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FOREWORD

Basin analysis is a comprehensive approach to decipher
the geological evolution of a basin by constructing the
stratigraphic framework and facies relationships, by
mapping and understanding the geological structures in
light of their historical development, and by examining
the physical and chemical properties of rocks and their
sedimentological and petroleum attributes. The purpose
of the analysis is to identify potential source rocks and
reservoir rocks, and to evaluate the maturation, genera-
tion, migration, and entrapment of hydrocarbons in a
sedimentary basin.

This book is a compendium of chapters reporting on the
results of a basin analysis of the Békés basin, a subbasin
of the Pannonian Basin system in Hungary. The study,
carried out in 1986-87, was conducted at the request of
the Hungarian Oil and Gas Company (then called OKGT,
and now MOL Ltd.) and the World Bank as part of a
broader program designed to improve oil and gas explo-
ration in Hungary. The work was accomplished by a
joint effort of the Hungarian Oil and Gas Company and
the U.S. Geological Survey.

The original evaluation of the Békés basin contained
information on possible structural and stratigraphic tar-
gets, but for reasons of confidentiality, this information
is omitted in this volume.

The Békés basin covers an area of about 4000 km? in
southeastern Hungary and continues eastward into Ro-
mania (see Fig. 2, Kovécs and Teleki, this volume). In
Hungary, the basin is bounded on the north, west and
south by buried basement highs composed of igneous and
metamorphic rocks that range in age from Precambrian
to Mesozoic. Seventeen oil and natural gas fields are
associated with these peripheral basement highs. The
thickness of Neogene and younger sedimentary deposits
in the basin varies from 1000-2600 m along its periphery
to as thick as 6500 m in central parts of the basin. The
area has an average surface elevation of 85-90 m above
sea level and is part of the Great Hungarian Plain. As
this name implies, topographic relief is minor.

The Békés basin is one of many small subbasins in the
larger Pannonian Basin (Royden and Horvath, 1988),
most of which are bounded in the subsurface by basement
blocks. The Pannonian Basin system, composed of these
subbasins, is a Mediterranean back-arc basin that formed
behind the Carpathian mountain chain (Horvath, 1988).
The subbasins developed as a result of relatively rapid
differential subsidence of thinned crust, beginning in

xi

mid-Miocene time and continuing to the present (Stegena
and others, 1975; Horvath and Royden, 1981; Royden,
1988). The relatively undeformed cover of mid-Mio-
cene to Recent sedimentary rocks, as thick as 7 km, hides
a basement complex that was extensively deformed by
Mesozoic thrusting and subsequently by a complex sys-
tem of normal and wrench faults (Channel and Horvath,
1976; Horvath and Royden, 1981; Royden and others,
1982; Balla, 1985, 1987; Royden, 1988). The structural
complexity of the region is the result of Cretaceous to
Miocene convergence and collision of the European plate
with several small continental fragments to the south
(Royden and Baldi, 1988). These tectonic processes
have strongly affected the occurrence of mineral re-
sources, including oil and natural gas (Pogacsas, Mattick,
Tari, and others, this volume).

Worldwide interest in the Pannonian Basin by geosci-
entists increased during the past two decades. The rea-
sons are four-fold: (1) the desire to increase the exchange
of information between scientists of the West and those
of Central and Eastern Europe; (2) the interest in a unique
geological basin used as a model in the classification of
basins (Bally and Snelson, 1987); (3) the increasing
interest in testing and probing concepts of the earth’s
evolution on regional, as well as global scales; and (4)
the economic need in Central and Eastern Europe to
develop mineral resources requiring the use of modern
methods available through using Western sources. An
example of (1) can be found in Killényi and Teleki
(1985), (2) in Foldvary (1988), (3) in Royden and
Horvath (1988), and (4) in this volume.

In this volume, we summarize the petroleum geology
of the Békés basin with respect to its geological setting
in the Pannonian Basin. In mid-1991, petroleum produc-
tion in Hungary amounted to 1.89x10° metric tons/day
of oil and 5.2x10° m3/day of natural gas, with the Békés
basin contributing about 3% of the total oil production
and 11.5% of the natural gas production. Although Hun-
gary’s production of oil and gas is small by world stand-
ards, the country is able to satisfy approximately 25% of
its oil and 50% of its natural gas demand - significant
percentages for a small country in the midst of economic
change.

The Pannonian Basin is highly explored by world
standards. Exploration began in 1915, when the Eotvos
torsion balance was used to measure the earth’s gravita-
tional field (Kovacs and Teleki, this volume). Since that
time, more than 11,000 km of drilling in wildcat, stepout,
and production wells have been accomplished, and over
40,000 km of multifold seismic-reflection profiles have
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been collected in Hungary. Several areas, however, re-
main relatively unexplored, such as the Mesozoic section
throughout Hungary, and the Paleogene basin in north
Hungary (Pogécsas, Mattick, Tari, and others, this vol-
ume).

Much of the present hydrocarbon production of Hun-
gary is from middle Miocene (Badenian and Sarmatian),
synrift sedimentary rocks and middle Miocene-Pliocene
(Pannonian sensu lato), postrift sedimentary rocks. The
synrift sedimentary rocks represent two cycles of sedi-
mentation separated by an unconformity at the margins
of the basin (Szentgyorgyi and Teleki, this volume).
Early Badenian time is characterized by a continuous
transgression of shallow, marine waters, and late Bade-
nian time by a regression. From the beginning of Sarma-
tian time, the Pannonian Basin was isolated from the
Eastern Paratethys and the salinity of the basin’s waters
decreased (Szentgyorgyi and Teleki, this volume). Fol-
lowing a regression of the sea in late Sarmatian-early
Pannonian (sensu lato) time, subsidence accelerated in
the area of the Békés basin and postrift sediments were
deposited in a deep, lacustrine environment (Mattick and
others, this volume). The postrift sedimentary rocks of
Hungary are probably developed best in the Békés basin,
where synrift sediments are relatively thin (Grow and
others, this volume; Mattick and others, this volume).

Interpretation of cores, well logs and seismic-reflection
profiles from the 6500-m-thick postrift section indicates
that the Neogene postrift history of the Békés basin was
one of the last episodes of filling of the Pannonian basin.
Mapping of seismic sequences shows that, during this
time, the river systems had advanced to the area of the
Békés basin, and then contributed to a rapid deltaic filling
of an initially wide and relatively deep lake. With time,
sediment deposition became more and more localized as
the areal extent of the progressively shallowing basin
became restricted (Mattick and others, this volume). The
sedimentary rocks and sedimentary processes are related
to 3 major facies of lacustrine sedimentation (Phillips and
others, this volume; Molenaar and others, this volume):
(1) basal calcareous to silty organic-rich marl, (2)
prodelta turbidites, and (3) delta-slope deposits. The
relative chronostratigraphy of late Miocene and Pliocene
deposits in the Békés basin can be correlated with depo-
sition in the larger Pannonian Basin by the correlation of
high-resolution magnetic polarity records from 4 con-
tinuously-cored drill holes (Elston and others, this vol-
ume; Pogécsas, Mattick, Elston, and others, this volume).
This work, however, suggests that the chronostrati-
graphic framework and the model for timing of the

accumulation of late Miocene and Pliocene deposits in
the Pannonian Basin needs revision.

Geochemical analyses indicate that synrift (Badenian
and Sarmatian) and postrift (lower Pannonian) shales and
marls in the deeper parts of the Békés basin and adjacent
basins are the probable source of the natural gas and oil
produced in the Békés basin (Szalay, 1988; Clayton and
Koncz, this volume; Clayton and others, this volume).
These rocks contain predominantly type III (gas-prone)
kerogen and it is not surprising, therefore, that chiefly
natural gas is produced in the Békés basin with only
minimal amounts of oil. The source rocks are inferred to
have passed into the oil generation window about 8
million years ago when, in the deep troughs, fluid migra-
tion was downward and/or lateral due to overpressuring
(Spencer and others, this volume). Upward migration of
oil and gas appears to have occurred mainly in areas of
maximum basement relief on the periphery of the Békés
basin where the oil and natural gas fields have been
discovered.

