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ANALYSIS OF THE STRIPPED GRAVITY MAP OF THE PANNONIAN
BASIN

(Figs. 2)

Abstract: The stripped gravity map of the Pannonian Basin was
constructed to obtain a better understanding of the anomalous gravity
effects of the pre-Tertiary basement of this region. The paper deals
with brief characterize of the gravity field of this map and geological
and geophysical interpretation of the source of the most important gra-
vity anomalies. The image of the gravity field of the stripped map of
the Pannonian Basin can be divided into two mainly parts: the north-
-western one and south-eastern one. The significant vertical and/or
deep density boundaries (linear zones of disturbed character of gravity
field) observable mainly in the NE-SW to ENE-WSW, NW-SE and N-S
directions were specified.

Peswae: Hua Dosee rayDOKOro noHnMaHmg anomansHoro edpdperta rpa-
BHTAUMOHHOTO 11051 JOTPETHYHOro hyHjaMmenTa NaHHOHCKOro Dacceiina Owulia
NOCTPOCHA OTKPBITAd KapTa Cuibl TsoKecTH 210l obaacrn, [TlpejcrasieHa
KPATKAas XApakTepUCTHKA MO CHJIBl THXKECTH 11 FCOJIOrHYCCKO-Teodhianyec-
Kas WHTCPNIPETAINA MPUYMH OCHOBHBIX AHOMAJUIM O CHJILL TSHXKECTH. Xa-
PAKTEP MO OTKPLITOH KAPTHI CHIBL THXKECTH MOYKHO B HPHHILMIE PAIJCINTD
HI JIBE TJIABHBIC YACTI: CEBEPO3ANAJHYIO M 10F0-BOCTOUHYIO. BLIJCJICHBEI TaK-
JKE 1 BBIPAZNTENBHLIC BEPTHKANBHLICE W HAKJIOHHBIC TPAHHI[LI MIOTHOCTHBIX
KOHTPAacTOB (ZEOI[I;I J'IlIIIL'I“IlIbI:X B()SM}«'IIl('_‘IIIII—i oI CHbl Tﬂ)i\'CC'I'II}_ NPOsiBIA0-
HMXCH  riapHsm Opazom, B HanpasicHugx CB-103 mmnoTs jlo BCB-3103,
C3-10B u C-10.

Introduction

In general, a stripped gravity map represents Bouguer’'s anomalies corrected
by the gravity effect of near-surface inhomogeneitics, 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 Bielik, 1986) was stimu-
lated by the fact its basement is almost completely covered with Tertiary
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 Tertiary
sedimentary-volcanic complexes. In the region of the Vienna Basin only by
the Neogene 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 Mgm™. The scheme of the result stripped
gravity map of the Pannonian Basin is shown in Fig. 1. The Yugoslav part
is not incorporated into this map because no sulficient quality and quantity
gravimetric data were available from this part of the Pannonian Basin. Howe-
ver, the gravity effect of the sedimentary filling was computed from the whole
territory of the Pannonian Basin (Bielik, 1 c¢).
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It is only naturai that the construction of the stripped gravity map required
rather extensive work. The degree of knowledge of the structures and density
conditions of the Tertiary is substantially different in various parts, and
consequently, this means the final map has a different accuracy degree in va-
rious zones. Despite all this we are convinced the stripped map of the gravity
field of the Pannonian Basin will be a contribution to the research of the
structure 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 interpre-
tations of the Pannonian Basin published in the papers of Stegena (1964),
Renner—Stegena (1965), Stegena—Géczy—Horvath (1975),
Boccaletti et al. (1976). Mahel (1978). Ibrmajer (1978), Sclater
et al. (1980), Horvath—Royden (1981). Balla (1982, 1984). Cech
(1982). Royden—Horvath—Rumpler (1983), Pospidil—Vass
(1983), Mesko (1983). Horvath (1984), Nikolayev (1984). Stegena
— Horvath (1984), Cech—Zeman (1985), Fiuldop et al (1968) and
many others.

