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Dr. Karoly Posgay

By unanimous agreement it was decided that this foreword would take
the form of a tribute to dr. Karoly Posgay, who is 75 years old this year.

Karoly Posgay, Hungary's leading authority of crust and mantle research,
was born in Budapest on 26th April 1925. Even before graduating from the
Technical University of Heavy Industry in Miskolc, he had become ac-
quainted with the E6tvds Lorand Geophysical Institute of Hungary. As a re-
search student, he took part in ELGI's gravity surveys in 1948, and 1949 saw
him assisting in the measurements of the geomagnetic basic-network. On
completing his undergraduate studies he was offered a post by the Institute and
by virtue of his character and his wholehearted commitment to his work he be-
came a personality not only in the Institute but for the whole community of
Hungarian geophysicists. His subsequent fruitful career has linked him with
the Institute, up till today.

Initially, he worked (from 1950) as a seismic observer and instrument de-
signer, rapidly progressing to a seismic party chief; in 1956 he became head of
the Seismic Department. From 1957 to 1960 as a member of the Sino-Hungar-
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ian Expedition he played an important role in the discovery of the Daaquin
structure, which is still the most important oil-field in China.

On returning to Hungary he finished his earlier work on mapping and ana-
lysing geomagnetic bodies in Hungary. It was on this topic that, in 1967, he
was awarded his Candidate’s degree by the Hungarian Academy of Scences;
in the same year he gained his doctorate from the Technical University of
Heavy Industry, Miskolc.

In 1962 he was again charged with leading the Seismic Department, and
he remained in this post until 1989 (in the meantime the department was reor-
ganised to become the Department for Seismics and Computer Technique).
Kéroly Posgay achieved noteworthy results in all fields of applied seismics: in
seismic hydrocarbon prospecting; in coal, bauxite, water and other in-mine
and engineering geophysical prospecting; moreover in the development and
production of computer controlled seismic instruments. Possibly thanks also
to synergism his staff was first-rate and gained wide-ranging recognition and
respect.

In the 1960s, the E6tvds Lorand Geophysical Institute initiated and be-
came the principal motivator of the international crustal research of middle
and eastern European countries with refraction and wide angle reflection
measurements during which, in the following 15 or so years an international
network was set up, and was coupled to the western-European network in
1975. These crustal measurements gave fundamental knowledge about the
construction of the Carpathian basin and the surrounding mountains, plateaux
and plates, and made possible a description of the crustal thickness as well as
helping to determine the development model of the Pannonian basin. The re-
sults of this project achieved world-wide acknowledgement.

At the beginning of the establishment of plate tectonics theory in the sec-
ond half of the 1960s he initiated — with the support of the Hungarian Acad-
emy of Sciences — developments on the methodology and instrumentation for
investigating the upper mantle by deep seismic reflection measurements. The
objective was to increase the penetrability of the deep reflection method by
means of computer techniques and a multiple coverage system thereby ena-
bling the structural elements to be determined and interpreted down to the
low-velocity zone described by Gutenberg. The painstaking research and de-
velopment of Kéroly Posgay and his staff paid off resulting in the first reflec-
tion velocity determination in the upper mantle region and the first reflection
profiling down to the asthenosphere was completed. A unique result was the
determination of an updoming asthenospheric structure below the Békési ba-
sin in Hungary.
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After a long and successful career, he retired — formally — in 1990, but
he is still working. Perhaps he is devoting even more time to his own research
than he did earlier, when more than two hundred and fifty colleagues required
his time for dealing with their worries and solving their problems. This issue
of Geophysical Transactions is dedicated to investigations of the crust and up-
per mantle — it is in fact, an issue dealing fundamentally with his own work.

In 1994 his scientific results were acknowledged by the Hungarian Acad-
emy of Sciences, who bestowed on him the title Doctor of Technical Sciences.

The recipient of numerous accolades for his multifarious activities, he
still holds positions of importance in many international organisations. He
was a founder and is an honorary member of the Association of Hungarian
Geophysicists, and a member of the Independent Public Body and of the Sci-
entific Committee of Geophysics of the Hungarian Academy of Sciences. His
long scientific activity is also evidenced by more than 200 papers published
mainly in international journals.

Dr. Karoly Posgay is 75 years old this year. We congratulate him with sin-
cere thanks, deep respect and affection on the occasion of his three-quarters of
acentury, and wish him many more years of creative and successful research.

Tamas Bodoky
Director, E6tvds Lorand Geophysical Institute of Hungary






GEOPHYSICAL TRANSACTIONS 2000
Vol. 43. No. 2. pp. 71 -91

Deep structure of the Szolnok Flysch Belt

Karoly POSGAY*, Andras NAGYMAROSY**, Antal PAPA***,
Endre HEGEDUS*, Katalin D. LORINCZ***

In the course of seismic reflection profiling for investigating the lithosphere and asthenosphere
a steeply dipping zone to the NNW appeared in the sections within the crustal and mantle lithosphere
beneath the Szolnok Maramaros Flysch Belt. This zone is distinguished from its surroundings by
lower reflection amplitudes. This low amplitude nature may be indicative of the rupture and partial
destruction of the reflecting surfaces thought to be due to tectonic effects. Anumber ofsimilar exam-
ples can be found in the literature on the basis ofwhich the observed phenomenon can be interpreted
as a shear zone system with lateral dislocation penetrating to great depths. The shear zone system
may have originated in the Austrian orogene phase (or prior to it) by localized shearing which tran-
sected the bulk of the lithosphere and subsequently recurred several times.

The flysch layers may have deposited in local grabens which formed when the shear zone sys-
tem drew apart. At the time of compression periods the sediments may have been updomed.
squeezed, transported, and the sedimentation interrupted. In later extension periods sedimentation
again took place several times. Conditions of turbulent sedimentation in the Middle and Upper Eo-
cene complex permit one to infer that the graben system was the deepest in this period.

Many of gas and mixed fields are known within the belt of the shear zone system.

Keywords: crust, flysch, asthenosphere, lithosphere, shear zones, Hungary, Szolnok

1. Introduction

KOROsSSY [1959] published the first map of ‘Flysch-type formations of
the Great Hungarian Plain’. In his opinion this sedimentary basin may have
formed during the Austrian orogene. In the course of the Upper Cretaceous,
then the Eocene and the Oligocene a great mass of sediments deposited here,
in consequence of the devastation of nearby mainlands, which can be identi-
fied with the interior flysch formations of the Carpathians. They were folded
in the course ofthe Savian movements (at the end of the Oligocene, beginning
of the Miocene); then, at the time of the Styrian (Middle Miocene) move-
ments, far-reaching deep faults were established.
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SZEPESHAZY [1973] is of the view that the deposition of Middle and Up-
per Eocene sediments occurred in a see trough — running SW-NE composed
of different size sub-basins, interspersed with islands — which was bordered
by extensive mountain ranges rising abruptly from the sea or plain or eventu-
ally by long mountain crests not protruding above sea level. The terrigenous
materia] originates from the islands or from a mainland near the flysch belt at
the SE, and was transported partly by slurry torrents to deeper parts of the sea
and there it was deposited again. He suggests that in the NE part of the Flysch
Belt even the Cretaceous sediments were formed in this way.

In SANDULESCU’s opinion [1988] the north Transylvanian strike slip
fault borders the Szolnok Flysch Belt in the south.

POSGAY and SZENTGYORGYI [1991] inferred a shear zone 35-40 km deep
penetrating as deep as the mantle lithosphere along the PGT-1 profile — in
the section between 74 and 81 km — where it crosses the Flysch Belt.

According to CSONTOS et al. [1992] the North Pannonian (ALCAPA) and
the Tisza mega-units had merged by the end of the Paleogene-beginning ofthe
Miocene. These mega-units were located earlier at a distance of several hun-
dreds of kilometers to the SW of their present site. The NE front of the
ALCAPA mega-unit may have been situated in the Eocene around Szolnok.
Owing to the collision of Africa-Arabia and Eurasia the ALCAPA was pushed
towards the NE and it drew to the NE also due to the regression of the subduc-
tion threshold of the Magura Ocean. The pushing probably started in the Up-
per Eocene, substantial movement took place from the Upper Oligocéne to the
Lower Miocene. Movement of the Tisza unit may have been slower, thus a
dextral shear zone must have been formed where the two units met. The flysch
layers deposited on the continental basement near the shoreline of the Magura
Ocean. At the advance of the ALCAPA unit the flysch deposition was termi-
nated.

From fossils found in deep wells of hydrocarbon exploration crossing the
flysch layers, NAGYMAROSY and BALDI-BEKE [1993] concluded on their
deposition in a deep water environment (and in water that gradually became
shallower, even littoral in the Oligocéne), which deviates substantially from
shelf deposits of Paleogene basins. The present graben-like deposition — in
their opinion — may reflect the conditions of origin, but may also be ex-
plained by transpressive formation.

NAGYMAROSY’s [1998] conclusion is that the term “flysch” applies best
to the Middle-Upper Eocene complex. Formations found in the deep wells
Debrecen-2, Tatartlés-2 and Kaba-1 — earlier taken for Lower Creta-
ceous— are also of Eocene age. The lithofacies suggests a deep sea basin of






Fig. 1 Sketch: Continuous lines indicate the location of reflection profiles for
investigating the lithosphere and asthenosphere on the Structural Geological Map of
Hungary [Dank V.. Fulsp J. et al. 1990]. The Szolnok Flysch Belt is marked in yellow.
Hatched area within the Flysch Belt shows the system of deep shear zones cutting through
the crust (at the depth of the pre-Neogene basement). Flysch sediments were deposited in
the marine trench along the shear zone system
/. &bra. Helyszinrajz: Folytonos vonalak jelzik a litoszféra- és asztenoszféra-kutato
reflexids szelvények helyét. Magyarorszag szerkezetfoldtani térképén [Dank V.. Fulsp J.
et al. 1990] a Szolnoki Flis 6vét sargaval jelolték. A Flis évben lathatd vonalkazott terilet a
preneogén medencealjzat mélységében mutatja a kérget harantold, mély nyirasi
zonarendszert. A flis rétegek a nyirasi zonarendszer menti tengervalyiban rakédtak le
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normal salt water with a steep morphology from which the shoreline could not
be distant.

CSONTOS and NAGYMAROST [1998] and GYORFI et al. [1998] interpret
the Mid-Hungarian Line as a deep shear zone along which the ALCAPA was
thrust over the Tisza-Dacia terrain complex. The Flysch Belt may have
formed under the loading effect on the margin of the Tisza-Dacia terrain com-
plex.

According to ZOLNAI [1995] the Szolnok Flysch Belt subsided as a mo-
bile zone of wrench faults, then inverted.