Reservoir rocks range in age from Precambrian to late
Pliocene in the Békés basin. In the deepest reservoirs,
fractured igneous and metamorphic rocks of the base-
ment complex and fractured and brecciated synrift sedi-
mentary rocks form a common oil and gas reservoir
(Spencer and others, this volume; Kovacs and Teleki, this
volume). Above this zone, oil and natural gas are pro-
duced from reservoirs composed of lower Pannonian
conglomerate, calcareous marl, and sandstone. Small
amounts of natural gas are also produced from upper
Pannonian sandstones; part of this gas is of biogenic
origin (Clayton and Koncz, this volume).

Production of oil and natural gas is from relatively
simple structures, namely compaction anticlines cored
by basement rocks, in the Békés basin. In other areas of
Hungary, however, production of oil and natural gas is
from a wide variety of structural, stratigraphic, and com-
bination traps (Pogacsas, Mattick, Tari, and others, this
volume).

Deep exploration for oil and gas in central parts of the
Békés basin has been relatively unsuccessful to date
(Kovics and Teleki, this volume; Spencer and others, this
volume). The deepest well, Békés-2, was drilled to a
total depth of 5500 m (Grow and others, this volume; Lee
and others, this volume). This well penetrated 2161 m
of Mesozoic rocks but no hydrocarbon shows were re-
ported. For the most part, only methane gas shows,
mixed with CO2 and commonly accompanied by salt
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water, have been encountered at depths greater than 3000
m.

In spite of the fact that the Pannonian Basin in Hungary
is a highly explored region, relatively unexplored plays
remain. In the Békés basin, the best targets for future
exploration are stratigraphic traps on the downdip flanks
of currently producing structures between depths of
3000-4000 m (Clayton and Koncz, this volume; Spencer
and others, this volume). Although the limited-scope
exploration of the Mesozoic section in the Békés basin
has been disappointing, it must be restated, that this part
of the stratigraphic section here, and in other parts of
Hungary as well, remains relatively unexplored. At the
Nagylengyel field, in Western Hungary, oil and natural
gas are produced from Cretaceous rocks that are believed
to have been charged from underlying, organic-rich Tri-
assic source rocks (Clayton and others, this volume). In
the Vienna basin of Austria, natural gas is produced from
tightly folded and thrusted Mesozoic rocks (Wessely,
1988). Thrust-related structures are probably ubiquitous
in the Mesozoic section of the Pannonian Basin (Royden,
1988; Grow and others, this volume), yet, these struc-
tures are difficult to recognize on reflection seismic
profiles. A few high-amplitude reflections from the
Mesozoic section appear to occur below and parallel to
the major thrust faults and probably represent fracture
zones associated with complex Mesozoic decollement
folds as inferred from the vertical seismic profile (VSP)
studies of Lee and others (this volume) and Miller and
Véges (this volume).

An assessment of the recoverable, undiscovered re-
sources of the Békés basin suggests that 5.22x10° metric
tons of oil and 18.05x10° m of natural gas remain to be
discovered in 12 plays in the Békés basin (Charpentier
and others, this volume). These estimations were made
with the help of a package of computer programs (FAS-
PUM) based on analytical probabilistic methodology and
developed by Crovelli and Balay (this volume).

Asnoted by Royden and Horvath (1988), confusion has
been created by the usage of the term "Pannonian" both
for a late Miocene biostratigraphic stage defined by Papp
(1953) and, throughout Hungary, for a stratigraphic se-
quence that begins at the base of Papp’s Pannonian
biostratigraphic stage and includes rocks up to latest
Pliocene age. In this volume, we follow the terminology
used by Royden and Horvath (1988) that distinguishes
between the two usages by referring to the former as
"Pannonian sensu stricto" (Pannonian s.s.) and the latter
as "Pannonian sensu lato (Pannonian s.1.)". This classi-
fication has been further compounded in Hungary by

dividing the Pannonian (s.1.) into two parts (Lower Pan-
nonian and Upper Pannonian) based on rock lithology.
This lithologic boundary has been shown to be strongly
time-transgressive (Mattick and others, 1985). To mini-
mize confusion in stratigraphic nomenclature, we use the
terms "lower Pannonian” and "upper Pannonian", when
the distinction between the units is based on lithology.

Commonly, the term "Miocene rocks" in Hungary is
applied to rocks of Miocene age that are older than
"Pannonian s.1.". Again, in order to avoid confusion, we
refer to Miocene age rocks that are older than "Pannonian
s.L." either as pre-Pannonian Miocene rocks, or by the
appropriate stage names (typically, Badenian or Sarma-
tian in the Békés basin).

On behalf of all the authors, we wish to thank MOL Ltd.
for allowing publication of their data. We also wish to
express our appreciation to Dr. Gyorgy Szabd, Vice-
President of the former OKGT (now MOL Ltd.), Dr. Béla
Bardécz, Chief Geologist of MOL Ltd., Dr. Kéroly Mol-
ndr, General Manager of the Geophysical Exploration
Company (GKV), and Mr. Niels Fostvedt and Dr. Anton
Smit of the World Bank for their patient and generous
support of this study. The cooperation of many other
colleagues from the GKV, MOL and the USGS is also
appreciated , and in this regard special thanks are due to
Janos Rumpler of GKV, who was instrumental in making
seismic data and their interpretations available, to Eles
Zsolt of MOL Ltd., who assisted in a major way in
compiling this book, and to the drafting staff of the GKV
for the many figures in this volume.

We hope that the results will serve well the interests of
those involved in the study and exploration of Pan-
nonian-type basins everywhere in the world.

Paul G. Teleki  Robert E. Mattick Jdnos Kékai
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1 Structure of the Békés Basin Inferred
from Seismic Reflection, Well and
Gravity Data

John A. Grow RobertE Matttck Aniko Berczt-Makk Csaba Pero Dénes Ha]du s
Gyorgy Pogacsas Péter Virnai® and Ede Varga

ABSTRACT

The Békés basin (areal extent 3900 kmz) is a northwest-trending, Neogene basin located in southeast Hungary. The
basin contains over 6500 m of synrift and postrift sedimentary fill. Middle Miocene synrift deposits are relatively thin
and no Paleogene rocks have been reported to be present. The prerift section (basement) is composed of Mesozoic
carbonate and clastic rocks and Paleozoic and older volcanic, igneous and metamorphic rocks. The Mesozoic rocks
represent dominantly shallow-water environments and are up to 5000 m thick in the Békés-Doboz Mesozoic trough and
2000 m thick in the Battonya-Pusztaféldvar Mesozoic trough.

In the basement numerous examples of a repeated section occur, as reported in exploration well reports, and these are
inferred to have resulted from overthrusting. At the Tétkomlos-1 well, Triassic rocks overlie Jurassic rocks, and at the
Békés-2 well, Triassic and Jurassic rocks overlie Cretaceous rocks. Nappes composed of Paleozoic and older rocks
overlying Mesozoic rocks have not been reported; the interpretation of seismic data, however, indicates that such nappes
could be present.

Mesozoic nappes in the basement occur primarily in two parallel, northeast-southwest-trending belts. Rock units of
the southern belt (Battonya-Pusztafoldvar trough) can be correlated to lithologic successions in the allochthonous Codru
nappes of the Apuseni Mountains of western Romania. Rock units in the northern belt (Békés-Doboz trough) can be
correlated to lithologic successions in the Bihor autochthon of the northern Apuseni Mountains.

A gravity model constructed across the eastern part of the Békés basin near the Hungarian-Romanian border, indicates
that the crust near the axis of the Békés basin is composed of either dense (mafic?) rocks and/or that the mantle lies at
relatively shallow depth. The dense rocks may represent fragments of a Mesozoic oceanic crust, and, as such, may be
similar in composition to the ophiolites in the Apuseni Mountains. An alternate possibility is that rocks of high density
were intruded into the crust during an extensional phase in Neogene time.
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Along the northwest boundary of the Békés basin, several northeast-southwest-trending, buried, basement ridges and
small troughs occur. These appear to be associated with a middle-Miocene, left-lateral, strike-slip fault zone.
Quantitative estimates of the amount of strike-slip movement cannot be made using the existing seismic reflection and
well data. Above several of the basement ridges, listric normal faults are present. These faults are inferred to have
resulted from differential compaction of sediments, and not from reactivation of strike-slip faults.