Anomalous gravity zones

The obtained results are summarized into the scheme of basic structures 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 gms™. The maximum
is achieved roughly at the boundary among Hungary, Roumania and Yugo-
slavia. North to it the so called West Carpathians minimum (reaching even
—600 ums’ Y and westwards the zone of negative anomalies (to —900 gms’ &)
lie. A belt of rather insignificant positive anomalies (+250 ums™) stretching
from Sankt Pélten to Ostrava is wedged between them. All zones are mutually
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 north-
_western one and south-eastern one. The north-western one spreads north-
-westwards from the Central Hungarian line (defined according to Brezs-
nyanszky and Haas, 1986) and reaches the fringe of the Eastern Alps
and West Carpathians. Its north-eastern end is in the area of the Slanske
vrchy Mts. The gravity mean values are substantially lower compared to the
south-eastern part. The south-earstern part lies to the south-east from the
mentioned Central Hungarian 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 partial (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 yms™. Their probable cause will be explained
later.

The north-western part

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

The first — relatively positive — one extends roughly on the territory of the
Danubian Basin and Kisalfold Lowland. It may be demarcated with the
contour line running approximately over Kérmend—Gyior—Pukanec—Tren-
¢in—Bratislava. The anomaly direction is NE-SW and the amplitude of the
gravity field achieves the values of approx. 700 Iums"-',

The other — relatively negative — one is again oriented NE-SW. Its loca-
tion is in a good compliance with the mountain ranges of Bakony, Vertés,
Gerecse, Pilis, Borzsony. The gravity values are within the interval of approx.
250—450 yms™.

The third — relative gravity depression — one spreads approximately in the
territory demarcated by Gyongyso, Tokaj. Zemplin and Safarikovo. Two mini-
mums may be specified in it. The first one lies in the zone of Eger, the second
one 10 km from Zemplin, 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 — rather insignificant gravity elevation — one with two maxi-
mums achieving more than 600 yms ™. Demarcated roughly with the isoanomaly
550 (ms™.

The south-eastern part

Three local zones are distinguished in it. The first one is made of the rela-
tive depression of the gravity field (200—500 gms™) spreading over the area
among the communities of Madaras, Keeskemét, Dunaujvéros and Szenfa.

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 Villainy Mts. and the
axis has an approximately N-S direction from the Yugoslav—Hungarian
border. However, it should be noted the isoanomalies turn into NE-SW to
W-E direction in the northern fringe of the zone.

The second zone is the most significant and typical anomalous zone covering
the largest area in the specified eastern part of the gravity field. Besides this
it represents the “most intensive” gravity elevation in the territory of the
whole Pannonian Basin. An evidence of this are the gravity values achieving
almost 1,000 gyms™. Its major part extends in the southern part of Hungary
reaching also the territory of Roumania and Yugoslavia. It may be divided
into two sub-parts: the northern and southern ones. In the northern one the
anomalies have an exclusively NE-SW (and/or ENE-WSW) direction while
in the southern one it is NW-SE.

The third — relatively positive anomalous zone — covers the territory of
the Transcarpathians Depression. The direction of the anomalous zone is
NW-SE. Two separate maximums can be distinguished. The first one (700 gms™)
is at the border of the CSSR and Hungary. The other one (having a smaller
area) can be observed north to Beregov. Its amplitude is 650 ¢ms™.

Linear fauli zones of the gravity field

According to Plané¢dar et al. (1977) the linear fault zones of the gravity
field represent vertical and/or skew density boundary in different depths. They
are manifested either by the zones of maximum gradients or the zones of
disturbed character of [ield. The boundaries may characterize fault systems
as well as neotectonic joints of various geologic formations with different den-
sity or geologic structure.

In the studied zone of the Pannonian Basin and its wider vicinity linear
fault zones observable mainly in the NE-SW to ENE-WSW direction (desig-
nated with the letters (A), NW-SE (B) and N-S (C) in the work) were speci-
fied. The manifestation of density boundaries in various other directions
is not so significant and frequent.