Beginning from the formation of the Mesozoic cover D. LORINCZ [1996,
1997] distinguishes seven tectonic phases. She considers that transpressive
dislocation along the Flysch Belt began prior to the Miocene, and continued
and finished in the Miocene. It was interrupted in the Middle Miocene by an
extension stress field under whose influence normal faults were created in the
NNE-SSW direction. Movements along the Flysch Belt revived also in the
Pliocene and Quarternary. She attests strike-slip also by plotting a map of se-
guence boundaries.

2. Deep shear zones beneath the Szolnok Flysch Belt

Conclusions on the main structural elements of the crust and mantle litho-
sphere can be drawn from deep reflection investigations in the region. A
sketch of the location of the deep seismic reflection profiles (Fig. 1) can be
seen from a part ofthe ‘Structural geological map of Hungary’ completed un-
der the general editorship of Dank and Fiilop with the co-operation of large
team of researchers and published by the Hungarian Geological Institute
[DANK, FULOP 1990]. The lines marked PGT-1,2, 3, 4 and IBS-1 indicate the
location of reflection profiles for investigating the lithosphere and astheno-
sphere. The Szolnok Flysch Belt is marked in yellow on the map. The deep
seismic profiles PGT-1, and PGT-3 also cross the Flysch Belt.

Figure 2 presents the time section along profile PGT-1 with colours ap-
plied according to the instantaneous amplitude and the superposed wiggle
trace version (in black). The colouring indicates amplitude strength after re-
storation. The highest amplitude values are shown in violet, then the decrease
of amplitude is marked consecutively by red, green and blue. The lowest am-
plitudes are represented by yellow. The Neogene sedimentary complex —
due to its continuous levels and their higher amplitudes — can be distin-
guished from the underlying more consolidated formation. The amplitudes of
the latter vary essentially between the ranges shown in red and green. The
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crust-mantle boundary — encountered around 9 s— is indicated by strong ar-
rivals whose amplitude is mostly marked in violet and red. At the SSE part of
the profile, beneath the Békés Basin, it rises to about 8.5 s [POSGAY et al.
1995, 1996]. Within the interval interpreted as mantle lithosphere, the arrivals
fall in the amplitude range marked green, blue, yellow — i.e. lower than that
ofthe crust— thus the interval between the crust and mantle lithosphere takes
a clear shape in the figure. The lowest time range, marked yellow, corresponds
to the asthenosphere.

In the consolidated crust several zones dipping steeply to the NNW are
found they differ from their surroundings by lower amplitudes. The low am-
plitude of the zone is assumed to be rupture and partial failure of the reflecting
elements, anomalies of velocity distribution within the zone, i.e. tectonic ef-
fect. Most conspicuous among them is the zone falling mainly in the ampli-
tude range marked in green beneath the Flysch Belt between 74 and 81 km in
the depth ofthe crust. The zone continues under the crust-mantle boundary, by
some 2 s, i.e. with athickness of about 8 km, through areas coloured blue and
yellow. Similar zones can also be seen in the SSE part of the profile, which
permit one to infer shear zones running in the NNE-SSW direction [POSGAY
et al. 1997].

At present, we have no data on the strike direction of an interesting low
energy belt dipping apparently towards the NNW in the section, which can be
seen at about 119 km along profile PGT-1. Its apparent dip in the section
nearly coincides with that of the shear zone beneath the Szolnok Flysch Belt.
According to KOvAcs et al. [1996-97] in this area inference can be made on a
Caledonian suture — from ultrabasic rocks of the Helesfa-Ofalu -Szank-Szar-
vas-Szeghalom belt— the strike of which roughly corresponds to the Szolnok
Flysch Belt and the underlying shear zone.

Between 119 and 120 km, profile PGT-1 crosses the deep tectonic zone
on the margin of which drillholes Fab-4 and Nsz-3 are located; these drill-
holes struck a geothermal reservoir [NAGY et al. 1992, STEGENA et al. 1994,
POSGAY et al. 1995].

The shear zone systems, the pre-Neogene basement, the crust-mantle
boundary and the assumed lithosphere-asthenosphere boundary can be seen in
Fig. 3 on the coloured time section of instantaneous amplitude and on its wig-
gle trace version. A portion of the depth section PGT-1 [POSGAY et al. 1995]
around the Flysch Belt is shown in Fig. 4. Even in this representation of the
section it is conspicuous that in a particular zone — dipping abruptly NNW —
the reflections appear with lower amplitudes than their surroundings. Viewing
the zone system marked off in the depth section (Fig. 5) one can observe that
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Fig. 2. Instantaneous amplitude and wiggle trace time section (in black) of PGT-1.
Colours indicate the size of amplitudes after amplitude restoration. Violet shows the highest
amplitudes, then consecutively red. green and blue indicate amplitude reduction.

The lowest amplitudes are shown in yellow
2. abra. APGT-1 pillanatnyi amplitido és rajta (feketével) a hullamirasos id6szelvénye.
A szinezés az amplitddohelyreallitas utani amplitid6 nagysagot jelzi. Lila mutatja a
legnagyobb amplitddékat, majd piros, zold és kék jelzi az amplitidé csokkenést.

A legkisebb amplitid6k sarga szinnel kerlltek megjelenitésre



Fig. 3. On the time section of instantaneous amplitudes of PGT-1 a sketch is marked of the
system of deep shear zones. In the section presented are the pre-Neogene basement, the
crust-mantle boundary and the assumed lithosphere-asthenosphere boundary
3. abra. APGT-1 pillanatnyi amplitddé id6szelvénye mély nyir&si zénarendszerekkel. A
szelvényen a preneogén medencealjzat, a kéreg-kdpeny hatér és a feltételezett
litoszféra-asztenoszféra hatar is lathato
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Fig. 4. Part of the migrated depth section of PGT-1 [Posgay et al. 1995] beneath the
Szolnok Flysch Belt. In the zone dipping steeply to NNW in the section, reflections appear
with amplitude lower than those in their surroundings
4. abra. A PGT-1 migralt mélységszelvény [Posgay et al. 1995] Szolnoki Flis 6v ala es6
része. A szelvényben EENy felé, meredeken d616 zénaban a reflexiok a kérnyezetilkh6z
viszonyitva kisebb amplitidékkal jelentkeznek

km
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/Tg. 5. Deep shear zones in the part of the migrated depth section of PGT-1 beneath the
Szolnok Flysch Belt. Along the shear zones the amplitude, dip and continuity of reflections
are changing
5. abra. APGT-1 migralt mélységszelvény Szolnoki Flis 0v ala es6 részén értelmezett
mély nyirasi zonak. A nyirasi zonak mentén a reflexiok amplitidéja, d6lése és
folyamatossaga is megvaltozik
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Fig. 6. Part of the migrated depth section PGT-3 around the Szolnok Flysch Belt. The
portion with reflections of reduced energy can be seen between 5 and 24 km

6. abra. A PGT-3 migrait mélységszelvény Szolnoki Flis 6v kdrnyéki része. A csokkent
energiaju reflexiokkal jelentkezd rész 5 és 25 km kdzott vazolhatod
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Fig. 7. Deep shear zones interpreted in a part of the migrated depth section PGT-3 beneath
the Szolnok Flysch Belt. In spite of the relatively great distance between profiles PGT-I
and PGT-3 a close similarity is observed in the structure of the zone system
7. abra. APGT-3 migralt mélységszelvény Szolnoki Flis dv ala es6 részén értelmezett
mély nyirasi zonak. APGT-Il és a PGT-3 szelvény kdzotti viszonylag nagy tavolsag
ellenére szembetliné hasonldsagot talalunk a zonarendszer felépitésében
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the amplitude, dip and continuity of the reflections along the delineated shear
zone are changing. The effect of the deep shear zones is clearly seen at the
depth of the crust-mantle boundary (around 25-26 km) and below it, too.

Profile PGT-3 crosses the Flysch Belt nearly parallel to profile PGT-1 at
about 45 km to the WSW of it. It was also processed in almost similar steps as
profile PGT-1 [POSGAY et al. 1995]. A portion of the depth section is seen in
Fig. 6. That part with reflections of reduced energy is apparent between 5 and
24 km (Fig. 7). In spite of the relatively great distance between the two pro-
files a striking similarity can be observed in the structure of the zone system.
The main characteristic features of the structure of the zone system — as out-
lined on the basis of deep reflection profiles — can also be recognized in sev-
eral regional reflection profiles of hydrocarbon exploration, hence the as-
sumption of the existence of a zone system between profiles PGT-1 and
PGT-3 and to the ENE of PGT-1. On the basis of this we have drawn the zone
system on the structural geological map of Elungary (at the depth of the pre-
Neogene basement, Fig. 1).

BERCZz! et al. [1981] produced a thickness map of Paleogene sediments
(Fig. 8). The system of zones beneath the Flysch Belt— assumed on the basis
of measurements for investigating the lithosphere and asthenosphere — is in-
dicated by two lines on this map. The Paleogene sediments are thicker in the
area of the zone system than farther away. A similar result is shown by com-
parison of the maps of Paleogene, Eocene and Oligocéne flysch plotted by
NAGYMAROSY [1998].

On the map “Oil and Gas Fields of the Carpathian-Pannonian Region’ by
DANK [1988] green spots indicate the known oil fields, red spots the known
gas, and the blue ones the mixed fields (Fig. 9). Lines marked PGT-1, 2, 3,4
show the location of lithosphere and asthenosphere exploration profiles. The
zone system beneath the Flysch Belt — assumed on the basis of deep reflec-
tion surveys —is indicated by two orange lines. Plenty of gas and mixed fields
are known within the belt of the shear zone system. It is hoped that a knowl-
edge ofthe deep structures will contribute to further successful exploration of

the zone.

3. Probability of the existence of deep shear zones

A shear zone penetrating down to the asthenosphere was determined in
the area of Biharkeresztes-HosszUpalyi from deep reflection investigations of
the lithosphere and asthenosphere. These separated portions of the lithosphere
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Fig. 8 Paleogene sediments become thicker over the system of laterally dislocated shear
zone beneath the Szolnok Flyscli Belt. [Modified after BERCZI et al. 1981]. On the
thickness map of Paleogene sediments the assumed zone system is marked with two lines

8. abra. A Szolnoki Flis ov alatti, oldalelmozdulasos, nyirasi zonarendszer felett a paleogén
iiledékek kivastagodnak [BERCZt és tarsai. 1981 alapjan mddositva], A paleogén iiledékek
vastagsagtérképén a feltételezett zonarendszert két vonal jelzi

show differing structures which seem to suggest a wrench fault [POSGAY et al.
1979, 1981, 1986, POGACSAS et al. 1989].