Figure 1. Major tectonic units of the inner Carpathians showing Békés basin (BB) and tentative correlations be-
tween units in west Carpathians (WC) and Apuseni Mountains (4) and between south (SC) and east Carpathians
(EC) (modified from Fig. 3 of Burchfield and Royden, 1982, and Sandulescu, 1975, 1980, 1988). Correlations can-
not be made from the Apuseni Mountains to the south or east Carpathians. Unit shown in black is Pieniny klippen
zone and vertical lines indicate ophiolites in the southern Apuseni Mountains. M: Moesian platform; Sz: Szolnok

trough (subsurface).

INTRODUCTION

The Békés basin is a northwest-southeast-trending
trough in southeast Hungary and has an areal extent of
3900 km?. The basin is more than 6500 m deep and is
filled with sedimentary rocks of Neogene age (Figs. 1
and 2). The basin is one of several subbasins in the

Pannonian Basin. The geographical location of the
Békés basin is the Great Hungarian Plain which has an
average elevation of about 100 m above sea level and
nominal topographic relief.

Prior to the formation of the Békés basin, Paleozoic and
Mesozoic sedimentary rocks, which now form the base-
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Figure 2. Map showing sediment thickness map above the base of the Miocene in the Carpathian region, and loca-
tions of Békés basin (BB) and Hédmezévdsdrhely-Mako trough (HM) (modified from Fig. 2 of Royden and others,
1983). Contour interval = I km. Other basins: S: Sava; Dr: Drava; Z: Zala; G: Graz; D: Danube; V: Vienna; P:
Pannonian; Tc: Transcarpathian; Ts: Transylvanian; Sz: Szolnok trough. Dashed lines show outcrops of pre-Neo-
gene rocks. The numerical values (e.g., 13-3) are age ranges (x1 o° years) of Neogene volcanic centers from Pcéka
(1982). The term "Pannonian basin" sometimes includes parts of the Danube and Drava basins, and areas in be-
tween, but in this paper we use it to designate only the subsided area to the east of the Danube; i.e., the Békés basin
and Hédmezévdsdrhely-Mako trough and the smaller basins to the north.

ment, were thrust northward in the area of the present
western Carpathians and Apuseni Mountains of western
Romania (Bleahu and others, 1981). In western Roma-
nia, numerous thrust sheets or nappes developed. These
nappes consist of a lithologically heterogeneous assem-
blage of shallow-water carbonates, crystalline gneisses,
deep-water clastics, and ophiolites (Fig. 1). Late Creta-
ceous(?) and Paleogene rocks are absent in the Békés
basin, but were penetrated by wells in the Szolnok trough
to the north (Fig. 1) and occur elsewhere in the Carpa-
thian Mountains (Burchfiel and Royden, 1982).

In middle-to-late Miocene time the Pannonian basin
began to subside rapidly, probably as a result of li-
thospheric extension that was coupled to outward thrust-
ing of the Carpathian arc. This orogenic phase was
followed by cooling of the lithosphere and its loading by
sediments (Sclater and others, 1980). Most of the defor-
mation appears to be characterized by strike-slip faulting,
whereby oblique extensional and compressional zones
alternate locally between the strike-slip zones (Royden
and others, 1982; Royden and others, 1983; Royden,
1988). During this phase of extension and subsidence,
numerous depocenters began to develop. For the most
part, these depocenters contain less than 3000 m of
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Figure 4. (a) Simplified extensional graben containing prerift, synrift and postrift sediments. (b) Simplified model
of the Békés basin with relatively thin synrift deposits and rounded (planed) basement (prerift rocks) surface.

sediment, but local sediment accumulations exceed 6000
m (Fig. 2).

Recent tectonic interpretations of the Pannonian Basin,
such as that by Rumpler and Horvéth (1988), indicate that
acomplex system of east-northeast-trending, left-lateral,
strike-slip faults occur in the area northwest and outside
of the Békés basin (Fig. 3). According to Balla (1985,
1990), crustal blocks were rotated within the Carpathian
orogenic loop and the Pannonian Basin during Neogene
time, and these may be analogous to rotations within the
San Andreas strike-slip system of California where
blocks have experienced a rotation of 30-90° during the
Neogene (Hornafius and others, 1986). The Békés basin
is most likely part of this complex zone of Neogene
strike-slip faults resulting from oblique extension, and
has probably also undergone oblique compression and
rotation. Although the magnitude of strike-slip displace-
ment cannot be estimated in the Békés basin, it is possible
that the scale of displacement is similar to the 80-km
long, left-slip displacement along northeast-southwest-
trending faults in northwestern Hungary estimated by
Royden (1988). Generally, the Neogene-age faults in the
Pannonian Basin are either low-angle listric or detach-
ment faults (Royden and others, 1983; Pogacsas, 1985;
Rumpler and Horvéth, 1984, 1988) that may, in some
cases, represent partial reactivation of early Late Creta-
ceous-age thrust faults.

Extensional terranes and Atlantic-type continental mar-
gins commonly display three kinds of sedimentary se-
quences (Fig. 4a): (1) sedimentary rocks deposited be-
fore the onset of rifting referred to as "prerift sediments",
(2) sedimentary rocks deposited during active rifting
known as "synrift sediments", and (3) sedimentary rocks
deposited after the cessation of rifting that are called"
postrift sediments”. Each type of sedimentary sequence
may vary in thickness or be absent altogether, depending
on several factors, such as existing geologic structures,
rate and duration of crustal extension, quantity of sedi-
ment supply, and variations in climate. Where both
prerift and synrift sediments are present, they are sepa-
rated commonly by a "rift onset unconformity" (Falvey,
1974). In typical extensional grabens, the synrift depos-
its dip into listric normal faults in a fan-shaped pattern,
signifying that deposition took place contemporaneously
with rifting and faulting (Bally and others, 1981). When
extensional rifting terminates abruptly, postrift sedi-
ments are deposited unconformably on the synrift sedi-
ments (Fig. 4a). Such an unconformity, referred to as the
"postrift unconformity" (Grow and Sheridan, 1988; Klit-
gord and others, 1988), between the synrift and postrift
sedimentary sequences is usually well developed. Oth-
ers authors, such as Falvey (1974), prefer the term
"breakup unconformity".

The Mesozoic and older rock sections in the Békés
basin comprise the prerift sequence as evidenced by a
well-developed erosional unconformity between the
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Mesozoic-Paleozoic section and the superimposed basin fill
of middle Miocene to Holocene age (Phillips and others, this
volume; Szentgyorgyi and Teleki, this volume), and the fact
that the Mesozoic and older basement units have been sub-
jected to compression and subsequently to extension prior to
the deposition of middle Miocene-Holocene sediments.

The boundary between synrift and postrift deposits, al-
though difficult to deduce from seismic data, is placed at the
Sarmatian-Pannonian boundary (postrift unconformity of
Fig. 4b). Badenian and Sarmatian rocks (16.5-12 Ma) are
inferred to comprise the synrift sequence, and overlying
Pannonian and younger rocks the postrift sequence. In the
area of the Pannonian basin system, the period of active
rifting and extension lasted from early Miocene (22 Ma) to
Plio-Pleistocene, the active zone of which shifted eastward
(Royden, 1988). In the area of the Békés basin, active rifting
is thought to have taken place in middle Miocene time
(Badenian and Sarmatian stages, 16.5-12 Ma). During this
period, relatively thin synrift sediments (0-275 m where
penetrated by wells on the periphery of the basin and, per-
haps, 1000 m in the deepest parts of the basin as estimated
from seismic data) were deposited in shallow marine and
brackish-water environments. An unconformity or discon-
formity may separate the synrift and postrift sequences.
According to Szentgyorgyi and Teleki (this volume), the
absence of Sarmatian sediments in some areas indicates that
erosion took place in pre-Pannonian time. In the deep, cen-
tral parts of the basin, the Sarmatian-Pannonian boundary
may be marked by a period of non-deposition. Although
Mattick and others (this volume) report little or no unconfor-
mable relation at the base of the Pannonian section in the
deepest, central parts of the Békés basin based on the inter-
pretation of seismic data, Pogacsas and others (this volume)
report that little or no sedimentation occurred in the time
period 12-9 Ma. All of these authors agree, however, that the
Sarmatian-Pannonian boundary represents a change from
shallow-water to deep-water deposition - from water depths
of less than 200 m to as deep as 1000 m (Mattick and others,
this volume) - and that no other unconformities exist in the
Pannonian section in central parts of the Békés basin.

