a n Basin t h a n in 
the West Carpathians. Its existence is probably the cause of t h e Danube s tream 
direction change not only at Vác but also in the terr i tory of Hungary and the 
northern par t of Yugoslavia. 
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The linear element of the N-S direction is also visible in the section of sur
face emergence of neovolcanites of the Slánské vrchy Mts. In the area of the 
eastern fringe of Zempléni-Hegysék neovolcanites it has already a SWS-NEN 
direction and farther it links to the Al line. The specified density boundary 
is in a very good coincidence with the course of the Slánský deep-seated fault 
( F u s á n — I b r m a j e r — P l a n č á r , 1979). 

Generalizing knowledge 

Some generally valid knowledge can be derived from the analysis of the 
stripped gravity field map of the Pannonian Basin and other geophysical and 
geologic data: 

— The gravity effects of the sedimentary filling reaches even some 
—500 /urns'- in some zones. 

— The whole territory of the Pannonian Basin represents a significant gra
vity elevation. Its values reach almost 1.000 fims"1, this being a substantial 
difference compared to the Bougucr's anomalies map. The explanation should 
be sought after in the deep seated structure of the Pannonian Basin. Probably, 
it is a manifestation of crust high density masses and the upper mantle the 
presence of which is at substantially lower depths than in the surrounding 
mountain belts ranges. Their smallest depth is assumed in the SE part of the 
Pannonian Basin. 

— The effect of the deep-seated structure on the gravity field of the stripped 
map is dominant compared to the effect of the direct structure of the pre-
-Terciary basement. 

— The values of the gravity field drop in the direction towards the mountain 
belts of the Eastern Alps, West and East Carpathians and this is probably 
caused by a gradual immersing of heavy masses deeper. This subsidence and/or 
the section of the greatest inclination of the immergence of these masses is 
accompanied by a substantial horizontal density gradient as far as the size 
and width are concerned. The surrounding mountain belts are, on the contrary, 
characterized by negative anomalies of the gravity field which are believed 
to be the reflection of the upbuilding of the masses of earth crust upper 
part due to their nappe structure. 

— The knowledge the gravity field of the Pannonian Basin can be divided 
into two main parts is in a very good compliance with the latest geologic 
results published in the work of B r e z n y á n s z k y — H a a s (1986). 

— In the north-western and south-eastern part several local relatively po
sitive and negative anomalous zones can be observed as already mentioned. 
The source of the positive zones is probably the presence of masses with higher 
densities (basic? ultrabasic? rocks) in the pre-Terciary basement. On the other 
hand, the cause of the relatively negative anomalous zones are the rocks with 
lower density compared to the assumed basic or ultrabasic rocks. Out of these 
especially the granitoide and crystalline schist complexes should be mentioned. 
However, Mesozoic complexes rank here, too. 

— A valuable finding is the observation the largest partial depressions (as 
far as the depth and range are concerned) of the pre-Terciary basement of the 
Pannonian Basin are characterized by maximum values of the gravity 
field The zones of Danubian and Kisalfôld Lowlands. Transcarpathian Depres-

1S 
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sion and the Great Hungar ian Lowland are concerned. The Vienna Basin 
makes a certain exception. This is one of t h e reasons for the question whether 
it is a par t of the P a n n o n i a n Basin. The presence of high density rocks with 
their apical components in the basement of these depression is an evidence 
of a probably significant effect of high density masses on their formation. 

— The most important density boundaries in t h e studied zone are especially 
in t h e NE-SW, NW-SE and N-S directions. Compared to t h e m a p of Bouguer's 
anomalies especially the two last directions are better observable. Boundaries 
characterize mainly the fault systems. It is believed the faults of these t h r e e 
main directions were playing t h e main role in the formation of the P a n n o n i a n 
Basin as a significant intra-mountaineous geotectonic s tructure. 

Conclusion 

At present the gravimetr ic study of the P a n n o n i a n Basin is continuing. 
A stripped gravity m a p of the whole terr i tory is being finished. The result 
of this is the analysis of the gravity field will be gradual ly supplemented and 
precised. 
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