LEMISZKI and BROWN [1988] report deep reflection profiles crossing the
Saint Andreas, the Great Glen, and the Bray shear zones, all of which show
near vertical sections, 5-10 km wide, free of reflections in the crust. Parallel to
the Saint Andreas zone the values of gravity anomalies, and the resistivity and



Fig. 9. A number of hydrocarbon fields are known along the shear zone system beneath the
Szolnok Flysch Belt [using data of Dank V. 1988]. The zone system — assumed on the
basis on measurements from lithosphere and asthenosphere investigations — is indicated by
two orange lines. Green spots indicate the known oil fields, red spots the known gas, and
the blue ones the mixed fields
9. abra. A Szolnoki Flis 6v alatti nyirasi zénarendszer mentén szamos szénhidrogén mez6
ismert [Dank V. 1988. felhasznalasaval]. A — litoszféra és asztenoszféra kutaté mérések
alapjan feltételezett — zdénarendszert két narancssarga vonal jelzi. Z6ld foltok az ismert
olaj, piros a gaz és kék a kevert gazi mezéket jeloli



Fig. 10. Enlarged portion of reflection deptli section PGT-1 showing the
Szolnok Flysch Belt

10. &bra. APGT-1 reflexiés mélységszelvény Szolnoki Flis évi részének kinagyitott részlete
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Fig. 11. Interpretation of a part of the reflection depth section PGT-1 for the Szolnok

Flysch Belt. Brown indicates Miocene beds older than Pannonian, orange the assumed

flysch series, green the magmatic beds of Lower Cretaceous age and violet the flysch

basement of unknown age. The laterally dislocated zone must be older than the flysch
since its influence can also be recognized in the basement of flysch and certain shear zones
cannot be detected in the flysch series. The shear zone system revived subsequently several

times. Certain shear zones can be followed upwards almost to the surface

11. &bra. APGT-1 reflexids mélységszelvény Szolnoki Flis 6vi részének értelmezése.
Barna a pannoniainal id6sebb miocén rétegeket, narancssarga a feltételezett flis rétegsort,
z0ld az also krétakord bazikus magmas rétegeket és lila az ismeretlen koru flis lekit jeldli.
Az oldalelmozdulasos z6na id6sebb lehet a flisnél, mert hatasa a flis fekiiben is kivehetd és

egyes nyirasi zonak a flis rétegsorban nem mutathatok ki. A nyirasi zénarendszer a
kés6bbiekben tobbszor feldjult. Egyes nyirasi zonak majdnem a kiilszinig nyomozhatok
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seismic velocities also show a decrease. The depth and reflection patterns of
the crust-mantle boundary, moreover in particular sections the complete seis-
mic image undergo a substantial change at the shear zone. Along the Great
Glen zone significant strike slip occurred in the Upper Paleozoic. On the sides
of the shear zone the velocities are anomalous. The belt free of reflections be-
neath the Great Glen zone continues even in the upper mantle. The disturbed
reflections of the Bray-Vittel shear zone crossing the Paris Basin can also be
followed as deep as the bottom of the crust.

MCBRIDE [1994] discusses the 150 km long Walls Boundary zone in the
continuation of the Great Glen zone. Reflections ofthe middle and lower crust
cut off along a near vertical zone, and the reflection picture also changes.

STERN and MCBRIDE [1998] report — relying on results of deep seismic
measurements — that both inactive Paleozoic and active recent wrench faults
cross a substantial part ofthe crust. Vertical shift ofthe crust-mantle boundary
and a pressure phenomenon as well can be revealed at the active and young
wrench faults. A 20 km change in crust thickness was detected at the Alpian
wrench fault in New Zealand. Rupture in the crust-mantle boundary may per-
sist for several tens of millions of years. At the Norumbega zone attached to
the structure of the Appalachian Mountains — which, in the opinion of Stern
and McBride, forms the continuation of the Walls Boundary and Great Glen
zones — the crust-mantle boundary slopes towards the zone [DoLL et al.
1996]. In the north part above it one can also infer curved horizons.

Interpretation of measurements for investigating the lithosphere and as-
thenosphere in SE Hungary showed in the western part of the row of depres-
sions — running in the WSW-ENE direction from the SW of Hungary to the
Mid-Transylvanian Range — slightly reflecting shear zones dipping to the
NE, while in its eastern part dipping to the SW, along which in both the synrift
and postrift phase substantial movement (sliding for many kilometers, with
possible strike slip) took place towards the elevation of the asthenosphere ris-
ing to small depth in the central part. Between the parts containing compo-
nents moving in opposite directions a system of steeply dipping shear zones
has developed [POSGAY et al. 1996, 1997].

These results unambiguously show the existence of deep shear zones
which penetrate the mantle lithosphere. To understand their formation it is ad-
visable to examine localized strain — possible in the lower crust and upper
mantle — since its results have evolved as late as the last few decades.

The duration of stress changes in the Earth may vary from seconds to sev-
eral hundreds of millions of years. Rocks may respond flexibly, rigidly and
also plastically to the formation of a stress field. At a third or a halfofthe melt-
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ing temperature corresponding to the depth of rocks — i.e. around
1/3—4/2 Tmx T — rocks gradually become ductile; in other words: in an ideal
case strain increases with constant stress [RANALLI 1995]. In the opinion of
researchers describing the well known rheological model of the lithosphere
[Chen and Moinar 1983, Kusznir and Park 1987, Strehtau and M eiss-
ner 1987] several ductile zones can be assumed in the lithosphere. The last
named authors suggest that strain in the lower crust is possible through local
and distributed ductile flow. This was concluded either from rocks exposed on
the surface which may have formed under conditions of the lower crust and
show significant deformation and syntectonic recrystallization, or from labo-
ratory creep experiments performed at high pressure and temperature, where
steady-state flow, recrystallization and ductile faulting were observed.

scHoLz [1988] discusses a brittle-plastic transitional zone between the
brittle zone (where strain takes place by sliding friction) and the ductile zone.
The depth of the transitional zone is determined by the initial temperature of
the plastic behaviour. At atmospheric pressure this was determined for quartz
at about 300 °C; for feldspars it was around 450 °C. According to the dis-
cussed model, earthquakes are usually generated in brittle zones, but big
earthquakes may also spread into a portion of the transitional zone (by local-
ized shearing). Under smaller stresses, rocks behave plastically in the transi-
tional zone. Scholz says that experimental data cannot be accurately projected
into nature. For quartz, plastic strain may be associated with metamorphism of
the green slate facies (300 °C), for feldspars with the amphibolite grade of
metamorphism (450-500 °C).

Rocks recrystallized at high temperature under the effect of tectonics
keep their crystalline structure if they reach the upper lithosphere relatively
quickly. Conclusions on the condition of origin can be drawn from the struc-
ture of dynamically recrystallized rock grains. Lherzolites known in the
ophiolitic Voltri massif in NW Italy (around Genoa, between the Alps and the
Appennines) contain several overthrust fragments of the mantle lithosphere.
DRURY et al. [1991] concluded shear localization in space. According to the
description of visseRs et al. [1995] substantial shear zones originate such a
way in the Jurassic. One of the zones is several km wide and formed at tem-
peratures of 920-1040 °C. The microstructure of rocks allowed one to infer
intensive syntectonic recrystallization of olivine and clinopyroxene that was
accompanied by a significant reduction of grain size. The zone is intersected
by recrystallized mylonite zones of ultrafine (10 - 150 pm) grains as wide as
200 m, which formed in the temperature range 0f990 - 550 °C. This structure
is cut by gabbro and basaltic veins of mid-ocean ridge basalt (MORB) type.
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The microstructure of the mylonite zone may have originated by grain size re-
duction in the initial period of rift formation. (The strength of olivine lessens
substantially with decreasing grain size). It was concluded from shear zones
and the mylonites intersecting them that the deformation of the upper mantle
in the Pieniont-Ligurian region occurred in a network of locally limited, rela-
tively narrow, fine grained, water-carrying mylonite zones whose rheology
determined the strength of the mantle lithosphere. It is assumed that strain
took place in the crust in a similar system of weakened penetrating shear
zZones.

The described features outline the results which verify the possibility of
the formation of localized shear zones embracing the complete lithosphere.
However, a great many details await clarification. On examining the uncer-
tainty concealed in assumptions about the composition and structure of the
lithosphere, the distribution of temperatures in the lithosphere, the scattering
of experimentally determined rheological parameters of rocks, the quantity
and pressure of pore fluids assumed for various depths, and the information
about brittle and ductile behaviour, FERNANDEZ and RaNALLI [1997] stated
that a better knowledge of the rheological parameters of the lithosphere, fur-
thermore refinement of dynamic models are needed in order to understand the
physical processes causing zonal failures extending throughout the whole
lithosphere — localization of the extent, and the weakening and strengthening
of the lithosphere — and, moreover, the interaction of tectonic forces and
rheological parameters depending on space and time.

4. Interpretation

Examination of a portion of profile PGT-1 which visualizes the pre-
Neogene series (Fig. 10) provides us with some clues that help towards an un-
derstanding of the bedding and structural conditions of the flysch. One possi-
ble interpretation is seen in Fig 11. Brown colour indicates Miocene beds
older than Pannonian (Sarmatian and Badenian), orange the assumed flysch
series, green the volcanic and volcano-sedimentary layers of Lower Creta-
ceous age and violet the flysch basement of uncertain age.

Within the flysch series sedimentation gaps can be inferred at several
sites. This is particularly conspicuous between profile kilometers 79-82. This
notion is in good agreement with the result of nannoplankton investigations by
NAGYMAROSY and BALDI-BEKE [1993], according to which the complex of
beds is not continuous but can be divided into several series of sediments: Up-



80 K. Posgay et al.

per Cretaceous, Paleocene-Lower Eocene, Middle-Upper Eocene, Oligo-
céne, Lower Miocene (only in Maramaros).

As to the age of the flysch basement, there are only a few drill-hole data
available from the marginal zone of the flysch. The flysch series of thicker de-
velopment was not drilled through in the vicinity of PGT-1. According to
KOVACS et al. [1996-1997] the Upper Cretaceous-Paleogene flysch is depos-
ited on a polymetamorphic basement.

At the bottom of the flysch unit assumed on the basis of Fig. 11 a layered
massif, i.e. sedimentary rocks, can be inferred. From gravels coming from the
erosion of rocks of Jurassic age found in Eocene and Miocene conglomerates
in the area, SZEPESHAZY [1973] concludes the general occurrence of Jurassic
formations. He suggests that the practically continuous sedimentation in the
Jurassic and Lower Cretaceous was interrupted at the end of the Albian stage
by the Austrian orogenic phase. On the basis of data published by him and of
the seismic fabric, the bottom of the flysch unit can probably be considered to
be a Jurassic complex which may perhaps be analogous with the Mesozoic se-
ries of layers of the Mecsek zone.