The Békés basin is an atypical extensional basin in that it
contains relatively thin synrift deposits (in general less than
1000 m) in comparison to thick postrift deposits (6000 m),
and the surface of the prerift rocks has a smooth (planed),
rounded character (Fig. 4b). In typical extensional basins,
the surface of the prerift section is usually offset by numerous
high-angle, normal faults, and the synrift deposits reach great

thicknesses in local, fault-bounded grabens (Fig. 4a). The
synrift deposits are usually thick because local relief is nor-
mally greatest during the stage. These aspects of the Békés
basin are developed in subsequent sections of this chapter.

The purpose of this investigation was to: (1) identify the
primary Neogene fault systems, (2) map the distribution of
prerift Mesozoic sedimentary rocks beneath Neogene and
postrift sedimentary cover, (3) construct a model of the
crustal structure beneath the Békés basin from gravity data,
and (4) where applicable, relate the above to occurrences of
oil and gas in the Békés basin. This report focuses primarily
on the analysis of seismic reflection profiles; however, well
data is presented in order to document the presence of over-
thrusts and to compare rock assemblages of Mesozoic age in
the Békés basin with Mesozoic-age rock assemblages in the
Apuseni Mountains.

PREVIOUS SEISMIC REFLECTION STUDIES
FROM THE PANNONIAN BASIN

Although voluminous amounts of multi-channel seismic
data have been collected by the Hungarian Oil and Gas Co.
(MOL) and other institutions in Hungary, only a small num-
ber of profiles showing detailed analysis of structure and
tectonic style have been published. The majority of publica-
tions report on extensional grabens, strike-slip faults, and
growth faults from widely-separated regions of Hungary (for
example, Varga and Pogacsas, 1981; Horvath and Rumpler,
1984; Pogécsas, 1985; Rumpler and Horvath, 1984, 1988).
Other articles report examples of strike-slip faults which
appear to cut the entire postrift sequence as well as the
underlying prerift sequence (Horvath and Rumpler, 1984,
1988). This report differs from these earlier articles by
focusing entirely on the tectonic regime of a single basin, that
is, the Békés basin.

MORPHOLOGY OF THE BEKES BASIN

The dominant basement feature in the Békés basin is the
Battonya-Pusztafoldvar high which bounds the Békés basin
on the southwest as shown on the structure contour map
drawn on the surface of pre-Neogene rocks (Fig. 5). From
this high, covered by less than 1000 m of Neogene sediments
(at the Romanian border), the basement surface plunges
northeastward and southwestward to depths of more than
6500 m in the Békés and Hodmezovasarhely (Hod)-Mako
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Figure 5. Map showing depth to pre-Neogene rocks in the vicinity of the Békés basin and Hodmezovdsdrhely-
Maké (Hod-Mako) trough. The location of seismic profiles discussed in text and selected wells also are shown. Con-
tours modified from Kilényi and Rumpler, 1984. Orm: Orménykiit; Sark: Sarkadkeresztiir; Mako:
Hodmezovasdrhely-Makd.
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basins, respectively. On the northwest, the Békés basin
is bounded by the Szarvas and Endrod highs, on the north
by the Dévavanya and Szeghalom highs, and on the
northeast by the Komadi and Sarkadkeresztur highs. The
Algyb high bounds the H6d-Makoé basin on the south-
west. The Békés basin extends into Romania as well.
Lack of access to data for the Romanian part of the basin
prevented study of the basin in its entirety.

EXTENSIONAL AND OBLIQUE
EXTENSIONAL FEATURES

The best example of extensional tectonics in the Békés
basin is seen on seismic line Ok-3 (Fig. 6) which extends
southeastward from the Endrod high (Fig. 5). Prerift
Jurassic and Triassic rocks, encountered in the Or-
ménykit (Orm)-I well, appear to be offset by a series of
southeast-dipping, normal faults. Miocene deposits ap-
pear to have been deposited in the resulting grabens. The
best developed graben occurs 4 km northwest of the
Orm-I well where middle Miocene synrift deposits ap-
pear to reach a maximum thickness of several hundred
meters. Further northwestward, the sequence thins
against a southeast-dipping, normal fault. Smaller gra-
bens occur southeast of the Orm-1 well. Other faults may
be present in the prerift section, but these cannot be
resolved from the available seismic data. Six kilometers
southeast of the southeast end of the profile, at the
Békés-2 well, the synrift deposits remain relatively thin
(168 m) with Sarmatian sediments absent as a result of
non-deposition or erosion.

A larger extensional graben exists in the vicinity of
seismic profile A-13/a (Fig. 7). This graben, named the
Békés trough, is located in the northeast corner of the
Békés basin (Fig. S). Inferred synrift sediments dip
gently southeastward and terminate (or become thin)
against a northwest-dipping normal fault. Atthe Komadi
(Kom)-3 well, Badenian deposits are 178 m thick and
Sarmatian sediments are reported to be absent, although
they may occur in the graben. The synrift (Badenian and,
if present, Sarmatian) sequence is 1000-1500 m thick
(assuming a velocity of 4000-5000 m/sec) in the axis of
the Békés trough (Fig. 7). Within the prerift basement
complex, at the northwest end of the profile, a south-dip-
ping, normal fault with a left-lateral, strike-slip compo-
nent is inferred to be present based on the interpretation
of nearby seismic lines. The existence of strike-slip
faults cannot be proven, however, because horizontal
offsets of unique marker structures, or piercing points,
cannot be demonstrated. The postrift Pannonian section
appears to be cut by at least two faults at the Kom-3 well

site (Fig. 7), and these faults are interpreted to be local
growth faults that do not penetrate the basement rocks.
Such growth faults are commonly the result of differen-
tial sediment compaction.

Structurally, the Hodmezovasarhely-Mak6 (Hod-
Mako) basin (Fig. 8, seismic profile Ma-16) appears to
be less complex than the Békés basin. This seismic
profile displays a slightly asymmetric extensional graben
with the thickest sediment accumulation in the south-
western part of the trough. At the Makoé-2 well, Bade-
nian-age, synrift sedimentary rocks (Sarmatian is absent)
are 272 m thick and appear to thicken to 800-1000 m in
the central part of the trough. The basement surfaces on
the southwest and northeast flanks of the Hod-Mako
basin are relatively smooth (planed) and postrift sedi-
ments onlap these surfaces.

None of the seismic profiles (Figs. 6, 7 and 8) allow one
to discriminate clearly between thin synrift sediments
and the basal part of the postrift deposits in the bottom
of the troughs. Although there appears to be a slight
angular unconformity between the and postrift se-
quences in Figure 6, clearly the sequences are conform-
able in Figures 7 and 8. As mentioned earlier, the two
sequences may be separated by a 3-million-year, non-de-
positional hiatus (Pogécsas and others, this volume), but
this is uncertain. It is also possible that an erosional
unconformity, that cannot be resolved by the seismic
data, exists between the synrift and postrift sequences, as
suggested by the absence of Sarmatian deposits in many
wells.