Fault zones in the NESW and ENEWSW direction

The Al linear fault zone forms a significant density boundary between the
NW and SE part of the Pannonian Basin. It extends approximately from Len-
dava along the southern fringe of the Balaton Lake towards Mezdcsat and
it is in a very good compliance with course of the line designated as the Central
Hungarian Structure Zone by Brezsnyanszky and Haas (1986).
Its eventual continuation in the NE direction from Mezdcsat is not clear for
it is shielded by a significant gravity elevation extending from the territory
of the East Slovakian Lowland.

A significant A2 density boundary runs across Hungary, Czechoslovakia and
Poland. In the territory of Hungary it may be observed along the Raba river,
in Czechoslovakia it extends over Kolarovo, Pukanec, Poprad and continues
over the villages of Krosno and Sanok in Poland. In the territory of Hungary it
runs in the territory of the Raba fault line. In the CSSR it may be observed
in the territory interpreted by Fusan—Ibrmajer—Planc¢ar (1979)
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as the Vepor deep-seated fault. The manifestation of this zone is made more
complex due to the presence of the Kolarovo gravity anomaly in the Danubian
Lowland.

In the south-eastern part of the Pannonian Basin the A3 zone turning
gradually in the W-E direction in its northern part 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 maximum gradient (A5). In the zone of Trenéin it joins the klippen zone.
In the south-western direction it continues to the Dinaride zone. To the north-
-west of it another A6 linear zone manifested by a significant damage of field
character extends.

Linear fault zones in the NW-SE direction

When analyzing the density boudaries of the given direction by means of the
stripped gravity map their manifestation was more significant compared to
the map of Bouguer's anomalies.

The Bl and B2 zones run across the whole territory. i.e. they can be observed
not only in the Pannonian Basin zone but also in the West Carpathians with
a continuation to the Bohemian Massif. The Bl failure manifestation is obser-
vable very well in the area demarcated with the Stiavnica—Prerov deep-
-seated fault and its most southern part where 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 Danube through Székes-
fehérvar to Subotica is observable very well.

The B3 zone is accompanied with the significant maximum gradient of a
substantial width. Its axis extends approximately in the area the klippen
zone. It forms the NE boundary of the Pannonian Basin. The B4 zone runs in
parallel with it. In the zone of the East Slovakian Lowland its manifestation
is superimposed with a significant gravity elevation.

Other two linear elements of the field of the NW-SE direction run through
Miskolc (B5) and Kormend (B6).

Linear fault zone of the N-S

This direction of fault zones in the stripped gravity map is made of wide
belts (up to 50 km) of field character damage. The first of them (Cl1) runs
from the eastern part of the Bohemian Massif to the Vienna Basin and conti-
nues along the joint of the Pannonian Basin with the Eastern Alps further
to the south up to the Kormend area.

The second one (C) extends from the klippen zone between Zilina and
Dolny Kubin to Hungary and probably continues further to Yugoslavia. Its
manifestation is more significant in the area of the Pannonian Basin than in
the West Carpathians. Its existence is probably the cause of the Danube stream
direction change not only at Vac but also in the territory of Hungary and the
northern part 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 Slanske 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 Slansky deep-seated fault
(Fusain-—[brmajer—Planc':eit‘. 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 yms™ in some zones.

— The whole territory of the Pannonian Basin represents a significant gra-
vity elevation. Its values reach almost 1.000 ums™!, this being a substantial
difference compared to the Bouguer'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 Brezny anszky—Haas (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? ulirabasic? 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 Kisalfold Lowlands. Transcarpathian Depres-
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sion and the Great Hungarian Lowland are concerned. The Vienna Basin
makes a certain exception. This is one of the reasons for the question whether
it is a part of the Pannonian 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 the studied zone are especially
in the NE-SW, NW-SE and N-S directions. Compared to the map of Bouguer's
anomalies especially the two last directions are betfer observable. Boundaries
characterize mainly the fault systems. It is believed the faults of these three
main directions were playing the main role in the formation of the Pannonian
Basin as a significant intra-mountaineous geotectonic structure.

Conclusion

At present the gravimetric study of the Pannonian Basin is continuing.
A stripped gravity map of the whole territory is being finished. The result
of this is the analysis of the gravity field will be gradually supplemented and
precised.
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