According to the idea outlined in Fig. 11, at the dislocation of the shear
zone system under the influence of transpression, the underlying layers
folded, meaning that their consolidation was not finished during the discussed
tectonic phase, thus their response to the stresses was not fully brittle. Such an
idea leads us to suggest that certain elements of the shear zone system came
into being as early as the Austrian Orogene, or recurred again at that time. This
suggestion seems to be supported by the faulting in Fig. 11, which breaks offat
the bottom of the flysch around 75 km, permitting one to infer that certain
shear zones are older than the flysch layers.

Deposition of the Upper Cretaceous-Paleogene flysch series may have
been promoted by the zone system being drawn apart through the formation of
a trough. From cycles of sedimentation and gaps as described by NAGYMA-
ROSY and BALDI-BEKE [1993] conclusions can be drawn about the formation
of a graben along the shear zone system, and —at the time of sedimentation
gaps — about elevation (see Fig. 11 around km 70). Pressure forces causing
elevation may have pushed flysch sediments to the edge of the zone system.
Turbulent sedimentation conditions of the Middle and Upper Eocene complex
permit one to infer substantial sinking of the graben system during the Eocene
period.

The shear zone system revived several times after the bottom of the flysch
series had completely consolidated. A dislocation prior to the Miocene (as-
sumed to have taken place at the end of the Oligocéne) can be inferred from
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shear zones reaching their end at the bottom ofthe Miocene (around km 76 and
85). It is a characteristic feature — common to the zones which also cut off
Miocene (Badenian) beds at the bottom of the Neogene layers, but hardly if at
all disturb the Pannonian beds (assumed around km 73, 78, 79, 82) and to
shear zones of the end ofthe Oligocéne — that they branch out from older ones
near the bottom of the flysch. If the experimental model of RIEDEL [1929] is
taken into account it can be assumed that in the period of shearing even the
flysch series was similar in behaviour to the upper layer of Riedel, i.e. consoli-
dation had not yet been completed and faults that formed in it (to be approxi-
mated by a heliocoidal surface) set out from around where the surface of the
already consolidated flysch basement met the earlier shear zones.

Along the shear zone encountered at the bottom of the Pannonian series
(in Fig. 11 around profile km 73) a dislocation may have taken place at the be-
ginning of the Pannonian period. The Miocene beds seem here to have been
overthrown on the lowest Pannonian layers. Such an interpretation is in agree-
ment with detailed tectonic investigations carried out on hydrocarbon explo-
ration profiles around Szolnok. The lower Pannonian transpressional phase
was attributed by D. LORINCZ [1996, 1997] to the revival of lateral dislocation
at the end of the Oligocene-beginning of the Miocene.

Lateral dislocation that strongly affected younger Pannonian beds can be
inferred at the deep shear zone assumed around km 75. On the basis ofthe seis-
mic image the multiple revival of this zone can be assumed. Investigations
around Szolnok indicate that even a quite young (Pliocene-Quaternary) re-
vival took place [D. LORINCZ 1996, 1997].

5. Conclusions

In the Szolnok-Maramaros Flysch Belt the Cretaceous-Paleogene layers
formed probably in a marine trench which at present runs in the ENE-SSW di-
rection and consists of subbasins of different depths varying in time, too.
Though it cannot be directly proven, coincidence of flysch sediments with the
area ofthe shear zone allows one to infer that— at the end ofthe Senonian-be-
ginning of the Paleogene — extensional movements within the zone may have
played a major role in the formation of the sedimentary basin of the Szolnok
Flysch Belt. On the basis of seismic reflection results the shear zone system
can be inferred both in the elastic-brittle and ductile part of the crust, moreo-
ver even in the upper range of the upper mantle, i.e. it can be assumed that it
crosses a substantial part or the whole of the lithosphere. Individual elements
of the zone system may have taken shape already during the Middle Creta-
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ceous (or even earlier). The seismic sections offer a clear indication of the sys-
tem of transpressional lateral dislocations which at the end of the Oligocéne or
beginning of the Miocene led to the compression then to the elevation of the
flysch basin. Positive flower structures to be linked with lateral dislocations
reviving in the wake of the Middle Miocene — shearing also the sediments of
the Middle Miocene — created the elevated paleo-relief which forms a part of
the basement of the Pannonian sedimentary basin (Fig. 11). Movements along
the zone system reviving several times and based on the evidence of seismic
sections had an influence as late as the beginning of the Pannonian period s.1.
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A Szolnoki Flis 6v mélyszerkezete

POSGAY Kéroly, NAGYMAROSY Andréas, PAPA Antal, HEGEDUS Endre,
D. LORINCZ Katalin

A litoszféra és asztenoszféra kutatd szeizmikus reflexids mérések sordn a Szolnok-
Maramarosi Flis dv alatt a kéregben és a kdpeny litoszféra felsd részén a kornyezetétél kisebb ref-
lexiés amplitudoval elkilénild, a szelvényekben EENy felé meredeken d6l6 zdna mutatkozott. A
zona kis amplituddja elsésorban a reflektald felliletek megszakadasara és részleges ténkremenete-
lére, feltételezhet6en tektonikai hatasra utalhat. A hazai és a kiilféldi szakirodalomban szamos ha-
sonldé példa talalhatd, amelyek alapjan a megfigyelt jelenség mélyre hatolo, oldalelmozdulasos
nyirasi zonarendszerként értelmezhet6. A nyirasi zénarendszer az ausztriai orogén fazisban (vagy
még el6tte) a litoszféra nagy részét atszeld lokalizalt nyirassal keletkezhetett, majd a késébbiekben
tobbszor felGjult.

A flis rétegek a nyirasi zénarendszer széthlizddasakor keletkezett arokrészekben rakédhattak
le. A kompressziés id6szakok idején az uledékek feldomborodhattak, kiprésel6dhettek, elhord6d-
hattak és az lledékképzddés megszakadt. Az Ujabb extenzids id6szakokban az liledékképz6dés
tobbszor is megismétl6dott. A kdzépsd és felsé eocén dsszlet turbulens llepedési viszonyaibdl arra
lehet kdvetkeztetni, hogy az arokrendszer ebben az id6szakban volt a legmélyebb.

A nyirasi zénarendszer savjaban szamos gaz és kevert mez6 ismert.

1. Bevezetés

KOROSSY Laszlé 1959-ben kozolte a “Nagy Magyar Alfold flis jelleg(i képzédményei”-rél az
els6 térképet. Megallapitasa szerint az ausztriai orogén idején alakulhatott ki ez az tledékgyiijt6,
melyben a felsd kréta-paleogén id6szakban nagy tomegu tledék rakddott le.

SzepeshazY [1973] szerint a kdzépso és fels6eocén (és a Flis 6v K-i részén a kréta) tledékek
lerakddasa egy — DNyEK-i irdnyd, szigetekkel tarkitott, kisebb-nagyobb részmedencékbdl allo —
tengervalyuban tortént, amelyet a tengerbél, vagy siksagbél hirtelen kiemelkedd, hosszan elnyalé
hegylancok, esetleg a tenger szintje folé nem emelkedd, hosszan elnylé gerincek hataroltak.

Csontos 6és tarsai [1992] szerint az ALCAPA — Afrika-Arabia és Eurazsia (itkdzése kovet-
keztében — kinyomddott EK felé és a Magura-6cean szubdukcioés kiiszobének hatralasa miatt is
hazédott EK-i irdnyba. A flis rétegek a Magura 6ceén partja kdzelében kontinentélis talapzaton
rakodtak le. Az ALCAPA egység elérenyomulasakor a flis lerakddas is megsz(int.

Nagymarosy és BALDJ-BEK.E [1993] a flist harantolé szénhidrogénkutaté mélyfarasokban
talélt fosszilidkb6l mélyvizi (és fokozatosan csékkend vizmélységi, az oligocénben méar partkdze-
libb) keletkezésre kdvetkeztettek, amely jelent6sen eltér a paleogén medencék self uledékeitsl. Aje-
lenlegi arokszer( telepiilés — véleményik szerint — tukrozheti a keletkezési koriilményeket is, de
indokolhaté traszpressziés kialakulassal is.

Nagymarosy [1998] megdllapitasa szerint a kozéps6-fels6eocén rétegsorra illik a legjobban

amelyt6l a part nem lehetett tavol.
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Csontos és Nagymarosy [1998], tovabba Gyorfi és tarsai [1998] a K6zépmagyarorszagi
vonalat mély nyirasi zonaként értelmezik, amely mentén az ALCAPA ratolédott a Tisza-Déacia
terréndsszletre. A Flis 0v a terhelés hatdsara alakulhatott ki a Tisza-D4cia terréndsszlet szélén.

Zolnai [1995] véleménye szerint a Szolnoki Flis év oldalnyirdsos mobilis zonaként besly-
lyedt, majd inverzidval “kihasasosodott”.

D. Lérincz [1996. 1997] a mezozoo6s takaroképzddéssel kezdédden és a kvarterrel bezardlag
hét tektonikai fazist kilonboztet meg.

2. A Szolnoki Flis 6v alatti mély nyirasi zénak

A térségében végzett litoszféra és asztenoszféra kutatd mélyreflexios vizsgalatokbdl lehet
kovetkeztetni a Flis 6vben a kéreg és a kdpeny litoszféra f6bb szerkezeti elemeire. A mélyszeiz-
mikus reflexi6s szelvények helyszinrajza “Magyarorszag szerkezetféldtani térképe” [Dank, FulLCP
etal. 1990] egy részletén (Labra) lathatd. APGT-1 és aPGT-3 jel( mélyszeizmikus szelvény a Flis
Ovét is harantolja.

A 2. dbran a PGT-1 szelvény pillanatnyi amplitid6 szerint szinezett és rajta (feketével) a
hullamirasos idészelvénye lathato. A szinezés az amplitidohelyreallitas utani amplitiddé nagysagot
jelzi. Lila mutatja a legnagyobb amplitGddkat, majd piros, zdld és kék jelzi az amplitido csdkkenést.
A legkisebb amplitidok sarga szinnel kerlltek megjelenitésre. A neogén lledékdsszlet — folyama-
tos szintjeivel és ezek nagyobb amplitidojaval —jol elkilonithet6 a fekljét képez6 konszolidaltabb
kéregt6l. Ez utobbi amplitidoi 1ényegében a pirossal és zélddel megjelenitett tartomany kdzott val-
toznak. A— 9 s tajan talalhaté — kéreg-kdpeny hatart viszonylag hosszan korrelalhatd, nagyrészt a
lilaval és pirossal jeldlt nagysagd amplitdddk jelzik. A kéreg-kopeny hatar a szelvény DDK-i
részén, a Békési medence alatt 8,5 s tdjara emelkedik [PosGAYetal. 1995, 1996]. A kdpeny litoszfé-
raként értelmezett intervallumban zolddel, kékkel és sargaval jelélt — azaz a kéregénél kisebb —
amplitadétartomanybaesé beérkezéseket talalunk. A lényegében sargaval jeldlt, alsé id6tartomany
az asztenoszféra.