The most remarkable aspect of these seismic profiles
from the Békés basin and Hod-Maké basin is that the
synrift section appears to be extremely thin in compari-
son to the postrift section. In addition, the fact that the
basement surface is relatively smooth (planed) suggests
that a significant amount of erosion occurred. This raises
an obvious contradiction - high rates of erosion coupled
with low rates of deposition? We offer two explanations
or, perhaps, a combination of these explanations: (1) if
erosion rates were high during the period, then the bulk
of the sediments must have bypassed the Békés basin; or
(2) rifting, abruptly started and abruptly terminated, oc-
curred during a relatively short period of time. Most of
the seismic profiles from the Békés basin area show little
or no indication of renewed faulting during the postrift
period. Numerous authors infer that sediments bypassed
the area (Spencer and others, this volume) or were
trapped in extensional grabens closer to the major source
terrains, probably to the west and north (Mattick and
others, this volume). Royden (1988) concludes that thick
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synrift sedimentary deposits occur near the Carpathian
Mountains and that only minor amounts of sediments
reached the deep basins beneath the Great Hungarian
Plain during the synrift stage.

MESOZOIC BELTS

Mesozoic sedimentary rocks, which comprise the base-
ment complex in parts of the Békés basin, occur mainly
in two northeast-southwest-trending belts (Fig. 9). The
southern belt, referred to as the Battonya-Pusztafldvar
Mesozoic trough, is 10-15 km wide and extends across
the Battonya high. Mesozoic rocks are about 500 m thick
in the southern part of the trough and thicken northward
to about 2000 m (Fig. 9). The second belt, referred to as
the Békés-Doboz Mesozoic trough, underlies the north-
ern part of the Békés basin. It is 20-50 km wide and
contains up to 5000 m of Mesozoic rocks based on
interpretation of seismic data.

The buried Mesozoic rocks in the Békés basin consist
chiefly of limestone, dolomite, calcareous marl, oolitic
limestone and detrital clastic deposits of Triassic-Creta-
ceous age. These rocks represent deposition in mainly
shallow-marine environments.

To date, no significant discoveries of oil or gas have
been made in the Mesozoic section in the deep, central
parts of the Békés basin (Kovécs and Teleki, this vol-
ume), although oil and gas is produced from the upper
few meters of fractured Mesozoic and older rocks on
basement highs and on the flanks of basement highs
along the periphery of the Békés basin. This is attributed
to: (1) the source of the hydrocarbons is in the Neogene
section, (2) good quality source rocks may not be present
in the Mesozoic section, and (3) the Mesozoic section in
the Békés basin area is thermally overmature (Clayton
and Koncz, this volume).

Battonya-Pusztafoldvir Mesozoic Trough

Past interpretations of geological data have concluded
that the Mesozoic rocks in the Battonya-Pusztafoldvar
trough were deposited in an extensional graben or trough
bounded by normal faults (unpublished reports of the
Hungarian Oil and Gas Co. (MOL)). There is evidence,
however, that suggests that much of the Mesozoic section
is allochthonous and is composed of several overthrust
sheets (nappes) associated with Late Cretaceous com-
pression, as explained below.

The seismic profiles across the Battonya-Pusztafoldvar
Mesozoic trough (Figures 10, 11 and 12; profiles To-37,
To-31 and To-19, respectively) exhibit discontinuous
(possibly a result of faulting), northwest-dipping reflec-
tions below relatively flat-lying reflections from the pos-
trift sedimentary sequence. The profiles show generally
northward thickening Mesozoic strata that dip to the
north above a north-dipping Paleozoic or older basement
surface. Internal reflections from within the Mesozoic
and older sections are generally poor, probably because
there is little density or velocity contrast within these
rock units.

The Tétkomlos (T)-1 and Pusztaszollos (Psz)-1 wells,
located near seismic line To-31 (Fig. 11), were exten-
sively cored. Theresults of paleontologic analyses docu-
ment the presence of age inversions or reversals (older
rocks overlying younger rocks) in the Mesozoic section
(Figs. 13 and 14). In the T-1 well, Middle Triassic
dolomite overlies Lower Jurassic limestone (contact at
2693 m, Fig. 13). In the Psz-1 well, Upper Triassic
dolomite overlies Lower Cretaceous marl at a depth of
1818.5 m (Fig. 14). These age inversions indicate the
presence of one or more thrust faults. The unconformi-
ties identified at 2905 m and 3237 m in the T-I well may
mark other thrust fault surfaces.

Although these well data only document inverted se-
quences in the Mesozoic section, it is conceivable that
thrusting involved Paleozoic and older rocks as well. On
seismic profile To-19 (Fig. 12), Paleozoic units are
shown to overlie Mesozoic units. This interpretation
resulted from projections along adjacent seismic lines.
Accordingly, Paleozoic rocks are inferred to underlie
postrift and sediments below about 1.8 seconds on the
northeast side of the profile, and Mesozoic rocks are
inferred to underlie basin fill on the southwest side of the
profile. The strong change in reflection character that
occurs below 1.8 seconds about 2 km southwest of the
northwest end of the profile is interpreted to represent a
northeast-dipping, thrust surface with Paleozoic rocks
thrust over Mesozoic rocks.

Mesozoic units which comprise the nappes in the Bat-
tonya-Pusztafoldvéar trough appear to correlate with
rocks units of the Codru nappe system of the Apuseni
Mountains in nearby Romania (Fig. 1). A description of
the lithostratigraphic units penetrated by wells in the
Battonya-Pusztafoldvar trough is shown in Figure 15,
and tentative correlations between rock units of the Bat-
tonya-Pusztafoldvar trough and the Codru nappe system
are shown in Figure 16. According to Bérczi-Makk
(1986), almost all of the rock units exposed in the Codru
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Figure 9. Isopach map showing inferred thickness of Mesozoic sedimentary rocks based on well data and interpre-
tation of seismic reflection profiles. The two major belts of Mesozoic rocks are referred to as the Battonya-
Pusztafoldvar and Békés-Doboz Mesozoic troughs. Blank zones represent areas where Neogene rocks were
deposited directly on Paleozoic or older rocks. Héd-Maké: Hédmezévasdrhely-Maké; Orm: Orménykit; Sark:
Sarkadkeresztir.
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Figure 13. Summary of ages and lithologies of Mesozoic rock units penetrated in the Tétkomlés (T)-I well. Num-
bers show locations of cores. Note age inversion at a depth of 2693 m.
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Figure 14. Summary of ages and lithologies of Mesozoic rock units penetrated by the Pusztaszollos (Psz)-1 well.
Numbers 8-20 show locations of cores. Note age inversion at a depth of 1810.5 m.

nappe system can be correlated to Mesozoic rocks pene-
trated by wells in the Csanadapéca, Pusztaszollos and
Totkomlos areas (Fig. 15) of the Békés basin.

The best correlations between rock units of the Bat-
tonya-Pusztafoldvar area and the Codru nappe system
occur in the Triassic section. In the Battonya-Pusztafold-
var trough, gray to purple sandstones occur at the base of
the Lower Triassic section (Domb DNy-1 well) and
grade upward to variegated shales and red sandstones
(locally containing thin layers of anhydrite) of the Wer-
fen Formation that represents deposition in a shallow-
water environment (Fig. 15). The Werfen Formation is
recognized by Bleahu and others (1981) in the Finis,
Dieva and Arieseni nappes of the Codru nappe system in
Romania (Fig. 16). At the base of the Middle Triassic
section in the Battonya-Pusztafoldvar trough, a thick
sequence of dark gray dolomite of the Szeged Formation
overlies the Werfen Formation (Csa-2, -4, -5, -6, Oros-2,
T-2, -6, -28, -29, -30, -31, Tk-1, and Vég Ny-1 wells).
This sequence of dark gray dolomite is lithologically

similar to a sequence of dark gray dolomite of Early-Mid-
dle Triassic age that overlies the Werfen Formation in the
Codru nappe system (Fig. 16). In the Battonya-
Pusztafoldvar trough, the Csaniddapaca Formation of
Middle-Late Triassic age is ubiquitous and is charac-
terized by shallow-water carbonate rocks and lagoonal
facies. The basal part of the Csanaddapaca Formation
consists of dark gray, marly limestone and shaley marl
(Fig. 15). These basal deposits are overlain by a brown-
gray, breccia dolomite that contains a characteristic as-
semblage of algae. The brown-gray dolomite grades
upward to a light gray dolomite that is ubiquitous in the
Battonya-Pusztafldvar trough area. In the Codru nappe
system, exactly the same sequence of Middle-Upper
Triassic rocks can be found with the exception of white
dolomite (Patrulius and others, 1979).