A konszolidalt kéregben tébb, a kérnyezetétdl kisebb amplituddval elkiiloniilg, a szelvényben
EENy felé meredeken lejtd zona taldlhatd. A zénak kis amplitiddja feltehet6leg a reflektalo feliile-
tek megszakadasara és részleges tonkremenetelére, a zonabeli sebességeloszlas anomaliara, azaz
feltételezhet6en tektonikai hatasra utalhat. Ezek kozott a legszembet(inébb a Flis 6v alatt a 74. és
81 km kozdtt, — a kéreg mélységében féleg a zélddel jelzett amplitid6 tartomanyba es6 — sav. A
zOna a kéreg-kdpeny hatar alatt még kb. 2 s, azaz kb. 8 km vastagsaghan — kék és sarga szinnel —
kirajzolodik. A szelvény DDK-i részén is lathatok hasonléjelleg(i zonak, amelyekb6l EEK-DDNy
iranyl nyirasi zénakra lehetett kovetkeztetni [Posgay et al. 1997].

A nyirasi zonarendszerek, tovabba a preneogén medencealjzat, a kéreg-kopeny hatar és a
feltételezett litoszféra-asztenoszféra hatar vazlata— a PGT-1 szinezett pillanatnyi amplitddd és
hullamirasos idészelvényén — ai. abran lathatd. A PGT-1 mélységszelvényének [Posgay et al.
1995] Flis 6v kornyéki részletét a 4. abra mutatja. A szelvénynek ebben az abrazolasaban is
szembeszokd, hogy egy — a szelvényben EENy felé meredeken d6l6 zénaban — a reflexidk a
kornyezetiikhoz viszonyitva kisebb amplitidokkal jelentkeznek. A mélységszelvényen bejeldlt
zonarendszert (5. abra) szemlélve megfigyelhet6, hogy a vazolt nyirasi zonak mentén a reflexiok
amplitidéja, délése és folyamatossaga is megvaltozik. A mély nyirasi zonak hatasa a kéreg-kopeny
hatar mélységében (25-26 km tajan) és alatta is markansan kirajzolodik.

A PGT-3 litoszféra és asztenoszféra kutaté szelvény a PGT-1 szelvénnyel kdzel parhuzamo-
san, attél NyDNy-ra kb. 45 km-re keresztezi a Flis 6vét. Feldolgozasa is kdzel hasonlo 1épésekkel
tortént mint a PGT-1 szelvényé [Posgay et al. 1995]. A mélységszelvény Flis &v kdrnyéki része a
6. dbran lathat6. A csokkent energiaju reflexiokkal jelentkezd rész 5 és 25 km kdzott vazolhato
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(7. abra). A két szelvény kozotti viszonylag nagy tavolsag ellenére szembet{iné hasonlésagot
taldlunk a zénarendszer felépitésében. A zonarendszer szerkezetének a litoszféra és asztenoszféra
kutatd szelvények alapjan vazolt f6bb jellemz6i felismerheték néhany regionalis szénhidrogén ku-
tato reflexios szelvényen is, ezért valdszin(inek latszik a zonarendszer létének a PGT-1 és PGT-3
szelvények kozotti és a PGT-1 -t6i KEK-re torténd feltételezése is. Ennek megfelelden vazoltuk a
zonarendszert Magyarorszag szerkezetfoldtani térképére a preneogén medencealjzat mélységében
(1. 4bra).

A paleogén iiledékek vastagsagtérképén [BERCZI és tarsai 1981] a — litoszféra és asz-
tenoszféra kutaté mérések alapjan feltételezett — z6narendszert két vonaljelzi (8. abra). A paleogén
Uledékek a zénarendszer teriiletén kivastagodnak. Hasonlé eredményt mutat Nagymarosy [1998]
paleocén, eocén és oligocén flis elterjedési térképeinek a zénarendszerrel torténd dsszehasonlitasa
IS.

Dank [1988] altal kozolt “Oil and gas fields of the Carpathian-Pannonian Region” térképen
(9. abra) a zénarendszert két narancssarga vonal jelzi. A nyirasi z6narendszer teriiletén szamos gaz
és kevert mez6 ismert. A zOna tovabbi sikeres kutatasahoz a kozolt mélyszerkezeti ismeretek
remélhet6leg hozzajarulhatnak.

3. Meély nyirasi zonak létezésének valdszinlsége

Biharkeresztes-HosszUpalyi térségében, a szelvénymenti litoszféra és asztenoszféra kutatd
mélyreflexios vizsgalatok soran egy — az asztenoszféraig leny(lé — nyirasi zonat hataroztak meg,
amely eltéré szerkezetl litoszféra részeket kilonitett el Ggy, hogy abbol oldaleltolédasra lehetett
kovetkeztetni [Posgay et al. 1979, 1981, 1986, Pogacsas et al. 1989].

Lemiszki s Brown [1988] a Szent Andras, a Great Glen és a Bray nyirasi zonakat keresztez6
mélyreflexios szelvényeket ismertet, melyeken a kéregben kdzel vertikalis, 5-10 km széles, re-
flexiomentes szelvényrészek lathatok. A Szent Andras zoénaval parhuzamosan a gravitacios
anomaliaértékek, az ellenallas és a szeizmikus sebességek is csokkenést mutatnak. A kéreg-kdpeny
hatar mélysége és reflexioja, s6t egyes szelvényekben a teljes szelvénykép jelentésen megvaltozik a
nyirasi zénanal. A Great Glen zéna mentén a felsé paleozoikumban voltjelentds oldalelmozdulas. A
nyirasi zona két oldalan a sebességek eltérést mutattak. A Great Glen z6na alatti reflexiomentes sav
a fels6 kdpenyben is folytatodik. A Parizsi medencét harantol6 Bray-Vittel nyirasi zdna zavart ref-
lexiés savja is a kéreg aljaig kdvethetd.

McBride [1994] a Great Glen z6na folytatdsaban levé 150 km hossz( Walls Boundary z6nat
ismerteti. A kdzép és also kéreg reflexioi egy kozel vertikalis zdna mentén megszakadnak és a ref-
lexiés kép is megvaltozik.

Stern és McBride [1998] amélyszeizmikus mérések eredményei alapjan megallapitja, hogy
mind az inaktiv paleozods, mind a jelenleg is aktiv oldaleltolédasok a kéreg jelent8s részét vagy
egészét harantoljak. A kéreg-kopeny hatar vertikalis elmozdulasa és nyomasjelenség is kimutathato
az aktiv és a fiatal oldaleltolédasoknal. Az Gj-zélandi alpi oldaleltolédasnal 20 km kéregvastagsag
valtozast mutattak ki. A kéreg-kdpeny hatar megszakadasa tébb tizmillio évig is fennmaradhat. Az
Appalache hegység szerkezetéhez kot6dé — és értelmezésiik szerint a Walls Boundary és a Great
Glen zdéna folytatasat képez6 — Norumbega z6nanal a kéreg-kdpeny hatar a zona felé d6l [Do11 et
al. 1996], felette az E-i részen szintén hajlitott szintekre lehet kdvetkeztetni.

A DK-magyarorszagi litoszféra és asztenoszféra kutaté mérések értelmezése azt mutatta, hogy
a DNy Magyarorszagrol az Erdélyi Kozéphegységbe atnyGlo NyDNy-KDK iranyd sillyedéksor
Ny-i részén EK-i d6lésii, a K-i részén DNy-i d6lési, enyhe lejtésd, reflektalé nyirasi zonék alakultak
ki, melyek mentén mind a szinrift. mind a posztrift fazisban jelentds (sok kilométeres) elmozdulas
tortént a kdzponti részen kis mélységbe felnyld asztenoszféra magaslat felé. Az ellentétes mozgasi
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irany OsszetevGket is tartalmazé részek kozott meredek délési nyirdsi zénarendszer alakult ki
[PosGAYet al. 1996. 1997].

Ezek az eredmények egyértelm(ien mutatjak a kdpeny litoszféraba is behatold mély nyirasi
zonak meglétét. Ezek keletkezésének megértéséhez célszeriinek latszik — az als6 kéregben és a
fels6 kdpenyben lehetséges— lokalizalt alakvaltozassal is foglalkozni, mivel ennek eredményei a
szlikebb szakirodalomban csak az utébbi évtizedekben bontakoztak ki.

A Foldben a fesziiltségvaltozasok ideje masodperctél tobb szaz millié év nagysagrend( lehet.
A fesziiltségtér kialakulasara a k6zetek rugalmasan, ridegen és folyékonyan is valaszolhatnak. A
kézet mélységének megfelelé nyomasnal érvényes olvadasi hémérséklet harmadanal, felénél —
azaz 1/3—1/2 Tm< T tajan — fokozatosan duktilisan viselkednek a k6zetek, azaz idealis esetben al-
landé fesziiltség mellett ndvekszik az. alakvaltozas [Ranalli 1995]. A litoszféra kdzismert reolégiai
modelljét leiré kutaték [Chen és Molnar 1983, Strehlau és Meissner 1987, Kusznir és Park
1987] szerint a litoszféraban tobb duktilis zona tételezhet fel. Elképzelésik szerint [Strehlau és
Meissner 1987] az alakvaltozas az also kéregben lokalis és eloszlott duktilis folyassal is lehetséges.
Erre kovetkeztettek azokbdl a felszini k6zetekbdl, melyek az alsé kéreg viszonyai kozott keletkez-
hettek és jelentés deformaciot és szintektonikus atkristalyosodast mutatnak, tovabba a nagy
nyomason és hémérsékleten végzett laboratériumi kdszasi kisérletekbdl, amelyekben folyast, at-
kristalyosodast és duktilis nyirast tapasztaltak.

Scholz [1988] a rideg zona (ahol az alakvaltozas csuszé surlodassal torténik) és a duktilis
z6na kozott egy rideg-plasztikus atmeneti zonat ismertet. A kvarc-foldpat dsszetétel(i kézeteknél az
atmeneti zonat ezek plasztikus viselkedésének kezdeti h6mérséklete hatarozza meg. Atmoszférikus
nyomasnal ezt a kvarcnal 300 °C, mig a f6ldpatoknal 450 °C koril allapitotta meg. Az ismertetett
modell szerint a féldrengések altalaban a rideg zonakban keletkeznek, de a nagyobb foldrengések az
atmeneti tartomany egy részére (lokalizalt nyirassal) is kiterjedhetnek. Kisebb er6hatasnal a kézetek
az atmeneti zénaban plasztikusan viselkednek.

Scholz véleménye szerint a kisérleti adatokat pontatlanul lehet csak a természetbe vetiteni. A
kvarcnal a plasztikus alakvaltozas a z6ldpala faciesli metamorfézissal (300 °C), a féldpatoknal az
amfibolit foki metamorfézissal (450-500 °C) tarsithato.

A nagy hémérsékleten a tektonikai hatasra atkristalyosodott kézet, — ha viszonylag gyorsan
kerll a felsd litoszféraba, — megtartja kristalyszerkezetét. A dinamikusan atkristalyosodott
k6zetszemcsék szerkezetéb6l a keletkezési korilményekre lehet kovetkeztetni. Az ENy olasz-
orszagi (Genova kornyéki, az Alpok és az Appenninek kdzotti) ofiolitos Voltri masszivumban is-
mert Iherzolitok a kdpeny litoszféra tobb egymasratolodott toredékét tartalmazzak. Drury és tarsai
[1991] térben korlatozott nyirasra kovetkeztettek. Vissers és tarsai [1995] leirdsa szerint ajaraban
igyjelent6s nyirasi zonak keletkeztek. Az egyik tobb km széles és 920-1040 °C hémérsékleten ala-
kult ki. A k6zetek mikrostrukturajabol az olivin és a klinopiroxén erételjes szintektonikus at-
kristdlyosodasara kdvetkeztettek, amely jelentds szemcseméret csdkkenéssel jart. A zénat 200 m
szélességet is elérd, ultrafinom (10-150,wm) szemcsézet( atkristalyosodott milonit zonak szelik at,
amelyek 990-550 °C hémérséklet tartomanyban keletkeztek. Ezt a szerkezetet MORB tipusu (asz-
tenoszféra Osszetétel(i) gabbrd és bazalt telérek metszik. A milonit zénak mikroszerkezete a rif-
tsedés kezdeti korszakaban szemcseméret csokkenéssel keletkezhetett. (Az olivinnek a szilardsaga
jelent&sen csokken a szemcseméret csdkkenéssel.) A nyirasi zonakbdl és az atszelé milonitokbdl
arra kovetkeztettek, hogy a piemonte-liguriai fels6 kopeny deformaci6ja helyileg korlatozott,
viszonylag keskeny, finomszemcséjl, viztartalmG milonit zénak hal6zataval tortént, melyek
Teologiaja a kopeny litoszféra szilardsagat meghatarozta. Feltételezik, hogy a kéregben is hasonlo
rendszer(, gyengllt, athatd nyirasi zonakban torténhetett az alakvaltozas.

A leirtak vazoljak azokat az eredményeket, amellyek a teljes litoszférara kiterjedd lokalizalt
nyirdsi zénak kialakulasanak lehet6ségét bizonyitjak. Sok részlet azonban még tisztazasra var.
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Fernandez és Ranalli [1997] a litoszféra 0sszetétele és szerkezete, a litoszférabeli h6mérséklet
eloszlas, a k6zetek kisérletileg meghatarozott reol6giai paramétereinek sz6rasa, a kilonb6z6 mély-
séghen feltételezhetd pdrusfolyadékok mennyisége és nyomdsa, tovabba a rideg és duktilis
viselkedésrél tett feltételezésekben rejlé bizonytalansagot vizsgalva megallapitottdk, hogy a li-
toszféra reolégiai paramétereinek jobb ismerete, tovabba a dinamikai modellek finomitasa sziksé-
ges ahhoz, hogy az egész litoszférara kiterjed6 zonamenti ténkremenetelt okoz6 fizikai folyamato-
kat — az extenzié lokalizaci6jat, a litoszféra gyengiilését és szilardsagndvekedését, tovabba a
tektonikai er6knek és az id6 és térfiigg6 reoldgiai paramétereknek egymasrahatasat— megértsik.

4. Ertelmezés

A flis rétegek teleplilési és szerkezeti viszonyainak megértéséhez némi tampontot ad a PGT-1
szelvény preneogén Osszleteket megjelenitd részletének (10. abra) vizsgalata. Egy értelmezési le-
het6ség lathaté all. dbran. Barna a pannonjainal id6sebb miocén (szarmata és badeni) koru rétege-
ket, naracssarga a feltételezett flis rétegsort, zéld az alsé krétakord vulkanikus és vulkanoszediment
rétegeket és lila a bizonytalan koru flis fekit jeléli.

A flis rétegsorban tébb helyen is tiledékhézagra lehet kovetkeztetni. Ez kiilénGsen a 79. és a 82.
szelvénykilométerek koézott feltlin6. Ez az elképzelésjé dsszhangban van Nagymarosy és Baldi-
Beke [1993] nannoplankton vizsgalati eredményével, mely szerint a rétegsor nem folyamatos,
hanem tébb (felsé kréta, paleocén-alsé eocén, kozéps6-felsé eocén, oligocén, Maramaroshan als6
miocén) tledéksorra tagolédik.

A flis fekii korara csak a flis peremi zonajabdl ismert néhany flrasi adat. A vastagabb
kifejlédés flis rétegsort a PGT-1 kornyékén nem furtak at. Kovacs és tarsai [1996-97] szerint a
felsé kréta-paleogén flis polimetamorf aljzatra telepil. A flis rétegeknek all. abra szerint feltéte-
lezett feklijében rétegzett dsszletre. azaz tiledékes kdzetre lehet kovetkeztetni. SZEPESHAZY [1973] a
teriilet eocén és miocén konglomeratumaiban talalt nagyszamu, jurakort kézetek lepusztulasabol
szarmazd kavicsszembdl a jura képzddmények altalanos elterjedésére kdvetkeztet. Véleménye
szerint a Iényegében folyamatos jura-alsokréta tledékképzddést az albai korszak végén az ausztriai
hegységképz6dési fazis szakitotta meg. Az altala kozolt adatok és a szeizmikus hullamkép alapjan a
flis rétegek fekljétjura-kréta dsszletként valdszindsithetjiik, amely esetleg a Mecseki z6na mezo-
Z00s rétegsoraval parhuzamosithato.

All. abran vazolt elképzelés szerint a nyirdsi zonarendszer transzpresszios hatasra tortént el-
mozdulasakor a feki rétegek meggy(rédtek, azaz megszilardulasuk a kérdéses tektonikai fazis
idején még nem fejez6dott be, igy az er6hatasra nem teljesen rideg médon valaszoltak. A gondolat-
menet alapjan valdszin(, hogy a nyirasi zénarendszer egyes elemei mar az ausztriai orogén idején
keletkeztek, vagy felljultak. Ezt az elképzelést latszik alatamasztani all. &bran aflis talpan 75.4 km
tajan megszakado elnyirddas is, amelybdl szintén arra lehet kdvetkeztetni, hogy egyes nyirasi zénak
a flis rétegeknél idésebbek.

A fels6 kréta-paleogén flis rétegsor Ulepedését feltehet6leg a zonarendszer széthlizddasa
valyuképzddéssel is el6segithette. A Nagymarosy és Baldi-Beke [1993] altal leirt tiledékkép-
z6dési és megszakadasi ciklusokbol a nyirasi zonarendszer menti arokképzddésre, illetve — az
liledékhézag idején — kiemelkedésre lehet kovetkeztetni (lasd 11. abra, 70 km kordl). A kie-
melkedést okozé nyomoerdk a flis Giledékeket a zdnarendszer szélére is kipréselhették. A kdzépsé és
fels6 eocén 0Osszlet turbulens ilepedési viszonyaibdl az arokrendszernek az eocén id6szakban
tortént jelent6s elmélyiilésére lehet kdvetkeztetni.

Anyirasi zonarendszer a flis 6sszlet fekiijének teljes megszilardulasa utan is tébbszor feldjult.
Egy miocén elétti (feltehetéleg oligocén végi) elmozduléasra kovetkeztethetiink a miocén aljan (76
és 85 km tajan) végz6d6 nyirasi zonakbol is. A neogén rétegek aljan talalhaté miocén (badeni) rété-
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geket is elnyir6, de a pannon rétegeket altalaban kevésbé, vagy egyéltaldn nem bolygaté (73, 78, 79,
82 km tajan feltételezett) zonak és az oligocén végi nyirasi zonak kézosjellemzbje, hogy az idésebb
nyirasi zénakbol a flis talpa tdjan dgaznak ki. Riedel [1929] kisérleti modelljét figyelembe véve
feltételezhet6, hogy az elnyir6das idészakdban a flis rétegsor is még Riedel fels6 rétegéhez ha-
sonléan viselkedett, azaz teljes konszolidacidja nem tdrtént meg és a benne kialakult (helikoidélis
feltlettel megkdzelithet6) elnyirédasok az— ekkor méar konszolidalédott — flis fekl felszinének és
amarrégebben keletkezett nyirasi zonék talalkozasanak tajarol indulnak ki. A pannon rétegsor aljan
(73 km t&jan) talalhaté nyirasi zona mentén a pannéniai id6szak elején is lehetett elmozdulas. Ugy
latszik, hogy a miocén rétegek itt a legalsé pannon rétegekre is ratolédtak. A pannéniai rétegeket is
erdteljesen igénybe vevd oldalelmozduldsra kdvetkeztethetiink a 75 kilométer tajan feltételezhet6
mély nyirasi zéndndal. A hullamkép alapjan ennek a zénénak sokszoros felGjulasa tételezhetd fel.

5. Kovetkeztetések

A Szolnok-Maramarosi Flis évben a kréta-paleogén flis rétegek valoszin(ileg egy — KEK-
NyDNy iranyd, idében is valtozd6 mélységl részmedencékbdl all6 — tengervalyban keletkeztek.
Bar direkt médon nem bizonyithato, a flis Gledékek és a nyirasi zona elterjedési teriiletének egy-
beesése arra enged kovetkeztetni, hogy a szenon végén-paleogén elején a zénaban lezajlott exten-
zios jellegl elmozduldsoknak is komoly szerepe lehetett a Szolnoki Flis Gledékgyujt6jének
kialakulasaban. A nyirasi z6narendszerre a kéreg rugalmas-rideg és duktilis részében, tovabba a
fels6 kdpeny felsd tartomanyaban is kdvetkeztethetlink a litoszféra és asztenoszféra kutatd szeiz-
mikus, reflexids eredményekbdl, azaz feltételezhetd, hogy az a litoszféra jelentds részét, esetleg a
teljes litoszférat harantolja. A zénarendszer egyes elemei mar a k6zéps6 kréta idején (vagy még
korébban) kialakulhattak. A szeizmikus szelvényeken jol észlelheté az a transzpresszios oldalel-
mozdulas rendszer, amely az oligocén végén, vagy a miocén elején a Flis medence kompressziojat,
majd kiemelkedését idézte el6. Az oldalelmozdulasokhoz kapcsolhat6 pozitiv viragszerkezet struk-
tardk a k6zéps6é miocén utan feldjulva— a kdzépsé miocén lledékeket is elnyirva — hoztak létre
azt a kiemelt paleo-reliefet, amely a panndniai tiledékgyijt6 aljzatdnak egy részét képezi (11. abra).
A zbnarendszer menti mozgasok t6bbszér kitjultak és a szeizmikus szelvények tandbizonysaga
szerint a s. 1 panndniai korszak elején is éreztették hatasukat.
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Amplitude Versus Offset case study on the Moho

Erné TAKACS* and Zoltan HAINAL**

A deep seismic survey was performed in the south-eastern part of Hungary in 1992. Data ac-
quisition, processing and interpretation were carried out in llungarian-Canadian-Swiss co-operation
with the main purpose of determining the deep structure of lithosphere between two Neogene sub-
basins of the Pannonian basin.