Correlations between Jurassic rock units of the Bat-
tonya-Pusztafoldvar trough and Codru nappe system are
not as conclusive as were correlations of the Triassic
section. The Jurassic section of the Battonya-Pusztafold-
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Figure 15. Summary of ages, facies and lithologies of Mesozoic rock units in the Battonya-Pusztafoldvar Mesozoic
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Figure 16. Inferred correlation of the Mesozoic rock units in the Battonya-Pusztafoldvdr Mesozoic trough with
rock units of the Codru nappe system in the Apuseni Mountains (Bérczi-Makk, 1986, Bleahu and others, 1981).
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var trough is incomplete compared to the same age
section in the Codru nappe system. The upper Liassic
system in the Battonya-Pusztafsldvar trough is known
from only a few wells (Psz-12, -13, Pf-128, -129, T-I and
T-11) and is characterized by shallow-water limestones
and a red-brown, clayey, crinoid sandstone of the
Moneasa Limestone Formation (Fig. 15). The Moneasa
Formation can be correlated with a similar assemblage
of rocks found in the Codru nappe system (Bleahu and
others, 1981).

Whether Cretaceous rock units of the Battonya-
Pusztafdldvar Mesozoic trough can be correlated with
rock units of similar age in the Codru nappe system is
inconclusive. The Lower Cretaceous part of the
Pusztaszollos Formation (Fig. 15) in the Battonya-
Pusztafoldvar trough consists of pelitic and tectonized
gray to brownish-red, shaley and clayey marl, marl,
carbonate marl and limestone with several interbeds of
sandstone. Fossils, which could be used to determine
age, have not been recovered from the Pusztaszollos
Formation. Although the rocks of the Pusztaszollgs For-
mation are tentatively correlated with the "flysch-like"
deposits of the Finis and Dieva nappes of the Codru
nappe system (Fig. 16), the only certain similarity be-
tween the units is that they both represent deposition in
relatively deep water.

The Finis, Dieva, and Arieseni nappes of the Apuseni
Mountains are inferred to represent allochthonous units
thrust from south to north (Bleahu and others, 1981;
Bérczi-Makk, 1986). By analogy, nappes in the Bat-
tonya-Pusztafoldvar trough also are inferred to represent
allochthonous units thrust from south to north.

A diagrammatic, north-south section across the Bat-
tonya-Pusztafoldvar trough summarizes the main thrust
surfaces and nappes that are inferred to occur in the area
(Fig. 17). The Pusztaszollos nappe, composed of Mid-
dle-Upper Triassic rocks, overlies the Tétkomlés nappe
composed of Middle Triassic-Lower Cretaceous rocks.
In the Totkomlos nappe, Upper Jurassic rocks unconfor-
mably overlie Upper Triassic rocks - the Lower Jurassic
section is absent because of non-deposition or erosion.
The basal Végegyhaza unit is composed of Middle Tri-
assic-Lower Jurassic rocks with an erosional unconfor-
mity between the Triassic and Jurassic sections. Seismic
reflection data (Figs. 10 and 11) suggest that Mesozoic
bedding planes dip north. Thrust sheets mapped in the
Apuseni Mountains (Fig. 1) are sub-parallel to bedding,
and are interpreted to have been thrust in a south-to-north
direction (Bleahu and others, 1981). Therefore, by anal-
ogy with nappes in the Apuseni Mountains, thrust sheets

in the Battonya-Pusztafoldvar Mesozoic trough are in-
ferred to have been displaced northward. Thrusting
probably occurred during Late Cretaceous time as the
youngest rocks involved in the thrusting are of Early
Cretaceous age. The original thrust planes may have
been low-angle, south-dipping surfaces; however, later
uplift may have reversed the of dip of the faults during
latest Cretaceous folding or, possibly, during Cenozoic
extensional deformation.

Békés-Doboz Mesozoic Trough

Three seismic profiles across parts of the Békés-Doboz
Mesozoic trough are shown in Figures 18-20 (profiles
A-16/a/m, Gyu-38 and Gyu-30, respectively). Figure 20,
and to a lesser degree Figures 18 and 19, show low-fre-
quency reflections which dip northwestward beneath a
unit which is interpreted to consist of deformed Mesozoic
sedimentary rocks. Past interpretations of these low-fre-
quency reflections suggest that they mark a south-verg-
ing thrust fault of Cretaceous age or the contact between
Mesozoic and Paleozoic rocks (unpublished reports of
the Hungarian Oil and Gas Co. (MOL Ltd.)). The maxi-
mum thickness of Mesozoic rocks in the Békés-Doboz
trough is difficult to discern on these seismic profiles;
however, they are estimated to be 3750-5000 m thick
based on a two-way travel time of 1.5-2.0 seconds (Fig.
20) using an average velocity of 5000 m/sec.

The Békés-2 well (Fig. 21) penetrated a thrust fault in
the Mesozoic section at a depth of 4145 m (about 2.73
seconds in Fig. 21). The evidence for this thrust is that
Middle Triassic rocks overlie Upper Cretaceous rocks at
this depth (Upper Cretaceous-Middle Triassic rocks oc-
cur in the 3339-4145-m interval and Upper Creta-
ceous(?)-Upper Triassic in the 4145-5500-m interval)
(Fig. 22). This thrust surface appears to be marked on
the northwest and southeast sides of the Békés-2 well by
weak reflections (Fig. 21).

Strong, low-frequency, northwest-dipping reflections
on the northwest side of Békés-2 well appear to occur
within the lower Mesozoic unit (Fig. 21). Vertical seis-
mic experiments in the Békés-2 well (Lee and Goncz, this
volume) and a model constructed from the seismic data
of profile Gyu-30 (Miller and Véges, this volume) indi-
cate that the strong, low frequency reflections represent
discontinuous, low-impedance zones in the Mesozoic
section. The fact that these zones are not mappable on
seismic profiles for distances of more than a few kilome-
ters suggests that strata were strongly folded and beds
offset by faults. In addition, core descriptions from the
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Sarkadkeresztir (Sark)-I1 and Békés-2 (Fig. 22) wells
indicate that Mesozoic rocks are highly fractured (Phil-
lips and others, this volume). All of these observations
indicate that the Mesozoic section in the Békés-Doboz
trough was highly deformed as a result of intense com-
pressional thrusting and folding. It is difficult to estab-
lish the age of compression and thrusting.

In Figure 18, the Miocene deposits appear to be highly
deformed, although to a lesser extent than the Mesozoic
section. Clearly, except for growth faults that resulted
from differential sediment compaction, the Pannonian
postrift section is undeformed. Most likely, the main
phase of compression and the associated thrusting oc-
curred during Late Cretaceous time. Deformation of the
Miocene deposits are believed to be the result of Mio-
cene extensional tectonism.

The Mesozoic rock units in the Békés-Doboz trough
appear to correlate to similar age rock units of the Bihor
autochthon in the Apuseni Mountains of Romania rather
than to rock units of the Codru nappe system. Rock units
of the Bihor autochthon differ from rock units of the
Codru nappe system in 3 main aspects: (1) Lower Cre-
taceous rock units (flysch) in the Codru nappe system
represent deeper water deposition compared to rock units
of the same age in the Bihor autochthon; (2) in the Codru
nappe system, the Jurassic section is relatively thin to
absent in comparison with the Bihor autochthon; and (3)
the Upper and Middle Triassic sections in the Codru
nappe system contain some basinal facies, whereas these
sections represent mainly shallow-marine, carbonate fa-
cies in the Bihor autochthon.