The reflection data collected by the Hungarian Geotraverse Project were suitable for carrying
out Amplitude Versus Offset (AVO) analysis on the reflections from the Mohorovicic discontinuity.
In this study we present our preliminary results on estimating the elastic properties in the surround-
ings of the Moho. We describe the seismic data processing and show the effect of Inverse Velocity
Stacking (INVEST) on the signal-to-noise ratio and AVO response. The AVO inversion process is
detailed and it is shown how an appropriate initial model for the inversion can be constructed with-
out well-log data. Finally we discuss the various parameters such as P-wave velocity, density,
Y-wave velocity (Poisson’s ratio) and rigidity. Interpretation o fthe estimated elasticparameters in-
dicates that there is a weak zone in the vicinity ofthe Moho.

Keywords: Pannonian basin, Mohorovicic discontinuity, AVO inversion, P-waves, 5-waves,
velocity, density, rigidity

1. Introduction

Amplitude Versus Offset (AVO) analysis has been successfully used for
hydrocarbon exploration for some decades. Since OSTRANDER’s basic work
[1984] several authors showed that the use of this methodology enabled the
potential gas traps inside the clastic sediments to be detected. However, ex-
tremely accurate data processing and interpretation are needed. In the last few
years it has been suggested that AVO could also be effective inside carbonates
[e.g. HARVEY 1993] and for deep reflectors [e.g. sSimoN 1998].

Since a reflected P-wave AVO response depends on three parameters —
the P-wave velocity, density, and the S-wave velocity —the output of inver-
sion should be capable of detecting not only the layer content in porous rocks
but also the changes in elastic properties of the Earth’s crust. The task is more
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** Department of Geological Sciences, University of Saskatchewan, 114 Science Place, Saskatoon, SK
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difficult for reflections from deep discontinuities because of the lower signal-
to-noise ratio and the smaller incident angles which are observed from the
deep reflectors. Moreover, well-logging data, which are conventionally used
to build up the initial model for AVO inversion, are not available. However,
these problems can be overcome by a properly designed field survey, accurate
data processing, and an appropriate initial model.

The field measurement system of the Hungarian Geotraverse Project was
designed to investigate the whole lithosphere and even deeper structures [POS-
GAYet al. 1996, HAIJNAL et al. 1996, ANSORGE et al. 1996]. To detect deep re-
flections with good signal-to-noise ratio 50 kg dynamite was used as a seismic
source and signals were received by low frequency (2 Hz) geophones with 100
meter spacing up to approximately 17 km offsets. These recording parameters
enabled information tobe obtained about the elastic parameters using AVO in-
version from a depth range of22-26 km. The upper 40 km part of the Hungar-
ian Geotraverse migrated depth section can be seen in Fig. 1.

2. Data pre-processing for the AVO inversion

In order to be able to perform reliable AVO analysis it is necessary to pre-
serve the relative amplitudes of the reflected signals, therefore during data
processing any steps that might distort the trace-by-trace amplitudes must be
avoided. The pre-processing flow applied to the field data to produce an ap-
propriate input for the AVO inversion is shown in Fig. 2.

Conventional seismic processing steps: trace editing, spherical diver-
gence correction, removing the DC component, CDP sorting, and band-pass
filtering were used before the NMO correction. Because the trace amplitudes
of the low frequency geophones could be distorted by the DC component it
should be subtracted. The amplitude spectrum test indicated that a low-cut fil-
ter with 4 Hz frequency was effective as a means of weakening the ground-roll
without attenuating the Moho reflections. After the NMO correction the pro-
cessing flow was split into two branches: in the first, we stacked the CDP gath-
ers, then trace mixing and scaling were applied to create a brute stack; in the
second, the pre-stack data were prepared for AVO inversion using the HAMP-
SON-RUSSELL AVO software package [1998]. During this process INVEST
(Inverse Velocity Stacking) was applied to the pre-stack data, a common off-
set stack was produced from 12 individual CDPs, and three-trace mixing was
used to get an input for the AVO inversion.

The zone of interest enlarged from the brute stack is plotted in Fig. 3. It
should be noted that we did not intend to produce an excellent stack, but to
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Fig. 2. Pre-processing flow chart
2. dbra. A szeizmikus el6feldolgozas folyamatabraja

carry out a reliable AVO analysis on the pre-stack data. Locations ‘A-E’mark
the sites where AVO responses were studied to check the consistency of seis-
mic data for the analysis — see later (Fig. 7).

Inverse Velocity Stacking (INVEST) was used to attenuate random noise.
The algorithm used in INVEST is the parabolic Radon transform and is based
on modelling the NMO-corrected pre-stack data using a set of parabolic
curves [RUSSELL et al. 1990]. In this study the effect of the INVEST on the
signal-to-noise ratio was tested on the common offset stack created at location
‘C’. The input supergather after the three-trace mixing and the output seismic
data can be seen in Fig. 4. The output consists of two datasets: the noise-free
data and the estimated random noise. A remarkable improvement in the
signal-to-noise ratio took place between the input and the noise-free data.
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@ () ©

Moho

Fig. 4. Inverse Velocity Stacking (INVEST) at location ‘C’: input common offset stack (a),
noise-free data (b), estimated noise (c)

4. dbra. INVEST (Inverse Velocity Stacking) a “C” vizsgalati helyen: bemen6 kozds
offszet szerinti 0sszegszelvény (a), zaj-mentes adatok (b), becsilt zaj (c)

Any processing step that can distort the observed AVO responses must be
avoided before the inversion. RUSSELL et al. [1990] suggest that of the various
2-D noise reduction procedures, the parabolic Radon transform is the most ef-
fective in maintaining the relative amplitude relationships of the primary data.
We tested, however, the effect ofthe INVEST on the AVO responses. Figure 5
shows the AVO responses before and after Inverse Velocity Stacking. It can be
seen that the parabolic Radon transform has suppressed the random noise but
has not distorted the amplitude versus offset trend. Except for the three-trace
mixing on the common offset stack no smoothing was applied on the observed
AVO responses.

As a result of our data preparation, five common angle stacks marked
‘A-E’ are shown in Fig. 6. Offset-angle conversion was carried out using an
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Fig. 3. Enlarged brute stack for the zone of interest with the analysis locations ‘A-E’
3. abra. Kinagyitott nyers 0sszegszelvény az “A-E” vizsgalati helyek feltiintetésével
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Amplitude

Offset

Fig. 5. Observed AVO responses from the Moho at location'C’: before INVEST (a),
after INVEST (b)

5. dbra. A Moho-rdl észlelt AVO valaszok a “C” vizsgalati helyen: INVEST el6tt (a),
INVEST utan (b)

interval velocity model created by earlier reflection and refraction processing
of deep seismic data [POSGAY et al. 1995, 1996]. The Moho can be seen on
each common angle stack as a strong reflection and has a good signal-to-noise
ratio. Moreover, it can be seen that the maximum incident angle from the
Moho is approximately 20 degrees, which is sufficient to get information
about the elastic parameters from the AVO responses, see later.
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Fig. 6. Common angle stacks at locations ‘A-E’
6. abra. Koz0s szog szerinti 0sszegszelvények az “A-E” vizsgalati helyeken

To study the consistency of the field data, AVA (Amplitude Versus An-
gle) responses were produced at locations ‘A-E’. In Fig. 7 the AVA responses
observed from the top of the basement and from the Moho are balanced using
the least squares algorithm. We can conclude that the AVA responses from the
basement are more variable than those from the Moho. The reason is that the
top ofthe basement has a significant slope between locations ‘A-E’. The AVA
responses from the Moho are quite similar regarding their intercept and curva-
ture; for this reason we concluded that the consistency of the seismic data is
suitable for AVO inversion in the zone of interest. It is pointed out, that AVO
and AVA are synonymous phrases in the case of an appropriate velocity
model. However, if one compares amplitude responses from different depths
AVA responses should be used.
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Amplitude

Incident angle

Fig. 7. Observed AVA responses after least squares method fitting at locations ‘A-E’

7. dbra. Eszlelt AVA valaszok legkisebb négyzetes kiegyenlités utan az “A-E” vizsgalati
helyeken

At the end of data preparation the common offset stack produced at loca-
tion ‘C” was chosen for AVO inversion because of its relatively central loca-
tion on a strong reflection from the Moho.

3. AVO modelling for the Moho

Before the inversion process we analysed how sensitive a theoretical
AVO response from the Moho was to change in the Poisson’s ratio (i.e. P- and
S-wave velocity ratio) as well as the density. This was important in terms of
whether we can estimate elastic parameters from the observed AVO re-
sponses. Preliminary assumptions about the P-wave velocity, density and
Poisson’s ratio supplied the parameters of the two-layer models. The model
parameters that were applied are shown in Table I.

The reflection coefficient as a function of the incident angle is plotted in
Fig. 8. Here keeping the P-wave velocities and densities fixed we changed the
Poisson’s ratio of the second layer. The curve in the middle corresponds to the
case when there is no Poisson’s ratio contrast at the Moho (cti = cr2), the upper
one marks a positive (gi <a2) and the lower one a negative (gi > g2 Poisson’s
ratio contrast. The zero-offset acoustic impedance contrast is a positive value
in each case. Results of a similar analysis are plotted in Fig. 9, but here we
changed the density of the second layer. The lowest curve corresponds to the
case when there is no density contrast at the Moho (pi = p2), the two others
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mark positive (pi < p2) density contrasts. In these cases the Poisson’s ratio
contrast is zero.

P-wave velocity Density Poisson’s ratio
Vp (mis) P (g/cm3 a
. 1st layer 7700 2.80 0.26
Fig. 8 2rd layer 8100 282 0.22; 0.26; 0.30
Fig. 1st layer 7700 2.80 0.26
2nd layer 8100 2.80; 2.90; 3.00 0.26

Table I. Parameters for two-layer AVO modelling. Italicized values were changed to study
the effect of Poisson’s ratio and density on theoretical AVO responses from the Moho

1 tablazat. Kétréteges AVO modellezés paraméterei. A délt betls értékeket megvaltoztatva
tanulmanyoztuk a Poisson hanyados és a siir(iség hatasat a Moho-rol érkez6 elméleti AVO
vélaszokra

ol<ii2
cl=a2
cT1>a2

Fig. 8. Sensitivity analysis for Poisson’s ratio
8. dbra. A Poisson hanyadosra vonatkoz6 érzékenység vizsgalat

From all of these curves we can conclude that a theoretical AVO response
from the Moho is sensitive to changes in Poisson’s ratio and in density. The
Poisson’s ratio contrast has a significant effect on the gradient of the AVO re-
sponse, and the density contrast on the intercept. It is mentioned here that a
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pl<p2
pl<p2

pl=p2

Fig. 9. Sensitivity analysis for the density
9. abra. A s(riiségre vonatkoz6 érzékenység vizsgalat

relatively small change in the Poisson’s ratio can change the AVO response
from the Moho from a decreasing to an increasing trend in the observed inci-
dent angle range. Of course, the real seismic data are disturbed by noise, but if
one uses an appropriate noise elimination and inversion algorithm AVO
analysis may be able to get information about the S-wave velocity (Poisson’s
ratio) parameters from the depths of the Moho.

4. AVO inversion at location ‘C’

The AVO inversion flow chart is shown in Fig. 10. The data pre-
processing discussed above resulted in a common offset stack at location ‘C’
as one of the inputs for the inversion. The other input is an initial model con-
sisting of P-wave velocity, density, and P-wave velocity (or Poisson’s ratio)
parameters. Usually well-logs provide these data which are edited and
blocked before the inversion. In this study the P-wave velocity and density
parameters were obtained from adjusting synthetic seismic traces to the near
zero-offset trace of the common offset stack.

The time window for the analysis was 8100-9400 ms. After extracting a
wavelet from the common offset stack, the next step was the initial model
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Fig. 10. AVO inversion flow chart
10. dbra. Az AVO inverzié folyamatabraja

building. The basis for this procedure was the P-wave interval velocity model
produced by earlier velocity determinations from the surface down to the as-
thenosphere [POSGAY et al. 1995, 1996]. This macro-model was modified
step-by-step in the zone of interest adding layers to the original one to match
the synthetic to the near zero-offset observed trace. In order to decide whether
a positive or negative zero-offset reflection coefficient should be applied we
keep in view, on the one hand, that the positive or negative phase of the ob-
served reflections has higher amplitude on the amplitude envelope of the com-
mon offset stack at near zero incidences (Fig. 11). On the other hand, we
forced a good fit of the synthetic and the near zero-offset real data, and this re-
quired the assumption of some boundaries with negative zero-offset reflection
coefficient in the zone of interest as well.

In the way detailed above a ten-layer P-wave velocity start model was
built up in the zone of interest. Density parameters for the initial model were
computed from the P-wave velocities using an empirical relation [LINDSETH
1979]. In addition, for the initial model we chose a constant 0.26 value of the
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Fig. 1. Common offset stacks: wiggled traces fa), amplitude envelope (b)

Il. dbra. Kozos offszet szerinti 0sszegszelvények: csatorna megjelenités (a),
amplitddé burkol6 (b)
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Poisson’s ratio; this is an acceptable average value for the lower crust and the
uppermost mantle [wALTHER 1993, CHRISTENSEN 1996, MOONEY 1998]. Be-
fore the inversion 5-wave velocities were computed from the P-wave velocity
values using this constant Poisson’s ratio. Figure 12 shows the P-wave veloc-
ity, density, 5-wave velocity and Poisson’s ratio values for the initial model as
well the synthetic and measured near zero-offset trace in the zone of interest.

The initial model does not generate exact AVO responses because it was
built up using a near zero-offset observed trace. Moreover, the 5-wave veloci-
ties, which determine the gradients of the AVO responses, are based on a con-
stant average Poisson’s ratio. We expected to produce those Poisson’s ratio
(5-wave velocity) values from the inversion which would result in the best fit
between the synthetic and the real AVO responses. In this study a HAMPSON-
RUSSELL AVO algorithm [1998] was utilized, which computes the objective
function in accordance with DAHL and URSIN [1991] and minimizes it using a
conjugate-gradient method published by PRESS et al. [1988]. In addition, the
algorithm allows one to constrain the inversion by deciding which parameters
can change and by how much. These limits were determined by carrying out
an inversion parameter test. Finally we chose an approximately 3% maximum
change for the P-wave velocity and also the density in the zone of interest, as
well as a 6% one for the 5-wave velocity. The greater maximum change of the
5-wave velocity was permitted for the inversion because we had no detailed
information concerning the 5-wave velocity, except the supposed 0.26 aver-
age value of the Poisson’s ratio in the zone of interest. The inversion process
became stable after eight iterations and the initial model error improvement
was about 50%. The results of inversion can be seen in Figs. 13 and 14.

Any inversion algorithm modifies iteratively the parameters of the model
to improve the correspondence between the calculated synthetic model and
the real data. It guarantees that at every iteration the synthetic will better
match the real data, but it does not guarantee that the final result is correct. For
this reason we plotted all the inverted and the observed AVO responses from
the boundaries assumed in the zone of interest and compared the synthetic and
real AVO responses with each other. Figure 15 shows some of the real and in-
verted synthetic AVO responses (I11, 1V, V and VI) in the vicinity of the Moho.

5. Discussion

As aresult ofthe data processing and AVO inversion process presented in
this study we created a ten-layer model including P-wave velocity, density,
and 5-wave velocity (Poisson’s ratio) parameters for the vicinity of the Moho.
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Fig. 15. Real and inverted AVO responses in the vicinity of the Moho
15. abra. Eszlelt és invertalt AVO valaszok a Moho kérnyezetében

Comparing our resulted parameters with the values published by WALTHER
[1993], Christensen [1996] and Mooney [1998], we can conclude that
these are quite similar regarding the » - and Y-wave velocities. However, in re-
spect of the density we have lower values than the published ones.

Lots of empirical relations are known between the P-wave velocity and
density [GARDNER 1974, LINDSETH 1979, MENGEL and KERN 1992, Ye-
GOROVA 1995]. The Gardner and the Lindseth equations are usually used for
sedimentary rocks and they provide lower density values than the others. In
this study, however, for practical and theoretical reasons we applied the Lind-
seth relation. On the one hand, the Hampson-Russell AVO software package,
(which is worked out excellently for hydrocarbon exploration), allows one to



108 Ern6 Takacs - Zoltan Hajnal

use either the Gardner or Lindseth equations; on the other hand, the anoma-
lously high heat-flow beneath the Pannonian Basin could result in lower den-
sity values than those that generally exist at the depth of the continental Moho
[YEGOROVA 1995]. It should be pointed out that even if we cannot expect
AVO inversion to determine precisely the real values of elastic parameters, the
estimated trends might be correct. An AVO response is sensitive to the relative
changes of the elastic parameters rather than their absolute values.

To interpret the elastic parameters estimated using AVO inversion, rigid-
ity values were produced by the relations

V=VS2P

where p is the rigidity, Vs is the S-wave velocity and p is the density.

In Fig. 16 the rigidity values obtained are plotted against depth, and they
indicate a weak area in the zone of interest. A macro-scale profile of strength
across the continental lithosphere redrawn after MOLNAR [1988] is shown in
Fig. 17 for comparison. Although our analysis window had a depth range of
only 22-26 km, similar trends can be clearly seen in the vicinity ofthe Moho.

Rigidity (107km2sa‘g/cc) Strength

2 3 4 5 6 7 8

Fig. 16. Change of rigidity in the zone of  Fig. 17. Change of strength across continental
interest at location ‘C’ lithosphere [redrawn after Molnar 1988]
16. abra. A nyirasi szilardsag valtozasa a  17. dbra. Szilardsag valtozasok a kontinentalis
vizsgalati zénaban a “C” helyen litoszféraban [Molnar 1988 utan]
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6. Conclusions

On the basis of the studies carried out, the following (geological and
methodological) conclusions can be drawn:

a) Preliminary interpretation of the elastic parameters estimated using AVO
inversion indicates that there is a weak zone in the vicinity ofthe Moho.

b) INVEST (Inverse Velocity Stacking) is a very effective processing step to
attenuate the random noise and it does not distort the AVO responses.

c) An appropriate initial P-wave velocity and density model can be built up for
the AVO inversion by matching synthetic traces to the near zero-offset ob-
served trace.

d) AVO inversion is aviable means of estimating the S'-wave velocity (or Pois-
son’s ratio) parameters in the vicinity of the Moho if a carefully pre-
processed seismic data set and suitable initial model are used.
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Az AVO analizis alkalmazasa a Moho mélységtartoméanyaban
Takacs Erng és Hajnal Zoltan

1992-ben Magyarorszag DK-i részén mélyszeizmikus méréseket hajtottunk végre. Az adat-
gydjtés, feldolgozas és értelmezés magyar-kanadai-svajci egylttmiikddésben tortént. A munka 6
célja a Makoi-arok és a Békési-medence kozotti litoszféra mélyszerkezetének vizsgalata volt.

A Hungarian Geotraverse Project keretében gydijtott mélyreflexids adatok alkalmasak voltak
AVO (Amplitude Versus Offset) inverzi6 végrehajtasara is. Cikkiinkben azokat az el6zetes eredmé-
nyeinket targyaljuk, amelyek a Mohorovicic diszkontinuitas kérnyezetében becsiilt rugalmassagi
paraméterekre vonatkoznak. Bemutatjuk a szeizmikus adatfeldolgozas Iépéseit, valamint az
INVEST (Inverse Velocity Stacking) hatasat ajel/zaj viszonyra és az AVO valaszokra. Elemezziik
az AVO inverzi6 folyamatat, illetve azt a modszert melynek segitségével — mélyfuras-geofizikai
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adatok nélkil — megfelel6 kezdeti modellt épithetiink fel az inverziéd végrehajtasahoz. Végiil
értékeljik a szamitott kdzetfizikai paramétereket, azaz a P-hullamok sebességét, a slrliséget, az
Shulldmok sebességét, valamint a nyirasi szilardsagot. A becsiilt rugalmas paraméterek aztjelzik,
hogy a Moho mélységtartomanyaban egy g)>enge nyirasi szilardsagii zéna talalhatd.
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