A summary of the ages, formations, lithologies and
depositional environments of Mesozoic units penetrated
by wells in the Békés-Doboz trough is given in Figure
23. Although good correlation between the Békés-
Doboz trough and the Bihor autochthon (Fig. 24) can be
made by comparing the Cretaceous sections of the two
areas, correlation of Triassic rock units from the two
areas is less conclusive. Comparisons between the Juras-
sic sections of the two areas can not be made because the
Jurassic section in the Békés-Doboz trough is incomplete
(Fig. 23); however, future drilling may reveal a more
complete Jurassic section.

The Lower Triassic section in the areas of the Békés-
Doboz trough, the Bihor autochthon, the Battonya-
Pusztafoldvar trough and the Codru nappe system are
similar. In these four areas, the Lower Triassic section
consists of a basal sandstone unit overlain by rocks of the

Werfen Formation, which was discussed in the previous
section of this chapter (Figs. 16 and 24).

Middle and Upper Triassic rocks units penetrated by
wells in the Békés-Doboz trough appear to differ from
similar age rock units in the Battonya-Pusztafoldvar and
Codru nappe systems, but are inferred to correlate to
Middle and Upper Triassic rocks units in the Bihor
autochthon as shown in Figure 24. Rocks of the Anisian-
age (Middle Triassic), Siklés Formation in the Békés-
Doboz trough consist of thick, brown-gray, light to gray
dolomites deposited in shallow water in a lagoonal envi-
ronment (Bihu-I, Doboz-1, Fab-4, Kom-4, Két-I and
Sar-1 wells). According to Bérczi Makk (1985), these
rocks of Anisian age contain a fossil assemblage (Glo-
mospira sp., Glomospira sinensis Ho, Glomospira cf.
tanuifistula Ho, Glomospirella sp.) that can be correlated
to the Crisul Repede (Sebes Ko6ros) Dolomite Formation
of the Bihor autochthon. Both the Doboz Limestone
Formation (Békés-Doboz trough) and the Wetterstein
Limestone Formation (Bihor autochthon) of Early-Mid-
dle Triassic age (Fig. 24) represent shallow-water, car-
bonate platform deposition. The Doboz Formation,
however, consists of dark gray to black limestone,
whereas, the Wetterstein Formation consists chiefly of
white to gray limestone. Although the Upper Triassic
Karpéti (Carpathian) Keuper Formation in the Békés-
Doboz trough is tentatively correlated with the Scarita
Formation of the Apuseni Mountains (Fig. 24), the Kar-
pati Keuper Formation consists of carbonate rocks grad-
ing upward to clastic rocks, the Scarita Formation con-
sists only of clastic rocks.

Good correlation exists between Lower and Middle
Cretaceous rock units of the Békés-Doboz trough and
rock units of the Bihor autochthon (Fig. 24). The base
of the Cretaceous section in the Békés-Doboz trough is
marked by a strong unconformity which is correlated to
the occurrence of bauxite in the Bihor autochthon. In
both the Békés-Doboz trough and the Bihor autochthon,
the basal part of the Cretaceous section contains coarse-
grained sandstones which are inferred to mark the initial
Cretaceous transgression. The Biharugra Formation of
the Békés-Doboz trough consists mainly of dark gray
limestone and carbonate marl, and oolitic limestone oc-
curs at the base and the top of the formation (Békés-2,
Bihu-I and Doboz-1 wells). According to Dragastan and
others (1986), the Biharugra Formation is lithologically
similar to the Hodobana Formation of the Bihor
autochthon. However, it is also possible that the Bi-
harugra Formation is of Late Jurassic age and correlative
with the Albioara Formation (Fig. 24). Middle-Early
Cretaceous deposition (Nagyharsany Formation, Fig. 24)
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Figure 25. Tectonic map of the Békés basin and surrounding region. ABC shows location of gravity and magnetic
profiles of Figure 28. Hod- Maké: Hodmezovdsdrhely-Mako, Sark: Sarkadkeresztir.
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in the Békés-Doboz trough is represented by a thick
(1081 m), brown to gray, clayey, calcitic Orbitolina
limestone that represents deposition in warm, shallow
water (Bihu-I, Bihu-1, Bihu Ny-2 and Sark-I wells). The
Orbitolina limestone of the Nagyharsany Formation is
similar to the limestones of the Blid Formation in the
Bihor autochthon.

By analogy with the Bihor autochthon in the Apuseni
Mountains, we assume that the nappes of the Békés-
Doboz trough, were displaced northward only a short
distance. The present northward dip of the low-fre-
quency reflections in the Békés-Doboz Mesozoic trough
(Figs. 18-20) may be due to late-stage folding of the

Mesozoic section during Late Cretaceous time. Alterna-
tively, extensional rotations during Miocene time may
have caused this northward dip.

LISTRIC NORMAL FAULTS IN THE
NEOGENE SECTION

Throughout most of the Békés basin, the postrift Neo-
gene sedimentary section, which mainly consists of
lacustrine deltaic and prodeltaic sandstones, shales and
marls, is relatively undisturbed by faulting with the ex-
ception of listric normal faults. The strike of these faults
is parallel to the northwestern and northeastern bounda-

Figure 26. Seismic line Szr-16 over the Szarvas (Szr) high showing growth faults in the postrift sedimentary sec-
tion. Numerous growth faults similar to these occur in the Békés basin along the crest of basement highs. Note that
the faults do not appear to offset basement, but flatten and parallel the basement surface at depth. The faults are in-
ferred to be the result of differential compaction of sediments. Location of profile is shown in Figure 5. Pz: Paleo-

zoic.
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ries of the Békés basin in the vicinities of the Szarvas,
Endrod, Dévavanya, Komadi, and Sarkadkeresztur base-
ment highs (Fig. 25). Seismic profiles A-16/a/n, Szr-16,
and DvG-18 (Figs. 18,26 and 27, respectively) illustrate
several of these faults. In the profiles across the Szarvas
and Dévavanya basement highs (Figs. 26 and 27, respec-
tively), the listric normal faults appear as curvilinear
features with dips decreasing with depth. The faults are
inferred to cut only the Neogene section and to parallel
the basement surface at depth. The fact that the faults cut
across relatively recent sedimentary sequences, almost
reaching the surface, suggests that at least part of the
movement on these faults has occurred quite recently.

Other authors (unpublished reports of the Hungarian
Oil and Gas Co. (MOL)) have suggested that some of
these faults represent strike-slip or oblique extensional
motion that started in Middle Miocene time during the
rifting stage and continued into Plio-Pleistocene time.
However, interpretations involving strike-slip motion
are incompatible with the indication by the seismic data
that the faults do not cut basement rocks. Alternatively,
the data suggest that these listric features may be growth
faults that resulted primarily from differential compac-
tion of postrift sediments. Evidence which supports this
alternative interpretation is that the faults most com-
monly occur above the crests of basement highs along
the northwestern and northeastern boundaries of the
Békés basin. According to Mattick and others (1985)
and Pogdcsas and others (this volume), the basement
highs on the northwestern and northern sides of the basin
were oriented approximately perpendicular to the direc-
tion of deltaic progradation in Pannonian time and acted
as dams to southeastward and southward sedimentation.
The damming of sediments resulted in the concentration
of coarse-grained sediments (delta plain and delta front)
on the northwestern and northern flanks of the basement
highs. Finer grained (delta slope and prodelta) sediments
were deposited on the southeastern and southern flanks.
Later, as a result of differential compaction during sedi-
ment dewatering, the Pannonian sedimentary sections on
the southeastern and southern flanks of the basement
highs compacted more than the sedimentary sections on
the crests of the highs. This mechanism of differential
compaction promoted the development of southeastern
dipping listric normal growth faults above the crests of
the basement highs. Vertical displacements on the faults
are relatively small, on the order of tens of meters or less.

If, as postulated, the faults in the synrift section in-
volved growth through Pannonian-Pleistocene time, then
the throw along the faults has to increase with depth, and
sedimentary beds are thicker on the downthrown sides of

the faults than on the upthrown sides. Because of the
small amount of vertical displacement along the faults,
any large amount of throw or thickening of beds with
depth is difficult to document on the seismic records. On
the downthrown sides of the faults, significant rollover
structures appear on the seismic records (Figs. 26 and
27), and some of these have been shown to be associated
with hydrocarbon traps (Pogacsas and others, this vol-
ume).

GRAVITY AND MAGNETIC
INTERPRETATION

Gravity and magnetic profiles along the southeastern
border of Hungary reveal a Bouguer gravity high of about
21 mGal and a total magnetic field high of about 100 nT
(peak-to-trough amplitude in nannoTeslas; 1 nT = 1
gamma) over the axis of the Békés basin where Miocene
and younger sedimentary fill is about 6700 m thick (Fig.
28). Assuming that the sedimentary fill usually has a
lower average density (2.3-2.55 g/cm3 ) than the under-
lying basement rocks (2.6-2.7 g/cm3), we would expect
a gravity low to occur over the axis of the basin. The
presence of gravity and magnetic highs suggests that
either crust of very high density and/or a thin crust must
underlie the central part of the Békés basin.

A two-dimensional gravity model for the Békés basin
(Fig. 28) shows that if the average densities of the upper
and lower crust are assumed to be 2.7 and 3.0 g/cm
respectively, then a large mass of high density material
29 g/cm3 in the upper crust and 3.2 g/cm3 in the lower
crust) must exist within the crust beneath the axis of
Békés basin. The high density body is calculated to be
15 km wide between depths of 8 and 23 km. The model
also includes an upwarp of the mantle from normal
depths 0£26-29 km (based on the regional seismic studies
of Posgay and others (1986)), to 23 km beneath the Békés
basin and 25 km beneath the Hod-Maké trough. It should
be noted that the deep reflection lines of Posgay and
others (1986) were not located over the deepest parts of
the Békés basin or Hod-Mako trough.

The high density body beneath the axis of the Békés
basin probably represents mafic igneous rock. An as-
semblage of mafic rock could represent fragments of
oceanic crust (ophiolites) that were incorporated between
pieces of continental crust during episodes of Mesozoic
and/or younger continental collisions. Alternatively, the
high density material may represent mafic rocks intruded
into the crust in Miocene time during an episode of
extension. Episodes of collision were responsible for the
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Figure 28. Gravity and magnetic profiles across the Hodmezovdsdrhely-Maké (Hod-Makd) trough and Békés ba-
sin, and a crustal model calculated from the gravity data. A high density crust and/or shallow mantle is required to
explain the gravity high that occurs over the central part of the Békés basin. See text for detailed discussion. Mgals:
milligals; nt: nannoTeslas (1 nannoTesla = 1 gamma). Densities are expressed in g/cm3 and the vertical exagera-
tion is 1.3. Location of profile is shown in Figure 25. Sarkad: Sarkadkeresztiir.

formation of nappes in the Apuseni Mountains of north-
western Romania (Bleahu and others, 1981) and exten-
sive outcrops of high density ophiolites(?) have been
reported from the southern Apuseni Mountains (Fig. 1).
Whether these postulated ophiolites accreted during the
Cretaceous (Bleahu and others, 1981) or during the Ce-
nozoic (Hamilton, 1990) is still not known well.

The gravity lows over the Battonya-Pusztafoldvar and
Sarkadkeresztiir basement highs are also difficult to ex-
plain. In the results of Figure 28, the gravity lows were
modeled assuming that bodies composed of low density
rock (2.6 g/cm3) are present in the upper part of the
basement. Reports from wells drilled on the Battonya
and Sarkadkeresztir do not indicate that anomalously
low density basement rocks were penetrated; therefore,
the data appear to be in conflict with the gravity model.
However, if nappes composed of low density rocks are
present at shallow depths beneath the basement surface,
the gravity model could be plausible. More detailed
geophysical studies, including deep-crustal reflection
and refraction seismic, and magnetotelluric measure-

ments will be required to fully explain the measured
gravity anomalies in the vicinity of the Békés basin.

TECTONIC INTERPRETATION

The major tectonic elements observed in the seismic
reflection and well data from the Békés basin are sum-
marized in Figure 25. Northeast-trending, extensional
and oblique extensional faults, assumed to be of middle
Miocene age, bound the basin to the northwest in the
vicinity of the Szarvas, Endrod, Dévavanya and Szegha-
lom highs. Northward-verging, Cretaceous thrust faults
are inferred to exist in the Battonya-Pusztafoldvar and
Békés-Doboz Mesozoic troughs. These thrusts may
have been reactivated during Miocene time as exten-
sional faults.

Poor seismic resolution in the Mesozoic section makes
identification of the major faults difficult; however, the
overall pattern is compatible with a system dominated
during middle-to-late Miocene time by northeast-trend-
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ing, strike-slip faults and zones of local extension,
oblique extension and oblique compression (Rumpler
and Horvath, 1988). No definitive data are available
from the Békés basin to either prove or disprove the
existence of strike-slip faults with large offsets. faults
inherited from earlier deformational episodes probably
have been partially reactivated as oblique compressional,
oblique extensional, or strike-slip faults. The tectonic
map is intended to illustrate possible fault patterns in a
region of multiple tectonic episodes and, because of the
poor seismic resolution below the Neogene section,
many of the faults are speculative, especially the strike-
slip faults.

Importantly, the existence of Cretaceous thrusts in the
Békés-Doboz and Battonya-Pusztafoldvar Mesozoic
troughs can be documented. Examination of the rock
units penetrated by wells in the Battonya-Pusztafoldvar
Mesozoic trough brings forth strong evidence that the
southern part of the Békés basin is underlain by stacked,
allochthonous nappes, composed of rocks of Cretaceous
age, with rock affinities to the Codru nappes of the
Apuseni Mountains of Romania. The nappes could have
been moved from the south significant distances. These
nappes were probably later deformed in Late Cretaceous
time and then again in the Miocene by extensional and
strike-slip movements. Many of the low-angle thrust
surfaces inherited from the Cretaceous were probably
reactivated in extensional and strike-slip modes during
the Miocene. The Mesozoic section in the Békés-Doboz
Mesozoic trough is also inferred to have been overthrust
and probably intensively folded. The rocks in the over-
thrust units are similar in lithology to rocks of the Bihor
autochthon in the Apuseni Mountains; therefore, it ap-
pears that the nappes in the Békés-Doboz trough were
not displaced long distances during Late Cretaceous
time.

Hamilton (1990) has recently proposed an alternative
interpretation of the intra-Carpathian region. In his view,
the "region was produced by the squashing together of a
number of small continental and island arc fragments
during Tertiary time, a view opposite to the commonly
accepted concept that its Tertiary history records primar-
ily the moderate disruption of a previously coherent
mass." Hamilton’s concept downplays the significance
of major strike-slip faults in the Pannonian Basin. The
apparent correlation between nappes of the Battonya-
Pusztafdldvar and Békés-Doboz Mesozoic troughs with
those in the Apuseni Mountains would seem, at first
glance, to favor the "coherent mass" model, rather than
Hamilton’s "small continental and island arc fragments"
model. Nevertheless, more detailed studies of well data

from the pre-Neogene section and deep crustal geophysi-
cal studies are needed in the Békés basin and surrounding
regions before Hamilton’s model can be rejected.

Although a few Neogene growth faults are observed in
the Békés basin, these likely represent differential com-
paction of sediments rather than zones of significant
horizontal displacement (strike-slip faults) during the
postrift period.

In general, Neogene strike-slip and extensional defor-
mation in the Békés basin appears to have occurred
rapidly during the middle-to-late Miocene and then ter-
minate abruptly. The basin was virtually starved of
sediments during the synrift period, and was filled sub-
sequently by massive volumes of deltaic and lacustrine
sediments during the postrift period.

CONCLUSIONS

First, the Békés basin and Hodmezovasarhely-Mako
trough contain extensional or oblique-extensional asym-
metric grabens which suggests the presence of east- and
northeast-trending, strike-slip faults as inferred by Rum-
pler and Horvéth (1988). However, the amount of strike-
slip movement in the study area cannot be determined
from available data.
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